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1 . 0 I i': Tl~ 0 [) U C I il G . G n S I I 

In the intcns(?ly cOlllpetitivr. sellliconductor industry, 'rllpicl illlp}C!lIlcntat;on<of 
'nevi techllo I (j(..lY 1lI0.(lns Sl1cceSS .Tlli S dClIlllnus il product ion d(~s i~n . ~ys telll tlwt .. ' 
.\'lOrks s\"iftly unci \,!iLhout inten"upti?l1. c/\L·(·ll\' s GUS 11 rr:1~et5 thcse cri·teria. 

GDS II- is 11 LlJrn-k(?y intc!rilcti.ve ~Jruphics' :.ystelll that has lJcr:/l del/cloped 
vii til tile ill~i i~lht ·'provided by 'y(~~II'S ofcy.pc!l"icw.c(! \'1; 1.1) i ts p}"cdCC(!SSOI~: GDS •. 
It' is il tllrn:..key sy~)t(~"!, yet it tll::~o o"fel·~;·lIl)PI·r.Cl't1!.~n-ll'd ~lIIJPOI'~ to Lhose 
U5ers \·,;lll till! 'illlL1~rilhltio/l to crlhllJ1c(~ i·L::-. cxLel)'sivC! CllfhllJ"ilities. 

AlJlon~J Lhe feill:ures and f<lcilities described in' the follo'.'/irll] pu~es ufe: 

'32-bit integer coordinat~ space to support VLSI . 

'Databases v/itl) infor~ation content extended bC!yond ~taphics 

'User definable extc'nsions to databases 

.' 'Desi9n station fcatu·ring u1phunul1lcric as ','/e11 as graphic display 

'Consistent, concise, Clnd ric/) command langu~ge adC1pt(lbl~. to both 
novice and expert operators 

'GPL lItm Pro9rull1m;ng Language 

'Comprehensive design rule checki"ng programs 

. 'Wide r~n~e of plotter support 

'Exclusive All-Angle pattern generator support softw~re 

·State-of.-the-ilrtelectl;'on bearn. patter"n gcncl"rltor support soft\':ure 

'!,jultiground, rnultitask,·real-time disk opcruting sj'·stem f.eaturing: 

· 'Concurrent fO'reground and buckground activities 

· 'Con'current production and .progrClln development 

"FORTR~U, I\LGOL, DG/L, and assernbly language us.er programming 

'High per'fo.rf[lunce ECLIPSE 'cornputer fcaturin9: 

· 'Compr:e/)ensive instruc.tion set 

· 'Exfensive multiuser support htlrd','/ure 

· '('lell1ory nwppin9 . 

· 'lli9h speed flotlting.-point processor 

·r:r.',,/, unique cra$tlble grllpllic displ<1Y \'1; th continous pan and zoom ' . 
. II n u ins t II rr L II n eo u:, con lex t s '," i L chi n CJ 

, :' , 
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~-------------------------------------~--------------------------------------~ 

2.0 . G[i IERflL DESCIU PT [on 

2.1. TilE PRoeLEI·1S OF '1LS I 

G D S II i:, c) n c1 d'l i.1 ncr: cJ 9 r (} r hie s y s t elI! for the des i 9 11 0 f very 1 a r S '2 S c i)·l e 
intr?,]r"lltr.d (I/LSl) circuits .. Like its predecessor, GDS, COS II pro'lides a 
COII:pn:llcnsivc turn-kr.ysolut"ion to Lhe pro!J·le;~ls of dcsi~n, docurnenttltion, 
one! l1rL\·;od: ·(.lerH21~litiCJIl. l3ut" .GOS II repl'eS(~nts the next s(?nerution in' 
in tcrac L iv i ty, in (! ff i c i ency, (ll)d ill tlll'ouU Ilpu t. 

VLSI p~4csents several first order: problems \'ltlicl1 cunnot besolvr.d bytoday's. 
Ie <..lt~~~ilJn sy:)t(':Il~. First, tl)(~ l'ccjlrirr.cJ pl~ecisiol\ c!~:ceedc; tile Cil.pili>ililies 
or· 1I1()~,l (!/,·i~it.iflrJ ~jysLClli;.. To rf!solve .1 III;CrOf1lel.l1t~ ret'Lun~s \·ritl1·ill 0 circuit 
1 0 111 i 1 1i 111 e t r. r son 0 e dUe r c qui res 0 res 0 1 u ti 0 n 0 f 1 P (1 r tin 1 0 ~ - III 0 ret h il n 
16-bit integers con deliver. So GDS II uses 32-bit int~ger" coordinates. 
Due to their· unifonn rr.so111ti·on,inte~er coordinate reDrc~sentations llre,' of 
course, superior to flouting-point reDresentations in uPDl ications requiring· 
the generation of Drecision (lrblork~ 

Bee (l use' 0 f t. he com p 1 ex i t Y 0 f V LSI) the she e r IJ 0 1 \1 rn e 0 f d (j tat h rea ten s t 0 

oven'll1e11l1 (l Illini-comput.er based system. The GDS II OCltabclse Hanu'jcrnent 
S y s t em feu t u r c :; u ni q 1I e /II e c h (l n ism s for d a t u c om pre s s fo non d dll t a c 1 ass i f i c a -
tion, minimizing_ disk requi~ell1ents, both copacity ond bc1ncjl,·lidth. 

The sheer volur.:0. of dc1ta poses a serious threat to bc1ckground throughpuL 
8acy.(JrounciDrocC's.ses such uS sDucing chC!cks and art','lork gencrotion ;n'/olve 
so~hi~ticatccJ al~F)rithrnic processin~J und globu'l sorting. To corn;)lete these' 
t()S;~S in an efficient· anel timely Illilnnet rocjllir'es i1 PO\'lct~ful CPU and c1n 

·efficient n1ult'ipt"Ol;lral!1lliilll] lJ')c~~St~ound facility \-,h;c·11 call l:lt1ke effective use 
of (n~l(lti'/r:ly) lar~c corc confi~JuI4utions. The GoS I r [3()C~;gt'ound Processor. 
provides sign·j·fici.lntly lIlore throughputUlJ~ -j ts pn~decessor .. 

The sheer volume of data threutens to reduce the le''1el of interactivity of 
the systdrn. After il11,· it should tuke much longer to sel·cct dnd lI1anipll-
late duto ',·:itliin () cO/l1plex VLSI circuit. \·/ROilG! The GDS II display 'sort\'/are, 
coupled ',·,·ith the Vi·jO, CI\Lfr1/\'s uniquc cJisrlay tcr-:nin(11, ptovides the ultimate 
in corilfortab1e und productive n1Cln-~lluchine ihtcr'action. 
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2.2 THE SOLUTIO;I - GDS II 

nuilcJin~J on trw l11Li~st illi1i1r'(l\",lf(! techno1oqy und it~; lons e:qJ(;!r'ience 
ill 'tiw inl.cql'ill.ed circtJiL c/(~~,i(JIlIII\ld:Cl,.CALllA II,)') d(?velol)(~d ij COIII\JI'C:hen'sive 
nC\'J svsleill . Lo 'solvl' Lh(~ probl(~IIl~J posC!(\ bylhc n('\·, intr~(Jrt1ted c;rcui t tcch-
nolo~IY. The (;[)S II dat..:lI)asc provi"des 1I1(~ ultillluLe in rH'r:cision (32-bit in-
tr2(jf!!' reprr!~,(~nLoition). ,'TII(~ COI:lIl1ilnd Pr~OC(~:,SOl' pr'olJid(~s tile hi~Jllesl l(~vel .of' 
inlr~r1(lcl ion r~If(.lt· b,fr(~t'ed on (1 1l1i1\;(Olilpul.(~C-\)i.lSl~d qrilpl1ic S.i'~~t(~IIl. GPI. I I till is 
illJailllble, (11()ll~) '"lith il COlllprclwnsi\'(~ co1Ir.~cLinn of biH:kqi'(Jllnd processes to' 
driv(~ r(~np10Ll(!rS, PllotoploLtcr"j" Opt'ielll P,lLLet'1l ~(~(\eri1l()r'~~, [-P.eJIlI·P:JtLern 
Genr.!r'a-tors,. etc. Oliler I.hld:ql·OIJIHI proc(~~)S(!S ,includ.l! (~xtensiv0. Oe:.iun Hules . 
C"eck~~ .. The CDS I I UtlCI~~Jl"OtHld Processor pr.ovid(?~; for L-l1r~ cffir.ic·nL l·xer.utiori 
of rllllltip'1e. [)(lCk~p'Ollnd t.i1~,ks. ror 1I),1ny tasks, GOS II \'1;11 reduce the run 
t i nJ e by 1 u r 9 e f c1 c tor s r 0 1 c1 t i vet 0 GO S • 

GDS II consists of 1I CentrcJ1 Processing Subsystem (including an ECLIPSE 5/230 
coinput0.r, r:i 12.5 l1Iillion \'lOrd rcmovlIble disk puck I/l(::liory,u nwgnetic tclPC, 
i\nd 1I sJ'stC:~1 c0115010) tb \'lilich OcsiUn St(Jtion~,·, Plolters, and other j)eripl1era1 
equi~Il1cnt arc cJlti1ched. /\s IllcJny as ei~Jht intQI'cJctive, C!(~s.isn stl!tions, /Ilay 
ope rat e s i In u 1 t ~l/l e 0 U sly, \.: i t hill; n i rn a 1 de U r (1 d Cl t i 011 i /l c) vcr (1 ~I e s Y s t e:r1 res po n s e 
tililC. At the SlllllC tillIe, as r,1C1IlY as thl'ec on-line plottcr~; cbn be produr.ing 
art\·IOl"'k at full ri.ltecl spe r2d, and GOS II elln be \·n'iting (t t(1PC to drivC! (1n 
off-line~p10tto~ or pattern gcn~r(1tpr. These operations take plcJce in full 
backurounc1 11IOGe, vlithout interrupting input or ec1iting . 

. To suit" vc1l'yin~J Cl.1stOlnel"' requirelocnts, CALl·if\ prov·icJes· sCI/crill ·infJut deviCes 
for G D S I I''': () r k s L (,1 L ion S '. 

·CI\U·l,\ IjB-by~G() inch constrllined-'cursor cli~Jit:i7.inu table) 
't'/ith, bllckli<] htin9· 

. Dr aft; n U - t II b 1 e - s i 1. eta b 1 e t ~·,i t h puck (l n d / 0 r sty 1 US. 

'Console ~·lith 12-by-12 inc/)' Rand·-type tablet. 

1\11 sti1tions include.lI keybocJrd, und ·an tllfJhanuJl1el~ic CRT 
(for dc'si 9l1 er CUIIl:l1unic(1t·ion). All tlr~equipped \"/itil an interactive 

<J r iJ phi c c1 i s p 1 a y: .'. I\n 1 1 - inc h s tor u U e t u tJ (!, a 1 'J - inc h s lor tJ U c tub e, 0 r 
. CI\LI·~r\ I s un i qu c Vi·IO·. . 

Station confiuurcJtion docs .110t d(!tCrllrine sLlILion ftlnction. Anything thilt can 
be done frolll olle CDS I Is ta lion can be UOIlC froill c.lll 0 tilers. . . 

1\ n d G D 5 I I C il 11 rc~' a d - i n GO S d uta bus e s. T h usc ;.ci s l ; n U ~ c s. i U n s c rea· ted 0 n GUS 
C(11l be' n1i.1inlJined on CDS I I .. 
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2.3 'EXPLOITInG T'II[ 'urrC'ST TECIirIOLOGY 

~l1ildilV] on tile exp(~ri0.nce ']ilincd oV,cr thc Ptlst s;;': ycars, c!ur'inq, 'r/hich GDS 
hilS 1)(~cn;ll~ t:ltl~ SLill1dlll'd of tlw !~r.!lIliconcllJctol"' inclll!:LI'Y, CDS 1 I incor'po(iltes 
the ltlLcst ill har(h'/ttre tll1d softv/are te'chllol09Y) beginnin~ \.rj til, llle ECLIPSE 
5/230 co'rllp,lllcl". " ' ' 

Till! eCl.IPSE'!', hiUIl IH!rfol'1I111nce Sf.i\I'l:S \·Jit.!1 i\ r.1St.,ll\icn)pi'(J(~Jt'i111l:1\(!d ilrchitec
tlll'C. 1\'I\lIHlolll-dCC:CSS slilck ilnd versi1li'l(! interrupt SySll~11I n~pli1ce sofL\'lure 
routines\·ritll IdUh-!;Pl!(!d Ill11'rJ\'hll'(~" f\ F'\oaL'in(.J I'o,jnt I'I'OC:l!SSO" p(~rrorllls 
sin~l(! and do'ul)I(~-pn!ci.'~ion i\l"itlllllr~tic uL spl~ed:.. rllillcllir\~J L1lo~)e of larue 
cOlllputer's. Interleilving rcduces fIlelliory cycle tillle. Effectivc memorY. speeds 
)"unge from 200 to 6~O nanoscconds. ' 

These ECLIPSE computer features mean performunce tlFlt translates into high 
throll~hput; throuut1put that 1 cts CDS I I l1(1ndl e ~h0 cJclIlc1nding tasks of inter
activQ design, ~oplJisticutcd rules chcckinU, plottinu, and USCI' prourarrming 
concurreritly. Ol';cfly these fCc1turcs urc: 

'Comprcheris;vc instruction set custornizedfor oper~ting systems and 
high-lc,icl·languiJgc cOlllpilers'. The set includes'\'lord) bytc) and bit 
mclnipuliltion;',extensi'lc shift c1nd logical opel'ations; signed,and un-· 
s i 9 ned ;;1 t C 9 e r m u 1 tip 1 y / d i v ide; and b 1 0 c k cJ a t a III 0 'I e /II c n t . 

"Extensive Iwrd\,,'tlrc stuck mcch'(Jnisrns for fast sut~rolltine linkoQc and 
ccnte;<t S"'!ilcllirJg in tcar-time, reentrant e:nvironlllcnts. 

·:.'lclI1ory I\llocation unci Protection \·,itll dyrlc1IJ1ic'address trcJnsli:ltion, 
cxpc1rtsion to 5l2K bytesrllu'in IllclllorY)l1nd"'/r'ilc and address protection. 

'/li'gh-speed FloDting Point Processor featuring ,32-bit and 64.-bit formats 
, iln d par i.! 1 1 e 1 p 'r 0 c c s sin 9 . 

·(·jr;rnory intcrlcaving and overlapping tliat significantly reduce instruc
tion e:<ecution timcs. 

GDS II is built UpO(I'lln cnll(lnced version of D(ltcl Gcnerlll's Rcal Till1C Disk 
Operc1 ting systC::i1 (IWOS'). TI1; S l1lorc pO'o'IcrflJl opere) t in~ syst01n i,s kno\·:n as 
l'I'Jl ti~ltouncl'HDOS beciJuse it supports (Hld'it i0I1c11 jobs be~loncl the "forcgrol:lnd'" 
t1ncl IIback9}~OLJnd" prov'ided by the sti.lnciJrd Dlltt! Gener,ul [{DOS. Up to si;~teen'. 
(16) separc1tr. "grounds" or jobs nltly be run concun'cntly \·Jith tile system" 
pro II i d i rlfJ C 0 III P 1 c t e i 5 0 1 i1 L; 0 n tl n d pro t e c t ion for C il C 11 ~J r 0 un cJ • T il i s p e rill its ; 
(or Cl.iJlIIl1lc, ~,I~verc1l different interllcLivl! 9l'c,ph'ics systl:rl1!~ to run at tile 
SlllllC tilile (c.u.) CDS I~ (lnel [)!J.I·l) or interact'iva Url1f1llicsconcurrent \·!ith 
program development and debuguillg. 

Rf)OSp(2rlllit~ IIJ:lllll;tilsk;n~" \,lithin Qucll uroulld; this fIlelll1S \'J'ithin thc sollle 
()dur'~s:, sp~cc ther'(~ lIIuy b(! Ilion:! thilJl one tI~;.'/nchro'l1ous IJI'OCCSS (Ltt:.k) tllU t 
competes for till! CPU. Thc Scheduler for tolllltiurOlllld [{DOS 'is lIintcl'lei.lvcd" 
anlong Gi'ouncls and tasks; that is a priori ly is co;::put(!d for C:ucl1 tc1sk in 
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CilC'1l ~:ro'.1rld rl:;c! then the system II!,1kes il Ulobcll decision as to ',/Il;ch 'tusk', a'nd 
unJUnd, Lo ui\/~n cCJIlLt'ol lo. TI1is'pellJlils hi9ll'(I11rJ 10':1 priority tilsks to co
exist in the Sllil1C 9rqurld \'Jith, ,the prior; ties cot"Tcctlyintcrprctc'd. ' 

fI.IIH)nu the sLandard fCI)tures :of fWOS arc rro~p"ulll S\'/i1ppiIlQ, \'/hich 11llO\'JS up to 
fivr. cOI"Oir:\'1~cs to be "pushQcJ" ,to disk anc.l,tl1en "popped" t)()ck C)nd restored: 
to c;':cCl/tion. TJ1is peflll'its lIJultipuss '(jl~Jor'itllllls to be clcanly ~rilplelllented:,., 
in' CI lIlanner thllt'jS tr\1nS'parc/Yt .to the Opc!l'iltor; ulso spcciCll subrolltincs ' 
sllch i1S :)ol'tinq /lli!'j 1>0 illipleillellted uS S\'JilpS so U\(~ cntil'c! core ~pacc of the. 
U r 0 U J) d i~; II va i 1 alll e ' for 1I s e . 

The RDOS file syst(?111 provides l\ QO/lcrlll;zec! mCl\ns of 'accessinu ,disk files) at 
the S.1/!10 tilll(! slIpport'inu dov'ice-indepcndent prO~lrul!:lIlinu f(H' Chr~lri)cLr.r.;. 
oriented device~J su,ch as the DECwriter, Lin'e Printer, arid Stc1tion KeylJourd. 
Filenllllles 'in RDOS fila), be from one to ten (10) characters ;n len0th c1llc.l 
optioni111y lIlilY. cont(l;n (I 'one or t\-/o lettc~( filcnc1/I"W e>:tension CIt th(~ end. 
The fi'lcnl1mcs arc y.'eferenced through directories \'Jhich ~1()Y be nested up to 
three deep. 

r-;ult i9I'Ound ROOS retains cO!lllllete compJtibil,ity \'I,ith Data General's noos and 
tllerefore 0110','/5 illl tile soft\'/iH'( products dev(~lopC'cJ lJy OJ til General to be 
run \-Jithou"t" modification. Included arc compilers for FOrnr.!\il, f,LGOL , ef\SIC, 
(l n dOG I L . T e;~ ~ e d ito r san d a t·1 tl c r 0 /\ sse III b 1 er are 1 ike 'II i seD va; 1 d b 1 e . 

t·lultioround ROOS inclucJes custom'I/O drivers for iJll' of c/\U-1A's htird'o'/ure. 
T his p 0 ni lit 5 il Iii Gill (~'/ e 1 9 ell c r (l 1 i zed i n t ~ r.f il C C for tile 9 rap hie s S y 5 t e /l1 

clir:lirYiltinu tIle need to resort to bit lcvclprogl'(JII,llIin9 \·,itl1 critical tirning 
, con d i t io I', S • 

The V;·iD, 

In addition to these second 0enerc.1t;on tools, C/\U·j/\ hilS developed a nevI type. 
o'f ;rllcrc1ctive orarJ,/dcs' c1isrlay \·,hich promises to provide a qutlnturn JUIIlP in. 
the level of user ;nter'activity (IS \'/011 LtS il substl1ntic.11iTilpro'lcl/lcnt in 
overall system pCI"for/ll1.1nce. Dubbed the Vector 1.'IC?mory Oispl(lY (V:·:D) this 
cJcvicc makcs use of u vector fIIe/llOl~y and l.t diuita1 TV imlluil1~r system. Ihe 
result is a Ufclphics'displtly \'J!1()S~ cc1ptlbi.litics for" sU'l'pass those of exist
inU refresh disrd~ys, \·/Ilich usc on·ly one type of (efn:sil!ll(~lI1o(y (vector or 
roster'). 

Until'nO\'J, ,CI\U·l{\ hilS relied on II direct vic','/ stor~qe tube display) \'lhich 
storc~) theg'fiJph;cs fllli.1~Jedirectly 011 the face of c1 sf1ccitllly con,structcd 
cutl10dc fuy tU'be, so that the in:tlgc c.loc:s not htlve.! to be continuously rc
fres/1cd.' Th is tl ppr'oc)ch r'csl.11 ts in u fl'j ~J h-rcso lu t i on I f1 i cke(-free i/1la~c. 
I n iJ cJ d it; 0 n L () tho s t 0 l~ cd; 111 ;19 c, r) ~J r ,1 p II"i r. 5 c IJr' ~; 0 r 'j s con t i Ill! 0 U sly cJi ~j p 1 aye d ,', 
in ','/fite-1.hrc.Jl/~JII Illucle, so lilat it \-,i'l'l not !)('C()lIl1~ il !>ll,'t uf tile ~~tol'ed illli1Ue. 

,USillU ,1 ~Jr~)phic~ ttlblet ,Of, di~JiLizt'f i\~; illl input cll~vic(') Lllc l!Sel~ Cell) point ", 
lhc CllrSOI' tlt objects on tho scr(~en clrH.! 'i~~~~IH~ l:diti/l(j CO:lil:ILl/H.!S to tlll~ systcm 
to (11 t(~I' tl1c~eol)j6cts or ilCJd 1l(~' .. J O/H:S. On'tlll! ','J!lole LId:. Ljpe of di:,pLIY 
IlllS proved r!lore tlllll1 uucquate fo,'nl1lll(.!rou~; ClpplicllL'ions in sllcll divcrse 'ilt'eas 
(IS il1u~!JI'r1tcd circuit 1111dprintcd circlrit design',' ctll"logrL'lpiIY, ll/ld tllree
dirncns,iolllll c.lraft'ing) cJcs;~flinu, tlncJ rlillnufc.1ctul'inU. 



11()'.·,evor'~ tI\(~ sLor41q(~ Lld)(~ d'; <;plil.'l dl)I~S hilve olwfe'c1LlIl"(! tlwt, 1 illl; ts i Ls 
r.rf(\cLivl~II(~~',S in tl\lpl iC.lt;oll~~ rc!qllirill~J il l\lpidly cllilllqinq '.p'i''1dlic pre:scnt.u-

'Lioll: !.lIe illl,1'.Ie CilllllOL l.)(! ~,r.·lecti':(!l'y (!'rdS(!lL ThllS,'vi(~,,'lill:J l1f1 i11tc!I"(~d " 
qr,lphic; illlil~ll~ l"(?r'juit'c!,s, cr"c)sinU tile: l~flLjte old illlllUC: ilnd ((~dt'c11"JiI)(J Lhe.! entire 
ne~'1 one:, f\lllll)I.IQIl r:f\U··;f\lsStol'(l~.IC l.lllJe displ,ilY is IIICllty Li:II(:~; (,IsLer Lillln 
COlllp(!Litiv(~ di~~p'ld'y~,of this type, Jppliciltions e;.;isL, fOI' ','lflicll LI1~ ilililUC 
C'C)!lIlOt be repil int'(:d' fastc)', LlliHI the desiUI1L'r can tllillk of ~·")Ut .Lo UO nc:<t. 

TOO;JCrCOIIlr. L'llis l';.lIl"itilt'iof) requirr.!s (l Ijl'ilpl1ics di~,pllIY \'!I10:',C! 'illlclCje i~,,'C()nL;n
lIou:,ly Ilc:illrJ "I!!')'l':,II(!d., ~iO Lila!. \'''l(!!1 ,1 ~Jrilpllic ol;J(~<.t.is ,11 I. I.! ,'cd 'ill Ule 11IC:l1lory 
rn')1I1 \·:hicll Llll! di~',plilY i~~ I'C!I"'l!sl\C!c1, iV, iI1l41q(! ()/\ t1)!~ ::,Cr'C('1l "c.l;dcfly disllp
PC,d)'S tlild its tl\Lc:l"l!d illlilCJC! sililuILdhcou~lyc)ppedl's) ... ·lIlile.! UH.! 1'L'lIltlindcl" or the 
illlal]e rClllil'i ns IJllct1i.ln~Jcd. ' 

f\ displuy v/hich _refreshe~; ,the illli'lUe .directly fr'olll il "v('cLor IIICIII() rY " mcets this, 
requirement. The display rCtrds X-Y coordinute ilnd intensity infonllution from 
the JIlC!fI1ory unci Iistrokes" the ind'ic<1ted 'line segillents onto the screen in 
connect-the-dots fashion. 

Th·is apP,'oi1ch, hc)\·,'ever,., introduces lIlore problC:IlIS th(\n it solves. For" one 
UiinD, ,th(~ cOI:lplt:;<ity or the 'illlilue ',',I1;ch C:(ln b(~ d-isplil.'lccJ \'Iitliout pcrceptible 
flickcrinCI 'isflJndr)IIl(~ntc)lly lilllited - by ho\·J'filF tile display luliels (~lectron 
beo!n lias Lo trr1v(~l, 1I0\'J rcJpldly tllC bCdll1 CiJIl lJc dcflt:cle,d ulld 11I0dul aleLl, and 
hO\'/ j"ilpidly til(: i!,lc1U(: distJPPc()r's frolll the screen. Various techniquc's could' ' 
b'? used to sicJ(~sLt.!P' Ulf.~se lilJ1'iLiltions, bllt not vlithout cn:atinu furthe," prob-
1 ems . ' For C >: alii p 1 e, the 1 en U ~ h 0 f the p ,) tilt r a vel c~ d by the be;) n leo LJ'l cl be 
reduced by 11L:.r:li:;JI~in~j 'to !~lin;lIIi7.e the to!.i11 lcn~Jth of the.! invisible seUlllents~ 
but the tOlltpl.ltdtionJl o'l(.!t~I1C:Jd '.·multl be ~,llt)sLlIILial if not proilib;~.iv~., . 
L·i~:(~'''/i:,r., the 1)(:(~;i(~itc~11Cl' of the tuIJC!'S phosphor coulcll.lc:illcreclscd, but 
this \-,'()!lld r.:illl~~(2 "qilosl" il:llJ9~S to t~clilttin on tile tuhe rOl~ 3 lonr,jc,' t;/ilC after 

,t.hey llild bOI!fl (1IlCr'l,:d in the vc:cl:o)' Iil0J:lOry, tIItJ~~ )'r:t.IJl"nil)U to ~~onIC! C!;~tr:n1. to 
th~ b():;ic l;l:riLiII~i()n of the stofaue tubc! display, r·'I01'c!O'.'t~1~, ('IS lhe Gefl~ction 

,c;:ircl1if.l'y i~i pl.l';l\cd toils l'i[lIits~ cJifricLJltic~s in lIIiJintll'ininu 2.c'curacy ()nd 
reperJtabilitYi1t'C likely to IIlc1nifcst thelllselvC!s, so stl'(d~lh't lines c)1)PCClr' 
o t h crt h I"! n s L r a i ~I h.t . (1 n d r c c t a 111] 1 e s rail to c los con' t h elll S c 1 '/ C s. Fin d 1 1 y , 
'since. sCl'c.!en br';~lhLrJe'ss ,an~j stt'()kin~ spce:cl <1re inversely reltJted, c1ny uttempt 
to ir:1prO'Je one PtH'l.IllIcter \'Jill, com;)'romise the other', 

f\ d'isplr1Y \'/hich Y'0.frcshcs the illluqc fr'om (1 111'astcr' 1lJ(!I::OI'Y", 0)" cJot fllJtrix, 
(lvoids t1H:aIJO'Ie prol)lc!IIlS. Flicv.et'-frce ilila~lC:s Cllfl blsily 1)(:: 9c~n~ralccJ, 
rf~Cjc1t'(Jles~; of c(J1jlplex;ty,bccr)us~ thc el(~cL('on bf.~dll1 il1\,,'l1YS' t"<1vl~ls the same 
p<1lh: il Lop-lo-1.10ltOlil sequencc or closely. sp~lccd lefL-to-ri~,jhtl ines, <1S in 
i) COlli:;l!!I'cii1l tc!l'cvis'ion st,?t. l~l1e rc)ste.!1' I:1CI;IOI'Y is USCG only to modulatc th,e 
intensity of,the: bc(),."{ 

r.CCiIIlS(? thr:illliJ(J(~-paintirl~) path is, c:onsl:ilnt and relJLively sllol'!:, J IJl"i~Jht 
illlll'Jr. C(111 I.le Cr(!ill.ed~ ill'll I heei.llIse Llle pdLlI i~;_:.o rc:~JIJL'tl', tin.! u'iff'iC:lIlties 
of !1l<1inti1,inillq ilCCllI',lcy .. afIlJ )"(:peilLilbi'liLy <1I'C v(J~~L1.'/ I'Cdllc:(~d, In add'ition, 
ollce tile ~1I~'1phic '/ecto,"s or LIle; illlil~JC! I),,)ve h(!(~n 11t'11~1.(!rit..c<lll, i ,c. ~convcl'ted 
1.0 scqlJ('I'tces of dots 'ill L1tf.! 1';1 ~ tr.'l' 111 (ill 0 1".1 " LiIC dJ I:ili ~ ill U-II~ op L illltl 1 o,'c.\cr 
for cJisp1i\,,/in IJ. 'rile ti1~~Lcr 1I11,!lItOfY iJP[l,~odcll (.!V(!/1 Illid:c:, i L (~dS,,/ Lo Cl'eiJt.e one 
ilf)a~JC!, (~rd",(? 'II n!cl.llf)~llll;tl~ fil!lcl \,!il.hifl iL. illHI l'iH:1I vwile 4111(}LlI(~l' ,in~.(:L· , 
illhl~J(! i/\ Lhi; Vil'ci,Led ~;I'C:lce. TIJi~ Cdll, or COIIl'~i0., l)(! dorl(! r<:IJl!(iLl!cJly 'if, 
d(!si'n~d~ CI't'!C1l'.infj (1 IIIOf)l(l'~JL? coillpo~;iLe illl<1ge 'illlpossil)le Lo achieve \·,itll a 
vr.'~: LUI' ~ U·o:: in') II il,p I ilY. ' 
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---... ~ .. ' .. _._---_ . ..;-_ ...... _--_. 
UnforllJl111tf!ly, d i~\pLlyS \·i1lich l'(~1'y !;olcly on rustcr 1I1Cliiory for refresh'inu 
the il:!d~Jc ~;IJrfr.( from ()n()!.II'~~l" 1)11Sk 1 lllliLilLion. , O'ICi! i) 'v(!clor' 1'111:' bc~en ruS-' 
lcrizoc\, UWI'C is 110 <jo(H.1 \'/dY to.dcal i·IiLlI Llle rcsult;lI:J cluL~;.· If itis 
dcsin:d to 1'('IIi()'/~~ only 1.11050 dots ~I)rresponditla to a (Jivcn vcctor, one could. 
r(lsLr~I'L~e tile '1(~C.t'OI' l1~)~Jin und usc the' n~~~ul tin'] sel: of· cloLS Lo cruse the' 
r(lstcr 1l1(!1I10I',Y s(!·I.(!ctivcly. eut this i'IOUlcJ in UCIl0t'i.ll rClilOVC: Loo IIltlny clots. 
\·:ilrJ t 'j 5 l'C.~a 11 y d(!~) i n~d ; s to removc on 1y t.hosc do t~ '",h'i cll L1lc 'J; '1(!n vee tor, 
\'/ilS sol,ely r(~~pl.lnsiIJlc fCJr inserLin~J lind to l(~r)vc 'c1°I()I1(~ LllO!)C' clots ',,/hich . 
\'/erc ,1'150 inse.I'tl!d',by ;ntcorscctin~1 vectors.' l3u,t t!1i~; ;s illi/,ossihle, s'ince 
in LlH! 1'(IStr~I·Il!I.~IIIC)I'Y \111 dots look r11ikf~. As il rC';',1I1t, llfU;,' tile 'Jiven '1(!C-

tor iso rc.~IIIO'./I~<I 'ill Llli~~ \'/i1'y., ,111 concci'icJblc ojnLer~;cctin~1 V(~Cl()I'S slllJu1d bl.!· 
rr!;,'wi Lten into 1.I1C! llielllor-y. In th(~ \'/Ol'~jt CI1~;e, tlloi~; ilillounLs 1.0 rCt'ilstcl';zing 
tile cnti re vccto,. illl.lC.le, \'/\)°icl1 runs Lhe r'j sk of nulli fyin~l tllt! rt~ilson for 
UO'ill~J Lo. u rcfrr.!~ll displilY tCCh,101oUY in Llle f'irst place: tllC' uuiliLy to c11ter 

. the flllu 9 e rc1 p i d 1 y . 

The ability to 7.00111 ;n on i)'selccted portion of the data is best ()c.hie'/eei'by 
er(lsinu till:' CI1t"iI'12 rusLer' memory and rerusterizinn tl,e '1CCtOI' data tit u dif
fercnt sC(llc ftlctor, .This proceu'ure brirJ~Js out fine delail t!1i1L is unap[)Jrent 
ut (1 Slllull IlliJqnificC1tioll hecallse different roints .'lIlJ~;t b(~ mapped into the 
samc .dot,Tllc·a1tcrnc1ti'le IIlcl:ilodof loollJin,], IlluprinU each clot in, () portion 

.of tIle' r(lstcr rnulllol'Y illLo u: SQl1t1I'C (jrt"~y of dots on· tll(! scr(l('::·I·, is u' poor 
substitllte, because the t"'c5ultin9 /lwgnificdtion' doC!s not enttl'jl increuscd 
resolution. 

\'!hClt'S more tile l'i1.;;ter-lllcrllory-only d;srlayoffers no Ctlsy solution to the 
proble;ll of s(!lcctinu 9l'clplJic(ll objects on the scn~erl hy poinlin~J at L1H::n, 
{Iftcr' all, u Ctjt is just c) dot. By cO/1trast~ II veclor-lllc:lllo/,y-only disljltly, 
for il 11 ; ts Li 111 t s, fin d s til i s t a ~,k I' C! 1;J t iv r. 1 y e i1 S Y . f\ 1 i CJ h t pen (0 r' S 0111 e 
(l'nillu~:oqSllll~Cr;a'noi~)IIl)i~ wi.cd to point at thc d(~~~Oircd olJjcct, r~lld \::li.I:?n tlle 

. rc1r.'/ilrlt '/CCCOI' i~; stroy.ecJon the tube the liUln !jen. c.leL~cLs °it, c,cJusi'ng it 
to be idcntifil!d to tile system. 

Cf,U·i/\'s '/cctor' r'~CIIIOI"Y Display, by using bOtl1 u vectorlllC:lilor.Y i)nd a raster 
~1(~11101'y, is able to rcalL~e the bencfits und (I'/oid tile disacJvanlDgC?s of both., 
Its 21 incl1, 102'1-1;l)c video monitor displays Cl bright, flojckcf-fl'ee i/lldge' 
(~O foot-li!I!ltH!I'ts - IIlon~ t1ltln ten t'imes brojlJhter tl1clll typical storage tubes) 
of h;(JI1 l'c:,o,llJtioll, and clccuri.lcy, rnl1cie poss'ibll! by r()~~te'i' refresh technolo~lY . 

. Yet, bllcilus'eo(' i l~ vecLor' Illelllory, (,inc! Lll/': lliqh-spr:ed display procc:ssof \'/hich 
1 inks it to th(~ r'as"LC'r 11I01I101'Y, Lhe Vl'm CiOln pan l1crCJ~;s, %00111 in on, ul1d zoorn 
out frOin ri ~ll"ilphiccll illlll~IC in tl continllous 111.1111101" at· rfalile l~dt.es tlS higl)O uS 
~o PCI' s~cond, FlJrthenllore, the instllnt scl(:c~ion of 91'uphicul entities 
is cas i ly Ilundl cd, 

The V!,'ID's vector l:Jclllory utilizes u special purpose memory bO'lrd, jointly de
v1!'lop(!d by elluin(~'(!,'silt CALI'li\ u/lcJ Intel COI~p()tLJLion. lllis !)(JiJl'd cCJIlLdins 
6S,SJC> lG~hiL v/ol'lIs or soolid sLate! IlIelllory dlldciJl1 IJc! Ilcccs:,(!d ilL it ri.ILc of' 
one \':Ol'c\ (!VCI'Y :~()() Il(lflo:~e'c()r:ds. C.lch polYUfJll l~11Vi ly ~)l.on~J ~,:i LIlin LllC 1I1cIlIory 
l'C!quil'cs L'do \':ol'd!~ for' 11('oir.!n,' 'illfol'lllilt'oiorl, h(:L"'/t~(~11 i'l!I·1.l111Id 1.I11'C!l~ \'/()l"(ls for"· 0 

attr·il>u/.(!· inC(Jr"iIIi:!I.ioll, l\,j() \':onj:~ ror 1Il(: ill'iLidl %-'(COOr-oll1ill.e \"Jtlll', ;Ind vne 
.01' L\·:o \·;01"(1;, [Of'PllCh sIJh~;CqIJr!11L'Z-Y coardinale pilil', dc:pell(linu upon the 
rr.!prC:;I!ntr1L ion III!.Hk. TIllIS LlII! I1IJlII\)C!r'" or \','ol'l.ls I1soc:d IJC!f vC!ctor' could 'JiJl'y' 

bC!V:Jceli. on'e ()nu ni·ne, dependifl9 011 the nl1Lur-e of L'llri cliJtiJ; tl rCJlisL;c averilgc 

HJlfI.'No:II'.'r. I, ::,'\l'ItIC ':".!II ". 



i s ,prob~lhly clo~~cr to t",:o thim tlln~'0.,. Up Lo, four IllCI:IO,·y lJOiJfcJS (,1n be con
figul'eu In t\ VI,H) , .for (l toLlil of 2G2,1~4 Vlo\·ds, 'or rouulll:/ lOO,OCJu vectors. 

!\ COlllililncl pr.ocessor, \"I,icl1 incorporales iln 80eS microprocessor, hiJndles all 
COIlIlI1tJIl'i(i)tion \',il.l, the hr)st ccnLral 'proc(~ssing unit (CPU) cHid conLro'ls the 
opcl·rJtion~ of',th(~. vtJriOljs,subful1ctions of th(! pipulinccl uisp1r1.'J r)}~ocessor. 

,'I'n 'tllr! 'ill!>"t n!or\l!, polY~J()n ent'i Lies ~Jenl:I'i1LI.!d in tile crlU ure piJ5S~cJ to the' 
CO\lllllilncl PI'C)Ct!S~:(ll~, t.!l(OlJlJIl tile (IlCIII(J(Y updat(! ~.'ySll~11\ to tile Vl:Cto'l,' nl('rl\ory. 
III t.l1l!,n~dl"\','III\OcJl~', (!lll.iti(~r., ilt'e Tl!Lclll!d 1'1'0111 '1(~(t.()\. IIH'::IIOI.',", teslcd for" o'ler-
1,IP \'!'i th 1I\(! CillTen t eli ~;p 1 .ly \'/i IHlm'" c 1 'j PPc'd LQ r i t \'i i til j n LIlt! \,Ji 110,0'0" (i f ", , 
f)'CCG be), sc(}lcd, unu ifllauecl onto il pOI'L'iot) of til',! \'llstCf (iICIIIOfY, In Lhe, 
eli splilY '(lIode \ tile scn!cn is :,illlply refl·esll(!u fl'O;1I tlw rt1~;Lr.r IIICIIIOfY and the 
display pnlCeSSOi' is oLlH~n',is(!'idlf2. III the idc:ntirYIlIOr.!C:, '/(!cto(' 1Il(.:!~iory 
; sse (\ r c h C d a t II i 9 It s pc C! d tl' n d t h c h C tl d e r Cl n d a t t t i b lJ t e i n for (llc) t ion per t () in; n 9 
to the polyuon !wving i:I vertex closest to the indicutc!d XY point ;5 retufned 
tot he CPU. The V 1,11) den C r C1 t est h e i In c1 9 e S 0 f u P to' f 0 u)" c Ln~ 5 or 5 c1 n cJ 0 ned i S -
pltl,}' grid in h2rc!\"iH'e\ so' that they neeu not occupy SPilCC in the vector ' 
rncmory~ s;m'ili1r1y, th\·ce typcs of dushcd 1 ines ctin be Cjcncruted in hard,,'/are», 
so thtlt the individuill visil/lc sCUlIle,nts need not be. stored sc:pcJrately. 

Under normal CirClJfIlstilllcCS, in reclril\" mode, data ilrc proccssed ilt the rate of 
one 'o'lord (pel" vector iJlclllm'y bo;)rd) every :~OO nano'.:;'cconds" so thu t C1n enti rc 
urC:!\'!ing rntlY be \',cdru'.'IJ) C1/JOut 40 times a s'econd, rtlst eriough to gi'l~ tile im-
prossion of continuous' IIIOVClIlent on the scn:cn. I!C)','Jcver,' if the displc1j ','Jindo't'I 
span's u l,t\r~Je fraction of the dtlta, the '11·m r'edrcJ'," rilte lIlily be pc1ccd by the"· 
pcak }·astcrizinu l·aLc, V/hich is c1bout 3'5 11C11l0SCconcJs/clot alonu the: J'ililjor axis. 
Likr:~·Ii,~;e, inthr~ unlikely ClIent that nl.lr~lcrous d;cluanill vcctors (r.ust Le 
clip;)(~(f to ,fit \'Jithin t}1C2 \'lillclo'tI, this proc~ss could IlIolllcntc"H'ily PdCC tile 

S'YSLCIIl. Sufficicllt clatabufferiWJ. °is rrc),/juer.l lic.t\':cen SYSt.C.:Iil subfunctions 
to s:l1ooth out 11I()~;l' lOCi!1 dO'litlti'ons frolll i!VC~I'(lue c.lt~Ul raLes, 'thus fJssu(';ng 
opt 'iPlii 1 sys LC:!:II performanc,e. 

Thc rllster Jl1cllloryused by the '11'10 fCiltur·r.s, yct unothet unique mcmory bourd. 
It too \'/c15 dc'/clorcd jointly by C!\L!·l/\ cJ/ld Intel. This /)oc)(U contains an 
urray of 51? x 512 ,bits of solid stilte memory. /\s tl)r.:~ video 'l1lonitor,'\',hich 
has 1I ~ \~ i cI 0 f 1 02'1 x 1 02,1 u d cJ n~ S S J b 1 e p () i'll t s, i s be i n ~J I" c f res he d, ani n t c r -
polatiol1 il1uori tlw, \,:11;cli OpCfC.ltr~s ;n redl time, is llsed to fill in the ,dots 
not c::-:pliciCly stored ill tlle,rc)ster mei\lury. 

In sun:mary,' tile C!\L.1-1/\ Vector !·temory 'Display, by c':-:p10i ting the best of t'dO 
different i'cf,'r.shgril'!>hic IIlolllory syslc!ll1s\ Jffords t11~~ cJesiuncI· ern unprece-' 
den ted 1 ell c 1 0 fpc r f 0 nil (I n c C! i nrc r res It ~J r (\ phi C s dis p 1 J Y S • F e cJ t U i C S 1; k e 
unlimited inscL captlbility, continuol1s piln'()nu ZOOill, instJntaneou5 context 
.s'oI~tch;nu, and hiJrd"'/ilfe sC!lect <Jiv(~ GDS II all unc:qLltill~cJ cilr,lbility in its 
, n Len cl e cJ r ole a '~ c1 V L S r des 'j U n s y s t e III . 

The influence of the '1i~D on,Lllr~ ovel·"ll c\esiqn or eDS II is I"cl1dily C1IJpJrcnt. 
I'ie.nlls ill'e clir.;)I'lycd on LlI(~ SCfef.!Jl,i( d(~$jn~<l, :'0 UII)t. L!lI.: (I(~siljne,' ne"/C,I· 

nc(':d look clOi':rl '-It tile LLlblct sUI'ftlce .. /\11 rl(!r.c~:,~II·y (OII::.1;1:1d Pl'(illlptiri<j is 
pl'o'liut!d Lhe insLl1ill i tis ncelit!d anu just uS qlloickly er,1scd ' .. ,!1i'.:n 110 '1()n~er 
roclI/il'cd. i'1c~J1l1,) vl'iLhillJlWI1US C<I/\ be usC'cI to c;<pl'icillC Ull~ \",liu clloic(!s . 
tlv'uilubl(? to the cJl:SiUIl'(~rc1Ll1ny ~Iivcn tillle. 

? -7 



2-8 

Tile dcsiqlH?f can s\·titch fl'OIlI viC'.·Jin
'
.! laycl' 'one' of u/l inteurl'ILed cir~cuit Illusk. 

set to v·ic\·tinq l~lYt~r L','IO ~ inst;,lnt1,J" vIi th no morc thill1 tl I:O~:CII. ()1110'.lllt of" 
C1ssist,lncr.:! frolll the CPU" (By cOIlLrilst, sysL~m~ tilJt u~c stOI'J(]C tube dis-' 
pltlYS P1\lSt rely ,on ,tile CPU to rc?()(J tile entire disk ilY'0.() conltlining the c111 a\'l-, 
inq i'lIHI cxtl"ilct,t.hr? re,lcI/tlllt i,nCo,'maLion fo)",rr.dl'(J\'/iWj. C1e(1~"ly, theVI·if) 
l;P\,'1 1 0l'IC/1 l(~,lV(:s III1ICit Illore tirn(~ fol" the CPU to s(~rl/'ic(! Ol:lICI' dri'lphics tCr'JI\;-' 

nals lind bil(:k~lrO'.lI.ld Ltlsks.) Like-I'lise,' one cOI/'ld Vil~'o'/ llll lines ofJuiven 
t ,Il P L!, 0 r i1 1 1 q il t (: ~~. , () l" t1 'I 1 co 11 t i.l C t s . I tis all i.l q U Q S t ; 0 rl 0 r 11\ c.1 ski WJ i n t 11 e 
tlt~ s i I' C d tl l L rib u t C ~~ • 

Onr. of Lhe most useflllfc~,ltllrr.s ellCll)lcs t.11C vir:\'rin<j of il lorCJc portion of un 
cl(!CI:I~~rli,c C i"cui t and s'iJllu'1 tc1rtCOllS ly vil~\'rin9 in (1. ~Jrilpldc inseL f.l lIirJhly 
iilc:~.Jrl~:'lCcl vic':'0'1 of' tllC Silln£? circuit', 'ccn,Lered around ti,e cursor posi,tion 
\111 tltHl the aforclllenL;oned V;C\·I. This Clr.r:an~(!lflent provcs por"ticultlrly useful, 
in rO,l1tinU si~Jnlil traces,' v!here one necds to be (l\·/tlre both of tIle details 
of locul obstcJclcs nnd of the gencral clirection in ,,·,;1;C}1 one is headed. 
flodific(1t;oIlS to the '1i(~',·Jin~J pllralll(~ters can be made 'independently from othe'r' 
conl/Ilands and) in fact" 1,·,itl1in th,crII. ,This cl1.)blriS' U1C cles;Q(j(~r to route ~ 
tr~ce ,to a eli ffenmtloycr and then '1ic~'1 the ne';! ·ltlyer of LI'iICCS in sol id 
lines clnd the old lc1yer in dc1sheu lines, all ,\·,iL'nout tcn;l'inatil19 the input 
camilla n d. ' 

1·IPC (not tlvtlilab1e in',initial release) 

In ilddre~lsin'J the problem' of chGckplotting vii thin the context of a '1LSI de-: 
sign ~~yst(~Ill, it: IJCCilllle? c:P\1t1tc:r1t, tlltlt d hi rJh-r(:solu'tiol1 lilc1tl"i;:. plotter such 
(!S the "'crsi.lt(~c H?ti2 offcrs a hi'Jhly dC~iirable solution. Intc~ratin9 tl <.le
vic C S 1I C h (1 S ~J)I~ B 2 It 2 i n to (\ n i 11 Let' tl c l i . .'I (~ (P' J phi c s S Y Cj t c·: 11 jJ" esC! n t s 
irjllll(':~lsc probll~nl~~. CI\L:,j,~ hllS presently unc!(;r d(;\:eloplli(~nt iHI intc11iqent 
;'l11tti':< Plotter,Controller (i·lrC), built dl'OUlld lhc S,-IIIlC technology JS the 
VcctOl' l'l~::J()ry'Displtly) tliilt addresses Clnd e,liminCltcs these p(oblcll:s. 

Consider the plight of a system (Irchitect attclllr;ting to' integrate a matrix 
'nlottcr into In intel'uctive graphic system. 1\ \'ersiltcc e2/~2 clcct(osttltic 
plotter i~ ct!pable of pt'oduc,in9 a {lO.9G" x 40.9G" plot tlt 200 spots/inch 
in sl ;~Jhtly less thiHl 82 seconds - re~ardlcss of complex; ty. Such il plot 
,is 81~2 x e19;~ spots \'/l1icll requires ~)19'1,30t1,16-lJit \'lOrds to be rc::presented 
in r:l(~i1:ory. Tilis is, c;<!lctly 128 tilllcS tllc'ctljJC1city of d.J~~f: \'/01'<.1 Illinico:n- . 
nute,' ','/hich lil;~lht se£:111 tllc lOCj1cJl choice Lo per-roni! tile I"Jstcr;ziltion of 
aula. Titus (l 3?K\'lOi'd minicol11putcr \'lOu'leI fC:quil'C ilt 10Jst 128 passes of (In 
unsorted clr'll','J;l1g d(ltJbiJs(! ,to produce J plot iIllJ<]c! Thel'cron:, dC!dicJting 
tl minicornputct 'to the SCJn conversion tusk could ilt best be expccted to pro-
duce il plot illluge in 12E1 tilllCS the vic\·/ tilne. Thus, an IC tl1l1t V;C\·/s in 10 
seconds could Llke no less thr1n2l minutes to r.onl/Cl't to ti rilster' ;l11d~)(~, 
Othe'r tl1uoriLhl:ls involvill~J ~JOI'li/l~J, etc" intr()duc(~ thoir ()'.·J(1c:<tensive 1'e
soul'ce rf.:!quir(:lllcnLs, /\ .. (olllpuLe L(~ pl(Jll'il1 c) Lillie I"lltio of ol/er tile onJer of 
2 0 to 1 :. t ron~; 1 y S U Q 9 est s t hut tile U I" C i.l L s p e cup 0 l e 11 t i a 1 0 f Iil u t r i x p lot t e r s 
'i s' un cnq)ty pnJ!lli sc', ' 

r.I\L~~f\, 110','IOI)0r') seek'in1j to'rctllizc tile 9fC,lt perfonllancc:, tll1d conveniCllce 
bellefits of 1:IJtrix plotters for Lheir" custo:llcrs, roco'JniL(~d tilJt \'Jh,jt thcse 
de'/ic(~s rcqiJir-c is a specie1l purposc cOl1tl'ollcl~ fa SCllcr'l:!te ,'aster' datJ at 
tl ri! It! to, Illa lc II tlr e i r speed. ' 



Til':! .111i1 iLl' t.o t'il!);uly SCl111 l1 plot file. is lhe /I10:.t cl~ilicc1l rcqu·it"el~I,!nt. The 
veclor ::ICII!()I'Y d(:vl:l()ped f(ll' C!\l.:·I/\'$ Vc:cLot' l'l(~lllol'Y DisplilY offers ~n uttrilctive 
sulu~ion to Lhi~i rcquil'clI:enL The j·:PC's ve~tor Ii:C'IIlOr-y uLi1 izos (1 s·pr.ciul 
P(ll·.PO:.(~ liI(~IIIOI''y bOilrd, jointly cJcveloDecl by en~Jinc'~r~' lit C;\U'~l\ ilnd Int.el Cor-, 
P01'C:ILion. This bO,1fO COl1tdjllS f)~),~)JG lG-bit \'!onls of ~olid stJLe /iH21110r'Y 

llnJ.c,in··b~ acc(~ssed ilt i.l rcitc of aile \'/ord every 300ni'lno~;cc()fld~). [tJC:h .poly-
U()II ~~Iltity sLUI'(!d \'JiLiIin 1I1e 1ll(!Jllory reqlJires t\'IO ','/OI'ds rOI' tH!c)d~r inlolllliJtion, 
1.','/0 \'/ords .for.lhe initial X-V coordinate pc:til", and· nIle ()I~ t\,/o .\'/ords for each 
~,\1hSC(JI/(~llt X-V CI)(·)I'dindtc pi1ir, dr.Pl.!I1lI;IICJ UpO/1 L1H! rCpll!S01t,lLioll 1:10(\1.1.' Thus 
the 1l'.III1!H!r 1)1' ','/ul'lh uscd pc,' vec:to,~ cOlJl~ V<1"'y 1J~L\·J(!(!11 l)lll~.~IHJ five clC!pelluing' 
on til(! ni,LlIr(~ of tlH! diltil~ i) }'c,11istic (jV{~I'~l~)e jr; Lic'L'.'/cen 011(; und L~'/o. Up 
to four JlICmOI'.f lJourds Cilll be cCJnf·j~Jl.Jrcd in (Ill (·\PC, fO'I'il toti)l of 2G2,1t1~ , 
\'/orus, 01' r()ll~Jllly EjO,OOO vccLors. . 

Since the dcJta in tile vector mcmory cun be process9c1 in uDproximi)tely 25 mil
lis e con c! S ,t 0 d I" 'j V 12 L 11 eVe t s Cl t e c e 2 4 2 il t . 1 0 0 ~~ 0 f ,r <I t e cI s pee d ,~ 12 qui res t h c) t 
only 3 lines of rustr:11 duta be qenCfJteu pel' '1e'Ctol' /IIeJllory s'cun. To recJlize 
the 90~1 of'drivinCj the device at l"at(~d sp(~C!d, till! t'il)C bttilches hiuh-speed 
spE:cicJl !l'urpose cOlnputationCll h()rd\'/ure tq the vector' IllCfiIOI'Y in a pipelined 
ilrchi tecturc. 

Oat c 1 e a v i n ~J the v e c tor III em 0 r y i s r aut edt 0 a S [1 e c i <1 1'1 y de 'I e lop e d /\ L U t hut' 
pCI~rorlils til(! 'rasterizlltion of v'ector's. Thc /\LU design features cJ lIlicropro
grarDlIed approach", ;IIlplcll1cnted in j'iECL,. andutil izc:s GO-bi t microinstr'uctions 
\~lith a cycle t'il1lc of 75 n(Jnoseconds. Ti1c'!\LU pcrforrnsone Jrithmcthic undo 
o n I? com p ,,,! r i son ope rut ion d LJ r ; n 9 e l.l c h C.J' c 1 e . . The (\ LUi) 1 so f c~ J t u r c S I: I u 1 tip 1 y 
t\ n d dill ide h a r d 't':U ret II a Lop e r il t e s oj n d 12 pen J e n t 1 y top I" 0 d u c e 1 G - b 'i't res LJ 1 t sat 
u llO:';Hz rLl te. . 

The ,'\LlJ c;<ecIJ::CS Ll proprietary allJorithlll to pctfonn thc' SCdn con'/crsion and 
Il r ov·idc IIUI11C(OUS illll)OI'tant fCiJtut'':!s. Line Sc.~Ulilcnts Clln D(.! plotted tit \::idths' 
of 1 to 127 spots frani cl.~nter line .dcJtn. The contl'ollet~ rounds the con1el~S 
o f con n e c ted . 1 hI C s e 9111 e n t S . T h I" C e p Zt t t ern s arc a 1 sou v u il t1 [) 1 C to f i1 1 c los e d 

"polY<Jo·ns .. Firl patterns cJre contained in rr{OH's, allo':Jin0 them to be cus- . 
. tornizcd to lIser' spccificcJtions. The. arcu 'fill feu1:uI':'c, of course, 9rcatly 

cnl1unccs the utiJity of the genercJted plots by allovtinU' ilreLlS to be recJdily 
d,i stinguished. 

Thus, the ;,~rc lI1il~:es' ~l1e spced unci {lttenuent conveniencc of e:dstinC] matrix 
p 1 0 L L C }' S iJ rca 1 i ty tot h ,e usc l' S 0 r i n t C 1:'11 C till e 9 1't1 phi c s sis t C J Il s. . F o.r 
the firstti::l(:, cJ USCI' can COI1;:/lu/1t! J plot, \,,'(\it u sinu1e viC'\': time to 
la,3d the vC'ctormemory, and 11Llve 11;s iJre.:l-filledplot c.!ellVCI·ed iJt full 
rcJted fIIutl'ix plotter s[)eed. 
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3.0· SYS1Ti'\ OPErU\TIO;1 

'r' . t' C" ()f thn "OS I I syC'.,.tC.IIII f1 .. I'COllln(:'It::S :"I l(·I(~(.Jf~ .varil!t.y of tusks in nc Op~l'u 101'1,). • l.; U • 1 I'''''' U 

uddiLion Lo silliple di'Ji.ti?in~J. Tile shift ;n el11phe1Sis to\':~ll'ds tottll design 
d II i. u b ~I se s, r a· t/) e l" L h c.1 " s i 111 P 1 e U rap h i c s d il til b j S C S, ref 1 (: c t 5 t II I.! e 'I 0 1 v i n 9 
r(?qll;n.2/::(~/lt~ bf tllc Pt'oc!ucUon environlllcnt tiS \'IC!ll 'llS I;!j(! d0.siUri (2n'licOlllllcnt. 
Tile capill)11 it,'! ,to vel'iCy tllilL firlill 1I1'L 'o'Iork COrlronll~ to JC.!~;.i~n. spC.!cific<1~· 
L 'j a n ~;, f 0 l' C ;0: elll ",\.1 e, r e qui l' (~ s t IIe1 t the i II r 0 (J n il t i () nco n L l' 11 t u r L h e ddt u IJ use 

.'b~ e;"LcJ1dl'd I;(~yond stl'icl1y 9till.JlliclIl dilLil el(:!lll'IILS,' 

, Since the GOS I I Sys tern meets the users" rcCju i rl'lIlen ts i II do i 119 il IJ rCi) t dea 1 . 
more thl1n 11l(:I'ely cellect;nu cool'dini'ltt~S, tile, Opl'l","}vion of tllC.! syst.ell1 Inu:.t be 
discus~~(~cI ilcconl'ill~Jl.y, 'rile sy!~t~/il provide,~ (1 frLlII\(!\',od: for Uw elaLcJ collec
tionpl"ocess \"hicll e;)cll 'custolilcr or instullation /lillY extend uS desircd., 
I3cfore uny c1iIJitizinu rrluy be done, th(~ user must d~cide \',liut datil is to be 
collccted, hO\" librllries are to be ot'9clnized, Clnd so on. Only in this \'/uy 
cun the rnost efFc'cti'le util ;z(1tioJ1 of the SystCII.I be uchic'/ccl. f,ccol"d in9- . 

,1y, the discussion of system OI)CI'c1tion begins \'lith dJta base con?id~rutioDs. 
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3. 1 D/~Ti\Gf\SE E:OEiISI B I L I TY 

c/\.u·~t"\ pro'1.1UCS turn-kcy systellls in I/Iany ilrcas of apI11;ctllion. The GDS II 
system Cl11l be cJpp'licd to u rHlIllbr~r of ,2D uisciI11in(~s incllldfnCj inlC!Cjrutcd 
circuit 'LInd 'prinled Cil~ClJit' d(~si~J'n. CAU·~" tililo(s the CDS n sy~.r.~rn to 
J !1r1,'ticu1.:II' disciplille by ;/liplClIlcnt;nu spl;cialL~cd prililitives, illlplel1lc:nt
in~ sl1cc:ial'izod.GPL II programs, iIIl111cli1(!ntinej spC:!cidlizeci !J(1ck~}tound pro- ;,' 
CJiiIHlS, I1ro\'idin~J'.stand,)rdized menus, ilnd pto,/irJinq standilrd'ii:cd di.1tu' bclses.' 
,El1cll of lhcsr~ cul1i1bilities can be c;<t(~ncicd by Cr\l.l-i.t"\ or Li\f~ custoliler. [x-
tCI~sibility rGcil·itatc~; both cvoluLion,ary syste!l'ldcvclorll:1r.nt und cllst,o:niza-
tion to meet tlpplicat.'ion ilnd user specificutions. Of I)ttl'ticulal' ;fllpol'tc.inCe 
is dJt" b,)~c e:<tcl1s'ibility, i.r!. ,t.he ability ,lo tldd ne\'/ ~',incls of dilt.a und, 
systelll unclerstlJrlciirH]'of tile ;nLcrl111cloLion Qf nc\·/ dtlta. ~':ithout this ' 
capClbilit,/ the SystC:11I \'/ould bc IIlocked in'~ to u pc)rticular dat.u bilse'des;gn 

'\·lith at most only exter'nc)lly defi.ned (not understood by til.:? Systc.:lll) CO(\~/en-
tions be;n~J used to ;(;lplement the storoqe of nCV/, infonllc:ition. The GDS II 
Database ;·li.lnuger pro'lhlcsdatil buse c;~tensib;lity tl1us,ollo"'Jin<] trle user to 
specify. his O\'m dllt~ base \'II1;cI1 incotporc.ites ele/llents ~Ild pfopcrtics unique 
to him and,rncunin0ful to the SySL<~lll.' . 
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3.2 DI\Ti\!V\SE ELEj'!CiITS 

In <lc,l1irH). "'iitl~ L1r~]e qlJc)ntiti(!~ (,"If cl.lti'l t\·/o kincl~ of distinct rwrtitioning 
IH'I~ I'(~quired. 'Tile first kine! or p(lrtitionill~J j!.i SPiltilll. This k'ind cd pur
titionillq 1I11o\'/s ext:rcllle fle:<ibi1'iLy in spccifyin<] cOllll>in~ltion~ of pilrtitions 
f()l~ 1J~;l~ il1ll1o'st cditinlj O·pr.l'ut;on~i. The s(~cond kind .of piI.,.Lit'ion'infj is rep .. 
n~s~l1t.ilL·iofldl. This kind of partitionillQ 1I1Io\·/s till.! ~1((q)llica1.pl'e~~cnL1tion· 
Of.ill1 oojt!ct tu'be ~~pr.(.iriedincl(:!H!lldl!lltly of lli(! ~;PJLi~ll Pilr'Lilioni'Il(l, 
.~);P;\l.i·i'\l p,II'Lil.ion';IIfJ "i'; ;ll1p·Il'IIJ(!nl.f~cI bj LIte (>1 ·1(1.'/f!I'~1 or (I 1\I'II\·I';n l ). !{(:prc-. 
~J(:I\LI1Li('JI1;ll pill"I.;lio!\ill~1 is t1'clliC!v(~d ·tllrollCJIl the! G~ dtililLypes d~s;UI)Jble ' 
Lo (lny ell~lllcl)t uT Lhe datil bose. ' . ' 

The GOS II data base orUunizes datu into clus~es of clements: 

(1) Puths - unclosed polygons "lith '\,:idth 

(2) 'Circuits - closed po1y~onsB,~() r}Dl,}.'1 
(3) S~efs - structure rcference~ 

(4) Ar~ays - structure references in a rc~tJ~gular configuration 

(5) Text - describe, the graphical prescnt'ation of rar'ugraphs of text 

(6) , Snap - specifics connect points 

(7) User-Definable - \'/!1ichallo\'/s the user to define the elements of 
the databJse; via' convenient property lists 

Grup!1ic elGrnents have layer and dutatype associutcd ','lith them. 

The 1 ayer may" be bet',','een '1 unci Glt. '0 -- £-=:; 
", l~ 

The datatype fIli1Y be beb·:een 1 und6t1. u -b j 

,Thc,'puth \·:iclth Iilay be any size. 
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3.3 '0/\ TJ\[)r\S[ COIIST/WeT IOil 

'f, d"t1\,/ilH.l in til!: CDS II SystclIl is defined (IS the contellts of, (1 1 ibrcJl"Y set. 
1\ 1 ibl't1l"Y set 'is 'COIIlPOSCU of tl' IllilS~Ct", 1 iUrlll"Y tllld tl \':od~in9 1 ibrary. 

r'iast'2r 1 i!J,'o"ics tlre defined by t.he lIser on a project at' process tccll,nolo~JY 
b/:1S,is. The I!I,l~~to.r' library incOrpOl"'llLeS tile dtlLo biJ~.r! Seh(!IIIa tllld therefore, 
detenllincs the ki'nd of datu 'clelllents tlwt Illay bc d(~fin'cd ill CI \'/q:rkin~' 1 ibrary. 
Tile 11la'JLe,'lih"(lr/':li!Y includc: exclllplilt'~; "'Ildell spl!cifj' dej',lult vdllJe~~ for 
l.YP,ical \'!od;ill~1 ,1illr(II'Y ~'lell\(~llt~, ,\'Jirile iI/I e>:ClllpL,r' llliulitbr! l:Ii(JlI~Jht of os, 

'0 s~;r.lcton t),' pc1ttC!rn rOI' the datu C1Clll(!/Il, tile dClLl in <HI e;~elllplilr is ac-
cessed h'y l'(~fcl·elkc. Tlli,s ullo\'/~ th(~ dcfilult 'J(\lul~s Lo be aV(!r'ricldc/l, on iln 
;llsLilllce-lly-ill:~Lilllce b,'J~i'i~;ilrld y(~.t: pcrilli t!; Lhe d(~rdll·1 t VlllIH!S Lo be easily 
cdi teu. TIle IlIllster 'I 'ibl'ary IlItI)' l,l so inc'lude data structun,!s vii LII their cle-
lIIents. Nested I~e'fcrcnccs by clcllIents "in'the /1luster librilry to structures 
defined '''ith the Illtlster 1 ibrury arc allO\'/cd. ' 

A' \'Iorking 1 ibrary ;s a1\'/(1Ys tlssocioted VJi!:h a muster 1 ib'rary. 'Except for 
references tottle lIluster libral'Y, the \'/orking lilJi~lI'~Y is self conti.lined. 
Tile \'/orking l'ilwury may define exelll[)lars iJnd dCltil'structul"es for' reference 
by n J III C j Ll S t 1 i k 12 th ~ III il S t c r 1 i bra r y . 1\ nyc OJ n p 0 n en tun i q 11 e tot h C '.'10 r kin 9 
libl'c1I'Y is presulIlllbly defined in the \'/orking library. In pll,"ticular; it 
i s not n e C c s Sur y t 0 cI e f i 11 e a COli: [) 0 n e n t e;, t ern () 11 y jus t tor e fer e n c e ' the ' 
s t r u C t u rca t III U 1 tip 1 c 1 ,0 c u f ion sin the d r il \'.' ~n 9 . 

Given that a muster, library hilS been· created, the typical usc of the system 
is to crcate 01' edit (I vJork';ng l'ibrary'. \'/I;ilr. marc than one /llust(~r lib,'Jry 
fTlc1'y c~:ist ~·,'ith 1I1llltiple lIscrs t!cccssin:J diffr~I'f!nt mastcr lilJ/~(ll'ics, tile 
r:,lUste,' ""ibrcil'Y IIl11yolso be sha,'cd. ','!I'dle the /\luste,' l·ibral"Y ~'lOulu be hAndled. 
;15 tl read-cJnly fi·lc in such (j CiI'Cl.IIllStuf1CC, a ','JOI-k,'inlj 1 'ili(iH'y ;s gcnC:I't11Iy 
ttll.o',·,'ed to b(!'i.1CCessible by only one U?Jer 2.t 0 till\(~. In p(ll'ticul(i(, lIlultiple 

. users Ctlnnot request upuate tlccess to a single 1 ibrtlry. 
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, 
/':CIHl Operations refer 1:0 the·sclecLion by t1w user" of i1 strinq of chi1racters 
to b(ipl"ocr.s~~l'd jlJ'~L uS if tile U~icr I1,HI LYP(~d tlle!II' ·incl·j\li(:Ulllly .. Thl·ouUh 
this r!l(:clillnisill Cl uniqlle ."l;lnUllu~.1{211· is illlplullIcnLcd to inLcl'fllCe opc,'i1Lors: or 
dcsi rJI1r:rs lo Llll! pO'.'I£.,t~r111 fJl'illli lives of t1w SYSLCfl1. . B~Ci'US(! of GPL I I . 
pro'.1I·(II:~Jlin~J tlw~,e strint]s Curl be used to (Jelll~r(l tc PO\'/12l"flll) COI\(~i t iOll u l J 

COJ)tl~;.:t dcp(!rH.lnlll. processinQ funcl.iolls. cGlllplcte vJiLh llSC'( pl"ornj)ts. At the 
ollle'l" L'xl.n2111(~ i2ilCh ~clect;ol\ could uencrdtc just a sif1ql{~ kl~ystrokc tllUS 

s i III U 1 uti 11 fJ .u key I) 0 II nl . 

Thc illlplcillentil.tion of tl1e 1f10.rllJ cirp(lbility involves Iwrcl\'/Jt'C and soft';/arc 
selccL'ioll 1II(~chl1nisllls. Diisiclllly there urc ~j12' cJifferc!nt liI(!nU sclQctions 
\',itll uS rllany as GL1 charactcrs definable to c()ch. A 3L function button ~:ey-,', 
bOJrcl .is providcu, cach key of \'lhich ctln select ·uny of the 512 nH:!nu buttons., 
an u tub 1 e t 0 ,4 cI i 9 i t i 7. i n g t () b 1 e il 111 c' n u u rca i s d C fin e cJ by arc C tan 9 u 1 a r . 
a,rea divided into rOI;JS llnd collllllns of rcct()n~Jlr.s so thut up .to 512·of the 
menu blJttons nlClY bClldclress'ccI by ~Jeo;llctric positiorl in the: lIlenu cJn:l1. I\u
ditionully, the menu ()rca nltly bt:! shO'.'/11 011 tile 'Ii,\[) scn~en, so tlwt \·,1l011 the 
curso~ is in the C1n~il (j selection rIlay I.)(~ IlIilLle tJy rn()\I;I1~1 th,: cur~;or.to a user· 
d c f oj n r. cI 9 r' a pili cal p t' e s (! n tJ t ion 0 f (I 1:1 e nub 1I t Lon "n dell t c r i n g t h C! s e 1 c c tin U 
cooruinCltc. By Uris lilCthod tile user' l11ay.kcep his dttcl1tion focused on the 
grapllic display ?uring system operation. 

·Creation ilnd r::odifici1tion of'menu buttons is eusily achieved using·the GOS 'II 
Text [uitor (TED). r'1e11 lj c!cfinitionsf:wy Go suved llnu (Qston:d in RDOS files. 
Even thou~h 1I~C!nus ·(lre cds'ily produced, stJnOilr 4 d menus aloe pro'/ided to 
faciliti1te tl"iJin·ing. 
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The Vectol" !'leil1ol"Y Di:lpl,1Y (VI'H)) is an inte11i cJGnt qr\1phics clisplllY delJic~' 
\'/1)-1(1J SI.<)t'0~~ tho d'i~;pli'lY rile in 'its ()\'In locd1 11\(:'11101',,/. Tile display fi1c is 
q(!lIe,'aL(~d fnJlll t1H~ dfil\'/inU dilt,1\'l'it/1in tlw' usef-<!r-,I'inr.cJ dilUl IJ<J':;e \,/inclo\,1 of, 

'tl1'.~ dl'il't'linn.' /\11 Or" pili~t or the c1ispluy file may be \l;e',':c~d on the uscr-', 
derinod v;I:!\"port(s) of til(! CRT' ~cre~n. Th'c vic\,/pol"t(s.) IlldY bl~ loculc.:u '\·lithin 
thc Cf~T \'I;l1l1u','/., Thr. user,cull pllll ilnd ZOOIII t1H~ d,lta in tl1C dr'J'.'/inU f,ilc at 
ill)~1 Villll!, ind'ep~i}dellt or dilj;Viz;nq or pl'o~lrlll11 (~;~(:cuLio/l. 

Tlll~ "i'ill htls /lIultip1e CIIl"$OI~S. CUI";nl'S '/lIllY be lJ':I(~d 'Lo Ll'ilce thC! position of 
Lhl,~ di~litizil:I' (for c()ordilh1le (~/ILrY),()I' t.lle IIIf~nIJ po~;it';()11 for on-scr'r~C!n '1~1D' 
bIILt()Il~. L'irll~ typl~~ 1'01' Jlill."'~/cir'clJ"iL'; i/lcllJdr~ ~~()I if!, c.l..l~hr!d, dcl slJ--dol. Leu I 

dO.l:L0c1, oril1visiblr.!. ,TIIC '11,10 has clean selective era,sc) \',h'ich IIIClins that 
de1eLe opel"l1t'ions uS tlley occur \·ri1l be eclioed pl'(Jpcr1y. The user may pla,ce 
construction 1 incs, \'IIlich l1t"C t'clllpol~ury und do noL c:dsL, ill the dota base, 
but \,/hichtlJy be cttlsed instur'1tly ,at any time Uw llser de'sires., 

The VHD dutClbase \':;ndm'/ is the c1ctuul contents of lhe,vector memory of the 
'11,10. : 1\ rClcJicullllove over tho b~q c11"(1\'I;IHJ r1ccess,i tut(?S 1".:lo()dinrJ of the Vr·lO. 
Typicul1y the 'Iio\': \,Jindo',oI \IIi 11 only be a portio;)' of the ~!ClttdJClSC \,,;ndo\·I. 

Pannin9 is either nlanuu1 or uutomatic'; the IIwnutll mode is;nvok~d by mO'ling 
'the Vic~'o'IpOI"t ';,,, uny di'rcclion or centering it 0:1 a spot. The size of the 
vie ',.: par tis u 1 so' usc r cI C fin cd u 11 0 n III cl n u (1 1 P J n . I n (I u to r.1 u t ; c rn 0 d C, t he s y stem 
mo'/os the vic"',;wrt \,Jith tile curSOI', so thJt tI)I:~cutsor is '/isibl(~ at all 
t i !lI 0 S, for C! J S e 0 f dig i Vi z i n 9 vii tho u t, i n t l21 or U P t ion. 

Zoomiw; in and out ;'s donc reLitiv£.? to the cent~r of t11C '.';(~,,'JPOl"t. Zoom may 
be dfr'cct nr continuous', for cJ irect ZOOlll; ,t1I,C~ us~r~ spc:ci fies tile tlbsolute 
o t" r'2 1 tI L i '.' e III il ~ I n i fie L! l ion f u c tOt. ' The rr.~ 1 il t ; v e III a 9 n if; c a ::i 0 n fa c lor i sus e d 
for suying "'2:':11 or 110.3/: 11

• 'In tile continuuus 200::1, the usc(,'specifics the 
'uIlPOt" C1nd l,o"'.'(~r absolute "l()~nif;clltior1(~. To start tile ZOOal, tile user' pr"es-
'sC!s the? ZOOlfl in or zoom out buttons. 'To stop the ZOOI/1 before assigned com
pletion, th~ user press~s either button. 

The usr.r \,/i11 norll1i11ly have t'dO v'ie'dports, one depicting the globll1 '1ie'd of 
ttlC dt~tJ'dinu, the other :'ilo"'tinQ tll'elocal vicinity of the clil'sor' \'/l1i1e digit-
izintj. The 10cl11, /Il11.Y be in lIUtOlllJt';C pan and zoom l:locJes, 'c'.!nu the 910b.)1 

, vie '," 111; <J h t b ~ i n III i'1 n U CI 1 P tl r1 () n d zoo m . i,', a v ; n Q l h ~ d; <J i t i, 2 C: I' sen s 0 r (p u c k ) 
rno'.'~s the (ur"sors ;n botl1 vic\·/s. I f the user n:oves the cursor out of the, 
local vic~',po('t,the uutOllllltic p.)n \'/i11 continuously move the 10c.)1 vic\', 
tltourld tho cursor. 

fOI"'lessr.r' c!'i:,p1ily. dev;ces, the Vi·iD Clllu1;)lor directs olitput to rroccss GOS II' 
IIwl1uJl '/ie'IIinq C(JilllIlJnd f

,; in a$ IIluch uS lbc uC!'/ice (,II) ilcl1 i~:e tllc VI",D. The 
cllluli\tQI~ reql1 ires ,111 e;<,tra rmas ~Jrollr1d ,tlllt!, keeps L1w clisplJy f'ih~ fOI' Lhe 
dCI/icc on disk. Tlte CillllLltor carl/lot (in LlI(~cil~.e of LllI~ l(~::lroni:~ CRT) pilr
L;ully erl1S~) pllrl ,11ltolllaL'icillly, continllously ZOO:I1, Ol~ displtl'jlllU1',Lip1c cur
sors. 

Lin c T yp C ~ ; Ii c 1 u cI c sol; r1) cI .1 S 11 (: d, dot t: cd, d ,1 s h - doL lc! d, l1 n d ; n'J i sib 1 eon the 
gi'llphic~ dispLIY 'lcconj;n~J to d(Jt:lll,YI)!~ ~;feci'fict1Lion. FntJl~ f,il1 LYIJCS (ll'e~: 
't1'I~o def;ncd ulld ut'e cJispluyi)l)ll.~ Elcco(cJinlj Lo dlltal.l'po spc:;~irications. 
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T!lcchi1t'~ct(~I' displuy device' sllpports 'the 'full 1\5(1 I Clllll~ilctcl"' set, includ-
illtj lO\":I~I" r:d~')e. TilL! un~J of th(~· screen is c1ividl:d into 1.\"0'0 sections, a 
hei1del" in Lhe first 3lincs,und u scroll. 

'Tile hl~udet"' conttJins dl1ta \·,hich is l1p<.L1tr.d continuously. The cursor 
1 () C.1 t i 0 rl ; s II; ,~; p ~ u y e din, lJ S C r 1I ni t S 011 tI let o.p 0 f Lll!: :i c r e ell. 'T Il"i s di s p ,. a y , 
is Ilnd(l:'c'c.ll~j tilJir~:1 IH!l" ~cr::onrl in pi1rc11lel \·!iLhLlw CJr'(~phic cur::.or-(s). The 
Cllrl"(!IIt tilll'! ullcl dllLf: i.11"e also d·ispli.ly(~d iii.tll(: 11(~1Ic1(1l"' •. Tile last 'line in .' 
thc'!wuc!el"js used for' l1scr-c1efinl1ble sltltus infor·Il1Jtion.· 

The 1"r.lIliJindr~t· of the churc1ctr.r disl1luY screen is lJs~d fOl' u scroll \·litl1 
nc\" lines be'ing entered ut tile bottolll of the SCn2(!n. The scroll is bcing , 
used to (j'isplllY inpu't prol!1pts, to log 011 cOlnlJldncis execlJted, and to display . 

. uny 'errOI' rlle~sages . 

. In digitizing, if expected results do not appear on th~ grJphic display) 
the user lIlay redirect his attr.lltion to Lhe alphanlJll10ric display" to find a. 
reconj of tile ,,~ost recent intcr'(:ction· , .. Ii th 'the systr':!fI. !\s l! visual cue, 
ull error messages '.'lill be output in bright cha'r"t\eters. 

A genet"lll c'apab,ility fCiltured in the GDS II system;s the fuc"ility to IItype-
ahead". ~':hcll a fj'lenu butt"on is selected, for e;':ill1:p1e, up to 64 chura'cters ' 
inc 1 u din g c u n' i u ~ e t' e t 11 I" n sur e e n t e l'E: cl a s a bur s t. 1\ 1 1 C h u r. J C tel" sen t ere d 
are echoed, but the echo is performed \·,hon the chJrtlctel"s arc uctually 'used. 
It is concci l/tlble tlwt· in sOllie situtltion~; till adv(}nc(~d 'user i·,ill be aole to 
~ntel~' one 01' !l:()l'(~ con:plete con:iIlunds \,:11;10 Ule systelll is still el.ccLltinC] the' 
curront CO:I::lllllld. [3y cle1iJyinC] the echoin~J of ully p(:ndill~J input, tiny outl1ut 
(0110\'/5 the cOlmn()nd line \'/llich CJUSCS that ouLput, En'or 1;:e·.)sa9~s C1l"e also 
synchronized \'lith the, COlllilltInd line \·,Il·ich 'causes tho error. I'f 2n en'or is 
df~tcctCr.l" any input \·,hich is' pending (c1nd has not been echoc:d yet) is 
di scarded. . 

1\ 11 co 0 r c/ i n J t e S arc e qui va 1 en t to C h c1 r a c. t c r s t r i n ~J s .' 1ft he cur S 0 r is; n 
t1F~ r:1(~I1U (lrr~a', tlledispluy on the 'C!ll1rllcLer (~I<T 'is the tr.xt ussociated \·,ith 
Lhe button 0S described above. If tile. cursor· is in the ul\I',·,ing urr.a, 
hO'.·,·c",cr, tile dis'ploy on the Ch~11'Jctr.r CRT is the current 10cCttion of the" 
CUI~SOI". Tllc,viJlues disployecll.!)~r. in.lISel' defined units and l"eprt2Sent the 

. net cffect of uny s,cu'ling or \',orkinC]" gl"id. 

\·:hilc t.fw user \·lill normally us'e the pen uS the principal input device in: 
a di~liti7.in~J situ(ltion, he docs huve' reCC)lIl'SC to the keyooLlrd at any tillle~: 
The k 0 y b 0 c1 r cI con bell 5 edt 0 0 b II i 0 usa d 'J a n ttl ~ e i nth Q .i n put tin 9 0 red; tin 9 
of text data.' . . 
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It isilllportClnt to scpurate the not'ion of physicol units ilnd the: cupJbi"lity 
to. r~C'sol'l'..? lhose lIni t·::;for repreSenLJtioncll ilncJ 1I1tinipuLlt"i\'C IHl"r)Qses .. /\ 
(J."j\'(~n h()I" i1.ollfll 1 or vr.rl.icul 1 in(~ ((111 hf~ lIleClSIH'cd 'in (lfl'l lllli ts that the user' 
clecllls lliltllr,l·l. Tile nllllrl)(~r of. oddY'{!ssill>le ·coorc.lipiltes a~lon~1 the 1 ine d(e . 
restricted to i\ finite nUJllbcr ~,l1fficienl: for' illl l'esoluLion deC:llled necessary' 
by Lhr.! lISCf. f\ C;11':II1~e·Or nlltlJ)~ul unit Llsutll1y- doesn't l'~ql1i}"'(~ (J Chli/Hje in 
c()ordin(jt:~ rr.sollltiorl. Sufffcient t'(~sollJtion i~; lil~lnd(lto·I'·Y. r'jost coor'cliniltes 
[,111 on i1 r<~{.IIJlilrJ'y :.P"ICf~ll pi1tlel'n cilllt~d u '.'/ol'l~irHJ ~Jl'id. OCCtlsiOl"lillly in-' 
terlilcc.\iClLe l'oiIlL~~ /ll'e de!~ircd at' nC!cc~·~~ill'y·ror spf!ciryill'J ~;·llcll thin c]!.; as 
half Urid\,/idLh for centers or"l'inc:, \·!itll \·,idth or circle cl~nlers, Illore uni
form represcnt,1tioll of i1 circular boundc1r~YI or 1}(~I'llciPS ~'/erl 0 uood t'epn:!scnt-
'c1tion of c1 ~;qll()"rc of. sOllie ~r'id \·Jidtll rotllLed 115 Jeurecs(n···~CJrt(2) is irru-' 
tionul) but on c1dditionul ~5 degree rotation reully oUQht to be correct) . 

. 8eciluse of such reasons uS these und morc illlportllntly the need for l1igher
density d~si9ns 'in 5111t111er physiclll units, tile GDS II systclI\ (:1110\'/5 the 
user to spccify any convenicnt nuturul uni t C1nd hus c1 resolving pm'ler of one 
purt in ovcr '1 billion uniformly spilced. The USCI' IIlQy ut any t;I:IC clwnue 
his niltural unit resulting in an illlrncdi<1te chun~ic in Lhe.presentation of 

·coordinates. . 

[3 e c I:! use 111 0 s t coo r din ute s fall on' ar e 9 u liH' 9 rid pat tern , the s y s t C r.1 pro v i des 
il \'lOd:inU~.)r'id· capll[)il i ty \,:ith independent X und '( sracino u:1d or'19ined tit 
cJny coord i Ill) tc 0 f tlte da til bl.ls'e. E.1Ch coordi nc1 te 'en lert~d by the user' is 
forced to the ne;Jrest 9rid.point. Gt'ids can ulso be displayed on. thc: 
grupliic C~\T ... GricJs arc readily changed on. cOIll:lland. 

For t h () S e u sill ~J i1 s c tl 1 cds 0 1I r c e doc U III e 11 t the d ~ C S 0 f t: 11 r. doc U III r. n t c cJ nbc i n -
. d c p (! n d (! n t 1.J' s pee if; e d a t D n y () n 9 1 c to til C· 1. d l; 1 c: \'/ i t has IIIlJ Il Y a 5 1 1 t'C~ fer e n c e 
points on eDch uX'is used to 'scc11c the docullIertL. 
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3:n DATA enTRY '/\rID [DIT 

The CDS 11 Gl~ilphics Editor cont/lin,s three lIIodes f(Jl~ thc purpo:,c of liuht-, 
c ni r H J t h c i f) p U L t ,1 S k . Tile fir s, tis cor l'/ C n I>i () n tt 1 s t r (l i q i) t - 1 i 11 C cd q e s . The ' 
second i,~; "OI'U)()qC)/)()1 intr.rpoldtiuTl", \'/ltich Ol1l.lJllt~ LI1I! (j(!~JIIl(~l1t as t',"IO 

piC:(l!s, tile, horizol1Llll piece ilnd L/IC ;,crLic1l1 piece. TIIC lI:>l~r milY specify' 
;':-fil·~)t or '(-first. Thc rin()l rno'Jc of input, S(~~JIIlr./lt entry is loctl1ljorial".: 

,Tile sc~mellts oU.Lput un! al\·/u'ys horizonLd 1) vertical, Of ,'15-dl!oJree sL1nt 
scqlllcnts. Circl.f:s (Jrc additionally cnterllbl(~ CIS u/l i!lLr~)~pr~ctation lilOUr. by 
dl.!filiilHJ J' poiTlLS' on lip:! cit,C:tnllf(!t'J!nc(~, (!IHlpoiIlI.S of il d 'i c'!li!c! Lt.:l' , the center 
and the r~ld'iwi. Arc; iJrc enterable as llll intct'pl'clllti()f) (ilodl' in'tln c'ien " 
~Jl~eatl!l" vuri,cly of \·:ays. 

Sclection of itcIIIS 'to ch~nge (on(~ at iI time) is c10nG thl~OWJh the Graphic 
Edi tor v;u the get mode, "Jllich accepts one coordi(wte v<11uc .. 

Features possible for getlllode: 

1 ) 'get ,nearest sref . 

2 ) ~Je t nearest path 

3 ) ~fr. t nCurest c ; t~C U i t 

4 ) set nCurest u rr~y 

5) get nearest gruphicul element 

6) 9'2t ,next idcntified clement 

7 ) get sncJp riode dcfini tion's 

On'2 c (l n c h 0 0 s e U) c v '2 r tic c s Loci ~ 1 c teo r J, d d u po n ~J e t tin ~J tile poly ~ 0 n for 
edit. fdl operations done ure uborlcJblc'dithoLJt thL! loss of information. 

Elc~ilcnts arc crouted 'in "l11odes" (such uS {1uth mod~, circuit mode, srcf 
r;;odc, ... J.' This opti/llizes tile cJlilount of rec!unc!uflcy in user inter(Jction. 
The modes ure arrun<Jcd in' un Engl iSh-lung'uagc form for ellSY under'stand-' 
ability, ulld case of truining. 

R ep (~ tit i 0 LJ S e 1 c I,n en t S iii u Y be' p 1 u c e d u sin 9 cop y . 

E1 omen ts lI1ili be 'ro tu ted, trans 1 a tcd, ro f1 (:c ted) nlc1Un i fi cd, or copi cd by 
thri Graphic Editor. 

Attributes of u/1'elciIH:nt I1lClY be cbunged upon user command. (Such as luyer~, 
,\" i d t h, cJu ta typ e ,t rtl nsf 0 nil iJ t i on .. '. ) 

r 0 1 YU O!l S arc ere t1 t 0 d 'I> Y , s p e ci f y; 11 ~J !1 a t II 0 I' C i feu i t u s til 0 C U l~ rei \ Lin pu t 
IIlOclr., (1/1(J (~Il tl~I'ill~J i Ls vert ices i 11 I.Iw SilJlle onjer~ thLJ t tliCY. occw' in con
nection, lind lCl'Irrin(lLccj' by 11 null input' line. 
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Polyuolls may be lJn;oned, intersecteu, loUicCllly not-cd" c1l1d xor-cc.l \'!ith' 
celcb other. 

Any POr"t:;on ',(o'r "l1.ll) 'of II poly,]ol) n!\IY be repos; tioned \-,; til iln orbi tt'ary 
'trlll1s:on:1Jt;oll, SLlch (15 stl~etch,rott!tc, O}~ 'JIlin'or. Closu)'(~ is f)}'('!sc)".'cd. 

BQ_~ _t~i]D.l.Q.:? 

Rqctungles llre optimized for entry, uS l\-,o-point, forms. 

Structure Heferenccs 

S. t r u c t ~I res are' ref ere nee c.l by d; 9 i t i z i n 9 0 r i 9 ; n s i 0 s ref rn ode. Use r - ; 
definable trallsfot"lllutiol1S are si.lved uS part of tIle structure refer- !, 
ence. 

Snup El .. ~~~~~ 

,SilJp 121crllents are defined and edited as a set of points. SnClp locations 
tJ r e use d t 0 l~ e 1 Q t e u s-t r u c t u ret 0 1 0 cat ion sin its ref ere n c i n 9 e 11 vir on -
men t. 

De 1 e I:e Feu tlln:s 

The user mlly delete poi n ts from the path/circuit i T1 cdi t. 

The user fl1dY del etc s refs or ,a rrays. ' 

The user fl'iuy delete the lust th,; n9 hc crcutcd: a ,g'cncra 1 undo function. 

The user mdY abort the current mode of ,entry. 

The user may set. a pa tll/ci rcui t oncl reopen it for cd; t, (then tl1e user may 
undo vel~ticcs, or designate 'tin arbitrary Vertey. or, set of vei'tices for' 
rapid c.lclet'ion).', 

The G [) S I I G r () phi c Ed i t (j I" 'i ~]Tl 0 res t r i v i (l lor r c' du n elLJ n t poi n t cas est 0 

ftlcilitllte sti"'aiuhtfonlUrd editing, 

Tll,o lIscr Illily define dny excnlplur (property list) fOl' pllrl/circuit/srcf/li'st/ 
urruy' bindillU. 

r.:«~:l1plil,l' PI'()P('I~t'ies can l.H~ ovclTidden by expl ici 1:1y defined pr'opc}~Lics in 
() 0, {vcn c 1 (:IJlI.':fl t. 

rt~opr.rtics in an clelilcnt (ldycr, dc)tlltype, \,!idth, C;~r.IIIPlo}', referencc, 
tful1S iOt'rIl, etc.) C(HI lJc Cll"l1~l(~cJ by the ,USC}' ,1 t (IllY t irllt~. 



3.9, D/\TA SEL[CTIOil AriD THi\t/SrGR,!'lATllHI 

Edi tillq IIilll tip'll~ uatil O,lse C1ClilCllt:. silllul tuncously involves selcction criter;u 
cJnd tl',lll~,fo"l11 opel';ltiol1s. '!'!o:;L s(~lc(t'iuns (1(0 011 L1le bL1Sis of tl:l\lplet~(selec
lion 1I1'lsks), OI.lWI'S ilrl! /)"sod on pl'oporty sclect.-ion, 9c:oIIJ(~tric selection. or' 
i(it::ntified nl'cJ(~I' selection. TlJeidcntifiod 91'olJpis II set of ole:ments 'Clccumu .. 
Ll tee! t1ll'Olli:ll St.:! 1 c:c t ion !llocllUll i SillS. Once ,~~c I cc U~J tlli 5 UrOlJP' 1:I~1y be processed 
by UiC v(,riolJs et!'il;in~J opol'ations lInd st'ill' retain tile;!' identified property •. 
Of course tile iilenti r'ied~lroup /II(JY be clC:ll,'cd tiL ilny tilll(~ by tile USCI'. 

IIT(~\lIplct:;" of lilyers (Iro lIsf!d to speci fy If)od'; filllJlr. lrlyers, ncldfcS:,i'lblc lJy~r~. 
(In(\ visil)lc ItlYL'I'S. TClllpleL~i of dilta types ilre usc:d to spc:cify IlIodifL.lble 
lInd i1ddl'e~".~)til)1(1 CJCII\Olll!;.'TIILJ~j iL ·is p()s~;i/)lc lo n!~tl~;cr:uper'i.ltions tOcJnyof 
~096 (6ft*lj ll) CIc1~~CS of r.lcll1onts ,or nllIl\CI~OUS otl1~( cOllluinJt;ons. Telllplets 
llrc used to deterrnino tile four 1 ;ne types (lncJ (lrca f'ill types for II given 
gra,J1hical outpuL d(~vice. ChilWJcs in these telllplets ill::ncdilltely ulter the 
grapiliccJl presentation on' the V;'!D ,display. 

The system llwkes usc of nwny selection meehan'isms by their ()ppropriateness 
tine.! C(lSO of use.' Layel' tine! dtlta type teli!pleUi ()n:~ used most often ;n re-
stricting 'Jor'iolls opel'otions. T/ltCe other lIlajor' methods of datu, selectio'J) 
ure: property selection, up-o/nettic selection, ClIlU id(.:l1tified 9touP selection. 
All of' theso met,hods arc supported by'each of the editing comllwnds. 

',Property sclection is determined by the specification of a property relational 
S-ttltC:lllcnt composed of propcrty specifiers ancJliteral values cO;~lbinecl \'!ith 
=, -:,;., < = " ;.:: , and ) 0 r , not. S u c } 1 tl S t d t em en t, i f t rue, s '2 1 c c t s the II S soc; ate d 
dut(1 base element. 

Gcor~:0.tt'ic s~:lcr.:ti()n is sp'2cificrJhy the clos~st vcrte:< to tl point) 1111 lIe\,- , 

ticc!s/str'l)ctur'c r'efcl'enC(~s ins ide/outside (1 9iven closed }'CUiOn I or elll cir.
cui tS/putllS \'/ilich ur'C \·,holly inside/purtit)lly ins'id~/pa(tidJ ly outsjde/\·,hol
ly outside (l9iven closed llrca. 

, Identifiod '~roll[1 solection can· be used to process all elclllents that are/are 
not in the idf21ltifiecl Uroup. 

Edits do not rnocli'fy thc identified ~roLlp G)'.co'pt fOI" deletions. The identifie:i 
Urou:) IIllly /)(~ cloured ilt unY,tillle. To (lLicl to/delcte fr'om Llle identified gro~p: 
(i n y 0 f tho Cl b u v C 111 e tllO U S 0 f s e 1 C! c t ion Irh) y be use d . 

Those selection' rnethodsadclressing inclividuc1l vortices Illi1Y be used for 
stretching Ol~ d~lction. l'lore 9Cneri11ly tl1C j\cldrossin9 Iilr:thods fllllY be uscd 
toropL1Cc J1rop(!t~tics or to mOdify elelllents by tri'illsli:t'ion, rotc1tioll) 1llr19-
nificJtion, reflect-ion, coPyin9, delet'ion, chanuill':.J layer, or c/wrlging cJ(ltc1 
type.' , 
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3.10 T[:<T [IIT!rf r,rlD EDIT (TED) , 

Th0. GDS I r to.;' t cdi tor is in tend cd fO'l~ Illuny typc's 0 f eel it i n<J .. 
TIH~ 1110 i n typc:s ore: 

1 ) Editinu/Crcafing GPL· II pro~rilrns. 

2) [ d it; n ~J l~\ 5 S ; un i 11 U GO S I I b 11 t ton s for t h C! rile n u. . 

3) Editinu/Assiljning text in II tcxt clcmcnt,' 

~ ) Ed'j ti,nu/Ct'ciltinu Duttlbase Scllclncs. 

Edi t of a GPL I I program is' donc' by file nome, cdi t of, a button is clone 'by 
but to n n u m IJ c r, i\ n ct cui t 0 f i) t E! X t c 1 em en tis don e b y ~ h e 1 0 c tI t ion 0 f the 
text clement. Edit of 0 database s,cherna is also done by nulll~. 

, TED is a \'lell-"/e()therecl Teco-sty1e text editor, ,puttenlccJ af~er the one in 
RDOS~ . 

Insertion/deletion of lines or CIWl"'ilctcrs' is possiblc, tiS \'/ell as the 
pm'/crfu1 "chi!nu~ tile next occurrencc'o'f this strinu to somothinu else ll

, 

SGarching for any string of characters, possibly containing a carriage ~e- .. 
turn, is possi'blc .. 
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3 ',.11 r rll or tAT I ilG BI\O:Cl~OU;'1D JOUS 

· Thc (;[)SI I \..1ob r·1un.1'Jelllr~·nt System provides the f<1Ci 1 i ty "for c:<c:cl1tin~J . 
backUI~ollnd jobs, JUlY (~X(~CIILLlI)JenDnS progl'anl (" Sl1V (! fill!") '11i,lY !Jl~ invo~:cd' 
uS (\ btlck~ll'OUIV.l job, B<lCkSjfOUlld jous lil'c llon-intC!rClctivc: once .storted uP", 
t i)r,~ y c :< c cut e; rl de p l~ /l cl e n t.1 y 0 f tile ; nit i (1 tin V s tat ion . . 

Both Cf\U·j!\-\·w; ttpn unci l1Ser-\'/r; tten J)rO~l"oI1IS may be CXf:ClItcd ilS bC1cl~9round . 
· jobs, TIII~ (/~U':/\-'c'lI'itlcn Pl'()qfulll~) inc:lurl(: tllC lollo\·!irIiJ: plotLcr-dr'iv'iil~l 

prO~Jl'ulllS fOf on-line 11lHlorr-Jine pell illlCl [1110LO ploLter".i, paltc~rll Gelli~I'l1tor.' 
olltpuL p(O~Jrl\"IS fOI' opt·ic.:Jl illld c1ecLr0I1-u'~ul1l pilLtel'll ~(!ner'lILOI'S, pattQ(n' " 
~~n~ri1tOI' l'r.,II.I-in PI,'O~Jl'i1l1lS, c1tllllP, illle! 10.-ld progl"illllS for traIlS fCl,,.,inU c.Il'(}\'tings 
1.0 und frolll IlIlJ~JlWtoic tc'lH?, CDS-Lo.-CDS J I daLi.! CO/lvC'}'S;OIl, lJlld dr.!~>iun rule 
chcckinu ·proyrullis. These ore descriueu in detilil in Section S.S. 

User-\'lritten pro~rurns con ulsobc run oS buckground jobs. 'These p(OUt'ams can 
be 'r'lrlttcn in [dso1'or fortraTl"Jnd compiled lIsinQ fJtlta .Cener(11 corr.pil"ers. 
They /lluy also ue \'/ritlcn in, asscfllbly 1angutl<]c·. [,ccess' to tile GGS II data-
base (for reudin~l, crccJtinu 'or chLlnuing clattd ;s c)\'(1ilClble .to !\l~~ol'pi'ograms 

. ill.1U /\lgo1-coiliputiblr. fOl'tl'iln subroutines) through trw use of CP .. lj'lA-\"/fitten 
· uutabasc uccess routines .. 

The uscr i ni ti utes iJnd control s buckground jobs throll~h (1 number of GDS I!. 
cOiinlt!nd.s. Thes'e corrr:l1ilnds 0110\'1 the USCI"' to inititite II job, terminute or 
suspc:nd u job,' c1wngc the priori ty of tl job, Lind f'jl1d o·ut. ;n'forn:Zit;on ilbout 
illl jobs in tile system. 

. ... 



3.12 PI\OGfU\j·l DE'IELOPi·iE;·1T 

The GUS ,II SysLern supports u \'/i(/c tunS{r. of cl1rwbil'ity in the de l /e10pnwnt 
of lISCl' l~roqruIl15. The de'le 1 o p:lIl.:11, t of cus tOI1l prOfJtlJrllS 'i s' llll opt i Oil lhc1 t" 
u110\"5 tile SYStC:ll to be luilorr~d,to the us'crs' unique reC'ju'irell1cnts in either 
tll~ datu collect-ion Ol~ datu Pl'occss'illQ urcas. \·/l1i1e no srH.'citll ptourall1s 'are 

, r c qu i r '2 d L 0 LJ ~, ~ 't he G OS r I S y s t C Ill, eve n i n 111 (\ n'y C i1 S e s \', h ~ (e tf l(~' d J t il b iJ S e 
(!efini'ti'on has bc!c:n c;.:tcndcd, system enhilnCC!ll1erYts IIl(1Y fr(:qucntly be good 
i nves t.111C.':1 ts . 

The hiqhr;stlc'Ic1 pro<]ru!llllliI1<] lilIHJLI(lQ(~ provided by Llw GDS II System is the 
GPI. I I till Pro~W(JI1:111;I1~J l.(lr\l.Jl1cl~e. Tile CPt. I r LunUlJ(l~JC is tJ Ul.'neral purpose 
pl"ogru/llillin~ liln~JU()~f2 ur.si~Jned for ;nterclctive use. IL is pultc.:l'necl c1fler 
APL, u pro'Jrulllming languuge \·J/1.ictr is ·\·:idely iJvu'ilcJble cOI1:rw~rcially. 1\, 

'common chattlcteristic of both of these llln~luoUcs is definition of u complete 
,set of cJrrilY operator's. \·Jith the GPL II systom, sllch operations as trc1nsla
tionor rot(ltion of u matrii~ ropl'esel1t'in~ a polyuon ispl"ogrcJJl!med as a 
sin 9 1 e 0 p C r l\ t ion . ' Add i t ion tI 1 ben e f ; t sin c 1 u d e i 11 t e r u c t i 'I e e x e cut ion and 

, af LJ 1 1 set of (h~ ~ u 9 9 i n 9 u ids . 

The GPL I I pro~,JI"r)rJ!rn;ng lu'nguage is u superset of the GDS I I command language. 
A set,of COmllrj/l.US can be trunsforfliod i'nto u proCjl"ttlll \·,itll no changes \·,hat-
soc'lor. Typical1y),Lhe cornputJtional pO\'J(?r of the GPL II-.Pro,gran:ming 
LanCjl1a9c \·:oul~l be L1sed to provide conditioneyl cx(:cution of cOII~~1i)nds bcJsed on 
feedbuck- f}"orn the system. On tho other hand) the computati'ollul po\'.'er" or the 
G r L I r 1 ~ n U U'l11J e c u nbc us'o d , , f 0 I" e >: J IIi P 1 0 , , toe II c11 LJ aLe a '( i t h r not ice :<\) res s ion s 
in t!J(~ COillil:,jIic! 1 tlr1gull']e \',i thol1t \'/1'; ti n9 ~ pI'O~Jl"i.lln ,I t u 1'1. !" n:o,.e .s 19ni fi-
cunt use of tl:0. Gf)L I I Pt"oQl"tlf!1:ning ltll1uuCl~F~ 'is to il:1rj1on:r:nt pr'ogrc:wls \·,!lich. 

, c1 c c e s s val u e sst 0 n:! din use r cI e fin e d .' 0 i: t c: 11 s -i O!l S tot h e U d tab a s e . 

The GJS I I sys tem supports severa 1 s tandLl rd Dtl ta GenOl"C1 1 progl"tlrr,rni ng 1 an
~Lll1UC:J. The most inlpOI'tClnt of these is DG/L \·,h'icll' 'is a derivative of j\LGOL. 
!\dvanced users Illuy choose to \'/1'; te DG/L prourarns that becoille part of the GDS 
I I fOt"e<]l"Ound sys telll ()nd Inuy be referenced by the comniund 1 aJ)gucJgc' or the 
GPL I r p(o~rumi;lin9 ldll9uilUe. TIle USC)" a1 so hilS the option of \'/ri ting () , 
DG/L, rrO~]l"(lr:l \-:hi cli in terfClces \·ri th btlckqt"ollllcl job supervi SOi" if 1 ess 
demlll1d'ins Jccess to the dc1ti) bllse is sufficient. 
. . . . 

The ad'/()nlLl~lC in us'in~J OG/L ,;s that the:: SOUl~ce lunglltltJe is compiled directly 
, i n' Lot h e [c 1 ips e ills t r u c t ; 0 n set r tl t h (.: l" t h II n [) e ins i n tor pre t c d a sis t 11 Q . 

C(lS'~ fo)~ tlH~ G"L II progru!l1!1ling 1(1n9uc19c. Therefore, DG/L is () 1n00"e suit-
uble vehicle for progrc1nis "lith \'cryc:~tcnsive cOlllpututio,nlllrcqu;l"erj~,cnts. 
T h c~ d. i s r1 d V i1J1 t II U C i nus i n U 0 G / L, II S C 0 III P il r ec Ito G ,) l. 1 I, i S t11 cJ tin t or act; ve 
deb lJ ~VJ i 11 U (1 t L h 0. 1 e 'I C lor ,tI Ie so 11 r c c 1 a 11 ~JlJ (1 q cis not po s's i b 1 e . Til 0 ph y s ; c u 1 
limit.llliOr1~) or lilClfhH:hine in rCSfl'(~ct to IIO';J Illucll lncfllory ctln be adufcssed 
<1t ~ t'illlC ,ore al so I1luch II;Ol"C in evidcnce lI~;fnu UG/L. 

Tile G[)S T I c;y~; telll also ~d/pL'Or ts rOrnlU\rl II s dc! r i ll('tI hy Oill.ll GCIl(~rill. 
All interface l)(~t\·,cen l'mnHl\il ()nd the GDS II sys~l:1\l CiJ!1 bcill,plc!I1ented. 

• l' ~ 



3- 1 ~; 

TI:r~ CDS Cr :.ysLr::111 i.11so slIpports Lll(~ IIlJCI"O i1s~)clllbly llH1uu,1U'.:! OVili lublc f,'ol11 
Dc) tl' G ~ 11 e r " 1 • 

Excr_~pt To}' L!1C Gr'1. I. I P"o9ral1lllli WJ Lc)n~llliHJe, ill1 pr()~Jl~lllllll1i'I1(J 1 t1rl~Ullue 
(h~\/0.1o:)I1:(~llt ~1nd dobll~j9inu 1II1ISt he perfol'liled llS u SClh1:'atf: job. Provided 
l/Illt sllffi(:i~nt 1I:('!1I10"Y space is uv();lllblc, ·tl\(~ .IIse,' IIlilY (~et(lch his 
~) til·L ion frolll the, GI)~; [I Sys LOlli ,11ld (~n tel" the' I~(JO~) C(Wlllltlnd L i rir~ . In terrre ter. 
1 n Lh; s· lIl()rli~, d 11' 0 f' 1:11r. S til nd c) rei IH)()~~ con;p'i 1 C "S, I Oll dt~ r'~~, ilCHJ u L i 1 i t i (!s . 
ili'e 11'IdiL,1l1L!. E\I(~n deli1.l9uinU is possil)lt~ except. in tlIO~~ CJS(~S \·Jlil..~n Lila 
1l1tcrl"lIpl orr d~:blI~l~JQI' is ,'cqllirc.'d Lo di(I~lnose ,I prahl'clII. fd:::Iw conclu-
sion of this lI:oc.lI~ of op(~"at;oll~ tile lIse,' /I1~ly n~(Jttuch his station to the 
CDS I I ron~urolll\d and r(:SUlIlC nonllill opel'il ti ons. 



3'.lj cor·li,lf\::!) Pfur'IITI'/[S 

Sinc~ tlH~ SySt~1I1 is IIICrlll-ur'jver1, thc tlctuul COrllrllrlnrJ liI1l911il(J'C forl11ilt is 
l'cliltiv(~ly 1I11"illq)orlaill La c'iLlll!I' lile casutll 01' rw()duclion'll~lel'., /\t lcu~t' 
durin~j Llle ~1(!l-ilCf]lIt1inted period ',,/ilh the GDS II systolll) ulld r/c(napS fOf 
SOlliC ~ illlO tIH~I't~ilftcr', Lilc uscr'sl c:xperit!nr:c vii til the C()j\~fIlI1nd l~IlICJuj~e ',·/i1 r 

'b!~ 1 iill i tcd Lo, t11~ e:< tcn t a f de f i,n 'j n~) n(~'o'/ mcnu t)U t tons lo til i 1 01' thr,: sys tern 
to meet his special r'equirerllents. It 'is ilnticiptiL(~d that SOI!lC: Ctlstolllc:rs ': 
'"rill Sl~e {"'it Lo'~n~ut(~ t1 f1ro~:ril:l1rnin<] stilff to se~ to it tl1tlt .tliey t1i~r. Illilk,-· 

'If\~J tilt! musL efficielll usc or Lhc"syslC'1I1. 

Sincc 1Il0st of L!lC intcri'lction \·,itll the! system is l'lt the menu lc'/r,~l, it htlS 

1)(~(~1l pos~;'ibl(~ in tilC d(!~,iUIl of Llle GIJ~; II ~'yStl~IIIL(J ll'OJl Llle cOllllllancl 
s L r u c L u r e u~; u 1 (l n tj II (\ () c , Till! lis, u C [) r lsi s l e Il L s c: l 0 f ~ y 11 l c) c tic tI I ,. u 1 e 5 

have been defined tllu,t are simplc' to lCJrn. lhe synLix of (j COflll!leind does 
not dc~cnd on the particulC1r command 'in question. This hpprOc1ch has ueen 
possible only bccause \',e have not becn.fol'ccu to be overly concerned about 
keystroke optillliztltion·at the'coIIllTwnd level. 

'In addition to a sllllplc tlnd consi'stent' syntr.l;~, thc bilSic philo'sophy of the 
conll11ilnd lc1n']uLlue dcsi~Jnis to scpt1raLe Lhe uatacol1ectiol1, data lIIanipula-
tion, datu storagc, bnd coryHllC'lnci iteriition fUnctions. TI1'is desiUI1 has ,ilU-

, vanttlges if the user ,docs notl1i,ng but use the stt1ndtll'u Systl!:11 menu. 

The duta collec.tionroutinr. fot defining a closed poly~ont11 shape is a 'pnml-
ti'/e function if! thc cO!l)lJIund language. Thc 1lI0st illlpOI'ldnt use of this 
'p r ;:1li t i ve, 0 f ·c 0 U r s r., i s to d i 9 i t i z C! (l ~ 0 1 Y 90 n to tJ c S tI 1,1 C:l~ i nth c: d a tub a s e . 
The s;,)rile function II~tly be l1sed 'in dcfinillg a rO~Jr(jn for tlr'Cu editin~or" group 
sclecti'on ClJiil:nJnds, hm'lever. Tl~c)ditionally, tiiCI'C! huve b(~C!n sC'lel~al tools 
'il;'plofl!cnV~d for~ lise as OP(~r'()tOI~ aiCls in dirJitizin~ CO:llplr:1. sl1(lr.:C!~" /,s 

,cuitin~) p,.C)cedllr'~s have bcco!lle IIIOr'C [)o','/erful) th(~ lISel~ is l(~ft ,to define 
a cOrllplr.:< \'.'inuO\,/ '"l'itll no he'lp at all. The CDS II polY~lon dotc1 collection' 

. pl'imitivc'can u'e usecl,to suppor'{ bothddttl creation c1nu ecJitin~ fUllctions,' 
Usinl] th~ Sr)i;lC primitive, of course, gUlll"anLer~s t11Jt the specification of 
a complcx shllpe is ill\'/JYs IwnrJlc,d in a consistent method. 

The dt1tiJ nwnipuli1tion routines orc implementod ~s tlrlothc:r set of primitives. 
/\s f(n~ JS tile user'is conccrnec!,o,coillplci: polYlJon Ciln Lc o'lersizcd in 
CXJctly tile Stll:ic,\;/c1Y JS a simple rcctlinglc. Tilt.: fJct tlwl diffo)"cnt olgo",,:, 
rith:lls on:! uscd 'intc;rnlll1y is hidu<::n frli:lI the user. 

The duta sLortl~e routinos are implell1cnteu as another clu'ss of pril1litives~ 
TIl(~5c routines <11~C special in thot d contcxt,i~, C]cl1cl"ully desired \'Jhilc 
d;(:litizin~J. Th,e variubles in,thc context lIre important only to the ddtll 
cr'c2at;on primitive. In th'c oriuinlll CDS SystCllI, fo( ,Cxulllplr., Ch(lrl~inu the 
!I1usk lJy(~t"i,dfecLs the OIH!r'c,tion of sevcril'l COI:1l11t1nd~., 'c.Cj. SS, HT, CC, etc,' 
III Lll(~ CDS!! sysLclIl, slIch (I chzlllUe nrr(!ClS only olle pril:lil.-ive. Tile con-
cept of 1lIi'lsk laycr i~,. 'important ()l1ly \'IlH!11 tile UJl.Jis slll/cd, not in 1'10'.'1 the 
data is diUiti1.cd .. 

FinJl1y, CO!llllltHlditcrcltion is scpClratc!rJ frolll tll'c ucl.utl1 function. 'Therc
fore, it is jus:t as ecl:.y to define u IlIcnu [)ulto.n 't!lJt i'te"Jtcs colle-cting 
circlcs tiS it is to define u' button thut itefLltes collectiIlJI'ectan~lcs. 
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3.111 GDS II i\CCOU~'n I NC 

, T II e (1 C C 0 1m L i J) ~J r r. a t t J res, ; n eli J cI cd; n G D S I I f u c; 1 i t ute tile 9 1 0 b () 1 
slJpel'','ision of llScI's/projccts, \·Ii til cOlls'ideratio/1 to ho\:1 IIlUC/) foreground 
~ct'ivi ty occurreel for c,lch ,user' under \'Jh(1tc'J(~r proj(~~Ls 'thut user "/orked 
in. The t;/Ill! (lc(';ru!~d \'1i11 be listed ill IJoth \'/c111-clock tilllc euCtlltl1 
st,ltion time) {l·ne] CPU time '(COlliputiltion time). \'!iJl1 clock L;lill: reflects.' 
tile ilctlJi11 tillii~ '~JP(~llt typin~1 11nej' \'/u'j til1~J (i r ilJ)Y) unci (PI] time reflects 
Lhe Lillie for ~i)L' I [ prorJrL1!11S I'un und GED prinri tivcs in'/okeu. -

r r 0 '/ i s i O/l i s () 1 so 111 {1 de to 1 0 ~l tho s e b II C k <J rOll n ci job s . ','1 h ; C h '.-I e rI: stu r ted 
under tlll~ IE;CI'/pl'ojr!ct, incl1Jclin(J tile tiw(! for Lhc: I'un ilntl ,\ deScl'iption. 
of Uw cOlllll1Jnd to genel"utc' thcprocess, (HId, if tlpplictlt;'le, \"hen the job 
\'1 us' abo r Led . 
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11.0 Sr[C I r- I C!,T l O:'I~ 

GDS II is J uniqlle and complete ~Jraph;cs SystCl1i fc,1tUl"inU uc~i~Jn and 
pl'odllctioll Cc1I,,)bilitit!s. Tile foll(nlin l] sp(~cirir.l1tions L':.;i1ilJit its VLSI 
Cl11~lIlJilities tiS \'Iel"l as lIIore 9cllercl11yapplicilblc'feJtul·cs. 

, :1 - 1 



~.1 D/\T;\f3,\SE FEI\TUHCS 

·Elorli(:nLs 

.. E,lerncnts. urr. the b~sic entities \·lith·u GDS II UutJouse. 

Elcr!l~llts lln! Cl~i$;9Ilcd "elClllent types" tlS they tire cre£lted. ·Tlle set'of 
clement tYPt~S Iilay' be e:<tclldr.cl by tile user . 

. , 
·ElcllIcnts ul·(~. (oll(~(L"ionsor pI'opel'ties 01' uttribul.e-vlllile pairs. Th(~ 
dllL') type, pn~cisiofl, tl'lillsfonilation Clil!;S, (lilt! SI111PC of pl~o;)ert;es./IlJy 
be defined. Tile sr.t of Pl'opcl"tiesll1ClY be extended ·by t/10 uscr. 

E>~JI'S 

. Exempltlrs are 'elenlents that have·a user assigned nume. 

Once associated '"lith un element) un exc.nlpliH' s'upplics defZlult or coril~lon 
properties thereby" facil"i"tc1ting editing c1nd also· corilpl'~ssirlg data . 

. Structures 

Structures ure collections of elements. 

!\ strLictun~ is cOnl[Josecl of u "superstructure" and un "infrastr.ucture". The 
SliP e l' 5 t rue t II r c c on t ai n S 0 III Y t 11 c d a t II rc! (II Ii l' cd. tor c 1 ute the s t r u c t u ret 0 

'j ts ~;<tcl'n(ll env·irOtHilcnt. The infrastructul'c contains the l'.cflItlinin9 
. i n·forilll! t ion; 

1\ strLlctun~ rj~ily referencc llnotlicr structure in i) hir.!l"archiC:ll nlUnner. Any 
r c u S 0 r 1 c1 b 1b . n 1I r ,: 0 r. I" 0 r· 1 e '/ c 1 S 0 f n est i n 9 s t r u c t u r ere fer e n c C: S ill a y b c 
ucco:l1odti ted. 

Libr(lries 

1\ 1 ibrul'yis (I coll~ction of structures, i) collection of ·exernplc1rs) c1 schemas 
and ti'!bles fol' use by the Oi) tubuse I·janu~cr. 

The number of structures in a library is lilTlitecJ onlY by a'.'c:lilc1ble space .. 

[(!ch libl"(lry is i"1l1J11emented uS (In RDOS file and may contain ·up to 33.5 
lIIillion bytes of stOl'cJUc urea .. 

1\ \'lOrkinQ libl'llry t0ge~ller \'l'ith its associuted n1c1stcl' librul'Y comprise il 
1 i I) r ill'y set. 
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fl,,? ',I NPUT /.1:1) I r I ile 

'Coordinates' _._ ... _------

,'Sllecified in user l s ni1tural units 

~ N(ltural and physcial uni ts ,clwrlCJirblc llt any tillle 

, IIlc\epcndQotly defined X und Y'i1XCS 

- Indel'(:ndenl:ly sCi1led X and '( i1xes \'lith up to 11 scalin'~ 
p () i 1\ t·:; p (~r l\ :'; ,i s 

lndependcllt s'peci/,icd :< clrlel '(~Jl'id) sCu'lee! in USC( units, 
i1.t 11I1Y X i1lld Y orijin, Chlll1Ullblc at jny lillle! 

-Grid ,displuy on uruphic CI~T 

, St ~ u i 9 h t) 0 r tho 9 0 n (1) 0 n doc t u 9 0 n II 1 . i n t e r pol 0 t ion 

, Coo r cI i nut c s' S P I? C i f i u b 1 c l> Y d i 9 i t i 7. i n 9) sn LI p pin 9, l' i te r u 1 s pee i -
ficution, ahd rclat~ve specificntion 

, In ele:1lC:'!nts, coordi'nutes tire connected by .lineuror circular 
interpolation 

,Resolution of part in '1,294,967,296 

Selection. 

,64 l()ycr~ and 64 datotypcs spec1fy up to '1096 classes of 
, e 1 CJllr~n ts 

,To.rr~pli.~ts of lllycrs and other dtltCl types usee! to specify 
r.1 0 d i f 'j 0 b 1 c, a cJ d r c ~; s a b 1 e, and vi sib 1 e c 1 eli I ell t s 

. S e 1 e c t ion by P l' 0 per t y 0 f e 1 em e n t s 

"Selection by ~l'e·oriletric relations 

. Selection by rnembership .in Identified Grolll1 

~ S~lection is used to add to Identified Group 

Oil til E 1 r.incn ts , '. 

,_ r6th - pol'Y90ns \·/ith \·tidth 

,Cfrcuits - closed polyu ons 

, Structure references 

''fI.rriJYs of structure references 

G r'o p h'i c il 1 t (~ x t 

, ~)n(1 p coo rd i ria' u~ s 

, User-ue r inol> 1 e 
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-AllY (~l e III e n t mil y be s c 1 c c Led 0 r c r Poll led 

-Propcr-tics of selected clcil1eots, ilrc Illodifitlble 

-Points can br. lIloveu, tlclded,or deleted 

-Selr.cted c~emcnts nwy be rotutecl, tr()nsl()tcu, reflected, 
Ilh1UlliiiccJ, copied, or delcLcu 

0(1 t (\ T,' i1 n s r 0 1'111(1 t ; 0 n 

-All eleJllcnLs lIddressed /llC1Y b0. rottltcd, trtlnsllllc,cJ, reflected, 
magnified, cop·ied, or deleted 

~If geomet,~ic selection is made individual vertices m()y" be 
, 1l1oved or del c ted,· , 

-Transfonlls, affect clements, o'nd, cxccp't fo\' dc'letion do not 
tlffcct rncIIlbersl1ip in the Identified Group 

Tex ~Ed i tJ..!19,. 

-Editing operations 
the system 

-Editing source n)c1Y 
text pr'op or ty in 

arc the Stlme for all text strings in 

be a GPL II. proqrarn, a rrlpnu button, any 
an clelJlent, or J dc1tc1'!JuSC SCt1C/l:<1 ,d(~finition 



, (1 • 3 DIS P L 1\ Y 'C 0 UTI W L 

G I" Ll [) 11 i COil t 0 I d t~ J1 t if; Cot; 0 J1 .. :.., V r· HJ _~~ ___ • _____ ": __ • _____ o __ o ___ _ 

'Th,~ Vector r';QIllOl"Y Displ;-IY is used to c!isplllY ~Jfilpllic datu itelllS, (lncl,(lt the 
, usc: r I s () P l ; 0 (), Lll (~ C U tT r. J) t III en U p dUe. 1) II t ~1 pre S f2 n tat i a /I f e i.1 t lJ res inc 1 u de : 

-Line prcscrltption IlIllY be solic!, dllshcd, dosh-c1otted, or dotted.' 

• L ; n (~ p l"l! ~ ~ n tilt: ion i s (\ U Il ; q 1I cpr 0 p crt Y - - no l rH~ c (! S S t1 r i 1 y r c: 1 ute d to 
1 oyer" ' 

• S r. 1 c c ted 1 i n e s IIltl y b e m c1Cl c i n II is; b 1 cor b 1 i rl Y. c cJ i n d e pen den t 1 y 0 f 
p~csenLut;oll. ' 

·Selected areas milY be filled \·Jith pc1tterns, 

Chc1 rae t~r Da t~~..P re ~ en til t; on - 'CRT 

The olphanul1ler;c CRT is used to displo)' CU1~rcnt· status in real time and 
recol~d l1 log of c111 recent oper(ltol~ i'ntcractions, Stc1tuS information 
includes: 

'Current cursor location, in user units, continuously displayed 

'Current mode of intcrD.ctivcpl"'o9rall1s (if enD.bled) 

Operator Intetaction log, includes 

·Corw·,:I:Jnds exccu ted 

· Input 'pron:pts 

. Err a rille s s a 9 e s 0 r res u 1 t s (i f. n,o n - 9 t"' c1 phi c) , 

The l,/i'~D is loi1dceJ \·,ith all data to be !l1Jnir;ulcJted in on edit session. The' 
rcs lIlt 0 r til oj s procc s s, \·,11; ch rIlJY. e;<cceu 50~~ vee tOl~:', 'i s tr. (IlleU th2 da ta-
b (l S C 't·ri n J 0\'/ , 

·Fl~xiblc d(lt(l bilse \,/i'ndo\': sclectol~ f1~CChilnis'lls: 
,··Sel£!ction by properly volue--c'9. ldyc'r'(s) 
• 'Selection by location,' 

·l\lt(~rlliltjVC. !tundlin9 of structure rerc'rencr.~;: 
··SIJlJcI"stnlctt~I·(! presr.lllilt'f()n--l>()IIIICIJI~Y illld cOl1nc:c'tioll nod(~$ . 
•. IIIf"I"dSLl'tlcLlIl'f: pl'e::;l:lllllLiof)--illt~I·I\ .. l·1 d(~lt~i I dlld 11(:~~tod t'efenJ!1ce .• 

j'.''''' I" . I til, . . : " .. '".' " 

l:.',:.lr\i\lf 1'1.''") 1"I"'il' '1!:;1 'I'-i):;!!!' \il'l' ;:1 "!,!I\ !. I 'i I':! :. I'~ ., i "" I"'!' ., !II III ,'.1. .. "I, 
o • "I I.. "il ,II :':'.,d I". 

UIlII'/,/.I'· , . ',I.'/d'III!' ',,',ll I.", 
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Vi C',·/()() l' I. s 
__ ._ •• J •••••• _.~ 

The Vi·ill allo'o'Is fIl1.11 tip1c, vir.!':,porls into the duta hilS(~ \·lindo\,I, Eucl' '/ic\"
port 1!I(lY IH?'c:onLnllled 'illucp,ell<.iC:lltly of ony other COllillk1nJ in the system .. ' 
CapJbil'j tic:sinc'lude: 

'lncrc(1sc mlJo.ni ficution (anu increase rcsolution), 

'Dccrcusc rl\agnification 

. S [) C c i f Y IIlJ SJ n; f i ,c c1 t ion f u c tor 

"Start/stop continuous, ZOOIl1 

'Set viewpGrt location' 

,·j-love vie't'lpor-t in any direction 

·~tart/stop continuous pan 

· v; e\'/port changes are handl ed ins tan taneous ly by the V;·1D 

·1\11 coorciinotes entcred in 'the dr(l\'Iinq orca are marked immediately, 
at, the use 'r ISO P t ion 0 nth e ~ rap II icC f n 

·/\11 Chi:I~Jcters input as purt of the current input requC!st tlre echoed 
i Im~ 0 cl 'j a.t C! .1 y , 

·All input typed uhc(ld, prompts, error messa~e, etc. tlrc synclironi zed 
,\.:; th the input' COliillwnds 

. Ci rcui ts tl,re,drtl\'/Il uS soon tlS each vertex is en tered ' 
, 

·Puths arc' indictltr.cl by tCll1porarily drtl\'lin~ the center line. The 
. \'/1 cJcncd pa tI) is red ril\'tn on COIIlP 1 C t ion 

'!~ectJn91es tlre drll\'/I) on completion 

·Deletions' are performed on corr.nC'lncJ 
.. . '. 

'Cursor loc,tltion(,s) on the \fr·iD and X-V location displc1yed on the 
olplwnun:cric '(fa tlrc upda.ted lo t'illlcS c1 secolld 

Tile c;ns II Opcrc'ltinQ Systelll is cilpableof c1r,l\·,illq vcr:Lors \'ih'ilc 10(l(jinU the. 
,Vt·a) ilt u rilLe of'3,OnO - ~\OOO V(~CLcJl'S p(~r secol1~J. tIny Chl!nqc Lo lhe .' 
disDlllY (pan, zoom, trllw;late, modify) c1ffcCLill ':1 i1 silllple clement or a 9rouP 
of r.!lr!11l0JIt.S is Iltllldlc'd in2,~ lIlillisecolHJs. t"sslllllin~l L11(lt tllC: IJj·:O IIlC'UiOt'y is' 
f u 11 y i c 1 d s u (1 C ( fcc t i v c tI~ (l nsf c }~ rat con the 0 nJe )'" a flO 0 , 000 to 2 0 0 , 0 ° 0 

. v r; c to I' S P 01~ S c: con d . 



'l.11 BI\C f~GROLnm f> IWGHl\j·iS 

P l~ 5 .2D~~l~~.5~"!l~~:J~_ 

. I n L ern!l 1 s P t1 C i n ~J c 11 e e k s ( 11 0 t u v u i 10 b 1 c ; n ; nit; u 1 r' e 1 C l1 S C ) 

·[:<tcl'nul Sptlein9 el1ccks (not Clvoiltlble in in·;tiul )'clec1se) 

• L u y c r - to - 1 J.J e r i n t r 1I S ion, ext ens ion, 0 vet s ; z C unci (1 r ell 
o i 'j J) t C')' sec t ion (n 0 t a v u i 1 u b 1 c ; n i nit i 1I 1 r c 1 e il s eJ 

·N·:D, Ol~, r:01' CO!11bini1l·iol\·:> of ltlyc!l's ·(not il'Ji\·ililhle ·in 'initial relcase) 

'}\I'Ca r'lC!fU i Il~J (no t uva i l~l b"\ e in ill i l i a 1 )"'c! 1 ell se) 

Pen Plotters (on and off-l·inc) 

'Culcornp 936, 960 

'Xyneties 1100, 1200 

'VersCltce 8242 (not·uv(}iltlble in initial n~lc(ls~) 

. P (l t t ern G e n ~ rut 0 r s _. (i n p u ~ Cl S " \'/ e II a sou t fJ u t ) 

• ('l(} nn 1600,·2600, 3·000, 3600 

'Eleetromask 2000 

· All - () n 9 1 c 9 e OIl1C t ric s nw y be. pro C c sse d 

Plio tor lot t qi.?. (n 0 t a '/ ai 1 (l b 1 e in; n; t i a 1 r 01 ellS C ) 

· Prcc.i ~; 'ionp lot 2030 

'Gerber 540, 632, 1232, 2032 

E-Goa:11 Pattcr!0]~ncr(ltors (not available in initial release) 

· E tee· j,1E8ES 

· Cllrnbri due E8[,)F . 

.Q~1 t(\bi1S~~~)i1lil2.~~{ (input and outpu L) 

'GDS 
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· iI u me! ric u n 0 c IlU r u c t c r d II t u . t y pes . unci 0 per (l t; 0 n s . 

'i'lon-rever-s'ive list cltltll structurcs . 

. /\ full set o"f array and· 1 ist proces.sing pril')i tives. 

·',n ALGOL-like control structure to fqcilitate structured pragrununing. , . 
. . I 

. ·Full support of· user programs--as operators or' subroutines. 

·Inteructive execution--disk calculutor mode. 

·Interactive debugging at the source language level. 

ROOS rrogr()n~fI1i nq Lan~9~, 

· FORTr~(,rl . 
• (,LCOL 
• B;",.S f C 
'DG/L 
• I.',~l C 1''J As 5 ernb 1 e r 

'Utilities 

~Datub~se /\'ccess Routines (FORTRAi'l, DG/L) 
• Ed i 1;en's 
·Loade(s 
·Dcbu9~Jcrs 

Thc'combineu fac,i"lities.of GPL I It,rn, FOf~TRJ\N, ;\LGOL, 'RODS and the 
fJat!lGJSe J\ccess Routines ofre)" the ubility to tltilol~ GDS II to ,a 
va)"i~ty ofgtupi1ic processin9 functions, inclucJi,ng: 

,[xpunsion of the cOJl;n:anu rel1crtoire. 

· I n put /0 1I t put i il t e r f ac e pro <] r u mill i n 9 f 0 11 S P e c i u 1 de vic c s . 

·r-anIlJL convol'sian und nlUnipulLltiorl of grllphic dCllll bases. 

·Oesiun rule checki,rlU. 

·Silllulution 

·Test datu generation 

(\11 pnJ~lrc\lIl:lIin~J and d(~"I.I'Jq;nu i:, clone on linc, \'IiLlIOll't jeoptlr(nzin~J 
cil'Ctlit.d(~r;i~1;1 or [)I'odt/clio!) ilcl."iviLy, 

, I 

:1 

I· 



. ~ . G 1I!\I~O\,!!\r~[ 

, Cornpu tCl" 

. I ns tr'lJC t; on LCI,19 th 

lIard','/;Jrt:~ r~ccu:/Iu1 iJ Lors 

Index 

I\ddress 'j·lotle',; 

O[1Cl"ator Control 

f'tclllory Cycl e Tilllc 

S tanda td NCllIor·y Size 

ECLIPSE S/239 

lG-bit and J2-bit 

~ 

2 'hard'ollirc) lG lIIelllOI'Y 

D irec L) I llU:led i aLe) 1 nd(!;~cd ) , E:< tendcd , 
iJ'nd i-iu1ti-levcl Indin~cL !\ddrcssinu 

COlltrol pune1 \,,;tll s':litch rcgister 

200-G~O nanoseconds 

128K, 16-bit words (4 s,tations) 

256 K, 16 - bit \'/0 td s . Memory Fu1'ly Expandcd 

Standard I\rithmctic Element Hi<Jh specd, s;ng1c and double-precision' 
. floatinCj point proc(~ssor 

Standard Di sk Subsystem: 

Transfer rc1te 

f\ccess time 

Single drive c~pacity , 

[ x p (1 n s i bi 1 i t y 

2.1x 100bits/sec . 

35 illS (average random move) 

1 2 . 5 rn ill ion \'/0 I" d s 

One c)dditionl.l1 drivc llltlY be added 

0[1 t ion alL r} r !JC 0 i s k S 1I b s y s t C III : 

Tr~nsfer rate 

Acccss limc 
Single drive capacity 

~- ---~,,~xpans ibi 1 i ty 

Q~~_~r; n S ld t; on 

Ta b 1 ct: 

Sizc 

'Resolution 

Accur{\cy 

,R r. p c c) tab n ; t y 

Inpu L Lkv; cc 

9.6 x 106 b its/sec 

3 a III il 1 i s C co n cI 5 (c1 vcr a U e ) 

5 0) 7 5 ,0 r 1 50 mill ion "/0 rd s 

Up to three additionc)l drives of 
equivalent ctlpacity may be c1dd~d 

11" X 1111 

100 1inc'3/in. or 0.01 in. 

·~O. 01 

·~6. 01 , 

!len Stylus 

~:':'(' ;'-"'I~~,(h'l f'jl[ ~{I:'::I'~~\ -"I~\Tt!~':I~'J\ 
I, tlll,\I' I 'I ~ql' " I '" 
I' .' 'I " II '!JI'I'!,,"!" 
1' .. ,-:- .. 'J II' .:.,.~ . • 11, i:'1 ~II/~II' 1,', 
•• ~.:::.... II ~ I 1111, ... : I" I, ,j I, I I I, II 

Ill! (~'/\C II'/l I ~"'AI'IIIC ~Y'JIlI,I~. 
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. G i~ u phi c s !) i s P I a y (V H D ) : 

V ci c t,o '" S tor 0 (J C 

1II1ugi nu Sys teni 

,0 i~.p lilY ro i n,t~, 
OisplLlY Siz(~ (di;\U0!lol) 

rain\: Generation 

Vector Gencr'ntion 

Im(lge' Storc1ge 

Stor'(lgc tirne f)cr imc1ge 

Erase time 

Vector draw time 

Controller 

. Alpl).)nUlllcric Disp1tly: 

I-u 1 1 !\ S C.I. I, 9 G - c h u (a c t c r' 5 

Capacity 

Fea tu rcs 

A 1 phtlnlJlllcri c ~~eyb~orq: I 
Full j\SCI r, 9G-cliJrtlctcrs 

Rcpetiti.on Rotc 

12r.1~ lG-lJi t \'lOr'cls of ~()l 1d sUite lIlelllory 
sLCJr'C dppl"OX illltlLely SCH~ 16-IJi t 'lectors. 

Di(ji till TV rcfreshed 30 L illlcs f)c:r 
seconc\, rC~Jc'1rcJ1c.:ss of inforilliltion on 
di:~pl()y 

102,1 x l02~ 

,21 11 (S].3~ Clll) 

Any C:Hldr'cssubl(~ point inLe!l~ifiecl 

Har(Ji,'/c1re '/cctor 'Jencriltion intensifies 
'points uet\'leell any t'.':o addressable 
points 

256,000 bits ·of solid state m!?01ory'store 
value of each addl"css(lble point* 

Indefinite 

1 ms 

250 nunoseconds~ f)lus 35 nanoseconds 
for each addressable point in major 
uxis 

Intel 8085 microprocessor 

A-Z, tl-Z, 0-9, PUllctuotion c1nd 91"apllic 
SY.il ho 1 S 

2 /1 l' PO ChJl'llcte~:s/l inc l.t 1 ncs, v -

Addrcsstlble Cursor 
R c v r. l~ s c V ide 0 

.', Briuht Chc1rdcters 

fl,-I, Cl-Z,U-\), rHlnctuation ond grc1phic 
sYlIlbo 1 s. 

10 cps 

*!,s Lhe 'vid(~0' JIlonitor, \·:ltich hilS 0 ~p'id of 10211 x 102 11, (id!lr'esscib1c po.inLs, 

4-10 

is llein~1 l'erl"(~slleU" illl inLc,'polaLion cJluoriU)lJj', \':!Iicll opcrlltcs ill I'cJl tillie, 
is used to fin 'in Lhe dols flot c;~pliciLly ~;torr.cl in 1I1l! ''<'.lst(~r 1:lcrl:ufY. 



5.1 :·iUl T I S~OU;:D rwos 

The' GDS I r is b'.lil t lIpon un enhanc(~d 'version of O()tll Gencl~;ll'sf{~c)l Tillie Disk 
,Oper()l'ing systC'1fI (RDOS).' Thi"s Illore po\·,ef'ful operid:in'j system is kno','/n oS' 
i·it',l ti<jt'OUIHI rmos bl:callSr. it supports additionil] jobs \v:!,Yond th(~ ,"fO(r.!'jfound" 
<111 d "!J;\ c l: ~J (0 I J 1 ~ cJ II pro v i cJ e d by tile s l and II r dOd L iI G (! net' () 1 1 {!J O~; . Up· to s i :< t C! C: n . 
(lG) ~;cpl1t'ilLe "~lt"o·ojnrJs" or jol)~ 11111Y be, run cOllcurn~I\Lly ,,·Ii.th tile ~~y5tC'II\, 
pfO'lidinq COlllpit!U1 i~loll1Lit.)11 (l1HI PI'otc~c:tioll fcw eilcil Ill'Olllld. llli~) penllits 
fot' e.~ililiple, ~',l!'/(~rill dirrefent illl(~I."lct .. i'/l~ (JI'liphic~ to ,'UII at LlI,e S;Jllle tilile 
(r.'~I', GDS II (IIHI !)lJ~·q Of u interactive Qrc)phics conncurrent\'/ith pl~09rarn 
deve'lopllIellt lind dcblJ,~JUi"U'. 

CI\U'iJ\'s r'illlt'i~lrollnd IWOS i,s urrunued \'/ith ulllc1in-IIH':lllOry tr:siclent czcclItil/e 
and system overluys residin~ 011 the disk, The e:<ccuti'le mtJst be resident in 

.main rliclllory stor"u~e before beginning continuous cH1d coorrJi!1uted I1t~Ocessin9. 
The resident portion of rmos cun manage overluys Clnd buffe(s, process' system 
culls, c)nd service dCI/ice interrupts. Thc syste:r.1 ove(lay lIIodu,les are dyna-
micully bl~Ou9ht into rIlllin IllCIIlOr'Y ft"Oill disk stoi"il<Jc {\~; rcquin~d, These per- " 
fonn opel'utions such uS device/system initiuli,za~iolls, file I1ltlna<jcilient func
tions like file crcation/deletion und uccessing,. code cCJ1'1ers'ions, reCll-time· 
clock ,and t;rn~-of-ui}y clock control and spbol"inU control. 

ROOS interacts \'/ith the user vii} the Cornmilnd line Interpreter' (ClI). The ClI 
provides busic utility functions and file lTluintenance COilil1!('J(1(Js as \',ell uS 
il po~','crflll I:lcans for flussing parameters to, p,~o~Jrc:illl~; thJt ure in'lor.cd. J\ddi-
tionully til(; CLI sUPIJorls a nested macro, f(\cilily tlwt (1110',':5 corllple:~ 
s~q!H~nCCS of C()~iIl1101Ily used prillli tive con:ln2.1nds to be IJura:l1etricdlly uenerated 
in'rcsponse to prompts frolll the uset'. 

i, mClnory lI1und~!e:llent und pi~otection device hus been developed for ECLIPSE 
COlJiputc:rs .. This option is supported, uncJer CAU·;I\' s i'lultigfound RDOS.' 

The 'option 0xtends the nluxirnull1 Inuin rncmory confil]lJtution fOI~ a sing'!? central 
pl~ocessor fl'OI!1 ]?r~ to 25Gr~ vlonls. '"lith'irl tile framc'i/ork of un executing I1ro-
~JrcJn:, L'.':o modes exist. Tile first mode is the i1b:~olutc mocJe.· In this nlocJe, 
unly thr. l()"':cf 32ft is directly uddr'essiJhl (~. «DOS resides in the 10'd physical 
mellior'./' locations andcxccuLes in tile ub~olutc IIlode. 

Th(? second IlIod(~' is called tile lllilpf1cd or u~er IIlode. In this mode, ·up tG 
thirty-t\'JO 102/110 \'~Or<.I,f)lIUCS of'lo9;cul 111CI;\Ory (1,'0 rllll;)pCU into reul memory· 

User prO~F',)lns ex(~cutc in user mode. Thus, they ,need not be u\'/Llre of their 
lIctuc11 IIlClllory 'Iocatiuns lInd need not oCCliPy COllti(juOllS pu~I(:S of' rIlCIllory, 

I/O un'j ts Ci1/1 bc! ~;ell~r.t!iv(~ly PI'oU!cted {'~Flinst 'lIn;\LJUIOI'ii:(!l! 1I~~(~11 cOJ)tro'l. 
/\\'(~(,IS or lO~J ictl 1 1\l1~IJll)I''/ Cilll be \o'wi l.c-r>I~oLcCLC'd 'Illd 'ltll it! i L),-protccted on u 

1't1~Ir. \JiISi~, id'\o\'lillq tile !i\JI)(~rvis(}l" to lOiJd l1 n~(~r\ll'ill\l l'ollLil\{~ for IIlilny 

users ollly alice, Validity proLectioll' ;I/SlIr'CS tll,lit ollly t1hlt ,portion of the 
user's pl~OUI'LIIII br~il1~J LJSl~d need l'esidc ill ~Loruu(!. 
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AllY prOqr;111l ()pt~riltirlCJ in ll~;er !lloc\r~,"Sr.~; il r.OIlIf)l(~t(~lo'.Jic:c)l <1dc,lress ,sphcr., 
\,,'/!ic!J incltHIl!~ iLs privdte pa~e ,~l~ro dlHI (~;\LU/lds Lhr'oWJll its upper IIICIIIOI'Y 

OOIIIHI. TlJisis dl~tCrtllined by 'tlll~ reqlrirclljr.~llts of the indiviclu,ll proCjI'''t111l in 
'102'}10 \'/Or(\ incI"C:IIJ(!nts. ' It IIIt1Y (~xtr.~lld,ilS hi~Jh <1S 32r~ \'/OI'cl~. The opcruting 

SYstelll Clssiqn:, free 1l1C:lIlory fl'"om 'its JVuilJble pool to the usr.r DrOrJrc1111 prior' 
I. a ; L:. e x (! r. I J r: ion . ' 1-1,'1 1\ il ~J i n <J the I II a p pill 9 d C! vic e a /I cJ c: (J n s t !" 11 C t. i IlfJ ' the usc r pro -
Urilr:\ in II lOf).ical. u'drJr(~ss sPace 'is alsu tile f"(~spons;lJi'lily of IWOS.-, ' 

.fI.lllon'J thr. ~:·,t\lndur(J'feattJres of RDOS lIre,ProCjI";cllIl S\"<ip:)iil~'I, \'lllich i)llQl.·JS lip to 
five core ;llIdUU~; to I)(~ "pll~11C!t1" to di~k iI/H! tllen "popped " [,.lck lInd restol"(~d, 
to r.xcculion.' T11;s penlli t~; Inul tipusS ul~JOI'i 1.11111:; to IJl~ clcdnly implelij(~nll:cJ' 
i n il 111 tIll /ll~ r 1I) il t i ~~ t r lIll ~, II a I" c: n t lot he 0 p (~j" u L () I'; <.11 so S I H? C i ("I 1 s u IJ I" 0 1I t 111 e s 
such llS sort'ill~J.'lI1ay be;l/IplclIlcnted uS S\'JdPS so tlH~ entire COfC space of the 
ground is llvuilab16 for use. ' 

ROO S u 1 S 0 II 11 0\" sus e r d ire c t' I /0 h II n d 1 i. n gin c 1 u din 9 cI a t II C h () nne 1 sup p 0 r tan d ' 
user interrupt handlinu. "1111ti~Jround ROOS retains syst'elll protection features 
even \·,hen a user interruptleve1' routine is 'in control. 

Task Schcdul inrt 

A t ask i S II 1 og i Cu 1 1.'1' c 0 III D 1 e tee x r. cut ion p il t h t h r 0 u 9 hap r 0 9 r 11 rn • T his pat h 
cun be executed independently of.ilnother task v/:ithin the St1i1Je ·program. 

RDOS rerl1lits "f11l1 1tit(1sking" \'/itilin each CJround; this means \,Jithin the 'same. 
(lddre~;5 space there IIlt1Y be!, more than one cisyncilronous pl'ocess (task) t,hat 
con:peLn.s for the CPU. The Scheduler fOt' j'\ult'iQrollncl ;{OOS is lJinterle(J'iedJl 
i}i:lon'J ~l"()lIllds unci tJsks; thclt is u priority is cOlllp'uled fOl' each task in each 
~Jround to ~.1"ive control to. Thi s penni ts 1l'i!Jh and 10\'/ priori tj ttlsks to co-
exist in the Slinle (jr'ound \'lith the priOt"'itie~j cOI"rcctly inu~rpl"(:tec1. The rust 
.re:,pow)e of I'~ul t iqn)llncl ROOS is L1 Ltri bllt(~d to til; s, LtdvJncceJ schr.dul e(tilJ t 
does not t1110'.'/ CPU-l>ound bClckgr.ouncl operc1t ions to dCUI~Jde the basic inter'-
active response of fOI"csrourid.grtlphics. To fllirly ul10cate the CPU afllOng 

.pt~ocess(!s of equal pr'iol'itics, thc!'iultigroundRDOS schedulel~ kee~s stiltistics 
on \'/11;(11 processes Jr.c usinU ~he 1ll0st ,CPU time and c(lorespondingly 10\'Jel"s ' 
their priority·to ullm·,·cquul progress lJ)' ull pr'ocesscs '.-lith tile sartle 
pr\iori ty. 

l!2~!_~~1 t OJ~r.\"~t i on3_ 

Efficient hJnd1ing of input/out'put operations is ()n illlDortant feature of RODS. 
j\ device-indepenclent rnecilJnislll is provided to uccess (111 hard\'/c1fe file peri
ph.erl!ls tlnd disk progr<1ll1/dtltu fi.les. 

!,1ost datil' tr(ln~~fers to or frOlllclisk fil(~s and h,'rtl\-/.ll"C dcv;c(~S ,lre bllffered 
by L1H! OIH!I\ltill'l SySI.I~II1. Each ~lysl(~,111 rlevice IItindle,' 11;\~; ;:1 ~~111.111 IJuffer ilS-

socil1l.cu. \'ritll i~, LlH! ~;"il.c or LlII~ Iwcre,- d(~pl~rldil\~J Oil lIl!~ s\!~l,'d or Lhc dl!vicc .. 
'Disk tl'(lIlSr(~i"s'ill'r. hurf(~l'ccl in the SyStClll iJuffer i11"(~J, \·Jllicll i~ 'orlJunized 'in~ 

to blod:s or ?S() \'/(Jl'd:, c!c1ch. DlIL,) ll'uIlSr(~n'il\~J frOll1 11 disk (ile is rc:ad into 
lIJis burfer areil bero'j'c! Lllc dala \'/iU)ill the block.desircd !)y tile user is' 
trtll1sreYTcd Lo his burfer. ' , 



RDOS iJ'lso pl'o'l1dos c1 III(?Lltocl for tl'ililsfel'rinu ~I~tll directly to or ftom the 
disk and,l1 bu::rcl' in tlte user memory llrell. Tl1is ~.riv(~s t/H2 lIsr.r fl1st llccess' 
to d u t ~ s tor cd' 0 nth e dis k . 

"'/hen nle~sflq0S tlre output on a slott'/ de'lil.e 1; kr. (1- t.elclYPC\'Jri ter, dnd its 
bur f C r' r i 1.1 s LIP; ,~ h C C 1I 1 li nut II s k ; S S LI S pen tI c cI lJ n til L h c bur fer -; S C III P tie d. " 
Spool in~r iJll()';',~; ll\e~,~~,)q(!S Lo he t(jilpOr':1r'; 1:/ ~~ton.\d Oil disk. Tllt~ l!IeSS'l~JI.~S are 
'll\U.~I' l'l!l.ul'l1l'd'Lo Illdill II:C'lIlory \'!lll~1\ ~~P;ICl! -ill LlII:'~ I)Urrl~I'i~;, ilv,di1ut)le. ,file 

'Si~lllific'lllce of' spool inU is tllal.. output 1I1('~:Stl~JC:s 01' inrOI'I1\,~L'iull cun be queued 
'o'JiLhout putt.iJl(J e:/,cessi'J(~ lOilcl~,on'lJ~ler IIlt:lin IIIC)lllory for bllfferinCj.Tllis 0150' 
frces, the LIsel' fnml 1l,1'1inD to C'Jptilllizc his nll?ssil9C reque!~ls, ol1d thus pe:rmits 
lIlore effective use of the device. 

File Systcm 

The RDOS file system provides a gcncrtllizcd rnellns of occ0.ssing files on disk. 
Filencllllcs in P,[)OS Illt:ly be fl~O:lI one to ten (10) chutclctel"s in len~th und op-
t ion (1 11 Y In (l Y con t: 0 ; n (l 0 n r. 0 r t '0'/ ole t tel" ' f il ~ n o III c, e:< ten s ; 0 nat t it e e n tl . The 
filenames ore referenced tlll':ouSjh directorics, Din~ctol'ics r:ItlY be nested up 
tot h r e e dee pin I~ pO S; the top 1 eve 1 i seq LJ i val en t tot 11 e e n t ire dis k pac k 
and i's called the Pr'iIllUry Partition. Files f1li1Y exist'at the primJry porti-, 
tion le'Jcl or rGay be ()ssocitlted '"lith directories contllincu the(c'in. The first 
1 e '/ C 1 bel 0 ','J the p r i rn a r Y par tit ion i S col 1 (~d the sec 0 n do r'y p Cl r tit ion. r tis 
cha)"i}cterizedby 0 fixed amount of disk space. And it /lilly either Iwve files 

,di'l'ct;:tly ucccss(~d fro:1\ it or hCl\jc one arJd'iL'iolltll level of directory \·:ithin 
cul1cd a subtlil'(~ctO}~y, \"hich tllso fIlay IwvC! files but no additionCll directory 
s L t' U c L II res , F i 1 e sin , t 11 e cur r r: n t d ire c t () r y III il Y be (1 C C C S S (~d by sin I ply 9 i 'I i n 9 
U1C filenlll:lc; files in i1I1Y other' dctiv(2 dil'eclory 111£ly be (lccc:ssca I)y prefix
inu the nl1lr:e of the directory (1-,10 chc:troctets) fol1CJ\'IC:u by 0 colon to the 
fi 1 enJille. 

ROGS provides thn:~e"disk file structures: Sequential, Handomand Contiguous. 
"Infon:wtion in sequentiCllly or~url'izcd files is stored ill ~]}'oUPS of disk 

blocks, The lust \',ord of el1ch 256 \'/ord block is usec\ to stor(~, 0 link to the 
n C x t b 1 0 c kin the f i 1 e . T his 1, ink i sin vis i b 1 c tot h C:! usc l", u n d 'i s sol ely 
fOI~ the syslc:n l1g~. 

',,:hcn buildin~ 0 scqu,entii11 file,' the sJ'stern simply i1ppropl~ii1tcs the next 
ilvuil;:ble di~;k blor:k \·,Ilen stot'oUr. is ne~d(:d. It lh(~rl cons~l'ucts the link to 
tile block. Il1'tl sequen'tially ordered file, (1fter procc:ssin~ ilny 9iven block, 
the sys.tem rntly step eithc'r to the previous block or to the next bloc}: in the 
series. Sequential files ore very useful for' 'indexes or 511W11 usct' files. 

Ranuom file or~Jllnizi)lioll provides thr. hcst c(Jlllbinat'ion of,fl(!xibility ond 
occeG~)'ibilily of clllLil. ,Ill rilr1cl()IIllyor~Jjlllized files, c11lldSler' indux of illl 
f)l1y;,icIll block 'lddl~ess~s is Cl'C[lled.' Th(~ IIIJ~tcr il1d'e;~ blocks lhclilse,lves ore 
seq u en l i J 1 fi 1 e!:. . 

~lock~ of cI(lt:il stO/'ilUC in rilnd6ill filcs util~7.e u'l'l ,~5G \'lonJ~ for inforrn,ltion' 
s tor ill] e . , E tl C II b 1 0 C k i S J S S 'i U ned ('f .s e:Cj U C;1 t i i1 1 po si till (! i n leu e " by- its' pus i -
tion\',';lhin the? Illilstcr 'index, inc.licatill~l LlIC!b1ock ' s 10<)ic111 :)Qsition \'Jitl1 
the: f'ile. III pr~occssin~ rancJo~lIly ol'U,1nizl2d files, t\':o, eJ'isk JCC(:sscs lit most 
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orc~ rr;ql.lil~eclfor ,the re(lt1in~r or \'/l"'itina of (!iH:h block: olle to access the, 
fil,.:! inl.ic:-: rlrlfJ ()nr~ for t11e block of c1Jtil itself. If the 'index is lI:ain-lllemory' 
resident (hll'ling prc'/iolJsly been reuu into 0 SyStf~1il buffer), only one oCccss 
i S /1 e c e 5 :, U l~y . 

Cbl1t;~jll()IIS file or0l1nizJtion hus <l rigiu stl~lIct:urc, but itrr'ov;c!cs the quick
est iICCCS:' Lo (~'lLl. 'Cont'iIJuous 'files (Ire: COlilposed of ,It fi:<c:u nur.iIIJc:r of cJis~~" 
blocks, \'/i)ich constitl/tr. .In unhrokc'J) series of di:l~: block lldd,'(!sSCS.' TI1CSC 
rill~~: ClH) l~l~iLhl.;'''·I.'(~ e:':!h,lIHlcd Il(W l'educe-d il) siz(~, sirlc(~, Il./ d(!finitioll, they 
occupy'\ f;;':I,'d '~''(~l,'i(~s oC cli:~k I>l()d~'). ,Col\t'i~.Il1(H.I~; filC!~·. liI;\.'; b(~ cOIl~)i(Ic~/'ed us' 

'fill~~) \,:Ilo:,(! blocks Ifllly be accessed ranoo/Illy, lJut ... IiLilOut tlw :.ecu for a ran-
dOlll file index. ' 

1\11 I/O op(!rlltions \'/hich Ci.1n 'be pcrfol"liledon roncJomly ortjanized files can be 
pel4fonned on c'ontiguously organized files. Contiljuous files IILlvQ the au-
Vil n tag e 0 f us u ally r e qui fin 9 1 e sst; III e for a c c e s sin 9 b 1 0 c k S \'1 i t h i n tile file. 

l'iulti~Jl4ol)nd RDOS n:!tJins complete compatibility ~ .. /itll Datu Generl.ll·s ROOS and 
therefore allo\'Js (Ill the soft\'li1re rl'oducts cel/eloped by f),JUI Gener'ul to be' 
run\·/ithout modification. rncludcc1'ure'compil,el~s for FOlnR/\;':, /\LGOL, GASIC, 
and UG/L. To round out this collection of system pro9rullls Data Gener4al 
provides il compl'ete selection of support programs such' as edi tors, loaders-
'and debugger::;. " ' 

PI~o~lrc1rns may rna~~e culls to the GOS II Oatt1base j'lJI1Jgcr to tlccess GOS data
DtiSCS. 

j·lult;rp·ollnd :~DOS includes custom I/O drivel'~ for all of CfI.U·j/\'s h'!J,ul,·/ure., 
Thi:-.; i:'cnlliLs u lliUh l'cvel -uen'cruliz~d 'il1LerfdCc (~l'ililillt1t'irtU the need to resort 

"to bi t 1 (,!vel proUI'c1n:r:iinu \'i~ th cri tical tililing condi t'ions. ' 

RDOS Remote Con::l\unication-S~ort, 

CI\U:,f, ROOS clIrrently slIpports' rcmote cOnJlIlunictltions throuoh both asynchronous 
, una synchronous do ta' ,1 i Ilks. The asynchronous 1 ink Opel'J tcs a t speeds up to 

9,600 b(lnd Clfld 'ill'!O'oIS a relllote stat'ion to function os all Iwas console through
,the QT'( intcr:ucc·.' Synchronous cOlr,lllun;clitions c)I'C ~~lI[)rort~d ut speeds LIP to, 
ftS;: bund. Cu(rc~nt1y soft\'/tli"'C is aVlli1c1blc Lo pto'lide both 2720 ellluliltion 
and ll/\SP j'~u1tilell'linu \·Jod: Stution support for rUi·l 36P/370 hosts or other 
m'tlchincs us i nu' the S,lIllC protoci),ls. 



c: ') .J. ,_ 

[xpori.c/lce ',,:i th 'CDS heis dC!lIlon~;trulr.d the need to sl); PI: from rJ() Lllbascs that 
CO/lCC/llrule sttictlyon ~Jrupll·jcs lm'/(lru dcsiC]n databases.· Object;l/cs for 
the GOS I I SySLCIlI, ~)ucll as th(~ Cc1!lllIJjl·i ty to vCl'j fy lhiJt~ fillil1 iJl'l\':od~ con-· 
fonlls to (\(~s·i~Jn ~peciricill~ions, rcquire Lhl1t conven;(1/1t 1I11..~t1nS .ei'.isL Lo ci'IHlnd 
U:,: info)"Jl:;1 L ion content: ·of dilliJbi)~,CS twyonrJ Uruphiccll dil til. E;q)(.:rlcncC! h()s' 
also re'/(:r11ed Lh(~ tC'lld,ellcy for euch ilpp'liclllion a((~tl (Jlld (~'1(~n lflstiJrlation.) 
to' POS~~(~~S its 0"'1/1 rr!qllil'(~lIlenLS, tili1t \',il1 evolvo L1I1'OU!Jll lillie. Tlwr!~rol'c) 
one of Lhl.~ pl'il:l;lr'j~ dC;,i~Jn !Joul~i {'or t.lle CD'~iI DilLil'lhl:;e ;tlllil~J(:lIient Syst.elll is 
La pl'l)v;d(~ tlle 1I1(!,IIlS fOI'·cn~dl'i()n and i:lililltCJ1ilIlCC of ~~;I;I[)lc, f-le;,:ible d\1Lc1 

stl'I,lcLur'(\S L11~lt l'olll.1;n cxtcn~~ibl(~. L:<ten:.ibility \',i11 fdcilittlte IJOlh evolu~ 
t.i0l1dl'y~~y~;Lc~1I1 dl!vc:loplncllt uno custolllizaLiorl to IIleet appliclJtio/1 unu user· 
requ; ~clllon t:j . 

To ans\"cr these needs, Cf\U'11\ has developcd the GDS II OJtc1.buse t·lana9C:llIcnt 
Systc!n to pCfforrll ul1 cltlt:abuse lIl11na~Jcllient functions - crC:llLiOll, modification),· 
and ret r'j ell i1 1 - f 0 t the e II t i l'(:! G D S I I s y s t c: 11\ • T i1 e 0 C i.'1 S' i S (':-0 III P t" i s ~ d 0 f a 
set 0 f pro c cd U l" est h tl t per for III the s e fun c t ion s f 0 l" lJ 0 tfl i n t e r u c t i 'I ~ il II d b a c k -
ground processes. They ilr~ \,tritten in both DG/L Cl/ld asser:loly lun9uuge. 

The tYre of inforJl1iltion'that may be plClced in u 9ivcn GOS II dutabusc· 'is de-· 
termillcrJ by c1 description filc or " SC hClllu ll thut is l-efel"cJ1ced \"llcn the datil
bas~ is initi(1·Ii'zed. Each datClbase thc1tl'esides \'litllin (1 ~,ys,te/l1 ll1uY utilize 
() unique s~}lel:lC); thus, totcll'flc;dbility" is IIlJilltc1incd. C/\U,jJ\ supplies u 
basic sche!lIa tili,t CJrl be ulH)mcnteu by tile USCf to e;o~tc:nd J datC1base to con·,· 
ttlin tho.additiontll. infor:llC1tion requ'ircd by-a p~r~iculJr·L!pplication. 

Prog/"tll!l ma·intoinability is, of cour'so, unothcl' crilicCll urea of concern in 
t./1(.: rl(~:;i~!,nor the GD5· IISystc!I:1. The desi(Jn·of Lhe Ddt;lb[lsC i'l\lnl1~JcI:H~nt Sys
Lei!l ~1·r.\iLl'yI"f!cluc0.s and silllplifir.s problc!1J1S in this ill'ca l)j ·providinu (on1y) 
"dc1t~.) ;/H.le:pcnucnt" (lCCCSS to duLilbuscs. Tlh1t i~;, the 0[3/-1 provides proCjrul:1S' 
, .. lith iJCCCS:; to l09ic<:rl CUlti) stl'LJctun;s \·,l1il0 intornully 1ll:1llaC]inu all aspects 
of uCc(~SS to the cOl't'esponcJinC] physicul- dC1ta structures. Sinc~ pro']rdllls \·,ill 

,be \',T'itt(~n \·l.itirOllt depcndencc·on physical cluta structures, they vlill rCll)ain 
. 'i 1111~ U net 0 v (1 r i tl t ion s i 11 . trw s est r u c t u r C s res ul tin g fro: II C;.: ten d e d ddt u bus e 

definitions, etc. 

, ' 

?rosrillils 1:IUSt, of,colJrs0., ah/ClYs rel11r.1in cO~ni%':-lllt of tile lO(Jical strllcture of 
t.1l c c\ i.J t l! OJ S (~ ~ 0 n \-: 11 i rJl l h r. y 0 per <l t e . S pc: C ; u 1 f J C i 1 i tie ~j J r c, h 0\',' eve r lin-

.. ·C111dr.d \',ilh;(1 LlleOl3i'l thut \',i11 (}llO\,/ ptogr()llls Lo I"CC:H.lily .jr2J1,t'litll extended'" 
uutub(1ses. 

E1 cmen ts 

The b(J~ic cOlllpononts of (1 GDS II d,..,ttlbase arc its "(:l(~llIentslf. !\ninstllnce 
of ufl elC:lllerlt'. corl"C!~;polld~ to un illstallce of l1 !Jt~OIlII~ll"ic (~lIli I.y $IICI\ d:, r1 

closed I'(JIY~J()nol' (1 n~ri~I'Uflce Lo (111 entire, col'l(~Gti()11 of l~lcnl(~nts. El(~111t~nts 
arc j)l11'lit·jOIIC!d illto r.lcl~;:',(~:; i1~; LIr!!y (ll'C crr:clt(!d IlY Llll~ (1~;f;iqIlIlICllt or ill1 

"elCIIIC!llt I.'yp!~" LiIJt lias bC(!1l !n'(~viow)ly U(!CL'II'Cc! i,ll Llle·ddLab,l~;e'~; ~,Cll!!I1'i'l. 
Tile '1~;'S;Ulllill~llt of C1CIII~!llt t'ypes, i.ll10'.-ts pt'(JC.Jrlllll~ iilll!I'rrlci/l~J ',':ith tilc·cll1Lalwsc 
to ;Iilnl(~diutely dCtCllllillf.! th(~ JPpl~opt'iiltc lilll/Hle}" to iTll(!I'prC!t d retrieved 
elr.::nCllt. The DBj·1S lIlay be 9cncrilleu tOL1CC(~pt up to ~S5 elC!lIlcnt types. 
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El(~IJlenLs ,11'(, c!1.!fiIlCd ;n Lenll~ of LlH~ir "properties". f\ pr'opeloty .i~ ~n "(It_ 

tl'ibute~vlllll~~ pJir". 1~1l el(~lIlcnt, Lll',~n is d(~fil1cd to br: il/) t1,"lJitrilry (ollee-, 
tion of PI"opcl"ti(!s. ,TI)(~ Iwililary IIICilrlS of daLlbasl} cxl.c!nSiOll ',·Jil1 be .. tile ' 
LJSC1"~; 2bi(ity to define IIC','/ ~lttril>lItc-v(11ue fUIICLiol1s to fIWLh(.!( de:::'CI"ilJe', 

the /),1si(' c1tlllcnLs. FOt" CXtlJllp'I(2, I.I)(~ OBI·1Sprovidcs tile Ccl!Jilbi1ity lo add 
,1 "si~III\)l n.)~:lr." llS a cl1tlrc.1ctcr' s'trinu fll"Opcr'ty to the C1C!IIICl1tS l'(!prescllting 
int(!"collrH~ct.ifllJ lilctillizi1tion. f\ pro~Jr(lIJl cllr.ckir1~J irltcr'conll.cct·jr,HI IIIJY then," 
u~,e the \'o'lues of' ,tile, si'Jnal nal1le pl~opcrty in detcl"Ilrinin<j interc'onncction 
c n"ol' S • 

Pr"Opel't.'l d0.finili'on ~\t\.lLC:IICl1tS vlilllin c1 cliltah,1se ' :, SeIH!IIl" f'il(~ dr.1.ermifl£! Ll1c 
set or pl'opel'ties v,11id for LllUt dilli.l/)tlSe. r-iCJurc~ 1 d(~lails the four Clldl"c'lC-' 

tCI";~;tics of PI'(Jpcftics villich uT"e def;rwlJle - delL.) type, p((:ciC)ion, lransfor-
mtltion c-ltlss, uno 5hl.lpe. T11;5 fiuure i)lso indicates \·,hich cOlilbinutiorls ilre 
vc11'jd •. 

DATA TYPE 

INTEGER 

STP, i :':G 

},GGREGf\T [ 

ATTRIBUTES 

LIST 

!JH Eel S lOtI T rv\tlS r- 0 :~i':/\ T I on 
~y. tes) CLf\S_S ___ _ 

1, 2, '1 AOSOLUTE 
'. R E l./\ TIl/ E 

CCDr,:!) I r'lf\TE 

,Il, 8 . I\IJSOLUTE 
RELi\TIV[. 

to 4095 Undefined 

(1 , to 511):i( 2 U'n cl e fin co 

Undefi ned' 

1 to 32K ·Undefi ned 

S~ll\P E 

Scalur . 
/\[{!V\Y (lor 2 

d ;illens i oni) 1 ) 

SCl11c1r 
I\Hf·~/\Y (lor 2 

dilllens;ontll) 

SCtllar 

Sill ~l 1 C sr ou p 
1~iJ.IU\ Y (1 

dillle:ns;'onc11 ) 

ARRAY (1 
dimensional) 

ARRAY (1 
oirncnsionLil) 

Ii 0 t C : !\' t r tI n :. f 0 ,'ll\Z! l: i 0 Ii C 1 () S S 0 f COO f W If-: J\ T E i s val i d for 
l\r<i~/~'('S of slldpe,2 x n tlnd precision of '1 onl.1'. 

Fi9_ure l~._Proi~~.rty ~esc.~.ipt io_~ 

As sho\'/Il in the fiuurc, six data ,types ore currently defined: 

1. Irn[GC~ - a si<]lled, t\,IO'S COlilplelllent int,e9cr of 8,,16, 
o I' 3 ? bit sin ·1 e fl ~l t h. . 

2 ; I ~ [ 1\ l. - 0 s·j Jl ~j r l! 0 r cl 0 11 h 1 cpr e cis ion fl 0 cJ tin <J p C? i 11 t n U III b c l' 
, i n ~ailildilrd leI. I PSt fOrllll1 t. 

3. STiU:IG - a vtlritlblc'lcllCjth strinu of ChCl.tc1cters, (bytes). 

~ . f\ G G r ~ E G 1\ T E - c1 fix e d n U III be r o'f 1 G - b 'j t \':0' r us. 
5. !\ T T r< I [3 U T [S - 0 1; s t 0 f (\ tt rib ute i n eli C c s . 



f\ny d(~rin(~c.I 1'I'()jlcrt:y I:lily 1Jr.~ ,lddc'(\ to an c!l(!III(~(\L. \·J'jUdn ,Ill r.lr.:I\f.!IlL !",c111ar 
PI'()IJL'I'Lil~S rc~'luin.! 1 \'f()I'd (lGl)iLS) overllead SPilC(~ plw', 'lIll~ir,pr'l..!ci~i()1I 
r0t111dt'cl Lo \-:onl~; for thc irs tOI~.I(JC~ Arrays reqll i I'i~ :~ "'Jl)I'ds 'of o'/(~(Ilf!(Hl IH!r 
~~e~jlllcllt (~,ellll!lltilti(JI) of espC!Ci,llly l~Ir.~JC ilt'!'a"'ys I!lell' Le, rcqlJ;r(~d d\l(~ Lo p(lQt: 

I)Ollllr!'lr';(~s)'plu!j Lhc'space're(jllil'cd for tllcil' '/lllllcs at t.hl..! sLilted pl'ccision. 
Tllfl m~i'i~ proccs~es c1nd storcs an"tlYs Ll5 vi)ri~ble lr.nqtll lists of Sl1~llrrui'S or 
s'in91e datu iLr.IIl~ uS,illt] only the lllliount of spuce requircd for" llCtlJc:l1 dlltc1. 

OI1I·(~tricvill coor·cl,inllLr. d,11.(1 is aul'OlllilL'ically tl'ilnsfonll(~(\ by Lite nn;·lS ilccord
inq Lo il flll1 lin(';II' 1.t'.lllsfol'llldtioll ill1<1 l.1'ullslilLion ~;p(~cil'i(:d by Lhe cillling' 
pnHII·-,llll. Tf,:ln~~ronlidtiolls 111'C ,~;pcc'ifi'cd llS c1 G~-I)it r'lolltill(,;-puiIlL ullUlc of, 
rot.ltioll in dC'.:Jt'ces, rl n.~flr.cl:'it1fl s\·,itcl'l, alld a (j,1-bit floJl.;nq-po;IIL IllLlCJni
ficil.t'ioll filCLIlI'.' Elich or tll(~~ie ~>lJ(~cific(1tioIIS IIllly ,be, dc:'~i~J1111tc~cJ as "1'I.~ldlivc'~ 
i.e." Lo be COIfI[JOSe:cj'IIIlell 1l(~sLc!d r£!Lrir.vlll occurs ,- or iJlJsoluLr.!, Tt'unslJtions 
(1rc (1150 spr.cified l1S G~-hit floating-point X (1nd '( Vr)llles., Thc om'ls auto
matically composcs and ncsts trllnsforlllc1tions as rcquil'(;d. 

Due to thcir high proportional population of the d~tab(1sr., 32-bit coordinate 
d2.tC1 is (11:'0 cOlllpress(.!d :by sl2vcrdl,proccdul"es ',·,hr.nsl:.o(c!d 'o'Ii::.hin an r.1C2I~lent. 

, 16-bit rr.lutivc datCl is internally usr.d ',·,hen possiblr. and ,llltly be furthcr ab-
bt"evitltccl to al tcrnll,ting X and Y incrcfllents if st)~ictly tl;<itll vcctors are 
b'2;n9,ston~d. Thus the cooru'iniltes of (1I1'();<ial tecttll1(J1c ',·,ill occupy £3 \·:ords 
for data plus 3 \'Iords for overheud infonnation. !'\ \',idened line ofn vertices 
'.'Ii 1 1 occupy ftc:!!' 4+(n-l) to 4n \':ords plus overhcCld, Tile Dr~:'iS automatically 
handles ()ll aspccts of decompression ano tr()nsfon'nation of coordinc1te dc1tc1 
thc1t residr. in the dc1tal:>ilse. 

UlTEGER llnd RE{\L datil rcpresr.ntin~J l,incLlf dilliensions (ln~ c:llso (1ulofili1tically 
sC(ll(:(l by tile SYS1.CIII. {\f1.Y prop'(~l'ty Vii til a tl'iIW~r()nllatiorl clt!ss of ",{ELf\TIVE" 
;s sC(1leci by tli(! m3~nific()t'ion filetO)' \·,Ilen retric'/etl. 

f\Dattlbase ;·!()naqr.t' may be Qcneratcd to handle up to 255 property definitions. 
The SLilndiJrd ,system \·lill ilcccpt,53,definitions. 

,[lell~cnts (Ire stored as v()ri()ble lcnQth record(s) vJi tllin' tile rC1gcs (20'H~ byte 
blocks) of ;:1 1ibr'il(Y. Each r.1clllcnt i's ussiCJneci u uniCluc "(1CCCSS key" \·,Ilcn 
it is crr.atcd. Tllis ,key is i) 22-oitvillllc COIIJpoSl2d of () /1r!Sc nUfllIJel' and a 
loaictll line nun:b(~r un'jque \',ithin that pilUC. The lJl);·iS providcs tile cap.l-
b i 1 i 1. Y tOIl C C (: 'j S clem C 11 Lsd ire C t ly , by ti H:: i r ' u c c e S s key. E a c 11 sue h (1 C C C S s r e -
quires C1 s'inU1C! pa~JC: uccess \·,itllin tile cllitt,t!jtl~;(!. The overhecld assOcic1ted 
\'lith each clcn:C!nt instance or cleillcnt cxtcnsion is ~ or G ',·,ords. 

The 03:.'IS contains 1H"occdures thilt a11m·, crcc1tion, InocJification, retric::vul, 
arid delction of elC!fIIents. f\s previously dC!scribcd, tIle! Dt:JttllJJSe r'l(1lluQcl' , 
c1utoll1Jticully sr:;llos) tr()nsforlns, trc"lnsl()lr.s, COIJlPl"CS~;es, decollipresses" ()nd 
llujUS::s Lltc'pre'cisioll of v,llIIC:S as dircctc~(J.by Llle clC:1Ldlh1se ' s scllC:lill.l und 
c a c h r c ~~ pc c t i v r. c 1I 1 1 'j n U pro 0 r (1111 . ,. , 

'l·/ithin il circllit c!csiqn, c1Clllcnts nonllJlly fill 1 \'litll speci,ric caLc~Jories. 1\11 
Lho Cl(!I:lc'nt:. fl:pl'e:.r.rrtillq 'jnLCI"COrHlcctirllj JII/~liJl'i/'-llioll .!I'(! il ~:I)od e;:.111I1p1e. 
r,11 tileS(!lIlctlll l~l1llS have pl'operLie~j in COil::IlOrl :"I..!L ulliqlJeto t.ileir O' .. :n cc1lc-' 
UOl'y. For" tllis reaSOIl, the 'DI~it) /ll'o'l"iucs the IiICllflS to ,~llu\', (!lerilcnts -to be, 
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ftlcLorccl in COlli!1lC)r) and nnnrr.cIJ(rin·1 pt'opcl'tic<;. lhi~J 'j.-, l)ccolI!pl ish(~d· through 
lise of Sl)(~c,iu'l ClcllIl~nts (dned ··e;~c:llpldI'S··. An e;':I!I:ll'lilr i~~ ~~illdl(ir La iJn 
I:lornellt: in t11i1L it'i's Illso defined to bei}' collectiol1 or pn)per'tius. "It dif
fc"s f"uill t1 SL(lllu llrrj, c'I(~lIlcnt in tllLlt CJch cxelllpLll1 'js ass i~Jni.~d II user 'speci-
fied 11.1!:lC (It ·its VilllC of creotion. E;<clllpla·r nlllllcs'arc fro!1l 1 to 3~ olpha-: 

.I 

The full dr~fil1iti·o.n of tl sL"\IHlard elClllcnt illlo\'/s it to rcference an c'xclIlplar 
hy n.J!i"~. 'flllJ:.·, (lrly' st(1lldilrcl Clel1l1~llt: may hc! consid(~rcd t6 consist of lIw 
lI:iioll of it:) (\ir f2(tly uiven properties ~lnd th(~ prop\~,.ties of Lhe refC:I'cnced 
c:'J~Ii1plill' .. SiIlC(~ all direcLlyspeci riee! pI'ope,'tics Lil(.r~ pl'C'cer.:(:nce, Lhe 
IIstundunlspl!cil:l(!n ll \·1l1ich the e;«~il\plu)' represents Illay be flC!xibly lIlodified 

, 0 n 0;1 i 11 stu II c e - to - ins t () n c e bas is. 

Exelllplars ~re a !]rcc1t convenience to users; for once (1 sttlnclc1rd specimen for.-
o cc)tegory is def·incd, 011 com:llon propr~·,.tics lite established. EcJitin~1 the 
sin~fle c/xclllplal~ vlill then effect tl1C dcsired cllUnges in,c1ll associtltcd 
e 1 ell1en ts. 

Becc)use it is inherently, (1 device fol' data compressioll, usc of'the ci:ernplar 
11rJS many positive side effects on the opcrationc:d efficiency of the total 
Sj' s te::1. 

!\sin thecc1SC of clements, [)8t·iS procedures exi,st that (111m', cl~eut.ion, rnodi
fic(!~ion, .rc::l~icl/ol, c1nd deletion of exclIlplars. !\ procedur'c ill so exists for 
r e 11 tl:n i n 9 a n c ;< C 111 P lor . 

S~I'UctUl~CS 

TheD[~;·;S· also provides. thC·IJICcHIS fOl~ uroLlIJins ilrbitri:ty collections of. cle-
ments into '/lstl'uctU(CS " . A strl1ctul'C, then, is (J collection uf cl(:~IIC!nts that 
i's Clssi<]ncd J IWIIiC at its time of creation. Structure na:l~cs ol'C from 1 to 
32 c1lrhdnur:lCl'ic clwt't1cters. Tlw DCI·iS n:i1intains the t'iI1lC of creation and 
time of' lost llIodificiltion for cllch'structure. 

Struct.ures, of course, provide c1 convenient rnCtlns fOt~ building hicl'al1 chies of 
~Co!liotrics into i,ncl'etlsin<]ly cOil1ple;~ lIss(::JlbliC's., f\ structure is rlllced 
\.Ji t h i n (I 11 0 the r' by" c r Cut i n U un c 1 elll c n t til (1 t n 11 J:l C:S t h c: ref C! n~ n c cds t r u c t u rea n d 
s p c c i fie 5i t SOl' i g'i n ( s ) . 

\,Ii ll1 this f:/peif or<ji1niztltion, it often becomes dcsirJblc to describe vorious 
Pr'o pet' tic s 0 f 511 !J s t r u c t u r os p l! r () rn e t ric J. 11 y . To Dr 0 II i Get his fell t u r e, t 11 e 
DCI·: ullov/s (j pro<]l'(1i11 to designate thi1t the vulue of un attribute is to be 
dctel'ntinccl uy t'c:ferencing a silllilor tlttributc ,at the Ile;~t hiGher It:vel of 
ConLr.zt, i.0.., l,.,iUJin the elel\1(~nt t/wtTcfc,'(!nccs tile! structlJfC.' The in
dil~ccL n~f'crencC' Illtly be made to tl sCCilat' PI'Op(~r'ty, ull tlrriJi- ele:llent, or' (1 
1 is t c1 r.lIll~Jl L. . 

Tile C1CIII(~IILs or 11 sl.ruCLtJI'(! a)'e \Ji,II'LiLioneti inLo L'.·.'Q seLs': II .1~)upC'rsLl'lIctUl"~" 
ond all lIinl"(lsLrllcture··. Tile C!lellll!ntsculllp,ri~,in~1 Lile ~UIH!I'sLI'\IcLuI'C should 
reprc;.cllt only that inforillULion '.'/hich is usr~ruJ for l'C~llILil1(J tllC sLructurc to 
its r:'I'.t(~I'ntll (!l1V;rOr1:ilent. For Ci:<1l1lpl'C', a drJ:.herJ polY(,1ol) 0l1tlinin'] the bound
(lry ofi.lcircuit alol1<j \·,ilh tllc! circllit's COI11.tlcts ',':ould IJc~ ,I Illost us(~fLJI 
rcpl'c~ent(lti,(Jrl of the COlllporleJ'll "'/i1(!ncv(~ritis dl!~;in:(fto place it \·tiLilin a 



liU"U0.,"C;,'cllit. TilliS, tlli'; i1bbrl~vii1tr.d n!pl'escnlilLion IIliqilL Ill1tuf;)11y be 
cil'usen "IS Lhc stfllcLuy,'e ' :, SlIpe'"Sll"ucLlI"C. Tlll:irlr"'tI~)t.rllcLurr..~ is COlllp'oscdof 
the l'c!I1l1'ininlj clenients t"cquire~ rOf the full cJcfin'ition of tile entity tl1llt 
the'structu:-r. ,"epFCsclltS., 

The Dr) tc:L)l~SC i-L:~n(la(~f pro'/;de;, pro~,(rilllls \'/i til occess to ei thor, the 5upr:rs tl"UC-
ture, illrr,l~~tl'Uc:ttJl'C, or both. PfOC(;!UUres e:dst for the crC:ilLi,on) retrieval, 
deletion, ilnd ,'eni1/lling of structures. 

Collections of ~)tnlctlJl"eS iJre oq;clnizecl hy the DBi'lS ill'to '"lihr(lries". The 
IHJlnbel" of str'lIcLur(~s L!wt'/I\oY be ilCCO:llocl;)tcd \'!itllin () libl"L1ry is limi.ted only 
by tllc (lvc1ilat)1c SprlCC. In addition to sLt"ucturcs a librdt"y \,/ill contuillc1 
schema, tc1bles fot' tile use of the Oc1tabClse r·lc111ager, c1nd possibly Cl :collection 
of e:<clIlplc1rs. 

Tile structurc~s \"; thin ,(1 given 1 ibrary nwy ref(?rence structures VI; thinc1 second 
des i g n (l ted 1; bra t y . The hi e'( il r chi ,I lor 9 ani Z u t ; 0 11 (; f s t r" U c tl J r'r; s sup po f' ted by 
the D8:·1S illlO'.·,'s cOll1!1lonly Liscd con~tructs tu b~ plilc(~d \'JiLltin a "/llJ.sterlibrary' 
c1/1d refcrcnced by structures \·,itllin any nUlilhcl' of '\:orking libriJr~es". }\ 
\'Ior'kin~ libra'ry tO~J(!ther '"lith 'its lllilstcrlilJrary 'co:llpl"ise ,1 1I1ibrc1ty set". 
L;brc1r;es rllc1Y bc concurrently uccessC!d by Illultiple pl'ocessC!s ;n }~cild-only 
/!i 0 de. T h us, Iil c1 S t l' r 1 i b r (1 r; e S III a y nor Illil 1 1 y be con cur t' C:! n t 1 y' S 110 red c1 III 0 n 9 ; n t ~ r -
active ilnd bilckground processes. ' 

EilCh libru'lY is l:ll1intilincd as u sin<Jle ROOS file \'/ith either l"anclolll or con-
ti~L1cus ol·~lt:niLc1tiol1. 1\ s;n~lc library may contClin LIP to l(i:~ pa<Jcs (20·18· 
bytes/pagc') or a~)pro:<iJ11utely 33.5 IIdlli'onbytes of storagc at"e:cl. 

All file access is performed by procedures \',itllin thc VirtuCll File r·~anClger on 
Cl pa~r. bas is. The Ifi rtllc11 Fi'l e r'icJ,rluCjcr Ufe,l tly accel eta les fi 1 e i1ccess 
Ull"ou~!'h sophisticated buffering tL!chniques tlnd also illlo' .... s the si1Clrinq of a 
s;l1l]le copy of dc1ta c1n1ong intel'active processes. 
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5.3 GPLI I lin 

. till . 1 cJ • 1 (" Th0 GPL I r SI1I>S}/St.c~1II Inc II (:~; (I CO I1 I1)1 0r lor tl \1iljl1 ll!v~l li~lJl iClltion 
prorjrlllllillinu .1(II1~Jtl.~)lJ(!" thc rC(jllin!d rllntillle SI/IJport, Llnc.J d 'Jro\,/l'nlj 
nUI:lber () f CAU·l,\ df,~vC 1 opeu (1 pp Ii CiJ Lion prcHJrilllls; \·111 i 1 c the 1;1 I1QU,lIJC 

i~h,lS0U on I\PL, C:I cor~:Il1r.rcic111y iJ'/,1'ilat>lr! prO(Jrilr.lilllin~J 1,'lIlljlJ,VJ(:, thl~ 
~,yllt.(I;', hJ~j \>(:f!/\ rt~dcf;ned lo ~;Ct'VC! as (I ntllur'ill cxtr..J1SlCJll Lo' the GUS II 
Cl,:tiJlI,lnd LdJl~)llll'qe. 

SiilC(! II c()n',;i·;t.(~J)t ~.'Int.iJ:< dcfinil.ionis l!scd ror: bOl.hL:(:~IJ~1 II alld.CPL rrtlll,' 
iHlj' GOS [1 COllli;Ic"ll1d l~j (1 1(?ljill,:lt,1L(!IIlr.nL 111 UH~ U)1. II IJroqrtlll:111IIlU 
L,'llfJlllllj0.. :"I()rt~O'Jr.r, '" GDS 1 I COIII/lII'JI)(.1 IllllY 11Idb~ cJj(l!ct l1rJi! o'f .J Gl)L I I tOl 
functioll .. for (!:~illllplr.?, datil collected by c1 GUS I I sysLc~rn prirnit il/emay 
be PllSSCcJ to il.GPL IItm,funcLion. Aller, dat,l /IIunipullllcu·by (j GPL II 
function Il\ily be pllsscd to II GDS II systcm primitivc. 

The GrL I r till l.ul1glJllge includes a lclr9cnu~nber ofpril1li t ives dcsigned 
for intr!r,lctiv(~ llse. The primitives (Ire defined at c1 11;01) lev~l fof' 
cffici~~rtt op'ora tor inpllt und for. effie ient c:<ecut;on. Oll(~ t'cason 
for \':riting GPl. IItl1l P"oSF'{)nJ~ is tofllrtilcr cxtend the nUIllber' of 
primitives' dVc1ilaolc for interc1ctivc·usc. \·Ihile GPL lItH programs 
Cc1n gCllor'cJllj' be lls.cd in the saille \'/(1y tlwt the built-in prilJlitivcs are 
used, tile 'progrJrns Cc1n be. tailored for more specific dJtiJ processing 
req'u i rCl1Icn t s . 

Inildditiop to r'ccel 1llnCj dCltil pC:lsscd as pC\rdlll~ters, GPl. rrt.m pro<JrufJIs 
and fllncLinns 11lI'IC a'il'(~r:t uccr.ss to U1ob,:ll '1clt'iab'lcs I,':llich define 
·th(~ sU1tion cOl·lt:e;·:t. I':ost op~I'0tin~1 system pet'ipherul:) ·(tl1r..1l0Ldblc 
cl.ccptiC'll· is plotLcr"s) arc fully supported fOI' U5(~ by ,C;PL Ill-III pro~rams .. 

GPL II's CornrlJtationlll ctlptlbilit'ics are oquiv(llcnt to thos(~ pr~ovided 
in fd)L/3GO dcve·loped by lU;·1. Datil may be orUilnized tiS ~calars, ',Icctors, 
m,ltric(~s, or hi~Jher dilllcnsional (lrruys. Data 111,ly uc sto,"ed in real, 
intcrJol',109ieal, or character form. /\11 storagc allocution is 
pcrfol'lncd dynamically by tll(~ GPL I I till Hunt·illle SlIpport. /\utomatic mode 
convcr'sions l'Jrc c11sosl1ppli,~cI uS neccssill'y. 

The GPL I rtm Sllbsystem can be lIsed at .(~c1ch sti1tion in c1 multi-steltion 
system. 5cpu/'atr. ','/or'k, arcus p/'o'lide the' cClplibi 1 i ty fo'r ec3ch user 
La eXccllt(~ and dc'ou(] prO(JI"~lfilS incJe\lcn(\r;nt'ly of illl other users. The 
interact iV(!l1a turr.~ of the lc)n91IU'~(~ si:l!pl i fic~; pt09r(:/I~lllitHJ (ind 
rae; 1 it:ates debu<jging. rorc:<llrnple, OJlC! user' lidS crCilLed tl .program 
thi'lt designs bipol-ill' trunsistors 9ivCl~ .t~,[() pul',ll1Jl?ters. The Opet'illor 
inputs UH-, dC~ll'C!d su!.LJ)'ution t'(!5istr)(}c(~ iJ/HI cr:tiLll'rlellqLh. Tlte 
pr"()~;rilJlI then infot'lIIs thc opcrtlLor' if illly dt~si~)l1 I'ules III1Y(! uee/l viol~ltcd., 
(f\ COII'!J 1 (~le lu tOf i d 1,. OJI I1m'/ La lise Uw i)r'O~)l'~)Jll clIn {,O .cl:j sp I (I.lled 011 the 
CI~T if d(~s·in:~c.l.) TIll' pr()~JI"ull\ culclll(ll~cs lhe colll!cLOt' SilO tltlel Cfcutes 
thc It'ullsi~;tOt~ i'n Ule dC.ltt1lJl1~c. Tile S,\\I!C prO~Jr"~II:1 Ci1n ulso dl"il'.'/ u 
~lrilpll on U1(~ ern sho'.·till(J Si)'l:ut',1tion re~)istanc(: V(!,'sus. collr::eLor' 
.. "ielth. This p"O~:J1'illll \'Ii.I·s·\'JriLlc!n, debll~JCJed, ahel doell~n2nLcJ for fclcuse . 
\·tiUlin three days.- And on (1 I:ilJlti-slJL'ion SystC:I:I, conclln~cnt production 
\'lOrk could have procccded nonllillly on the othcr stJtions. 

. : 
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C/\Li·:/\ ClllTcntly has ·the 1l1ru~st 1 ibrury of buckarouncJ functions for intc-
'ql'cJtl~d circlli tuppl icaLions in thn ,inLcrc1ctive: <Jl'llp,lics;nclust,.y. This ex-

tensive lil>rtll~Y includes dcsi~Jn ,rule CllCd:s, plotter' and paLtern, ~cnc:,..t1tor_, 
optimizrJtioll prGeJr'(JIIIS iJlld on-linc plotter' dril/c't":~. \·!ith tile: introductioli of 
GOS Ii, Lhese prodrLlllls \.!i 11 be c;< tcnd(~d und 'ncl'/ pl'O~J1~l\fIiS ddded. ' 

The ,J,ob j'lf1na~Jclllcllt Systcm sl.Ipel'vises Lhe c:<ccutlon or bdc~~qroL1llcl jobs. The 
scope or tili:. system includes Job de(jll'ition ilnd enLry, (~;,:(~cl1l'ion oj': jobs, and 
cfficient uLilizllt'jon of tlw on-line plotters. Buck~JI'()lJ/IU'jobs drc~ run in 
S\':,IPPlIble Sl'ol.1nds; this allm'/s sC'leru,1 background jobs to be sirnul tun~ol1s1y : 
uctive using the Sullie: amount of main mcmory,that ,a single job \'/auld require. 

r-~a tures of the Ba ckground Job />jUnll gemen t Sys tem i ncll/ce,: 

·n:DIVIDur:.L /~DDR[SS Srl\C[S. Each btlckarollncJ job /JUS its m'm program 
uddrcss SPdce. l3cc(luse a job is physicdlly unable' to modify, any m~rnory 

'locations other than its'O\-m, the inteGrity 'of other jOJS and of the 
operating system is ensured.' 

-JOB QUEUrUG., Jobs are \·lithhe,ld from cxr.cution unti'l the resou,rces they 
1i~ed ('Ire lI'/Cliluble and until the current (lcti'lc'job lOJd °is sriiJ1l enough 
to Ui'lc tllcr:l a rel.lsonulrlc expectation of (lcccs:'; to the CPU.' 

·PRlpP.TTY SClIEDULlNG. Jobscornpete for' cru toirll~ on a prio}~i ty bc)sis, 
so t,hilt ,u l1ig{l-PI~iority job °Cl)1l be ,stJrL~d ilt liny time and not lldve to 
I-la-it for ot/ler jobs tlwt lire aOlrc()cly t'L1nnin~J. 

',JOI3 [~r\li~,:ICI;lG., Th~ system schedule:r clynar;licully assesscs the ext~nt to 
'.·/hic!l cach runnin<] job is CrU-bound Ol~ 'I/O bound, and tukes this' 
inForn:lition into 'Jccount to enhance job througll[)t/t. 

·JOB Sl,.Jl'I.?rlilG. The "Job S\'/dpping Feature -- unique to Cf~U·:A (·lul tiground 
H~OS -- a1,10'0'I5 tlic combincd (iddl~ess SpclCC of all acti'.'0. jobs to be many 
till~es lc3I'ocr '~hun thephysicdl ,lllclIlory (lssi9IH?rJ to bbc~~9round dcti'/i ty. 

,PL.OTTER SfJ OOLI1:G. The plotter spooler is specially ada~ted to plotter 
'ncC'us. The spool incorporatcs not only plottel~ ciClta but (llso operator 
cOfl:fl:tll1'icrl~ions necessary to 1I1lo\'/ ChtlrllJirllJ of p(lper ond pens. ,This, 
en a G 1 c s P lot t c }" spa 0 1 i 11 U' to' b c t r u 1 yin d c pen r; e n t 0 f job ex e C ut i 6 n . 

·Q'(Jlfd-![('PRIOrUT'( !IO.JUSTt·1ENT rOI{ PLOTTER JOBS. Tile SUpc!l"visol" dyn(lrni-
c;111y tldjl1SLS the priori Ly of plotLer jot)~~, so L!ltlt jobs \-,l1icI1 IWl/e' i ttle 
dtlla spooled are flH/ol~ed avc)' jolJ~ \'/ll'icll /WIIC ull ililolplc d!llOunt of dc3ttl 
spool cd. 
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illl ::u l'l~ 0 r ~Job 

r·.ny I~xr.culahlc RDOS file (" S()'10. f;le") 1/l{}Y be! dcs'i~)n{}tr~d to be executed llS 

tl buC~:~jl'l)lllld job. l1(~CLlll'jC' lhey I'llll ill S'dll[1Pllblr. ~Jl"otl/1ds, 1)(lck~Ii'~)'.:llcl prO~J(ufi1S 
are prold!Jitcd fl"olll.·usinU c.ertuin systelll ((111s \'/hich pcrLuin to reul-till1Q or 
inteructive opertJtion. 

In p(lrt;c1.l1~H', u~;c?r-Idrittcn pt'Og(illllS in us:,clllbly ltln!JlliHJ~ 01" in Oatu General 
cOlllpdtit)ll! FOI"[.I',111 Or' /\lcJol /lIlly ber'ull Il~~ l.>,H:kql'OIJlld·jo·iJ:·), pl~()vidl.:c.J Liley do·, 
/lut ()(!r!"IlI"I!1 l:orl'~()l!~ I/O.' 1\1Cjol pl'O<JI\II1I~; 11ldY llcce~;~~ tile !~DS II d,jLJ bllsc' . 
lI:,in~J CI\U·~/'-pro'./idl~d lL1Lil /),lSC i1CC(~~;S routines. (/l.ILiI G(~III!I~':ll DG/L pcnlli L~' 
lile USt!.oi"" slihl'l)IJtilles \':l'itLcn in For-trllrl ~i, subjr.~ct to C(~I~Li'rin r:oll:paL~lllility 

'collclition~,. This "Iilkes Llle UtltJ bil~e tlCCCSS routines in cfr"ecL u'l(lilat)le to 
Fortrun pl~ourulns u 1 so'. ) 

User Interfuce 

The user cOn1lllunicutes \·lith the Job j'luna9cment Systelll through II set ·of job 
COfl~m(}nds in the GDS II con:rnC:llld langul1ge. The follo\'ling COli:fIll1nds c:tre 
provided: 

. Er: T E R JOG. T his con!rn u n d all 0 \' 1St h e use r to d c fin e u b u C k 9 r 0 U n d job and 
en t c r 'i tin tot h e job s y s t c III . to bee ;-: c cut cd. The d c fin i t i Q 11 . (J f the job 
; n c 1 u des. t h r. n u 111 c 0 f the' s a v e file to bee x C c 11 ted 1I n d a s t r 'j n g . 0 f par ~ - ' 
meters ~o bc passed to the job. Allernativcly, this com:nand can invoke 
(1 for e 9 r 0 u n d pro ~ /I~ lJ In \,1 h i chi n t era c t i vel yeo 1 1 e c t S c1 n d \' II 1 ; d {} t C ~ the' 

. pafi:l:ietC(S,prO/lfpt';ng the operllto'l" for tile reqlJil'co inrorrllut.icn. This 
intet~dct.i'l(: :::ouc of job def'inition is u·scd for plots, rules CIH:cks, and 
oUwr jol)s ',·,lwsc IJaralJ;cters tire fail~ly cOlllplicalccJ. 

··DISPLAY JO[(Ir:rORj·~.f\TrOrl. . This COII1l:lcJncl c!i?,plays the stutus and I~clatcd 
inforrliatio!lforull jobs kno\,:r1 to tile systenl. The·fo·11m-/ing inforrnution 
is displayed fOf e{}ch job: 

Job i'lt!n1e (both. user und system'name): 
iI 11 liH? 0 fin·j t i C1 t i rl gus cr. 
Stll'tllS: "'/aitiIlCl, uctivc or' complete; \·/hcthel~ the job is sus-

pendc"cJ; \·,iletl1er it is an on-line plQttl:r jo~. 
Priori ty Class. 
Til:i0 of ~]ob tntl~y, Init;ution uno TcnninJtion,' 
Elupscd CPU Till:e for Job, . 

·ClI,\UGE rHTORTTY CLI\SS. Tllis cOlllrnand ol1.O\·,s the operutot to,assiun u 
diffC:I'cnt pl~iority cluss to u job alrC:udy entered .. 

·slJsPEnri JOB. This. cOlllllland suspends the: 'e:<r.cul;on of un Jctive job, or'. 
pI' eve II L S (1 \'/1I i t i .n ~ .. j 0 /) ( r 0 i II lJ C COlli; 11 Cj tI eli v e . . 

·rU~STI\HT ~)nIL This COIIIIIl,llld rcvel'5CS llle effect of the Suspend Job 
COIl:lll u n d a Il d all 0'.., S tI.~ e job to bee x e cut e U • 

·i~ILL Joe. This corr:l1ltlnd Ccluses u job lobc im:nr.diutely t(~rln;n(ltcu. 
I'.n (!nqlJ(~l((~d job is l'ell:ovcd f"l"OIll tile 'lueue. /\ll sp(~oled ollLput 
sell C.! r {; l cd by L h e j () b i s P 1I r ~J I ~ d. 

{1'·;-:l:·:~I~;11;i.;. '1':. ,:::11 I~;';I:"·~I·~~":I~··~I'-;':I"> ri, 'I I 'i ' Ii " \' 01 .• 1 I,'d rtl 1/'1:" I .- :1 ,~II .;, ;" I.... I,:i/ . 
~.. I ,,_. I' /1/ II ,. 1.:1 
..... d,1 ,,' ,.1 ,: ,111:,iI! I,dl . 
IIHI!.'/";II " (.L'.'d'lIll: ~I",!I p.I·, 



,Job Identificatioll ._. __ ._ .. __ .. __ .... _ ......... a_. __ ..... . 

E\~CI~.Y job has t\':o nul::GS by \'/IJich it rllilybe identified. Olle ofthcse'is' th,e' 
uSL'l'-dl~·rjrlr.cI job rlClillC, spr!ci ficd uS peJl"t of tile EnU~I~ .Job c:ollur,und. ,Since the 
lJ S r. I' - d (? r i ned 11 i III i ei s no t nee e S S 1I ri 1 Y lJ II i q lJ e, ,tI H? S Y s t G III i ISS i ~J 11 S u U Ii i q u c' 
systcm JoL) r1t1n:r. to ouch job (1t Lhe tilll(~ of entry. lJs(~r j(Jb r1<1lil~:. cln~ n:Clu;red 
to b,,!l OIl~JCI' lllan \'\,/0' chilt'aC tCl~S, so' as to eli s ti,n<]lli sh thC:III' frolll, the system' 
job nulll~S, \·,l1icl: 'consist 'of t\"O cllal~ucters only. 

1\(!-!~lll1rl i ntl \)()b~; _ ..... _- .. -- .. _.- ..... __ ........... . 

\)fJb pari1'llet(~I·:. (lr(! ston!d in (I job descriptor file, \,/Il;cllp(~rsists for lJP to, 
2/1 hOlll~S ilftr~f job' 'Lr.rJllil1utioll. One of tl1£? opt.ions Lo thG [rltel' lJob corr:rllcJnd 
'is La rC-1"l1I1 u previolls ly entei"ed job. Thus, the job Cr)n be rc-run \'/i thout 
having to re-Gnter all tlH? purt1llleters. ,li.cldi tiollally', tile uscr cun create a 
non-telllporary ver'sion of the job descriptor file, culled a "job-'save" fire. 
This til'lo','/s ,the job to be rc-run a't any future time.' 

Job Qucuin9. 

('/hGn U' job is entered, it is plilcr.d on II queue of \·/i.l;tin~ jobs. 'TI)(~ e:<ecution 
oft h r; , job beg ins \'.' It e nth e l' e sou r c e sit neG U S i1 r e (1 v u 'j lli bl c.' The s ere s a t.i r c e 5 

;'nclude: mu~nctic tape lJnits, on-line plotters, and also a program g,-ound in' 
\,/11;ch to execute. Gl~ounds ,H'C ussigned to Jobs by the job scheduler in 
accord with ~hG priority class of·the job. 

·Job 'Priol"itv Cl us.S _______ 1-____ ,_ 

\'/ h r. nth e usc l~ c: n L c r s a job, II e as s i '<J 11 S ; t tad p rio r i t y C lc1 S S • T h c}~ r. a r r. 
fOllr~ rJl~iority cl(ls~(~s, desisnlltL~d I\,[~,C unci D. ,Jr)IJS should be ussi<]ne:u to 
clilssr~s tlcconiinu to.their'c:'.pcctecl Gxecution tillie, i.lS follQl.·/~:·;: 

Cluss 

A· 
Il 
C 
D 

ExpectGd Execution Tillie 

Less than 3 minutes. 
3 to 15 minutes. 
15 to 30 minutes. 
Lorigcr thi.l11 30 lI1i n'utes. 

Eachclass hllS ()bsolIJt.c'priority over ull 10\'/(~1~ classes. ror e:<ump1e, if a 
c 1a s s f\ job i sell t c t' r. d \',' i li 1 e II c L.l S s f3 j ob i S G >: ~ ell:: i n 9, til r. c 1 ass A, job 
\,/i11 pl·e-f.::I~lpt the cl(lss [3 job. The cluss C job rCSJins control on cOlllple-
tion of th'2 cluss A job. . 

The obovc till:e lillrits ore only sUU~Jcst(!cJ guidelines. Each instllllution llluY 
oUOf)t its 0\':11 policy rc~uru.ing usc .of Llll~'p(iol~ilY clusses. 
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o 1I t put too 11 - 1 inc p lot l c I~ sis s r)Q ole cI • T hut is, p lot t c I~ <I u t J i s 9 r: n e I" tl ted , 
in ,'!'!'.'i)l)r2c of tilt! ;nlll:edillLe Ilc(~ds of tile plotter lInd ;s tr!!ill)(Jl~(\rily '..;tofed up 
; Il f, i (} i ~~ k r i 1 C, calle d til e p 1 q L lt~ I" S pool r i 'I e , T his C /I ,I b 1 c s L h (! 11 lot L e r to, 
keep busy (~'1eTl if the plattel' job is S\'/lIpped out of IJiJ;n melllory for lin , 
e;·:tr~r1(!(~d pel'inc! of ti rnr..? , Th~ spooled dl1La is not lilllitr.~c1 to il sinule 11101: or 
plot jo~): cv(~n \·:ll.ilo il given plot is,lH2irl9 pl~oducC'd, s'u/)scquent 'plotllrlcJ 
llleSSi~''Jr~s to u)(~ opc'ratot lire emlH!drJed in tlte spooled cJula as ilPPI'O[Jric1Lc, 
to tl 11 0 ',; c IJ all (.I i r) U ,or pen S J n cJ P il P e f . 

?.s hcsL~JJJ~ ~l~_U~t..l.:.i!.)E~JJ_o t t~~,Q..~~ 

On~lincplottCt~'jobs htllle'special chc1racteristics in terms of job scheduling," 
l'Iornwlly tlll on,-linc plotter jobs are c1ssigned to p(iori ty class 8., This 
means ttwt they tend to slw're time equtilly \,,,ith each oLhel~ tlncJ 1 .. lith'c1ny 
active class [3 job. HOI,/ever, their priority is subject to'dynalilic c1djustment 
as a function of ho\'/ full their s'pool files arr.. If a plott(?(' S spool is 
cmpty or nCc1rly e:npty, it ':lill 'pre-empt other class [3 jobs. r" plotter job 
\,,1105e spool occorr:es full is in effect suspencJed, tilereby allo"':in9 other jobs 
to e;~ecute, 

If a particular plotter job;s lc1Gging c1nd must be c;\pcditcd, it can be 
ass"igned to clClss A., It'\·lill then htlve Clbsolute priority over all class [3 
jobs, includill~ other plotters, 



CfIU,I/\ clll"l'e'nLl,Y hJS the l~rvr.st 1 i'br(lt~yof b(lck~lroul\d functi.ons for in~e-
Ij r' 11 l (! d c i I'r: IJ j. L LJ P Il J ; C (1 t ; 0 n's i 11 t II C j fl I.r~ t' u C t i 'J C CJ r il phi c sin d u s t I' .:1 . T II i scx-
tell<jivr. 1 ibl'(ll'Y 'illcludes cJ(~si(JlI ndr. cll(~ck:" p'I()LL(;I~ ill\CJ p(lLtcrrY ~wr~cfiltor 
opt i III ; z (1 t .j 0 II I Jr' 0 <J t' i1111 S 11 n cJ' 0 n - 1 . inc p lot t e r d r i 'I (! r S • ',.J i t h t h c: i n trod u c t ion . 
of GDS 1 I, t11cse pt'OvrOllls ure being c;~tcndcd and Ile\'/ prOarlli:ls c1dded. 

Th(~ pllttr.nr qCllc!t'I)LOI' ollLpuL pn)~lrlJIIIS c.)tlse il fllC:lqrH:tic L':I/J(~ for driving' 
t1 jli1Lter'ri !J(~I}(~r(\l:or Lo lIe ilutnlllliLictl11y ~Jellerclted, conttlillin~J dtllc1 ffO!l1 
dl!:)i~JniILcd lllYI~I'S of u dCS;<JlIllt(~d 1 il)I',Ir'Y dl'il'dirICJ. Cl(J~;(~c1 pl)lYQons, 

·\·,Iliell IIldY co'IlLuin l'(J~JC2S of urbiLrrlry or';enLat;on, u're: efficiently fr(lctured 
i /I tor e c tun ~J 1 e s. . T ~1 e en ti res (~t 0 f r c c ttl n ~.(I c: s r 0 f C l! C h 1 u y e ( iss 0 I' ted 
and optimized for. the purticuL~r puttern generator. 

The fol10\·/ing puttcrn generutors are supported: 1·Ii!nn 1600, 2600, 3000 and 
3600, ElectrolT1ask 2000. f,11 pattern ~)(~rH!rators c1tO supported to tlie;r full 
resolution ovet~ the fu'll runge of sttl'jC: trClvel, 

The time to ~Jcneratc a ·tape (;n tfle abscn'ce of otl1e'( system c1ctivity) \·lil1 
not exceed the limits sivell be10'd, for typical intcurlltc:u circuit lllyers t 

\',hethet' of regular or rc1ndolll layout. 

number of Flashes Time to Produce Tare 

50,000 30 min. 
lO(),OO() 1 hr. 
~O(),()(JO 5 hrs. 

1,000,000 10 hrs. 

foer J11 these cuses, the optimization \',ill be slJch JS to llchievc an i1Verage 
p(lttel"'l1 ucncfutor rlash tute of Jt lCdst 2 flushes pel~ ~;ccond f~.JI' UI;' 

. "ldlHI 3000, und lltletlst 6· flc1shes pel' second for the El(~ctro:n~sk LiJ~U . 

. PlltLern Gen(~r'JtOt~ RCi!cl-In 

Th~ pc1ttr.r·n ~lef1crJtol" read-in proQrClfl1 r'0(1(i5 any C/\LI·~J\-Qcncruted pllttern. 
gcncl'c1tO( tc)PC into the dJtCl ba~)e for' vC:fificliLioll rJurposC!s. 'flle p'llttern 
9Cn(~(ut()r models supported ure L1lC sullie llS supported for Clutl)ut. 

, 
. p !~}J:.9.JT?l0.l~:(~I~OJ~'pU t (no t. (\ Vtl i 1 u b 1 e . in in i t 1c11 rc 1 CJ se) 

GDS '11 photoplottCt' soft\"ure 'slJppor'ts 11hotorlottcrs lIsin9 Jpcrture \',heels," 
01' c1 cOIiI~)illjlli()n or ilpCI~lIJt'(~ \·Jll(.!cl IIIHI V()I'Ll!>l(!-ij!)(.!I'LlJl~e 0;·:!)(Jsu\'e syslel:ls,' 
Clo~;cd polYUIJr1:' Clrc t1ULOlllc1t.iccllly fi 'Il(~d ilCCOfclilllJ t.o u Vdl~i(2Ly of. lJ~;(.!f
sp(~cirL\I)le optiOIlS ... , Fil1"irI~J or ol'Lhoqor.ltll f'j~JIII'CS Ciln be c10llc eiLller' 
'::11011y · .. dLlI c"ir'culclr' llpcrLlIn:s or~·,it" r:('cL()llqu"li11' ilpel'llll'l~S to ~Jiv(~ 
Sh;.I"'II~I~ C()I~I)(~I'.!j. 1~1\l)l.()ll·I(J!.l<':I·S conllC'ctrcl dil'l~(ll'y to lI:e 'Si'stl~;:1 11l.IY be 
d r i v (~ !I 0 1\ '- 1 i n e; 111 J V 1\ C t" i c t u pes u r' e ~J c ncr J t C J sod I' i V (2 0 f r - 1 i 1\ e . p 110 LOp lot
tel's. 

TIl(~ fo110'.·rinq photoplottcl's rlrc supported: 
G32, 1232, lI'nel 2~)32. 

Prccisiollplot 2030) Gerber 540'1 
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. PI'OiJI'JIlIS \':i11 be pn)lliclerJ to dl'iv(~ electron bC1111l Ptltt(~rll ~fcn(~ri1to('s, in
ell/dilllJ LlIf! [lec t·jEUES, t1w C.Jllluridue El3j·1F systelll, ilnu oLllC!rs in response· 
tOil S (~ r n c (~ d s . 

. p (~ Il r lot t:!: r ~; --- -----_._- ... ~.-.. 

Th(~ PCII plnl.t:er'" pro~]l'll1\IS dri'/{! on-li·nc~ and off-1ilw pen plotters. Cur-
·I'l\lll.\y~;,uP\lrjl·t(~d ()I\-'Iill(~ .ploLI.(~I·~' iln: L1l£.! ClIl'.:I'JlIl\j SlGO , ~nG, lind';':yrwLics 
'\lClD und.l?U(J. Add i vi 0110'\ p'\oLLCI'S \·Jill be lIJdl:d in I'CSPUtlSQ Lo.lJSer' 
n (~I.: d s " Pc" P lot t i r HJ f e tl L u res inc lu de: 

I\UTOj·lI\TIC PEI'I SELECTIOII.. At plot 9cnerution lilllC, the opcrutor can select 
. \., h i c h 1 a y c r Sur c to a p pea ron a pur tic u 1 ill' [)" 0 t. lIon II u 11 y, C a c h 1 aye r i s 
plotted \·lith c1 diffetr.!nt color. Sinrjle-pcn plotters' CJ/1 be [)c)Uscd 'fo( a 
pen chan9c br.t\·/cen loyers. ,i'hlltiple-pcn plotters Can be lllc1de to autornat
iCc11'y use seporate p(~ns for ouch li1yer~, then PllUSC v/hcll 011 p~ns have 
been used, or continue, reusinu the Silll1e pens. 

SC/\LE. Plot sCc11:e ;s selected 'c1t plot 9cnerotion tillle (:ncl,;s independent 
of datc1 (Jl~id sct1lc or in[)ut scale, This a110'.'/5 the u~el' to plot 't1t dif-

, f e l~ e n t s C c1 1 e s , . cJ c pen din 9 0 n tile i n ten cJ e d usc 0 f the p lot . 

. PLOT I'.REl\. A plot C(lll be of t1n entire dru\·,in9 or un operator sclected , 
rJOI~t;on of the cJr''l\·/inU, The c1rcu to be plotted is selectee! by defining· 
a rectt1nuu12r window. 

·\·!IDEi;ED LI;~[S. \·!icle l'jnes <li9itized. in ccnt(~rl inc: fOrl!l·can be plottcd 
SI10\,:jn~J eith(~r the centc~l~ lille Ol~ the outl·jne of tile intended tri.lCC or 
Iile: till (LJ 11 • 

crOSSl\I\TCIlIi:G. A crosshtltching option penllits automatic crosshc1tching of 
.C los e d pol y U 0 n s . 

GDS to GDS I I Con1jers'; on 

Tlli S PI~091~l1111 l",cJds a GDS-[)roc\uccd 1 i brtll~Y or cell dump ti1[)C into the GDS 
II 'Jal.J bttsc .. (flote: !lode type dJtu \·Jill not be hundlc!d in the initic11 
I"e 1 eCl 5t;·. ) 

GDS II to GDS Conversion 

This pro9r211l ','/rites t1 de~i9niltr.d librJry clrr)'IIin9 onto tI tape in GDS dump 
fOrtlllll:. (UoLe: [3eccJuse or the qr'C.'rlU.'r r£!solutioll i11le! UI'(~ilter vllr'jcLy, 
o r d il L il L Y P c.' ~ r () II J) dill L h e C [) S I 1 cl tJ UI I hi S e, u 11 C ;< il etc (J n v (! r s i 0 II CJ fall 
d ~I t ,I 'j S 11 U L , pus s i lJ l .. c. ) 

Thr. cl\JIIlP Pl"O(jl'c1111 dlllilPS ,) l.ibrllry clrll'dir)C] to nlu~jllCL ic lilpe in sttlnuartJ 
GDS I I <.ltllllP {"anllal. TI\(~ lo()u prCJUl'(J1Il lUi1d~~ tl clt"L1~·IiI1.~ f(olll such 1I tClpC .. 



DC:jiCln'i~1I1cs (!lecks, 

(;8S-Er,UIVf,LEi'1T IWLES CHEC!~S (not (lv(lil(l[Jle in initial n?lC!use), 
Tile i/lt(~l'ior' nJl~~s check tests closed polY~Jon cJjjta fo,r violutions 
of'spccifi(2G'II:1nilllllfll internal spacin~J, Optionally, Ule pr09,"iHlI 
((1/1 a!: Ule Silll~C ti/il12 cllC..'ck fOI" violaLions of tl ~Ih~ci r'i!!d mini-
1:II,:n Ilotch \'Jidl.l)" All c:los(~d. polY~lon5 on (l sp0ci (i(:d l~I.J'(:r' 
'.':i L!)in il (;'r.ll~ci ('jr.:d \,/i"l<lo',', (ll'(! Le'~tt.'d, In cldt.li Lion Lo (.1 lc:<t 
SlI:lIIIl,H'y or Lc:st p;lrlllllcl(!I'S ,1/1(.1 results, el'rOtS ill'c.. l'CCOI'clr.!U in 
, U I (2 r 0 i . III 0 f 2 1 i b l'i.1 r y d I' J \" i n Ufo r II i S U (l 1 ins p (! C t ion . T his 
~Il'~pll;c en'or d~,t(l IIltly be di:.pl,llycd on th(~' CHT or p10tt.or ei ther 
c1lone 01" in cO/llbini.ltion \'lith ori~inal dote!., 

'The exterior rules check provides the sallie rules checking cc1pability pro-,' 
vided by tllC GDS Exterior Spacinq Check',' The check 1;1C1Y be l~un , .. tithin a I 
sin ~ 1 e 1 u y C t~ " 0 l~ b'2 t ,,"/ e e n t \' iO . 1 a'y (.! r' S , T 11 e c h c c k f i 11 d s t1 11 ins t d n c (! s 0 f , , 
spilcing violations, \·,hich ~t'e rJe'fincd uS any pc1,ir of edues, belon9in~ to I 
distinct I)oly~]ons, \',l1ose /TI'jnirnulll stroigllt-l inC' clistance f,'orn C:2ch otller i 
is less' tllr)n u sDecified,lI1inirnuill. The violotions are output in the form 
of 0 library clrcJ"",ing. 

If il connectivity COlllputotion hClS been done on the ltlyer(s), ttlc'option 
,is c1'1ailuble to report only violations bc:t'o'/eell polygons \';ilich' hJve distinct, 
conncc t i 'I i Ly l1ulIlbQt's. " 

,!\[)I,'/\::CCO r~!JL[S CH[Cf~S (not c1v()ilable iil initial rr~l(:ose). Thc spccifica ... 
tioll of the i.!'d'lilllC'(JU rules check:. \'!'il1 be r!r~\/clopcJ jn the fil'st quorter 
of ,<Jln, Thr.:se checks \"i11, p(r)'1idc i.l variety of: sopllisticat(':d checkinu 
c(!pabilitics, includ'inU: InHlllI\lllll layer-Lo-L1YC( over'size, rninilllui'll l()yer-
to-'laycr ex'Lcils'jon anel intrusion, Iliinill:lIl1l luycr-to-layer urea of intersec
tion. 

. 
, i 

I 
This i)t'O,)l'lll:l ~·ii.1l dctenni,nc the connectil/ity t'clCJtions (l\:I(HI~ C'Jll ttle poly,. 
gons in J l(\yr..~r·or set of luycrs, by (Jssi0ning to fIlet) polY~lon un attri-' 'i 
b'Jtc!, C~"ll1(!d,"conncctivity nlJlIIbet," such' t/)ut t','i'J polY~JGns hove thc: sallie' ' 
c~nnr.!ctivity llu:i1bcr if ;1nd only if they bc'!cng to the saiile connected re-

, 910/1. 

/\ f(~ u H S.!JJ ~.'J. (n ~ t (\ V II ilo b 1 ,e i n i nit i c1 1 r e 1 e a s e ) 

,This prol]r.1111\'til,1 rner~Je ,111 firjures cO:llprisin~.J Il'colln~cli/')(J l"r.~J;on into 
o sin~11C! polyuon Or' cOlllplex, OVr::r~ un ('!IlLil"c lilyer or' S(~l of luyer's, 

I· 
I 

This prOljril'11l \:/~ll cOlllpuLc tile, ~JeOIJlCLrici)l intel~~ec:tion U,;:fJ)) union (OR), I 

or-differellce of b'/O rJcsiglloted 1clYCI'S. 110t:h in'put lind output luyers must, 
be in fully C!xlhlncJed farm (no structure refet'cnccs).' ' 

5 - 17 ' , 
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TlJe'j(~ COlllpl(~.\ ~lldPI~~', SI,O\','11 ill Lllis enl(1r~i(~1IICIII. or il L(!~',L pJLI.(:rll pl()LLr~d 
on iJrl CI(:cl.l'nllldc.~· PcI.I.Le,'lr (;I~rl('I'CII.(l,·. d(!lllllllr.l.r'ilLc! 1.I1~ lli~JllI'y ~)o\JhislicdLl!d 
1l1.1tl1n~ of Cr\lj'i/\'~, pdLl.f-,r·ll ~J('Il(~r(ILr)I' ~~orl.\·/lln~. '1 Ill! l'cLiclc \'Ijl~~ 1II1r.1l~f-
cJcvclciP.l:d Lo' i,11usLr(1Lc: /1(1\'/ l!11cll SIII)P(~ I,,)~; lIC(:1l frtJcLu((~d ;1\Lo a scL of 
r e c t G' nUl 0 S (1 C C C P L (1 bl c Lot 11 e p ,) Ltc! ,'II <J e 11 ~ yo il Lor. 
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6. 0 flr\r~[')',,!r\,n[ 

6 ,Ie E i IT Ri\ l P j~ 0 C E S S 1 il G SUB S Y S T E 1,1 

TllI,~ GDS II h,lS a Ccntt~al Pr'occssin~J SubSystClIl to \'/hich D(~si!Jn S~ut:'ions, 
Plotters, illld'oL/If!t' Ijer'ipllcrill equ;plllcnL lJ'I't~ t1ltaclJed. Tile Ct'nU'al Proccss-
ill~1 ~)lJl>~~y::JI:(.':ll c()'w;ists' of () c():npl.ltc~r, (1 di(;k Ill(!lil()I~.'/. (I IIld~jll(!Lic tc)pe\' lr'iIIlS-

poi't., ,'lilt! II ~',y(,t.elll c()llsole. TIH~ C(!IlITdl P,·()c:(~~;~)irl~.I~;lIl)~:.ysU.!lil ClI!\ llCcOlllodate 
up Lo six lJt~~ii~Jn SLltions\',itll uS 1I11lily liS Lhree P1IJLL(1I'~. 

Co!:)') U t (~l" • __ ._J _. _._ 

. Thc GD5 1 I COlllputcr iSun ECLIPSE 5/230 \'/l1icl1 C)ccorllodutes up to 256(( \',ords 
of con~ Illc/llory~ ECLIPSE COll1puter's ha\~ec1 rnicroprogn.lllililed c)rctlitecture t.hat 
. inc 0 r p 0 r c1 t e S 11 COlli pre ti ens i vein s L r u c t ; 0 n set. Ins t rue t ; on sin c 1 u de: 

·16 bit and 32 bit instructions 

·Direct,- indirect, indexed, illHilediat~ and extencled addn~ssing 

·[3lock, \·/ord, byte, and bit rnanipu1ation 

·Fixed point signed und unsigned multiply/divide urithl11etic 

·Decillltl1 uri thmetic 

·Extensive logicc1l operations 

·Sin~lc and doub1c-\'lOrd shifts) includ'ing hc;.:udcciIllJ1 shifts 

.Single lIncJ double-precision·flouting point instructions 

·[:<tcl1d'2~ operutiOf) (xor) 1'0(,. subroutines 

Single instructions do \·/or'k norr::a11y done by SlIbroutines ;n opr.(ilting systems 
and hi~h-lcvel langllllge c(Jll1pi1(~rs. FOt' c:<c1f11ple, the ECLIPSE computer DIS- . 
.P.r~TC/l ld3S0l.UTC instruction does most of Llie processin(J typically dOIl~ by a 
FOrnr~i,\il eOI:iput.ecJ GO TO statement. '. The LOC/\TE )\i:lJ f~[S[T LEI\D ~IT instruction 
lets rCLIPS[ Opl~rtllin~1 sY'st~nJ quickly identify c)ncJ alloclltc c.1/i aVtlilable 
dis~: block. r\ [~.LOCK t·~O'lt insttuction IIlOVr!s uatl1 !)locks /)(!L\'le~n mer:l0,"y 
buff(:,~s. !\ cOII~f)lctr. sr.t of logicCll OPCI"ClLions (IIHI bit IIwnipu12tion instruc-' 
Lions is provided for diltc1 comillun;cut';ons (I!ipl ;caLiolls. 

[ C LIP SEc 0 m P II t C r s us e c) n C :< tended 1 il S t - in) r i I' S t - 0 utI w r d \' /(11' est ~ c k file i 1 i t y . 
to do operlltions cOI:lplicllted soft\·/(\(c alu()riLhl:lS nOI"mil11.:; do, but fustr.r" and .. 
flloredit"(~ctly. I\n ECLIPSE. stack is a' ser"iC's. of vill'iC1ble-lengtll telllpor(ll~y' . 
stOI'()~Jr. ul~r?llS Cilllccl fl"illlleS, CilCh ousily Clssi~ned (1/)(1 rundolllly uddl~eSs(!d, 
1\ ~in~llc $1\'/( illstnlction c)llocales Lhe f'~r"IIIIl!) ':.tlV(~:' tll(~ e/lLire IJlJcl1;n(~ stute 
ond sC'Ls 1I poillLel~ to a, fl'ilfllC 1I1~(!il. 1\ sillU1r. I{ClUI·:!! instnlction r<~vcr~.es , 
t.he ef)til~e /l1"OCl:duI'C. to This ECLIPSE rand(JII1~ICccsssti'lck is far 1Il01'C efficient 
Uliln lr"l\(litiollc-,l·~.(!I·iol llr.r.CS~) ~;tClcl~s. It ),,(·:.ults ill fclst ~~ubrolltili(! link-
,lues, I~l!pid conLr.:~t s\·,itcllinU) iI/It! hiUh ~~.J/SU!lIl Lhl'OllljhpuL ill reentrunt hi~h-
1 c v c: 11 u "9 u llU C 1I II cJ 0 per t1 tin 9 s y s t C! III . en 'J ; f'OllfW~ nt,s '. 

The eCLIPSe COlnputer l s rilst inlc!ITupt rae; 1 i ty ilundles even the II!OSt tilllc-
cl"iticc)l eVl~lltS·. I~Clll-tirn(~ OPC"(1tin 'J Sy:~lCIII in~clTtJllL sel''/ic;n~J is in hlll'd-. 
\'/lJ t"l?) ,"Cd.!l (~l~ L111Hl S 1 O\'/e r so f b'I',:II'(! l~() lJ vi nc s . Tile s c:)' V ·{c in q c (! n be Lli 10 ,'C (1 

6-1 



Lo irldilJic\lhllpl~r'ipllel'1I1 Jevices .In<l l1ppl iCC:1Liolls \',itll' tI\l~ 1){)\'Il~rflJl '1[CTO[{. 
ins t I'U C t i 0 II ; 

fOt' sinlplr. ir'L(~rr·lJpL. prO(~(~~i'siI1(J, VECTOr< Ct)ll1b;'1t~s [',1"-)(. c.;c)"'vic.(! ,\"/i t:t1 Inir1irlll)11l 

systc!li OVl~r'Il(:il(j. Tile insLruc:lion 'idenLifi(!s theint.errupt.inC) dr.'lice, 'then 
directly tl~('!I)sfl~rfj control to· the device })1}ndlcr, ll'll ill c11)()uL ~.I 1Il1crCJscc-' 
onds (1l-\'lc1'1 intcr'J(~~''Icd core). Fo·Y' the most cOlllpleu~ inLer~I'upt ··processing, 
\,ECiO:{'i!!r!;1tifif!!; 'l.hr~ inLerrupt'illC) clC.I'lic(~" Cj"',;lche~, froill W.ii':I' sLack'.to in
LC'rT\lpt. SLiH,:k, ~C::IVI,'::; tI\(~ r'lll1chilH! '~,ti)tr., c!itc"d)li!jIH!s, (\ Il~"'l p,.iol'il.y, rc.:erlc)bl'es 
i"'tel'I'lIpLS. tlH.~I,lt:l\l"SrCr~; control 1.0 tile device IhllHllt!r. VI'ClOR typically 
pel~forillS lIven Lilis IllOSt cOlllplex function 'ill ollly lB 1I1icro~ecollcJs ('~-\'lllY 
inLer,'l0.,1'1ed cor'e)." 

The ECLIPSE !·lcrnory Alloctlt"ion lind Protection '(I-jl\r) 'pl~o'i;cJes pro~rtlm and data 
inteurity in II1ll1ti-user cnv'ironrncnts. It provi(Jcs hl)nJ','/Jre pro'tect'ion b~-' 
t\·/ccn user rWourilllls, anel bct\'/ecn (l progr()rn ond thl~ OpCl~i.l t i ngsys tern. 

HAP lIl(1nu<Je'~ up to 5l2K bytes of !lIoin rnC11101~y rCSOUfce. It allocates mcmo'ry 
to CllC!l user ;n 2Y- byLe blocks, up to 32 blocks dt i1 timC:!. The blocks are 
s/lli~ll enolJ~J/) to, nlay.c efficient IJIcll1orY·lJsc:, yet li)l'Uc enouqh to keep systern 
overhcl',d Lo a Illinil:ll1nJ. The sallie block of physicol 1I1(2IW)I~y can'be c)llocl1ted 
to more thCln one USCl', c1110\'rill~ procedure und dat!1 shlll~iilg lililong users. 

jl/,P s;l1l11l tuneou::;ly holus thrce dynamic odclress trc"lnslil.t ion IllclpS - t\,!O user 
fIIaps and a dJtJ channel fIlup. TI!(i t\'I,O us(~r Illaps speed conLe;·:t s\·titchin~. The 
sci) t1 r c"l ted C1 lil c h il nne 1 ITlll P 1 e t s I/O act i 'I i t y 0 f 0 n C usc 1" 0 V (! r 1 tl P \' Ii t h ' tl not her I s 
pro~ra:n c:zecution. ' , 

In (lclc!ition to address trllnsllltion', I,l/\P 1)J~o'/'ides sC"lcral kinds of protection. 
Blocks Ci.ln be \·w; t.c-prntl:cted:>o USCI'S cilnllot ill tr.r Lhl'::l. - (1n ir~qjortllnt fea-
ture \':hcll pi1j'siculI'1(!i:lor~y ;s shared. InpuL/output devices can be rn(ld~ ClC-· 
cessiblc 01' illucccssible to u u~.er. E(leh I'i/\P protection function is cnabled 
Septll'(ltcly (1nd easily,' lett.ing 'the operating system handle users \'/ith widely 

'differin9 requil~~lllcnts. ' 

The ECLIPS~ Flo,1tinq 'Point rl~ocessor performs 'extrcll1(~ly fJst sinqle-precision 
tl ncJ d ') 1I b 1 r: - p ('(: c i ~,' ion f 1 () II tin ~J poi n t u r' i t h: II C tic,· fI i (J 11- 1 eve 1 1 (j r1CJ u a U e s 1 ike 
DiJLi)' Gl!Il1.:r't11 1

:, FO~Ti<l\fi 5 nwkc l';~lcnsi'le u~~'..~ of the Pr'occssor, p,'oducing high 
system thl'ou~liput in cOlllputuLionlll oppli'ctltions. '. 

'. 

T'he Processor' h6s four sepol"uLe 6/1-bit floa~il1lJ iJoint acclItnulc)tors for float-, 
in~l point i1r'itli!iletic. Opci'Jnds'ston~J in thr.~(.: (lccllil1ulliLors(ll'l~ quickly 
tlvJilalJle fot' flol1tin9 point !llanfpulutiol1, ·cs'pccilllly in iteT"otive processes, 
like sine c)nd cosine calculations. . 

" The rl 0\1 L i nu Po i 11 t p(oC.l"~ sot Opet~il Lcs 'j n 1'1.1 I'll 1 1 c 1 \.Ji LII Liw c:omplI Ler ' S C(!11 trJ" 
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procc':. c;or. II i ~J 11- sp(.!(~d f'1 Oil L ; IlI.J po j'n t .1)' i lIllll(!!.'i ceil II tiH! l'l! fOI'c.: lH,.! pcr' fo rlllCU 
sirllulLLllleollsly 'dieil oLiH:r'insLrucLiull p(OCeSsiIlIJ. 

There l1r'e SG cOII'l)rehens;'/c floJLin(J point instructions that perform s;n9,lc- or 
d 0 u b 1 c·- i) ( C cis i (j n fl 0 uti n V ' poi n l- a t~ i tlli 11 (! L i c . 

Instrllctions PUSllor' POP Lhe (?nLir<: Fl()'i)Lif1~P()int: I'I'Ocr.S~;Or' St.1tc oll.or 'off. 
Lhe USf,'r st.1ck, iH1 Oy.Lrelllcly 1l~.I.!r111 re{I'Lu((~ 'fo,' I'dpid cOllll::-:l s\'/ilcllinu. 



·, 

rIX (111d FLO/"\T ';I)SiT'uctions u110'.·1 cOIl'/enicnt double-pn~cision intcu(~r tH-ithme-. 
tic ',/1 til the rioa t;n~l' Point Processor. 

,The pOt-fonlluw:c of ECLIPSE's r:lotltjll~ Point Processor ;s <:o;nptlrtlblc to lurge',. 
c 0 j: I P II l '.! r s . F 0 " e i: c111:;) I r., tl do U b 1 c - P I' e cis ion fl 0 lJ t i J) ~J poi n t J\ I) D tell: C S' 0 n 1 Y " , 
2.'1 IlIir:t"oSeculil!:i, 1:llIx1filum \·jith all out 1 nlicro'second ovct-1apPc.1b,lc, \.litll 
other CPU Op(~ril t i o~s. 

ECI.IPS[ COIi1P~ltc~I'~i 'illt(ll'l(~llVe ,'Inc! ol/cr-lull 11lf~lllor'ie~j Lo in<:rCilSC sp~ed (1nrJ 'system, 
Lht'Oll~!IlPllt. InU~l'lcld'l"iIHJ pills ~;eql/l.~nliillll1(~lIlol'Y locl1tioll~; (Ill cJirrc!(cIlL 
lI1l)dlllf~S. COI'(! l:i'~III()I'ie's (,111 Gc illlcI'lcllvcd t'.':o, fOIJl', ~l1HI eiUilt \-/lIyS. III four~ 
,",I,lY coreintcl"lf~ul/ifl~J) fOl' (!xi1Illplc, CJclJ of four cOllsccutivc~ IIlcll10ry locations 
is on, u sepuratc /lIerllory lI:odule. " 

Since successive locutionsure on scpClrCltc memory rnod,ulcs, and since ECLIPSE 
com r 1I t e rill;' C}' 0 'j n s t r 1I C t i 0 I', S (\ reo vcr 1 cJ pre d, [ eLI P S E (1 C C e sse s . the n ext seq u e n -
tiCl], location be::on~ it complete1yfin'jsllcs PI'occssillg the prel/;ous 'locCltion. 

The effect, on instl'llctfon C!xecution tiJile .is drclln3tic. f\ four-,\,/ay core-inter'-,' 
. leaved system reduces ,a 1'100 nClnosr.cond LOI\D I\CCUj:iULI\To;~' illstruction to 800 
'n(1noseconds. Tile more modules interlcaved, the fuster the rll~J1:oty cycle time, 
Usel~s (Jet higher' pcrforrr~c1nce "'/hen 'they nc~d it most, in 1al'go memory config
u t~ u.t ion s . , 

1\ r~fi1ovl1b 1 e-p;:lck rJi sk', \,ti til 12.5 mi 11 ion lG-bi \:\'Iords of t:1C:~~OI'y for da tobase 
l!nd P(C'~I't.:r:l ~i lo't'uqe, pI'C)l/i des tln i.I'/el'll~(! access tilliO of' 35 liIi 11 i SC!CO/lcJs Lo 
the 'us(:t"S ~,J(2!phic dattJlJlIse. The disk subsyst~m CC:1l b(~ oxpc1nd~:d.to 25 million' 
'.·/or-ds th(oLJUh the: uuel'itiOIl of u second drive. 

'/);Jtion.:llly C.r,Ll·;J\ con 1)~ovide,8Q) 150, or 300 t·ihyte Stora9c r·iodules. These re-
rnov(lblc fJr1ck disk drives, should be used It/hell extremf21y'lar~e files ,1rc to be 
c r e il t cd, 0 r \./ hen tile (' C! i s cl r c qui r e III e n t f () ron - 1 i n est 0 r J 9 c~ 0 f rr; any f i1 e s . 
Like the slanc:l1rd drive, the Stor(lqe iioclule ,is cl rnovelll)le hct\d, ,randorll-access 
dis k cJ ri v c . I t use S d S tel n d Ll' r cJ, c i e 1/ C 11 P 1 (1 t t r. r, I' eli 1 0 va b 1 e ,cl i s k P J C k t.l S til e . 
storuq(~ JIIeJii1~!\Vr.!rLl(!e c1ccess tiille is 30 IlIillisccGnds. The SlOrJUl: j·iGdu1e 
subsystcr:1 CLln be cXPJ~decJ to 4 drives of cqu'ivLllcnt cupLlcity. . 

The' nlcl9netic t(1De transport is' used for llrc!1ivlll storilCJc of dl1ti)OLlSeS and pro-, 
9 t' (1 rn S on' 1 / 2 - i II C iJ III i1 9 net iC , t J P e u n d to c r (~i1 t r. t cl r> e s for or f - 1i /1 e p lot tin q. 
The· stdl'ld(lrrl dr'ivr? is i1 ~h·Lrrlck un'it, 'IllIieh is Op(!I'i1L(~d at f.5 ips llnd noo bpi. 
f\ lG,)~) lJpl unit or cOlllb'illiltiof) [100/,IGOU I)pi unit Ililly I)(~ 'SUPI)li(~t.l 'ill lieu or or. 
in u d u i t ion to 'L11 est 1111Uj\ I'd U 11 it. 

S I} S t (21 nCo 11 ~~ ole 
-.~- .. - .... -----.-..... --..... 

The G [) S I I <: 0' n ~, 0 1 cis u key h 0 ,I t'd P r i 11 I. C t' \,Ii t h i) n 1\ SCI I k 0.'y b 0 (J r d (9 G c h a r ) . The 
rrinlr!IO is (I ~o cps 111.)l.riy. prinl0.r, \'I;th Lr'(lctor dri\/(~ dlld pin feed. It prints 
1 3 2 C Ill! rue tel's per 1 inc, 1 0 c hut' c1 etc t' ~) per i 11 C II) ,J n d G 1 i TI e s per inc 11. ' . ' 
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GOS I'r SUPPOl"ts thrce typr.s of D(~siun Slutions ... The [onsLrllinC'rJ-Cursof 
D i ~l i til e r S t. ('I t i 01\ 'j S ~l C /I 12 r i1l1 y lJ S 0 e.I f (Jl' /) III k cI a t iI r.~ n t l'y. 'T 11 G ,1 <.l b 1 e t 
'Stilti(inis ~J(~:H:l·t111y Ij:;ceJ to intr.rdctive1y ,u!JrJiltc e/.istin~J (Jesi:jns' or' 
to il)tr.rtlctivr:ly.uell(~(;ltc ne'''' (\csiUlls. TI)o FrcC'-Cur'sor" Digitizer' 
S ttl t i () n ' 0 f f C I' S t1w2 iI J V it n tug e s 0 fat 11 b 1 c t vii t. h t he s i z e 0 f the L tll~ 9 r. 
Di U,i tiler' Tid) 1/~. . 

Con s I. r'il i n r~ cI- C lll~ S 0 f D i (li t ; 7. e t" S tilt jon _ .... _ ...... _ .. __ ._ .... _ .. _-- --'-' _ ...... _ ... __ .... _ .. ' ---... _ .... --._.- .-_ .... -:-. 

The Constraincc/-Curs()'r Diuitizcr Station comes cC'luippcd vl'ilh '(1 t'o'/in-sland, 
gantry-type uiuitizer \'/ith iI seven-button 'cursor. Tile d'i~Jitizer ;'s back-lit 
\'/ith Cl vtlr;Clblc intcnsitycontl'ol. The n~solution is O.OOl in.; the 
rep edt tl b i,l i t y i 5 ~ 0 . 00 1 i 11 .' The dig i t i z i n gar e a i 5 'i 6 x G a in. 

The Station a1so' includ'2s an /\SCII keyboard (9{), ch(lr)) XY - (oordinate 
dis p 111 y s) ~ 1 1 ~ inc 11 s lo (It get ~ b r.: cI; s p 1 i.l Y ~ f (JI' . 9 (d phi (s) and tl 11 e '( a 5 a b 1 e 
alp han u /l~ e r 1 C d 1 S P 1 a y (f 0 r des 1 U n e r 'c 0 mrn u n 1 (i1 t 1 0 n s ) . , 

/\ I9-inch stortl~e tube,display may be spccifie'd in lieu of the snltlller 
II-inch display. P,nel a 32-button progriliJlIllable function keyboard may be 

,tl,dcled, i f des i req. ' 

The: Free-Cursol' D'i~Jitizer Stution comes eqlJipped \'Jith () 1(lr90, hic]/) 
t~so1ulion 1:,)'LJleLv/it!1 puck i1lic1/o'r~ !~tylus. TllC.: n~:lolu!.ion 'is 0.001 in.; 
the \'opcc:lLClbility is +0.001 in.; ~hc tlccuracy is ~~O.OOS in, The digitizing 
area is ~6 x GO in. 

Thr.: sttltion also. includes an ASCII keybo()rd (9G chtU'), XY-coordinatc 
disr1tlYs, tl II-inch storage tube display (for Urtlpllics) and on c'l"ilsoble 
a1i)hanumeric display (for desiuner cOIl1:llunici1tions). 

1\ 19-inch stol"tlge displClY may be specified in licu of the srJ1tl11er Il-inch' 
displJY. f\lid a 32-button pl'ogttirnllic.1ble function kcyboc.1rd II1c.1Y be added) i"" 
desireJ. 

T () b 1 e t S t () t ion, 

The, TC1blet Stilt-ion comes ,e'luippcd ",'/i th a 12: x 12 in. r~c1nd-t)/pe ttlb1ct tlnd 
stylus. TIlt? sLl1tion also incllJdes tin I\SCIl keyboard (~)G chol') XY-coot'd;nate 
di~DltlYS, a II-inch sLordUr.: tube d'isp1;ly(fo'l~ ~ll'lIphics) i1nd un cri'lsuole ' 
alphtlllUillr.?ric el'ispl,oY (r~r c1esiUller cOllllllunicdtions). 

/\ lSI-inch st.orCl~li~ <lisp],1.:! or C/\U·il~'s nevI 'I 1·1 i) IIhly be spccifi~d in lieu of the' 
Sl/hll1~~l" l1-incl1 di:;p1tlY. f\nd <.I ~~2-button Pl'O~Jl'(1111111\'1l;le function keyl>uurd 
rrwy bc udU0d, i f<les i rcd. 



Vector SLoraue 

IlIluging Systelll 

" 

OisplllY Point:) 

Display Size (diu~o~a1) 

Point Gencr(ltion 

Vector Gencrution 

Imugc' StOtugc 

Storuge timc' per illluge 

Erase, time 

\' e c tor d r u ~'J t i In e 

12Bf~ lG-bi t \'/unls of :,1)1-1cJ state lIIemory 
stores (lppl"oxiiiliJt~ly 50;( 16-·lJit vectors. 

Diuital TV ,'cfreshcd 30 timcs rer 
second, 'rc9ordless of infcrrnJtion on 
d; sp 1·(lY 

1 0211 :~ '1 02~ 

2111. (53.31\ Clll) 

Any nddrcsstlu1c' point int~nsified 

, Hard\·wre 'vector genCftltion intensifies' 
points bctvl(?cn any t'o'lO uddrcssuble' 
points 

255,000 bits of solid'state memory 
s tor e val u e' 0 f C! a c 11 J d d I~ e s sub 1 e poi n t ~ 

Indefinite 

1 inS 

250 nunoseconds, plus 35 nuhoscconds 
for eacl) (1cJ(~rcssc1blc poin't in ll1ajor 
axis 

Tntel 8085 Inicropro~cssor 

*1\5 the vid0.o monitor, \'/!1ich hus a grid of 1021\ x 102'1 C1ddressi)blc po;n~s) 
; s being ref r (! she d , un i n L e r pol i) t ion Cl l~J 0 r i tllfll, '0'1 hie hop e r c1 t e 5 in rei) 1 time, 
is used to fill in, tile dots n'otexplic.itlystored in the ttlstcr memory. 
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6. 3, 0; I-I. I;: [ PI. 0 rr CI~ s 

On - 1 i 11 C P loll. e " S SLIP P 1 i {~d VI i til' G [) j 1 I i 11 C Iud l2 : 

CtllCOfllO [':0<1(21 ()JG Dl"Ulll Plottcr' ---_.--_.-,,----_ ... ~- _ ... ,----- --_. __ .. _--

33-111. dr·lIIl1~'CII{)ic(? of O.'OO?'in, or .05 111111 illr.n!lllcllti~l sly!) sile~, axL11 
!IlO·.'(!'/llcrH. l'dt.(! or j;() in./;ll'c. ill L1w pl~1l dU"'/f),posiLiOIl .JrltJ S.O in,/~~(!c·. 
\:/i til L! 112 \1 (! n II p ~ 'j - i Ie /1' p lot. L i Il ~l . 

33 x GO in. l)(~lt; .012G 11101' iIlCn~"l(~lltill ~teD size; a;dlll III()Vemcnt rate of 
30 in./scc. in tile pell davin po~it:ion (10 in./scc. v!lth 1 iquid ink) and 30 
i.r'L/sec. \·!ith the pcn llP; 2-pcll plotting. TIH? llCj iJcccle'rJtion permits 
the p lot t crt: 0 n~ u c 11 f III 1 d r C:H·1i n IJ S P (! C d vii t h i n u f r J c t ion 0 f Ll n inc h . 
This capability improves plot times siCjnificuntly.' 

Cal c O/lP~5L~..s..J_7 ~~.CJ~-.:J~~_£'l 0 t0~ 

Flatbed plottr.'r \·tit.h ~-pen plottinQ 'at ((lxiill) sp(!(~cls up to 30 in./sec. 
tH3 x [-32-in. 'drc1'.·!inu (l,~etl, +0.005 in. absolute positioning accuracy over 
total cJrcJ\'/in~J urcu',,+O.OOJ-in. rcpcatubility over total dru\,/inu urea'at 
30 in~/sec.) - , , 

Flatbe:d' plott!?!' \olilh ~-pr.Jl plottin~J(lt sp(~eds up to 3S ,ips, 33 x tlS-in. 
dri)"':irlljiJre:t1, H).OOl ill./ft,./tlxis ilD:,oluLc'po:,i tiollinu iJccurclcy O'ler totcJl 
dru',·.'inIJ ilf(!t1, ~io(J,O()05 in. rCpl!tltuoility over tottll dr(l\'/ing (jrc~d at 
3S ;n./50c. 

Fltltbcd plotter '.·iith ~-pcn plottin~ at sp(~eds un to 3S ips, '12 x 57-in.' 
drtl\','in~ llr-Cil, +().'UOl in./ft./<1xis ilbsolutc: posit.l0nil:IU llccurllCY O'ler total 
c.l r d'.· .. i n ~; r] r 0 U I ~_:O . 000 5 in. rep c d t II b; 1 i t Y 0 v (: ,I tot J 1 d r ll'd i n 9 L1 rca d t 
35',in./s(2c., 

Flutbcd plotte:r \·!ith ~-pen plottin<] speeds IIp to 35 ips, S7 x n9-irl. 
drc:nlif)IJ arca, oIO.OOl"i'n./rt./ai~is uhsolute pos;tionin~ llCCLJracy over total 
drC:1\·!inljilfcrJ, ~:-O.OC05 in. rcpccJta/)ility over total c.Jrl1\'/iIl9 area at 35 
in./s~c. 

VCI'SilL(~c r':od(!l 'B2·12 r-l(ILt'#i:~ piottct' _.-_ ... _-----......... --- ~-._--------------

tfscs '12 inch }'oll Pi,\'Pf!t. Dual (Jrl'(lY \'Iritinq ilCud 11.15 (n~'2 ""r1tlIlU nil)s. 
Plots \·:;t!l,u re:solution of ?OO dolsper illch at O:SO inches per second [Jupcr 
SDcccI. 

. , 
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6./~ PEIUPHEI~/~L OPTions 

G D S 1 I I; I' () v i d ( ! S II COllI P 1 e U! s e 1 c c t i () n '0 f per i p t)C r' ,'.1 1 0 IJ t~ ; 0 n s to III e c t v u r yin 9 
uscr'l"r:quir"f..'IIH!ntS. Illclud(!d ,,,r(! " puper tupr~ r(!(ir!(!r, cl IhIP(!( tilpe punctl., a' 
punctH!d '(unJ I'odder, il 1 inc printer", and l! COlllnllJnicdtiul1 interfclCc:. 

\\q)(! r T ill)(~ I ~ r! ,I d cr'· . --._._--"--... _ .. _- ...... _--

e ChtlrHlels, 3UO cps, s~,ppli i'l1l1l ta~~e-up reels, puncl 1l10lJrILeu. 

8 chcJnnels, 75 cps,' supply reel, punel mounted. 

Pu nc IICd Ca rd Ret) d e r 

80 'C01.UI:IIlS, 285, cprll, table mountable. 

. Lin e p i" ; n t e r 

132 columns, Gtlfl.SCII clwracters, 300 Ip!Jl, free stunding unit. 

Kevbourd PriAtcr -""--_ .. _--_ ... _--

,Full !,.SCrI(9G'clwr) kC!ybaoreJ, 30 cps, 132-colulllrl !!latrix prinLe(, free-stand
inU console. 

Full f\SCI I (9G cI111r) kcybourd, 30-~eO cps, 2000 char"{\cter vicJeo display, table 
i:IO:Jn tllbl c . 

. S '1 n c h l" 0 n 0 use or'j,:: Illl'/) i c cJ t ion sIn t e r f u C e ::...L _________ . ____ . __ . _______ _ 

To Gel,l 201 Or" cqui'.'lllcnt. This synchronous int0.l"fc)"ce el1(}blt:s Ren:otc Job 
[nt,"y c:nul.Jtioll .. \·lith the appro~ridtr. SOfU'/Cll"C! GUS II can cr:!uliltc IBi·I's 
272,0 RJE T(":)'I:I'in(11~·or IW'i's I/I\SP TenllincJl, o(CDC's UT200 TCI'Iilinc)l, 01' 

Uni 'lac IS 100·1 lenni 11111 • 
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