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INTRODUCTION 

Although doaign lengueges ~ve been In existence 
since the .. rly 1960's, only In the lest f~ yoers 
hes thoro boon e concorted effort to bring the. 
Into tho dosfgn procosa es e useful tool. 

t. Doscriptfon of the bohevfar end/or 
structuro of e syst.. es e ••ens for 
eccuretoly co..unicettng dostgn dotetls 
botwoon dosignors end usors. 

2. As t~ input to e syst .. level at.uletor. 

J. As tho input to e euto .. tic herdwero 
co•ptlor. 

4. As the Input to e for-I vorificetion 
svst••· 

Sovorel ettompts hevo boon Medo to intogreto 
herdwero end softwero dosign. Ex .. plos ere the 
LOGOS system lRo761 dovolopod et Coso Wostorn 
Rosorve University end tho SARA ayst .. dovolopod et 
tho University of Celifornie et Loa Angolos lEs771. 

2 

THE HARDWARE DESIGN PROCESS 

2.1 INTROQUCTIQN 

It ts difficult to doscrlbo the herdwero doslgn 
procoss formolly slnco it doponds to e lergo oxtont 

1 on tho individual dosignor end on the spocific 
design problo• to bo solvod. Stertlng fro• e sot of 
somotimos vaguo end tncomploto spoclficetions. tho 
dosignor applies e series of succosslvo 
trensfor•etions (ltorettvo improv .. onts) until tho 
systo• cen bo roelizod (built) within e given 
tochnological environment or until it is cloer thet 
the spociftcetions ere not foeslblo. 

It lies in tho noture of tho hu .. n intellect 
thet for ell but the •ost triviel designs, it is 
Impossible to crooto e final design et once. 
Rother, e human dosignor trios to broek down the 
problo• into e number of interconnected 
subprobloms. This process Is them ropoetod unt!l e 
solution to ell the subproblems is known or unt1l e 
well-known procedure con be applied to solve those 
subprobl .. s. 
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Although for.el .. thods do exist for solving 
certeln probl .. s, suches t~ •inl•tzetlon of 
co•blnetlonol circuits or tho steto osslg~ont for 
soquontlol circuits, .any designers bose their 
dosfvns on • •llbrory• of oxOMplos. Those ox .. plos 
.. Y orlginote fro• previous doslgn oxporlonco, fro• 
the lltoroturo or fro• clossro .. exposure. 

Herdworo design hos boon groetly lnfluoncod by 
tho dovolopeont technology. Tho edvont of "SI end 
LSI building blocks hos .. gniflod tho tendency of 
doing hardware design 'by ox .. plo'. In .. ny 
lnstoncos, It Is no langor cloer how one should 

optl•lzo • circuit contoining ••diu• or lorgo-scelo 
building blacks. For lorgo syst .. s tho do_sign is 
usually partitioned olon9 functionol lines .. ong 
sovorol doslgnors. Since •ost designs ero bosod on 
Intuitive concopts such as oxporionco, so•• design 
oltornotlvos .. Y be ovorloolrod. 

In tho design of digitol herdwero sovorol levels 
of obstroctlan ~. boca•• univorsolly rocognizod 
hoo e.g. liN71, Lo741J. We will discuss ooch of 
these levels briefly: 

2.2 ARCHITECTURAL ~ 

At tho orchltecturol lovol, tho designer Is 
concornod with tho ovorell structure of tho system. 
Ho Is lntorostod In co•pononts such •• processors. 
... orios. I/0 devices end in their Interconnections 
in es for •• such • conflgurotlon so .. s likely to 
sotisfy tho spocificotions. Eech of tho compononts 
has cortoin quontitotlve ettributos. E.g. • •••ory 
hos Its size. wordlongth end occoss tf•• es its 
ettrlbutos. One ott .. pt to describe dfgitol 
systems on tho syst .. level Is tho P"S notetion, 
introducod by loll end Nowell [IN70. IN711. "ost 
dosignors resort to tho use of gonorel purposo 
lenguogos such •• Fortron. Algol. Pescol or PL'I to 
describe systo•s behavior et tho orchitocturol 
lovol. "oro spociellzod lenguogos fo~ sl.ulotian 
oro SI"SCRIPT, GPSS(Sc7'1 end Si•uleliD741. 

2.3 REGISTER ~ 

At tho REGISTER TRANSFER LEVEL. tho designer is 
concerned with roolizfng tho functlonol 
sp•ciffcotion• by sequences of oporotions. Those 
operations oro usuolly specified es transfers of 
fnfor•otlon ootwoon tho difforont fecilities 
established In tho functional dosign stop. If we 
consider e digit•l syst .. •• • largo finite steto 

··•chino, then tho pu~poso of tho rogistor-trensfor 



level design Is to establish the various states as 
well as the pertlcular actions to be taken when the 
syst .. Is In a given state. At this level of the 
design process~ the designer can form hi•solf a 
reasonably adequate picture of the overall system 
and Its performance, without being sidetracked by 
design details. Tho register level is the one et 
which •ost co•putor hardware description languages 
are used. Some of the best-known languages are: 
CDL 1Ch65J, DDL IDD68J, ISP IIN7DJ, AHPL IHI7'J and 
Cassendro (lo71J. 

At the LDGIC DESIGN LEVEL, one Is concerned with 
the •epping of the •lcrooperatlons and the control 
structure, defined in the previous step. Into 
physical hardware elements. This requires a 
detailed knowledge of the technology In which the 
design is to be i•plomonted. The result of this 
phase ••Y be • sot of logic diagrams or Boolean 
equations, with the prl•ittvos being those 
available In the actual technology. At this level 
a design description Is often In the for• of a 
connectivity list (structural Information). 

2.5 INTENDED BEHAVIOR ~ !kiUAL 
IMPLEMENTATION 

The initial specification of a design includes • 
so•oti•es vague and lnco•plete stat .. ent of how tho 
actual system will behove. Such a specification is 
often In the form of a natural language. Besides 
specifying the intended behavior of a system. • 
designer ••Y also specify lmpl .. entation details, 
I.e. how smaller units can be connected in order 
to for• a larger functional unit. Throughout the 
design cycle, two essentially different kinds of 
lnfor .. tlon can be captured: Intended behavior of 
a system and actual l•plementatlon details. The 
for••r requires a behavior description language 
while the latter can be best expressed by a 
structure description language. 

Ideally, behavior and structure lnfor .. tion 
should be expressable using a single language. In 
principle, such a unified representation Is 
possible because a sl•ple function cell in • 
behavior description. In which all the argu•onts 
are signals, corresponds to • structure description 
as well as to a functional description. 

OUTPUTS : FUNCTION (INPUTS); 
FUNCTION (INPUTS, OUTPUTS); 

In practice, however, such unified notation has 
not been used. 

BEHAVIOR DESCRIPTION LANGUAGES 

3.1 INTRODUCTION 

In the following sect Ions, the ••jor f-tures ·of 
so•• of the •ost widely available languages will be 
Illustrated. The .. ;or reason for sol oct ing ISP, 
DDL and CDL was the availability of a 
co•pllor,si•ulator to the author. 
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3.2 m 

Tho COL language was proposed by Chu [Ch651 end 
subsets of the language were implemented by .. ny 
groups. CDL was also used as an educational tool 
in two text books 1Ch70. Ch72J. 

The following example describes 
12-bit architecture with a 

• simpl ifiod 
st ralght forward 

Instruct ion set. Nato the e•phsis on 
i•plomontation details such a clocks. 
switches. 

decoder• and 

C DECLARATION SECTION 
C f'IDR = f'IEf'IORY DATA REGISTER 
C f'IAR = f'IEf'IORY ADDRESS REGISTER 
C ACC = ACCUMULATOR 
C PC = PROGRAM COUNTER 
C STATE = STATE REGISTER 
C RUNFF : RUN FLIPFLOP 
C INIT = INITIAL STATE FLIPFLOP 
C X = DU~Y REGISTER CARGUf'IENT 
C FOR OPERATORS> 

REGISTER,f'IDRCD-11>,ACCCD-11),f'IARC0-6),pcco-6> 
REGISTER, XCO-II),INIT,STATECD-3),RUNFF 

C THE SUBREGISTER DECLARATIONS ALLOW THE 
C RENAf'IING OF PARTS OF ALREADY DECLARED 
C REGISTERS. 

SUBREGISTER,f'IDRCOP):f'IDRC0-3>,MDRCI>=f'IDRC4) 
SU!REGISTER, MDRCADDR>=MDR(5-II) 

I 
C THE MEMORY IS ADDRESSED IY MEANS OF THE I 
C MAR' REGISTER. I 
MEMORY,MCf'IAR)=f'ICD-63,0-11) I 

C THE DECODER HAS A SINGLE ACTIVE OUTPUT FOR I 
C EACH OF THE VALID STATES. I 

DECODER,K(D-t>=STATE I 
C THE SWITCHES ALLOW FOR EXTERNAL EVENTS I 
C TO DE MODELLED. I 
C E.G. AN INTERRUPT CAN IE MODELLED THIS WAY.I 
C E.G. AN INTERRUPT COULD DE f'IODELLED THIS WAY. 

SWITCH,POWERCOH>,STARTCON>,STOPCON> I 
C IN GENERAl TERMINALS REPRESENT COf'IBINATIONAL 
C NETWORKS. IN THIS EXAMPLE, THE CONSTRUCT ISI 
C USED TO RENAME THE OUTPUTS OF THE DECODER. I 

TERMINAL,ADDK=KCD),SU!K=KC1),J0f'I=KC2),STO=K(3)1 
,JMP=K(,),SHR=KC5),CIL=KC6).CLA=K(7),STP=KC8) I 
.FETCH=KC9) I 

C THE CLOCK HAS 3 PHASES: 0, 1 AND 2. I 
CLOCK,PC2) I 

I 
I 

Figure 2: Oth•r Declarations in CDL I 
I 
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I 
I 
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C THE FOLLOWING liNES DESCRIBE-ACTIONS TAKEN 
C WHEN AN EXTERNAL EVENT OCCURS. 
/STOPCON)/ RUNFF=O 
/POWERCONl/RUNFF=O,STATE=I 
/START<ONl/INIT=1 

C MACHINE INITIALIZATION 
/INIT*PC2l/STATE=9,INIT=t,RUNFF=1 

C THE INSTRUCTION FETCH IS DESCRIBED HERE. 
/FETCH*PCI)/~R=Pc, IFC.UNFF.EQ.I) THEN 

CSTATE=I> 
/FETCH*P(1)/ ftDR=ft<~R), PC= PC.COUNT. 
/FETCH*P(2)/ STATE=ftDRCOP),ftAR="DRCADDR> 

Figura Sa Instruction Sot In CDL. port 1 

C ADD INSTRUCTION 
/ADDK*P(I)/ MDR:"("AI) 
/ADDK*P(2)/ ACC=ACC .ADD. "DR, STATE•t 

C SUBTRACT INSTRUCTION. 
/SUBK*P(I)/ ftDR="c"AR) 
/SUBK*PC2)/ ACC=ACC.SUB."DR,STATE:t 

C STORE INSTRUCTION. 
/STO*PCO)/ MDR=ACC 
/$TO*P(2)/ MCMAR>=MDR,STATE=t 

C CLEAR AND LOAD ACCUMULATOR. 
/CLA*PCI)/ MDR=MCMAR>,ACC=D 
/CLA*P(2)/ ACC=ACC.ADD.MDR,STATE=t 

Figura 4• Instruction Sot In CDL. port 2 

C STOP INSTRUCTION. 
/STP*PCO)/ RUNFF=D 
/STP*PC2)/ IFCRUNFF.EQ.O>THEN ("AR=D,PC=D> 

ELSE CSUTE=n 
C JUMP INSTRUCTION. 
/JMP*PC2)/ PC=MDR(ADDR),STATE=9 

C JUMP ON MINUS INSTRUCTION. 
/JOM*PC2)/ IFCACCCD>> THEN (PC=MDRCADDR>>, 

STATE=t 
C SHIFT RIGHT. 
/SHR*P(2)/ ACC= ACC.SHR.,STATE=t 

C ROTATE LEFT. 
/CIL*PC2)/ ACC=ACC.CIL.,STATE=t 

Figura 5: Instruction Sot In CDL. port 3 

C TEST PROGRA". 
C LOCH OPCODE OPND 
C D CLA ID 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

END 

1 
2 
3 

• 
5 
6 
7 

1D 
11 
12 

SUB 11 
JOM • STP 
ADD 12 
SHR 
CIL 
STP 
=s 
=10 
=2 

Figura 6: Tost Coso for CDL 
1556 L----------------------------J 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

*OPERATOR, X(I-11).5HR. 
// 1-X<I-11), RETURN 

END 
*OPERATOR, XCI-II>.CIL. 
// X(I-11)-X(I), RETURN 
END 

tslMUUTE 
*OUTPUT LABELCI>=ACC,"DR,"AR,PC,STATE,RUNFF 
*LDAD 

ACC=I,MAR=I,PC=I,RUNFF•t 
ft(t->=:71A,:10B,:214,:IOI,:IIC,:51D,t6DO,:IID 
"(1t->=:tiS,:OIA,:I02 

*SWITCH I,POWER=ON 
*SWITCH Z,START=ON 
•51" 111.10 

Figure 7r Sl.ulator Control longuago for CDL 

DDL (Digital Doslgn Languago> was first 
foreulatod by Dulay an~ Dlot•ovor IDD61J. A 
Fortran-balod i•plOMontatlon wa1 dono at tho 
Unlvorsity of Wisconsin 1Di74J. An Algol-based 
version was tmpl .. ontod by Dulay at Howlett 
Packard. A Pascal version, ba1od on tho Algol 
version. was lmpl .. ontod at Stanford Unlvorsity 
ICD79a, CD79bl. Tho oxamplo that follows Is for 
tho lattor version of DDL, which doviatos-to so•• 
oxtont fro• tho original version. 

Ono of tho •ajor characteristics of DDL is Its 
assu•ption that a soquontial design is to bo 
considered •• a finito stato ••chino. Again, this 
description OMphaslzas so•• dogroo of 
l•pl .. ontation dotall. 

Tho ox .. plo as shown horo is si•ilar to tho ISP 
ox .. plo that follows in tho noxt section. 

1 
I 
I 
I 
I 

OPERATION 
INCRPC : (PC <- PC C+> 1 TAIL IJ, 
GETINST = Ill<- MIPCJJ, 
DIRADD: IZ <- IR17:0JJ, 
INDADD: IZ <- MliRl7:1),7:0JJ, 
ANDOP: IACC <- ACC * MIZJJ, 
TADOP = [CARRY CON ACC <- ACC (+) "lZJJ, 
INCMEM: IMIZI <- MIZI (+) 1 TAll 121, 
DCAOP = IMIZI <- ACCJ, 
CLRACC: IACC <- 1210), 
SETRET • IL <-PC), 
SETJMP : IPC <- ZJ, 
IOTOP = IIOREG <- IRl7:DJJ, 
COMPLA = IACC <-- ACCJ, 
INCACC: !CARRY CON ACC <- ACC (+) 1211), 
SUIACC : (CARRY CON ACC <- ACC (-) 12111. 
ACCSL1 = IACC <- ACCI1D:Ol CON 1801 • 
ACCSR1 : IACC <- 118 CON ACCli1:1JJ, 
RETRN: IPC <- LJ, 
JMPOP = IPC <- ACCI7:01J. 
CLRRUM = IRUMFF <- 1101, 
SETRUN = IRUNFF <- 1111 

END 

Figura 9: Operation Doclaretion In DDL 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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" SIMPLE MINICOMPUTER ·, " 
REGISTER Z(7:0J, ACCII2:0J, IRIII:OJ, CARRY. 

L17:0J, PCI7:0J, IOREGI7:0J, RUHFF, 
MI0:3t,II:OJ. 

Flsure 1: Register Declarations In DDL 

CONTROL 
WAIT: IF CRUHFF (:) O> THEN -> WAIT EHDIF/ 
IFETCH: IF RUHFF THEN GETIHST, IHCRPC 

ELSE -> WAIT EHDIF/ 
EFFADD: IF IRIII THEN IHDADD ELSE DIRADD 

END IF/ 
EXEC: CASE IRIII:91 

DO TADOP 

END 

DO INCMEM, IF CMIZI (:) O> THEN IHCRPC 
EHDIF 

DO DCAOP, CLRACC 
DO SETRET, SETJMP 
DO SETJMP 
DO IOTOP 
DO CASE IR17J 

DO IF IRl61 THEN IHCRPC ENDIF, 
IF IR151 THEN RETRH EHDIF, 
IF IRl'l THEN JMPOP ENDIF. 
IF IRI31 THEN CLRRUN ENDIF, 
IF CIRIZI*ACCI11J) 
+ CIRIII*CACC <=> 0 >> 
+ CIRIDI*-ACC(IIJ) 

THEN INCRPC EHDIF 
DO IF IRl61 THEN INCRPC ENDIF, 

IF IR!51 THEN COMPLA ENDIF, 
IF IR141 THEN CLRACC ENDIF, 
IF IRl31 THEN IHCACC ENDIF, 
IF IRl21 THEN SUBACC ENDIF, 
IF IRIIJ THEN ACCSRI ENDIF, 
IF IRIOJ THEN ACCSL1 ENDIF 

ENDCASE 
DO ANDOP 

EHDCASE, 
-> IFETCH/ 

Figure 10: Control Section Declaration In 
DDL 

3.4 .ne 

ISP was originally for•ulated by Bell and Hewell 
IBH701 and used as • description tool In • text on 
co•puter architecture IBN71J. A compiler and 
si•ulator were implemented by larbaccl (le77, 
SI74J. ISP Is now the basis for an extensive 
resister-transfer-level desisn auto•atlon syst .. at 
Carnegie Mallon University IBS75J. 

The example In this section lllustretes the ISPL 
version of the ISP lensuega and was adapted from 
(le77J. This example describes the same 12-blt 
••china •• in the previous section. Note that • 
lot of imple•entation detail is no Ianser visible. 
The Intention of ISP Is to be able to hide 
Implementation details, thereby concentratlns on 
the pure behavioral description. 

557 

I 
MIHI:=<DECLARE !MEMORY AND REGISTERS I 

MIO:I3771<11:D>I !MAIN MEMORY I 
Z<7:D>; !EFFECTIVE ADDRESS REGISTER I 
CACC<I2:0>; !13 BIT ACCUMULATOR+ CARRY 

ACC<11:0> := CACC<II:O>; 
IR<11:0>; !INSTRUCTION REGISTER 
L<7:0>1 !RETURN REGISTER 
PC<7:0>; !PROGRAM COUNTER 
IO.REG<7:0>; !INPUT-OUTPUT REGISTER 
RUN<>; !RUN MODE 

PROCEDURE TO INCREMENT PROGRAM COUNTER 
IHCRPC::( PC<-CPC+I><7:0>) 

ERALCED 

Figure 11: Declarations in ISP 

START:= <DECODE RUN => 
STOP; ! IF RUN=O 
CIR<-MIPCI NEXT INCRPC NEXT 

<DECODE IR<8> => Z<-IR ; 
Z<-MIIR<7:0>1<7:0>> NEXT 

<DECODE GP => !INSTRUCTION DECODING 
ACC<-ACC AND MIZJ; !AND 
CACC<-ACC + MIZJ; !TAD CSETS CARRY> 
CMIZJ<-CMIZJ+I><11:0> NEXT 

<IF MIZI EQL 0 => INCRPC)); !ISZ 
CM!ZJ<-ACC NEXT ACC<-O>; !DCA 
CL<-PC HEXT PC<-Z>; !JSR 
PC<-Z; !JUMP 
IO.REG<-IR<7:0>; !IDT 
<DECODE IR<7> => 

C<IF IR<6> => INCRPC> NEXT 
CIF IR<5> => ACC<- HOT ACC> NEXT 
CIF IR<4> => ACC<-O> NEXT 
CIF IR<3> => CACC<-ACC+I) NEXT 
CIF IR<Z> => CACC<-ACC-1) NEXT 
CIF IR<I> => ACC<- ACC tSRO I> HEXTJ 
CIF IR<O> => ACC<- ACC +SLO I)); I 

! END OF UCLASS=O I 
((IF IR<6> => INCRPC> NEXT 

<IF IR<5> => PC<-L> NEXT 
<IF IR<4> => PC<-CACC<7:0>> NEXT 
CIF IR<3> => RUH<-O> NEXT 
CIF CIR<2> AND CACC<II>> OR 

CIR<1> AND CACC EQL 0)) OR 
CIR<O> AND CHOT CACC<II))) 

=> IHCRPC) 

) !END OF IR<7> DECODING 
) !END OF INSTRUCTION DECODING 

!END OF RUH=1 MODE 
> NEXT !END OF INSTRUCTION CYCLE 

START 

Figure 12: Behavior Description in ISP 
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3.5 ~ lANGUAGES 

Among other languages that have been imple•ented 
end used are: Cassandra 1Bo71J, developed et the 
University of Grenoble, France end used mainly In 
Europe; AHPl, a derivative of APl (HP73, Hi74); 
LCD, developed et IBP! end RTS, developed et the 
University of Darmstadt, Ger .. ny. 

An excellent survey of all .. jor co•puter 
hardware description languages can be found In 
1Su74J. A bibliography on the subject can be found 
in (Va76, Va77, Va71J. 

The proliferation of Co•puter Hardware Design 
languages has been of concern to a large number of 
people In the field. A Conference on Computer 
Hardware Description Languages, headed by J. 
lipovskl, has been active In finding a solution to 
the probl .. of multiple languages. Recently, a 
subcommittee, headed by R. Plloty, co•piled a 
preli•inery version of a Consensus language 
ICOHLAHJ. 

STRUCTURE DESCRIPTION LANGUAGES 

4.1 INTRODUCTION 

As pointed out before, a structural description 
of • digital system is useful in the early stages 
of tho design process (architectural design> and In 
the later, physical implementation phases. 

In this section we will illustrate these 
concepts by describing a syste• in two ways: ~rst 
using the PPIS notation IBN7DJ, and second, using 
the SDl notation IVa77aJ. Another language for 
representing structural information is the Sl/1 
notation developed by Gardner 10.741. It •ust be 
pointed out that the best representation of 
structural Information Is not In the for• of a 
one-dimensional language but In the for• of a 

T.console 
I 

Plp<D>--S---l--Pc--L<IObus>--S--K-
1. I I 
l 1--L<Data l 
I I Break) I 

Plp<I>--S-1 I 1-S--K-
1 I 
l L 
I I 

Plp<Z>--S-1 1-S--K-
1 I 

Plemory Bus UO Bus 

Figure 13: PP!S Diagram for a simple DEC 
PDP-a Syst .. 
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two-dimensional graphic representation. Such e 
computer-generated graphic representation was used 
in the SCALD system IMW7aJ. The following example 
illustrates the use of SDL for describing computer 
syste•s et the high (architectural> level. Figure 
13 shows the PP!S dlegr.. for a simple PDP-a 
co•puter syst... Figure 14 shows the schematic 
dlegr .. corresponding to the PPIS description of 
Figure 13 and to the SDL description of Figure 15. 

PIEP!IUS Pc IOIUS 

DATABREAK 

Figure 14: PDP-a Syst .. Structure 

HAP!E: DEC_PDP_a; 
EXT:: IOBUS, DATABREAK; 
TYPES: P!EP!4K CWL="12", TC=•I.5us•), 

CPUa CTYPE="PDP-a/5">, 
ASR33, 
T"' <• Tapedrive *>• 
THI <* Tape Interface •>, 
KLa <• TTY Interface *>• 
KKa <* card reader interface •>, 
CRa <* Card Reeder •>• 

COPIPSEGP!ENT; 
Pc = CPUa (P!EP!BUS, COHSLINK, lOBUS, DATABREAKl, 
Plp<O> ; PIEP!4K CPIEP!BUSl; 
Plp<l> = P!EPI4K CP!EPIBUS>; 
Plp<Z> = P!EPI4K CPIEP!BUSl; 
Tconsole = ASR33 CCOHSLIHK); 
TAPEINT = TNa CDATABREAK, TB>; 
TAPE1 = TP!a <Til; 
TTYIHT = KLa CIOIUS, TIUS>; 
CRIHT = Klta CIOBUS, DBUS>; 
TTY ; ASR33 CTBUS)J 
CARDREADER = CRa <OBUS); 
END; 

Figure 15• SDL Description of the DEC PDP-a 
Syst .. 
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A'PLICATION5. OF HARDWARE DE5CRI,TION LANGUAGES 

; S.f DOCUMEHUllDH 

A very !•portent •ppllc•tion of herdw•re 
description l•nvueges Is the description of • 
syste.•s behaviour •nd'or structure for the purpose 
of eccur•t• co.munlcetlon between desivners •nd 
users. A prl•• ex .. ple of l•nvueges oritinelly 
intended for this purpose •re the '"5 •nd ISP 
not•tions proposed by tell end Newell IIN70, IN71, 
Si74•• $174bJ. The P"5 not•tion wes Intended for 
the description of the physciel structure of 
herdwere et the syst .. level while ISP wes Intended 
for describing the behaviour of e syste• et the 
Instruction set level. An lnterestlnt epplicetion 
of • structur•l description lenvuege is the PMSL 
syst .. 1Kn731. In which e syst .. is described In 
P"S not•tion •nd where tools •r• provided for 
en•lyzlnt the perfor•ance of this syste•. A 
parttculer epplicetlon of ditltel design lenvuev•• 
es • de1criptive tool Is In teaching herdwere 
design end computer •rchitecture. A•ong the 
textbooks that use e dlgltel design lenvuat• for 
this purpose ere Chu 1Ch70, Ch721. Diet•eyer 
IDI71J, Hill end Petersen IHP73J •nd lell end 
Newell (IN71J. 

5.2 AUTOMATIC HARQWARE GENEgATIQH 

A potentielly !•portent epplicatlon of hardware 
de1cription Jengueges 11 es the Input to • hardware 
compiler that automatically translates the 
hith-level lenguage description into e logic 
design. This seems extremely useful since together 
with e register-trensfer-level si•uletor It would 
ellow repid end eccurete hardware desivn. However 
several probl .. s do exist with this epproach: 

1. The inebllity of •o•t of tod•v•s hardwere 
design lengueges to describe the herdwere 
•ccuretelv enough in order to setisfy e 
designer. 

2. The ever-changing cherecteristics end 
complexity of the hardware prl•ittves In 
which e desltn Is to be •apped. 

Ex .. ples of such euto•eted hardwere co•pllers ere 
the ALERT system IFY69J, DOL IDD68J end the 
Carnegie-Mellon RT-CAD svst .. IIS75J. 

5.3 SIMUllTIQH 

Simulation is • widely used tool for pertlolly 
validating • design •t olmost ony level of the 
design process. At tho system end functionol level. 
the behaviour is frequently simuloted using 
venerel-purposo simulation lenguegos such •• GPSS 
[Sc74J, SIMSCRIPT or SI"ULA IID741. 
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"-ny herdwere description lenvueges cen be used 
•• en Input longuege to a simulator. usually at the 
reglster-trensfer level. Exemples of such languages 
ore CDL (Ch65, Ch74J, DDL (DD68, Di74J, ISP (la771 
end Cessendre llo71J. These si•uletors cen be u1ed 
to verify the flow of deto end the functional 
behaviour of • systwm. The effectiveness of such a 
si•ulotion depends on the descriptive power end 
occurocy of the essocleted design longuege. 

Once the logic dosltn 11 completed, one can ••k• 
use of • gate-level si•uletor to further verify the 
sy1tem. Gate-level simulation con olso be used to 
verify te1t sequences end to study tho influence of 
foults on the system. For vate-level slmuletion ell 
co•ponents ere reduced to simple gates end possibly 
delays. together with their Interconnections 
(structure! descri~tlon). 
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THE FUTURE 

A Iorge nu•ber of herdwere designs is intended 
for • smell-scale production. often • single copy. 
Furthermore. most systems do not require • 
perfor•ence that epprooches the li•lts that ere the 
state-of-the-art. In those cases the design cost 
for exceeds the cost of tho octuel hardware end 
therefore • less efficient hardware i•plemontetion 
could be tolor~ted If this would loed to e 
reduction In design cost. In such en envlron•ont. • 
design lonvuego with en associated to •ultl-level 
sl•ulator end e hardware mapping facility con be 
very useful. Since the choice of the technology Is 
the task of the designer, • voqd design system 
would •llow him to specify this •epping If he 
chooses to. This would certainly ••k• tho system 
more independent from changes in hardware 
technology IYe77eJ. 

Although so•• efforts hove been .. k• to provo 
progr .. s end hardware designs correct. for lerge 
programs or systems this opproach is not likely to 
be succesful because of tho inherent complexity of 
proof of correctness procedures. A more likely 
solution to the design velidetion problem in 
general ts tho development of provremmlng Jenvueges 
end hardware design techniques that will allow 
proving correctness of • design efficiently. 
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