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SCALD: Structured Com put.er-Aided .J..or,ic Design* 

Thomas M. Mr.Wtm~ms •ml 1.awrenrr. C. Wirltloc.~, Jr. 

Computer Sclcm:P. Dc.~partment 
SlanfC'lrd U111•nnit; 

~nd 
Lawrence Livermor~ L;.lmratory 

l111lvmlly of Californi:i. 

SCALD, a r:raphiu-;ba5ed hier~rchlcal digital logic desir,n system, Is 
'.~''.s~;1 i.b~~ .. ~.'.1.~ ~1,1 /~"1.npl~ of l!s use Is giv.en .. SCA I.D pruviclcs ~ 

.. - I ···~ ............... ", ..... I .............. •· 111 ... 11 ... 1 .. ·•L.> 11 111Gil· lo:'\r'l.I 

description of a digitll system, and produces ompul for c11m1rntcr­
aided manufacture oi the system. SGA l.D has be.en uml lil the 
design of an operational, 15-MJPS, !i500-chlp J::CL-IOK procrmor. 

I. !.!l!I!!•h1J;t.i!!!l 

SCALD (Stn)clurnl Computer--Aidcd Logic Design) ii a r,raph!cs­
ba•~d dc!ir;n systom which allows digilJI sy1trms to be designed lr1 a 
hiera1chical manner. SCAl.D's main goal i~ It) reduce the amount 
nf time rcquirr.d ro clesig11 large clir.ital syslr.ms, by allowing rhr. 
dr.sir.;ncr to express his dcsic;n on the samr levd thal hr thlnh ahoul 
It, frecln(( him frnm tile task of actually drawinr, out all of the !ogle 
and creating a wire list. Deslg11s ri:pressed In this hir;h-kvcl 
not•lion hr,come rnur.h more understandable, both for clr.sl[(nfl's 
and ror maintenance r.nr;incers. 

SCA Lil's sr.cond lmFottlnt goal Is 10 allow designs :o l.:c recompiled 
rapidly when new circuits become avaibble, allowlng cksigns to 
repeatedly take maxim~! advantage of the expol!mtial rates of 
aclvlnrn currently rha1 acleri1lng the srmiconductc.r Industry. This 
goal Is achieved hy exprming a desii;n in terms of hlf~h-kvci 
modules, which in the future may be h:1;rlr.menltcl as stnr,le lCs. In 
practice, comlderable work may still be rtt]llircd to update a design 
tu Incorporate rH•ml tcclmol·.igy ;idvanccs, lml the t(<jllircd diorl Is 
likely lo he much less than If the clt•s!;::n Wei,• not cxpr•s•rrl 
hiernrchic~lly. 

SCA r .n has br•.;ll ll.!-Cd h1 design i\ Y1!1"f liif,h-p•'I rornv.nr.r. pr.;.1.::e:.;.!l.or, 
the S-1, shown ;r, l'ir,11rc 1-1, which is a 15 t.lll'S. 5:100-chip 
ECl.-IOi< machine. Thi; drsir.n rxpmcno! has been very 
favorable; the enli:c procr:;sor was de;i[:nccl and lmplr.n1~n!e:t wHh 
two man-years of r.rrurt. 

To provide a vo.hirl~ for the pre~rn~alion of SCA Lil, lhr: drsi1;11 
c..f a vcr)· simpl~ l"ci'";!or has been ca1ried l111ourh inc fir.sign 
System. Thi: lop level of !his desit;n is rcprem1trd in Frp1rc 
1-2 and Figure I-~; The pro:mo1 consists t>f ?. n•<:i1!c1· 
filr. of 3G-bils by Ill worcis, a ·I-input, ~G-·lJit mulliplcx~r. a 2G-bit 
arith1nr.lic-lor,ic funrti~n r;encrator, aial a ~li--blt acrnrnulator. The 
mirrosrqucncrr shown Jn Fir,ui c 1--3 conlrr•ls the si111plc 
p1 ocr:ssnr; II wn;isu of an S ·L•il wunler aml a conl1ol .1tc-rc of 23 bits 
hy ?.bf> words. 

2. l' y"•!<'.!JLC) ''!;r.~·i_r.1~ 

SCA L.D takes as input a hip,h-levrl cl•m iplion of a dlgit?.1 sy.•tem, 
;ind pr1J~l11cc!. u111p11l for llit:' to1nplilo!f··:4.'.<.k;: m~nnf;icwre of the 
sys.tPrn c1n wire Wt;.ip l,o:ircl!'. Fir~111c ?.- I 5":10·.v~ the thu:r m:1ill 
modules In SCA I.IJ. l11pi:t 10 ti1~ sym•n Is tl11ough the Stanf.-,rd 
University llrawl:1~ S)•strm (SUIJS) Graphlc1 Editor 
[1-lr:lliwcll 1!!'12). whir.h al!o"'s dra-.vinp to he entered dirrctiy t•n a 
gr•phlc~ terminal. 

All parll of ~Cl\IJJ rxcept 11lr SllDS Gr~phics l:'dilor arr. \'.'rlnr.n In 
PASCAi., and a1c 1hcrrfo•c hi!;hlr rr·"•'l"'l•tal.i!c. Thr !\hero 
Expander (M) rcacls thr ~utput 11f ::.u:·1:,., alt,11r, Wilh !hr: hand-

* "Work performed under the aus1Jiccs of the 
U.S. Department of Energy by the Lawn:ncc 
Livermore Laboratory under contract number 
W-7405-ENG-48." 

gcncrnlcd hyoul spcclficalio11, e~pancls !he drawings 11110 ~ C!liill~~tioa 
llsl, and generates a numbH or lislinrs lo aid the dc~i[(n~r. 'J'hc Wii"l' 
Lister (W) inputs the wnncclion list, a chip definition fi!.,, and ;111 c.IJ 
bC'ard ~!ate, and produrri a wrap/unwr.ip list, a run list, d~'·:ribing 
ear.h rrrn (rlectricall)' wn.1ectcrl 11~1) iu dr.t;.JI, ~ nr.w lmard .<t:1tr:, ~ml a 
nun1b('r or sunun;u i'!s and !irnllstics. Ch:tn~l'S can br. mad;: ro :. 
~••.I.-.~. ll\.11 ~I .~,:;-,•.l;I I.I, I ·.11•111.t.1 1111; .)l)l11l.1~ I.ii :1•,·/lllt~;. .!il·.I ~Ill.II ) llli1ll!~l~ 

lhc entire SCALD S)'S!em ar,•in; the Wit•' l.is!cr then 1n<ls the o'ci 
board state, which ~pcrifie.s how the system was constnrr.l(·d bo:feor< lhe 
change, and outpuls a new board statc".and a wrap/unwrap li1t, the 
execution or whkh update~. the sr.;tcm to corre~p(lll~ lo th~ new 
drawings. 

l"ip,t•11: l·-1 
S-1 l'1o~esmr 
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Figure 2-1 
~rf ain M udules in SCALD 

3. ~;.r.~n!1j1-:,~ .. ~-;r!.l!!!r 
Thr. hit'r.irchical loj_~ic dia(;rams ~re cnlr:rr.d inlo the SCALD ~yst~m 
ming !he .Sl~nford University J)raw111r: System (SUDS) Cit 1pl11rs 
Edit~11. F.xampll's of loi'.ic clia1:ra111~ drawn wi!h SUDS arr. ~lu wn in 
Ft·qpr. I. ' 1 ::"tllti l 0 1·.r 11'"· 1-'I. '1'1.r c·1 •r .... ·:··•••·.., :. ~ ·. : • · •. ·. 

1:1al'l110 l'dilor, w11llr·n in ammbly lan:;uaee. whkh runs on•• l'l"ll'-
1(1 ccp1ipp<"ll wuh a 1cfreslmi g1aphic~ te1minal. The pror,1a1:l Is 
controllrd wilh keyboard commands, :incl the cursor Is con<rollccl 
ei1hcr by n lif:hr pm, or by the hybuard. 

The firn sll'p in using the SCALD lk\i[:n Syslr.m is to err.ate a 
1i1J1 ary cir tommon body dd11111ions, surh as those shuwn In Figure 
:_1 •• J. Thl' usr•r has complr:le CC1111rol u'lcr thr. appearnnr.e t>f a 
bl>dy. Ome a hl.ira1 )' of bc•dics 1~ created, drawings can use those 
bodir.s. A body is positiuncrl in ii cl1 ?.wing by [{iving commands al 
thr kr•yboard whkh pince it <ii lhr. h:alion ipeciflecl by the cmsor. 
A ftr·r lmdies ha Vt' br-~n thus pusitionrcl, cummands are ({ivr.11 whi(h 
con11('cl the· boclics wilh lines, and plact' text on th(' lines. In f,<'lll'ral, 
thr. uic·r h~s c11111plrtl' cnntrol of thr pcisilionin!' and i11te1connr.ction 
of bc1cl1rs in a drawing. SUDS alk•ws /.11srcl-th"'llf!l1 lint's, ll•at Is, 
Imes which c.onncct to a body and then paH invisibly under t!.e l.iudy 
(lw1 izo111;illy or Vl'rlic;iliy) lo l'Xil on an11!her side, and :his cap;1bihly 
was found lo be cxlrcmcly useful in decreasing the ch1t11•r in 
cfrnwin1;s. SUDS i11cludcs many commands wlmh allow boc!1es and 
Imes to he easily movrd, and has a macro fa<1lity which ;!!lows 
ri:-pclitivc stl uc1urcs lo lie drawn very quickly. Hard cop;• of 
drawings is availablr from either a X crox Graphic Printer or a 
plc11tcr. 

l)omln:i11t rc~Nll"cc lnilirntion by the SUDS Gr2phics Editor clurln[~ 
!ht' clcsif;n or thr. S-·I ;11noun1cd to 30 hours of KL-10 compute tim.~. 
and IOOO hc111rs of graphics-terminal rime spread over a period c•f 
onr. y~ar. 

Th~ Stl [JS G1 aphics Edi101 outputs the dr;1wings reprt'srnt~d in a 
tr·xl M ac10 Laat;uar,r. This lt'Xl Mar.ro Lan~uar,c scn·r.s as 111put lo 
th•' Id aero E):panclcr. ll would be possible lll me •t different 
(;r~j•h1rs J.ditor to supply mput to lhc SCALD Design Sy;r~m If 
a11olh('J" pn•grnm were written to translate the drawings Into the !ext 
M aero L:rnc:uagr. 

4. M,1.C:J.!J •. L.M.'l!lliH:! 

A dnif,n in SCA U> consisls of a set of macro drfmitions (rr1acrns), 
which <11<' expandr.d, starling f1orn a dist111r,ui1hd lop-ll'vcl rnar.ro 
and cn111in11in1~ <!ownwarcl unril no m:1crn remains whir.h h;,s a 
dcfinill•J11 (i<!., all re111a111in[: macros arc d\'a1l;ihl,• device~). to [:fllerarc 
a wi1l' Ii~! and all th•: nm•ssary assoc1:11cd rfornmr.ntation for rhc 
sy.<t('lll lir!h1g llcsigncd (the rljut 111ncM11r). Th1·\~ macro drfi111! inm 
arl' 1·nt1•1Tcl dirl'clly into the SCALD cl.Ha base using thP SUDS 
Grnphirs J:clitor. 

M:1crc1 calls wilhin a macro drfinilion arc rr.prr.m1tcd by app1 npriare 
l.i11di1.•s frr,m 1hr.• l\t>:ly l.1b1 .1ry, and 111.ly bc passed v;I' 1uu1. 
paramr.tr:rs, th~ v;ilurs uf whir.h clifler from call l(l c~ll. Con1~1·r1io11s 
tir1wn•11 1,m11c~ are made wi:h hm·.<, wh1rh rrprr•r.111 si1~n;il vr :1nrs 
amt lllilY be 11a111rd; ickntically named Sii;nals arr lmpl1ci:ly wrmr;clt'•i. 
Signal vr(lors m.1y he pass~d as p~r~111r:ris lo m.lCros: lhr. fo:w~I 
1i;1111~ nf a ~1r.nal--•:n1r11 p;11 a111rtr1 1•a~srcl to a n1;1no I\ sho·.vn r-1: tlw 
rn~riu lindy wh•~re thr :1c111al sign.ll \'f(lnr cotmrcts tn thl' 111.vT•.l 
IJ1..Jy. 

A macro can IJe called onr or morr times frCin1 othr.r m~fl"(I~, hut 
cannot br. called rrr.ursively, since SCALD aliows 110 rn11ditio11~I 
rxpansion. The abihl)' to drrinr. once a funclion whkh is med man;· 
times i:n.'<tlly lt'durrs lhr. overall dnir,n lirnc for a larf~~ ol.ijr,ct 
machine; JI recluc••s rcdumiancy ;ind lh«rrby larilir.1:rs vcrifir;11ic•11 
olll.• 111\.ll.,I•: '1,.li,llil•' lo,1li., 

The usr or 1m1r.ro~ (r~:lm 1!1a11 bodies reprcsentinr; a1•ailalJI(' clevir.cs) 
In the cll'fi11ition r.f th•: dat;1 path in an ol.•jccl m;,th111e n~ults in a 
ereal rrcluclion in lhr~ number of drawings re1;uilc:I :int.I in the 
density or bodies c111 !hr drawings. The ob j~cL nnchinc';. nrin­
rcpetilive (wnl1ol) lo(;iC c;111 be then clistrihu!ccl thruughout thr. data 
p<•lh, placing it 111';1r tl1l' loi:ic ii conllols, thcrEby enhancint: the 
overall umlcrstandabilil)' of the logic. 

On the 111acro lrvr.1, SC.'\ Lri rloes nor cli!.lill[:llish l:ctw.~cn inputs ~ncl 
outputs or cl•1vic•~! or 111atros. It is not until ,ifler lh•? m;irios a1c 
expanded that the SCAI D System chr.cks for runs wilh ~n iil~r,al 
numb•~r of inputs or c•utputs. In gc11eral, c;1Ch rnn mus: h~vi: r.xaCll)' 
one output, unlPss pcrmmion is gra1111~d In thr. drawings (b;· thP. U.\e 
c1f a Wire-Or /Jody) for multiple ou1puts. 

4.1 Si{;11al I'.xprmi(•ils 

SCALD allows si[(llals lo br. grouprd top·!iicr to forin a slgtnl vector, 
represented by a sin(;lc (possibly named) li;1c in thl' drawini;"s. For 
exalllpk. the signal vector named ''Adl:lf»" rC'prc~r:nts I(, sit(nah. 
The eencrnl nntation for the name of a sir:1rnl V~(lor is 
"NAM E<l:J>", wht'IP. NAME Is a SlrinK anti I and J arc inl•,r:••r.\; by 
conventicin, I Is the high-order bit number, whilC' .J is :he low­
order bit number. !'ir.;11al vectors can be concati:natcd by WI i:int~" 
colon bct1vct•n their ilarnrs. A signal vector can be rrplir.,11c-rl by 
surfixin1~ ill namr. w11h an astr.risk and a numht•r; for ex?.rnpk, !hi• 
expression "A -.0:~>~:3" is equiv<1k·nt 10 the t·xpression 
"A c.0.~>:A cO;!l.-:A <0;'.h". Holr.s can bl' [(l'llera:ecl in ;1 sicnal vrc.tnr 
by use uf the sprcial sil~nal "Z", a one-bil sii_:nal whitlr l.1 11cvt>r 
co111wc1ed in the hanlw:1re; in the ECL-IOK lot~k family used i11 the 
desif!ll of thr. S-1 prnc~sso1, an open input i.; a lo~ic 1.uo. 

Figure 1-2 contains an example of a complex signal r>:prosion: 
"EXT OUT<!l:'.\~1>: C OUT /M :1e!I: Z*(:j" 1cprrsrnts a ?6-1.iil vecror, 
where the high··ordrr ')'/bits <ire "EXT OUT<9:35>", the next '.l bits 
are the lucal signal (sr:C? Seclion 1.2) "C OUT", and the low-ordl"'r 
6 bits arc not connt·crcd. 

SC/\ l.D al!·O 1111clr-n1ands primilive mag.-r l·~dirs. Fi['.llrl! I-·'.'.! 
cuntains a two-me1 f:t'r and a th1 Cr?··nwrr,er, wl11c.h w11c:•tl'n;.i~. 
rl'spectivl'ly, two sicnal vecrors and t111er ~i[,n«I vectors, forminr, 
l;irr:cr vector~. The 1w1Hnr.1i~rr Is connrm·cl to the "I" input or rhr ·I·· 
input multiplc,..cr, ancl lh•! lhrPe-mrrr,-rr i~ r.n1111'?rlrd lo th.: "M", "S", 
and "Cl" ill['llts 11f th':' "3G BIT ALU l•)i81". Mr.rrcrs <11.:, u~1·d 
whr:re com.\lrnalion is nreclrd, but pP:srrva:ion ul tile 1·xpli::i1 
connectivity or the clrawine is clesirecl. 

4.2 Slf:nal Type! 

Signal.' In a mncro cl(f1'1iliun can be o~ thrrr. lypc·s: par:1rn1.•tr'r.~. 
lor.als, and p;lobals. · :::.11b J"CI to lirnitilli(m! c-1 sropr, sl;:nah of thr: 
samr 11~111c in any ;11~ lmplitilly tnnm·w:d lhn111ghou1 all macro 
dc-fm 11 inm. 
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l'.ody Library 

/I rn;irio ddi11Hic>n must ~lways dulare in a l'AltAMETf.R 
dcdMation all of the signal parameters th.lt will he passed to it, as 
shown in J"igurc 1-2-. Thl' par<1111Nrr sig11als dt:dared must l>c the 
sa111c as those shown in the l>o;lr at the call si!c; they arc chrcl:cd fnr 
consistrnq•. Where a paraml•tcr sir,nal is m.-d, Its rHmH! can 
optionally hav•! the siring "/P" following it at each usr., a!lowi11~ 
the macro e,,;panrlr.r to chrd:. for con.•isll'11cy, and improving 
rcaclability. The scope of a paramcttr si{:nal is the enclosing macro 
clefrnliion. 

/I si[:11al n~mP foll1)wed by "/M" 1s a local sie11al; the scope of a local 
slf;nal ls 1hc mclosing macro definition. 

Glcobal ~it~11als arc !hose which liavr. no "/M" or "/P" suffix, and 
which a1 r 11ot com,1ined in a PA RA !II ETf.R dcclaralion. This 
syntax for spc·cifyinl: the type CJ( p;lC1l>al sig11als wu found 1hrour,h 
expc1 imrnt;111011 to lor superior In rhc mrihod oi declaring all i:lobal 
sig11als, a~ all variahlcs are rlcdar~d in ALGOL, fint bcc,u1sc sii;11:•I 
11:1111es :.11: (r>m11w11ly long, a11d also li·~came most sign:ils arP lhP.d 
i11f1l'Cj11rntl)'• thus both the abtolu1r. a1~cl rl'l:1ti\•e ov(?r head 1111·01','(•ci 
111 rnain1ai11inr, the global drcl.uaiions was found lo lie IMf.l'. 
Unrlcd:1rnl f:lob;il Slf:ll:ds h,1\'r unlimilrd scnpr.. Tht' srop(' of r,k1b?l 
.•ig11al~ r.111 l.ic hmit~d to a sul.i11(·1.• in the dy11amic call strucrur(' by 
cl1•d.iri11r'. thPm al rhr. root of rht' C:esi1d s11li1n·r. 111 Figurt' 1··2, the 
si1:11al "l"llJTPUT SIGN" is ckd.ucd, 111vl thu ~fore ils scopP is 
li1;1it!'cl It> ii< w11tai11i113 macro ~nd tr1 all macrus below ii 111 the 
dyn:unk c:ill M1uct11rr. 

'1.'.i Vrr.<lnn~ 

111 SCALD, tlwn• rs a diffcr~nn! bC'lwcl'll a li1l:kal a11d n phpkal 
sign.ti. A plr)'.1ical sir,nal ls mnph· a run in thl' oh 1r·ct r.1achin1~. IJ1:t 
a logJc.11 sli:11:,I Is a Ht of phy~rcal si~nals (vr1siom) that f!rn•1;:1allV 

always have th~ samr. valu~. Signals in drawings are loy,ic~I 
sir;nals. For ex~mpk, the logical sir,nal '"REG CK liUF /M'· in 
Figure 1-?. is drivC"n l>y a IOI 10 gacr., which ha~ th1er. identical 
outputs, thus rl11cc physical vHsions. Each output is a d1ffl'rP.11I 
phj•sical sir.·n,11; luads will be di.<tribulcd amr>l1[; tlr~ thrr.l' outputs 
whr.n the o!Jj~cl machine rs laid out. 

4.4 II igh-1.ow Ti rivers 

In the J::CL lc1gic families, many functions h;1vc both the tnw and 
complcmE"nlary outputs i1Vail;1blc. SCALD allows thi~ functio11.1lrt)' to 
be fully uiili?cd. In tin! dcfinl!ia11 of a multiplcxi:r chip, fc;r ex~mplr!, 
it is sjiccificd th~! th~ values of th•' sel!'cl 1!11c~ ca11 bi, romplrrrrcnrr,ri 
without alfr.cti11i; the !unction, If the input~ arc pmnulcd in a 
partir.uhr w;:y. When a multiplexer rlrip is laid n111, i: can be 1.1icl 
our in its 1rro.-1.<r foim, and SCALD writ aulurnaticali}' ~earch IC• ~•:r• If 
thl'r<' i.< an ur111~rd rornpl~mrntary ou1put on lhr f;a!•' clrJvlrit; lhc 
select linr.. If f,1, SCA LL> will aurw,;;ucallr ulliizc ii, pt'rmulinr: !lit• 
inputs to the mnl!iplcxr.r as sprcifit•d. In Fi~·.llfl' 1--::. for r.xampl••, thr. 
"36B IOi'/1" macro cr.11 be laid out with 18 bi!s 1..,.me. d;ivrn by thr. 
true output c•f th•! g;;:~ 011 its select hnc, and the oihr.r 18 bits bcinfJ 
driven l>y the co111plrmrn1ary output. 

Thi,; manner of r<?prc.<·~11ling hif:h··low drivers , arid .<hnilMly, the 
m:rnnrr of alk1ca1111g ph1·•1ral vrrsi1)ns, hrlps to 111111111111.1• lhf! a:miunr 
of informatJl,11 i11 lh(• clraw111gs 1'.'hlch is nor 1da11·ol to lh•! /1>,1,ic"c:/ 
dr.<ig11, thm rn;1k111r.; lh~ logical c•prr~:1011 nl th~ ohr(t r.rnchi1w rnn1r 
apparC'11t, a11d pl?.(c·~ thr. ld<!: l•I spcc1ryinr. wl1h11 !''•Its :.1~ d1i.•cn 
hit:h and 1<'l11d1 pa111 arc cl1iv1•n lr.w in lhr l:·)·.-,·.11 plr:isr. of rhr 
dc.~tgn whrrr ii brlong.<, 1i11ce th1;. dctr.rn1111atk111 111:•)' dt'p1:ncl hravrly 
on po~itions or chips. 
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4.5 Macro lll'ri11ili1111 

Tlll'r(' ;111• 111'11 h.1:.ic lypt'S of !n'.1(1'0 ci('flnilinns. Thi• fil SI WIHists of ;1 
c.n111pl1::1• rld111i111u1, such as th•· "f,IMl'l.E l'R<.lCl·:S:;OR" 1n11r11. 
Th•~ s~1<1rrcl Is 1 ;1llt'd an "XII" (X .. Bn) macro, which consi\H nf thr. 
ddi11ili1111 cir a sin;.,lr Lit o: bit· slir.e of a bit-wise srn11.ic11 k.ll 
fu11cli1111, ;rnd 1·~1nnds to a widlh f,iVC'll by a parameter in !hr macro 
call. 

A ma<rc1 d1•finilion may have fr11 mal sii;nal param~trrs, thrc•<i&h 
whic.h a11• pa\.<l!d signal· vcr.tnrs frnm lhc c.111 Sll•:s. All or lhr frn1:ul 
si~',11<11 10.1ramc·1i·rs c•f a macro rnust hr explicitly decla:-ul 111 a 
PA Rt. /,11:Tl'R drclaralion, as shnvm in rif'.llre I-!\. Thes•~ fci:mal 
~ig11:iJ .. vt•c1r1r p.1ramcler narrws must he the same as the iii;nal rramc·s 
which a11• 1•·111!1·n on the macro hu:ly. Th~ wid1h of a signal-vrc!c:r 
i! shown i11 lh1~ PA RA ~I ETFR d('tlanllc•n, ~11d is rlicckeci on each 
call. A II sir.n.1ls with the .<anw 11:1111~ w1~hin ~ 1~ivu1 s~me scc•pr., and 
all poi11I~ fCJ1111(·r:1<·d tol;clh•~r wilh a l111P, a1c wi1ed Wj;elhcr. li rn111r 
than ur11· s1;'.11:il name 1s wrillcn on a line, thm the s1r.nals a1 ~ 
.1.y11"11.~1111, Iha! i~. :•II conncclitins lo each such sig11:1I will bL' wirC'cl 
to(~P.llwr. 

M aero cldinitic•ns ran comht ur onr. nr rnorr. pai;e1, where a rnultiplc­
p.1,.-,"I lll:l(l"!1 h·n lhr ':"IHf'i "1 •rrn fitl1· n1' ,.,,.h ~"1·1~n 

4.li Mano Call 

A macro call wmists c1f a body which has: 

An arbill a1 y shapc. 

Formal signal paranwters for passing sit:nal vectors to 
the• n1ac1n clcrinition. 

A marro namc. 

A label. 

A size p.uamcier. 

A timc·s par.uncler. 

To cnh:111t1· lhr. und~nlandahihl)' or lhe dr.iwinr,s, cliffcre111 calls or 
thr. sam" 111ac1n ran havr diff~rl!llt shapes. For exarnpll?, ft 1s 
crnnnwn lu have two ;hapes for a 111ac10, corrcsponcling to ils positive 
a11cl 1H·~.tll\'r. k•t:ir f1•1 rns. 

Tl11~ fo11=1al sienal paramrl<.H of a mao·o arc drawn around lhP. 
rdf{C'S c•f lhc macro b1Jdy; each cons1:;ts cf a lcxl s!rin[.; and a point 
fnr li11rs to a1t:1ch lo it. If a p.u;1m~iN Is an arli\'C low sii;nal, lhr.n 
the Liody [(l'.'IH!rally cn11lains .~ diamond at lhr point at wi1ich the 
1i11r.s co1111i:d, :111d the formal par:11mler in the clcfmilion consists of 
thc fo1111al p;.r;;mr:cr shown in the call, with " L" appenc!t'd tci It, to 
lndic<il" th;H it is an anivc low s1c;n:1I 

The 111:11 ro 11~111" is a text string, wllirh is normally pl.1'ecl in thc> 
nw.!dli! c1I " mnrn sh.1pc; ll c;111 be mnrr llldn (Ill~ lin.;o h1rrc. as 
shown 111 l'if·.ur<' 1·-2 ("'.';L; BIT Al.!J IOl8l"). The mac10 name: 
conlll'rl~ !hr 1i1al'.l'o cal! with thl' appropriate ma!·~o drfinilion. 

Tl11! l:1IJd J' a h:xt strinr,, al<o nonn:dlr plac:c·cl In the middle of a 
m~cru sh:.pt>. The lah>::"I varil!s fro,n call tu call for a t~iven marro 
L•od)·; Ilic bl.id aHocialr;d wilh e;1ch macro call must be unique within 
the C'nclorn1r·; 111~c10 dr.f111i11on. Thr labcls ln Fir,ure 1-2 ari:> "CTL", 
"J( I'', "R;~". "R ~"."A'', "M", "GI", ''G2", and "G'.l". 

Tht• si1r. p~ra1w:1cr is usnl only for calls rin X [\. !ypc n:acro 
dl.'fillill"I!!; Lhl' v:.111"' of !hi~ p.nan1ctc1 Is or thP. fOllil "r,l'.", whr.1'1! "11'' 
is an irrt•"i.1'1 rtp11 sr11rmr; thr 1111111l1l'r or bits in lhi~ p~: ticu!Jr m~.cro 
call. Sp•·r: ii S)'rrl:•X i11 !hr. X 11-!)'p•: macro dcf111ili111i allows SC/\ Ll.l 
lu crc•alt' sit".11.1l 11w1es wh1cl1 have bit 1111rnbcl! included in them. 

Thr tin11·1 11~1:11nctm has a value of lhP. ft•nn "n*·", Whl'l'C "11" 
n:prr.~rnB ;111 !nri yl'I'. If a macro Clll h;.~ a t1111r.s p;u armtr.r or "n~·", 

tlll'll 111" m.1ou will h1: a111onnlk'1lly C?.llro:I n limr.s. u;in;'. th~ :~;~v~ 
values of ~II paranwtf'l'S cl11r111r,- r.ar.h call, ma~illf, r..1ch l,1btl 11ni,111P. 
{by suffix in). :111d 111;1k111i: ~II versi1111 d··~;p1a;ions 1.·11h111 tlw c .1lld 
mano 1111i'i'"' (aho by s11Hix1111:). Thi.• facilq• is used for callillf'. 
funellons wl11ch must ha\'e lari:,~ fanout without olim1r111g thr 1L11-;1c 
nt the call slit!. 

. · 

1.'I Tennln~I Component 

A tm·mi11al comprn1~11t call consists of a body which ha~; 

An ;nbitrary sh;1pe. 

Pin names fo1 <<mnrr.tin~ Si(·.nals. 

A tU1.1po1wnt n:11nr.. 

A labd. 

A terminal co1111'0lll'llt rnrrcspc1nds to l'ith~r all rn part nf a <hip. Tt 
can havC' dilf~rent shapes at differ~111 r.all silrs to cnh; rn r. its 
undrrstandabilny. 

Sir,nals conr1t·ct to a tmnin~I cornponC'nt nnl)' al p!w, which have pi11 
names which may be difkr~nt from the atlu:i.1 pin m1r11bi:rs on an IC. 

The componcnl namr. sp•:ti!iC's the thip trpc. 

Till' l;ibel h u~rd to 1dC'nl1fy thc componrnt ill th•! m.1no definiti;m, 
and must Li~ uniq11~ ar=wnf: rnac10 lahels and le: 111i11?! component 
labels within a ma1:ro dcfmilion . 

1.8 Macro Exp~n.<ion 

·r-1: ... ~·'''j"~·· ··~ ~": •-.·.:·: -··: .. -·.,;-, ... i-. :"' :·.-::-· ~:··, ··!.:-:~ :' .. ·.:. 
all of the pins en 1c11~1inal compc111•:11ts lu which 1·,11:ll Sif•,11;d 1·or1n•:ds. 
Each run on tliP. Im is g1Vl!n a 1111h111e 11.11ne. A run name is of th!' 
form ''PATI I .NAM J:: :SIGNAL. NAME". 

SIGNAL. 1'1A Mr h the name u:;ed in the 111;:ci·o d:fini~ion to rl)r~r tu 
thl' sir,.nal, c>:ccpl Iha! lh(' narnC' rrnrrntc·d for l'ar.11~·,r:t•::· !if:IHtl~ is thr 
name -~,r lhC' si:·n~I 1Yl11ch was p~;S!<:d whr.n ;l;P. rn:,c1i"• wa~ calkd. Ii 
two or mnrc sif'.n.1h :ll'c synon)•ms, Ihm thr- na111~ c•f Ilic· one· which is 
clr.clarP.d liir,.hrr in the call struclurc is usr·d, an•'• if nwhipl~ sit;lli•ls 
within thr sam~ IP.v1•I are synonyms, thrn the one which cnmr:s frrM in 
thr. alph<ib<'l is mHI.. 

For a si~.n~I which is r,lu\Jal lhrour.holll lhc c•nlire b)'Sl<'lll, 
PATIL NA hi E is 'TOP''. For local and glc:!.i;tl s1l;nals whicli :11•• 
declarC"d 111 a 1nacro, l'ATll.NAME is Cl<'i\IC.:l by conc.llenatir:;.:. in 
order, the lalJd in r;;ch macro c~.11 {with prriods bc11~crn them) ln tlv~ 
ex pa mi on f1 nm the lop-·lc:vcl macro clown to the macro co11tain!ng the 
signal of intnest. 

4.!l lloard Lnyout and l'artilioning 

During the m.1t1•J .. rxpaminn p1oc1 .. ss, c·ach lu111i1:~i cc•noponcnt 
r,enr.ratc!d is imi[.ned a h•1Tni11al palh 11arn1:, 1~hi":l1 i~ g.:·nrrattd by 
concatenating, in order, lhc ldhcls or all thr: marru C.11!;;. in the p;•,iJ 
clown !hr: r:qiamin11 ll'l!P whirh v·m·ra11·d the lr:1rni1lll Wlllf)(llJelll 
{scpara11•cl by prriods). as v:cli as the l.lbr.I on the l•:1 minal compr111C•nt. 
Siner. rach labd is 1111iqur- within a macro definition, all t>:rminal path 
names arc 1111iq1ie. 

SCA l..D inputs a l.lll[::•a((C which m:ip1 tc·1111ir.~I path 11.1111c·s Lo 
boards and 10 po;;.iliom u11 L•c1:11 d!. /I companic1a p;1pr:, '/'J.t SCAL.[J 
f'hy.1i<"11l l>r..<i,t;n Sub.l)Sli:tn, cit'.>cribrs in clr:lail lhr l.1111;u.1g~ 11•i:'d lo 
construct thC' S-1 p1 c1c1•1ior (which wa~ ma nu all·i l~i(\ .. oul). 1 n 
r,·eneral, thr: mappinr,- f1111c11on CJll h1~ spcrificcl c·itlwr 111t:dl;• rn~nu:dly, 
fully autor11aticaily, or Ly some co11·11Ji1Htlion of manual ind wwmalir. 
tcchniq ues. 

1.10 Text Form of Marro Language 

The: outpul Clf lhe SI.IDS ecli1,1r is a t•.'Xl f1•rr:1 nf thr. Macr,1 
Langu;it~I?, which 11 inpu1 !O the t.fac:o E.~pand•:r. Th•.' text fc,rrn of 
the Simpl1' 1'1ur.PHOr Ma•:!O 1s s.lwwn in Fir,rl!r. ·: 10 .. 1. The l<'XI 
t.lacro L~llf,lll(;C tontaim r.xactly th•: 111lorma1ion 111 th<.' ciiawi11t;s, 
bu! omits inleo1m.11i<.111 al.:<:illl p1Hition an:I sh;1pr. l'o:· rach marro 
dcfinil1cm, it •rm.•ist< (If dcdara'.i••m which f'l\'C thl.' filr 11~me ~.ncl 
m.1cro 11.HM, fn!k:· ... rd by I'·\ H /\ M J:TJ:!~. ll!:Cl .. A :: I'., ~1r;d 
SYNONYM dr.1 l.u.1'.:<lFIS. E;ir.h bod)' Ill rhc 1:1:1~:11 d•·fi11llio11 ll1r.n 
has an r11ll')' wldrh f,1\".'S r1li1~r the macro l'i' 1n111:n.1I componr.111 
name, the lo;.1ral loc:.111>11 l;ibcl, ar.cl the at111al s1:'.11::1' l':\~\E'd !O r.11.11 
signal paramcl(·r. SC/\ Lr> ~11wm.111c:1l:y cre~lt·~ !.i;.n;d 11a;:1~s for 
unnarnrd .<ir;n.d\; 1:Mh such name inrluclrs a prr(l'l1t \i;-;11 tu mal:C' It 
diffcn•nt fn)m 1n11w< 111put by lhr clc;igner . 
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A 1111rnlll'r uf 0111p11t li~linp arc r.rmralr:cl to hrlp in both lhr. tlc~it;n 
a11cl dr.h111:t•;ill('. of the harrlw:irc. The Macro Exp;1ndr.r outputs a 
cl 11'1:(1111 y 11f lh•· 111aC1 ns mrd in a dc~ign, a li\lillf( wl11ch shows a II of 
lhr• pl.111.s fro111 which a given m:trn• is c;11lcd, one which slwws all of 
lhr. maoC1~ whirh me a glt11J.1l si~.nal, and a liM o! all of the rnacros 
and ll'l'mi11;1l wmponcnls tJllcd l>y each macro clefi11l1ion, as shown in 
Fif,lll'C fi·-1 ;111d Fi[:Ure 5-2. In order 10 aid in the 
par1ilio11i111: and layo111 of a system, SCA J.J) provides an estimate of 
the 11111nbN a111l types of chips mrd by a r;iven macro, {:''11cratcd 
mh1(~ silnpk hr:urislits to accnu11t for the packing of rnuhiplc sr-ctions 
of 11 given 1ypr i11to ii sin&le chip. 

6. {;9!TrJ.\1}i!•l)_S_ 

SCA LI l has bcr.n med to clP.~ir,n :, r,•,CJO-chip T::CL procr.ssor (the S-· 
I), and 111 addilion to h.ui( facill::cs for hicrJrci1ical drsi[:n. It 
cnntal11s rn:1111· ft.a111n·s which lrnv(' IJ1.·~n found to be cHr.lllial cith~r 
fuJ lite llll•k•t Sl:111clahilily Of lhl' O•?Sl;~ll or for lh1; df1cicnty Of the 
machinr.. A ino11r. rnch fcaa11 r;s arc Lill! following: 

Lanf.L1age constructs for declaring and ming local, 
parameter and (:lobal sipral i•cclors. 

A mrchanism for defining in a slnt>:le clr4wlng all 
mac1 os or identical muc1un• h111 cl1ffercn1 width. 

MechJni.1111.1 for convcnir.nlly manipul3:i11i'; multiple 
physical versions Clf the same h•f,ital sir.nal. 

A rnrrhanim1 which facihlalrs the usr. or bNh 
phy>it:il pc1l;11 ilies of a r,il'Cll IC1(:ital si1:nal. 

l .ar1fU<1ge constructs for representing- bil--wisc 
sy1nmd1 ital logic. 

Strnrt111ul lcir,1c clcsie,n co11.•is!s of extending to ll"!f.iC drslf'll the 
cs11•ntial powr;r of lit~ CC1IH.q1ts aml !hr l•?O(S which hav~ b~rll 
cll·v1•k1ped kr simplifying llJ!• p1nr.ran1111i11f(' ta!l:; the savi11~.s in 
hum;111 l<1bo1 •:xprnclcd in clit:it~: sptems cicsif:ll lt•lizablc b\' this 
adv;111cc ;11r. l"'"·nll~lly as r.;rc.lt ·" rhmc· which •he app!ic;t1i11n nf 
crnnpilr:rs h;11 tausr.cl In lhe s1u, if:c.i!1011 of lOtnpkx arJthm••tic ?.nd 
l111 ~ical c111111'u1.uio.111.1. Our expo 11•11u· h.11 .<hC1wn !ha1 till' SCALD 
1)1·~1(;11 :-OjH"til (i.u t:icarly lmrr•.1;r.cl rhr 11ndrnt;111d.1Jtility uf lhr S-1 
I' rc1._r.s,111, 1 hm rnl11rin1; lhe dr·:.1,·,11 rl ioll h)' a brf,•' i;:c~or, r.11 h:111C111['. 
dl·~11:n t.1111 •:1tn('1~. and racihta!in<; lhc G<'nr nl:•~n cir final 
dc1011111•111:111011. Tiu! dtsif;N ill•'(( S('t \'r~ as ~ ma j•:r p(lrtion oi tlir. 
f111;d cl11t1111wn1~1io11 lieca11sc ii 1s io 1,·;1diiy 11mkri:.~n:!~l.1lc: tl:11;, th·~ 

ll•:d fru l'X("•mlvc· awl 1r.l.111v,•ly inacc.ur;:lr• rx perst fali.i 
clocu1n•·r11,11i1111 Is f',Fl'~lly rrrlu• i:cl. Fn, flier morr, tiw ~·CA LD l'Jt•si1~11 

.. ·-----------------

S)'Sl•:rn h;1s it1c1r-:1inl lhc ch.rni'.'!:ih1lity c•~ th(' dc·:.ir.r•: s;:icr. m~l'.'J'O\ ,,,,. 
inh1·11:n~I;· 1.r.nl:•ll~ci. c.hanl~es 111 Di1r"' n1i1cro ckfiniiwn usu.-1lly n_:1p1i11• 

nii111m:i.\ th:in[,t:s in C•lh<:r p.uu Ctf llw ck~ii·;11. Finally, th" iinpo~11111n 
of s!t uc111n• llfl th•; rlrsign will faulitatc machi11r- v,·rifi•:atic>11; 1h:11 i<, 
ii will sup1:n11 simulatio11 cir the S-· I al a various l~\'cls above 1:1·~ 

chip levd. 

·1. b_l:.hm•\•'!1:r1~c:!.1.1.~_,_1J~ 

We wi~h 111 ad:nowlr.dgc n11ci·d su1•1w11 for :hi< ""''~·~1ch whith '"'-' 
b~en rc·Cl'i\'t:el from :he Oif1i;,• of Naval Rr.s·~~1d1 ri.1 ONR Oidl·r 
Numhr.1s NN!Cll·1· '/6 J-' .. (lW'.l anti N0(1Cll1-'/'l-F-OO:·!~ lo t!1:? 
University of C:.1l1fnrnia Lawrrnc1~ Uverrncire l .;1l111r;1i(IJ)' (wh•·r,. ti:'· 
au1ho1 s ~11: r111:1nlicrs of thP. 111 ofcs1irm:d st~ff), from ti1~ 
Compu1atic••1s Croup of lhc Stanfcii.I l.111~ar Accr:krator Cunr.-r 
supporlnl by lhe E m•r[~Y Rc·sr.arr.h and lknlnp1111.nt f, dmini~tl :1liro11 

undl'r contract EY--76-C .. O~-(l!;J~i. aml frum 1hr ~;1,111ford Arrif1d:LI 
lnlcll11:cnrP l..:1lioralory. Wr ;d~.p wim lo t:ralr.fu!I)' '"·l.11owlr:d1;r the 
support of our graduate s1ud1r>s which has br.l'11 c~tcnckd by ill•: 
hnr11e and John 1 lcrtz Foundalion. We [:rcatly a:lprc·i:ialc· tl1c· 
comtanl c·11~m11 agcmmt and Sll!'POrl we h.w~ rcrr.ivcd from l'Nrst 
J\askclt, Lowl•ll Wr.cid, and Bill va11Clcrn1put lli1oil(;hot11 lhis wo1 k, 
and thr. sur•p,>rt Sa:.1:111 I l~.1~i:;h1 provid~d in wri1111::; ;,ml r<'$p011<1vdy 
l1lallH111:11,1l, •': 1..,,._1.11•.11. I i\..J\•,11. L\.Jl11jllll.I 1•i \II~· ••i.h:lll•lll l . .iill 1\I 

Acccle1 alor Cmter. 

8. B..~!!:.r_r.11q:~ 

vanCle(·mpu:, W. M. 1977. "A Hicrard1icai L<~n('.Uaf:~ fnr tiw 
Structural DrscriptiClll or Dif)lal Sy~lr.ms," l'rNNdint,J 11th l>tSi[:•I 
A11to•11ario11 C111!/nr11a, NrllJ Orleans, La, jirne WI'/, Pl'· S'/8-38:1. 

Helliwell, D. 19'/2. "The Stanford ll11ivcrsi1y Dr.1wlng SyHcm", 
Stanford A rti!ical lntcllig-rnce L.abm atory, Stanfo:d Uni1·1nily. 
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