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str

Aostract Simulation experiments must be carried out to evaluate the performance when a new com-
puter architecture is designed. However, the previously proposed description languages
for this purpose have some problems in the aspects of execution efficiency, description
efficiency and description ability. In this paper, we present a Computer ARchitecture De-
scription Language (CARD-L) that can effectively construct simulation models for target
architectures. The semantics of CARD-L is described in detail. Moreover, a strategy for
automatic abstraction of controlling factors from descriptions is presented. Finally, the
description capability for various functions is discussed by using some examples.
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— | control units

inputs outputs
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BESTTI L L, INLOFEBIIECERLTY
57U IVIRERFIATAZ LI L, FOMKE,
CARD-L i3 C FFFICEVEEZ LD, 7TFAIR—RAD
RRSHEE R, unix DR L4 LT A MMLEEED
FIRREE oz,

3 ERKEFIL
3.1 EHEROBRES

—fRIZ, FHEBON-F Y 2T REUSETL IR T Ty
IRy ATERTSH I EAFEETH Y, CARD-L T2
DEIRT Iy s Ry s A%azy P LR, #LT, 2
=y MAEL =y P =y 5% 5. CARD-L
CTELRAEE R b /N 2y b BRIy b LIRS,
HYTERHATL, T/, B0y bl s s
=y FEREAIZ Y b EFU, B, HAHVE, ERTE
Bi 5,
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TRBMEEMAZ A=y F TH D, CARD-L TIFLAL
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BT 5LV REIRFED | BB L STRIC £ AEBUEDOH
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HEIET 5, 2oy P OREBEB 2 2TRT, 23T,

start condition 4

(=) (=)
\_/
end condition 4

K 2: 2= vk DIREEER

FEhESEd e
RSN = HESM A JHbHIE St
ANTIGME A BI04 A FEBG
TEHRSIND, Tz, HHD T 1d, ZRENROEHHIUC
BHEEICBREIREILZLERT,
2=y b OBWECH LTI sHTHRICEL GERB,
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BEPHEOT—5 %, LOKREREY MERLOF—¥
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< clock$BEX >u=

clock(< low > | < high > ! < phase >);
< clock$EEX >u:= clock < BHF >;
D2BENDH B, BAOHNTHES LTy 73K 4
NDEHCB, 2 20OFRE I By 2 LM TERT S
HNEXTHY), BRINL IOy 2 24RINE 70y
7 EIRR, GRift&E s oy 7k
< BHMF & 7 0y 7 BEIL >u= clock < #RBIT >
= (< low > ! < high > | < phase >);

TERT 5, LRIFE 0y ZIIEEEHICRL Oy 2
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phase }high: low

—

high ,  low

LT

& 4: 70y 2R

5.4 M
HEXEXDOETRR A B 27200 THY,
REROBLIEBNF KL o TROL I EFHFI NS,
< while 3L > 1= while(< & >) < X >
< do-while3C > = do < 3 > while(< 3 >);
< repeat X > = repeat(< X >) < X >
< forever > ::= forever < 3L >
< select L > 1= select < 3L >
< continue 3C > = continue;
< break3 > ::= break;
< label3L > ::= label < AT >:< X >
< switch X > u= switch(< X >) < X >
< case 3L > n=case < I >:< X >
< breaksw3 > ::= breaksw;
<X >u=if(« K>) < X >
< if-else30 > u=if(< W >) < Xy > else < Lz >
< goto 3L > = goto < AT >;
< return 3 > = return;

T SR K > EFOBAITE. < X>ik< K >
Lo THREINTOD LI, if . if-else 3. label 3,
goto I OB ST HHH B BB TRO L 5 ITEM S
b,

while 3L
label start:
if («E>) <X>
else goto end;
goto start;
label end:
label ewit:

do-while3C
label start:
<>
if (< A >) goto start;
label end:
label exit:

repeat 3C

label start:
if (<> <X >
else goto end;
goto start;

label end:
<X >

label ezit:

forever3C
label start:
<X >
goto start;
label end:
label exit:

continue 3
goto start;

break3C
goto exit;

switch 3
HEE = <X >;
<>
label endsw:

case i
if (<R > == HBE <X >

breaksw3C

goto endsw;
return 3L

goto endfunc;

5.5 Ba

BHE®icix
<BIBER >= unit[< HHEE >)

([< 55185 >)[< 55185, >)[:< K5 1EF; >])

{< HEX >< X >} < BERBS > (< SHEF >)):
<B%ER >u= unit[< HER >] < BEESA >

(< RBIBF, >)< &3 1EF, >)[:< 55 [ #F; >])

{< BB >< X >}< BEEY > (< EHEF >);
<BAFER >::= unit

< BRI >< BEAY > (< EREF >);
D3 OOHRN DB, T Ty [,] THE NIEHIEH T
BBTH b, < HIEE >i3 6.1 TER~SHHBHIE SR T
252 B OBETTH 5, BEEHED 1 2OOFAT
B, < BEX >E< X >TRENBHEN L=y L DFE
*E, < BEEF >IN AEREORPETEET 5,
2 2HOFATIE, < BEEX >L< L >TRINAHHEIC
< MBERE > LV IERTERT, 3 00O TR TE
HEIIT D, BEATIFEZ bR TOBEAITIE, F4k
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BHIDMEICE S L NBRF I BAEEET . TOES
BZOBELFIHLT, 1 DOMBEEEHETE 0L L
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E@?(EF%&M%&: & o TR OB ETBR TG

<HEX>
label startfunc:
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ref (<R5 8% _11>);
ref (< RFI1$%B12>);

ref (< RBIH& 1m >);
<X >

label endfunc:
inc (ERBIF.1);
ine (FAIF2);

inc (#BIFn);
goto startfunc;

}
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< AR5 1Bt >OBRISUEER & % 5,

< WEITL >, < BBIF, >HE< EEL >TEH SIS
BERDOERELTH b, inc Lid< BAUTF >THHEsh
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BITHRN L H 2=y b DEWEILREIS G & 8T 44
KEXEER TV, BETIE, TREDEBICOVTIE~N
Bo 7L BHEX L LEWERITO R W0, &fbidE
BENLV, FIT, A TREMEISTERATR T E DT
Bicxte B2, 3720 ThooBEEER o —
FERLBICERE NS,
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SR MO E L B E&ETH 2, SlET
BEIRIC L D T ORE 4TS,

X <R >PHEL S< X >0OHE&E2EICT 2

ifelse X < R >HFHEED< 3 >, Bkb< X, >4
HEH2EICTS

select X < X >OHEEHZEIT L%, < X >iceE
RBNTRPDOILOEEREE & bi2< 3T >0kl
S BIcT S

label XX &, REESN TRV goto LITHENLET
DXDMHGEN 2 HIT TS

goto X 5T % label XOHEEHE L EICT S

272U, < X >VHEXOBE, RIS 2E s

TEIDETH,

PARBBIESE A IRASCH L TER SN B EHTHY .
CHEANDOLCEH L TR ECETH S, F—EIICF U
RABEAERRAT B &) Brsd L, PHsimic L o
T1 27T BRI N, ZOXOYMHIE LI EICh 5,
7. BIRE NG p o ST OPHEIES MBI 2 5, F
—BBAICET 5 X0 B OPHSEIEIL, # DA FIFO
FEETHL, RAF -5 DOF— S FESRL/ISVT
RN 2, $72, LIFO IR TH T, AT — 5D

T BFEFROKRECLELBINT B, 727 L., F—9%
0 (3R b BN AR o fast SHORIOEE & . ATH
—BBICB S VA, RO E AN EI S 57
XPoT VT AL DR BIRT 2,

ADFEMHE. RAXTHIUDEDR,. St w8
XTHITEUBROMIRE 5T L THICR S, &l
Rl WX OBEIRICETH S,

HIGRETF L 20\ 6% 5 OMHIL ., MHEEOMERS
WEBLZLICIVHEET B, T/, ROF— & BB i3
HEDT — 5 FHIE L, 2 HEETF L Z20OEP S 25
KO 2 DOPIHEEDMEAIIRT B2 L i1 L D Hese
T ho ROTF — S FFUHHEHDTF — s FEDOL ) kX
BEFITE LV, 2720, HEMEETE 1 oU EoBE
BHPEIC, SREREET I 1 DU EOYREE AT i
ET D ETHHEITEET Bo TOBEORDF — 5 FE
3, HEE L7-EEEOT - s B2 D L h K& AR08
Lo Z28d &% Ak, BEIDMEOHERL L H bieT
HIUTEIFEE L T b RDF — ¥ HBEIBBICA X
NIT =5 DF—§FBICE LW, 7277 L, EEE I
MENT— 5 OF -5 FHI0 ThH 2, EREILL D
KOMEIFIHELTWDE, EHROTF— 5 EBIZ0 TH
Bo E, FNEHEWEI LI EFH A,

WAEMRRALH L TERENALLGETHY, T
PO L TIEICETH b, HHIEMIR L. 2
T3 BUDERT DEHDMWE , ASTOBWEIC & Vil
LBV DEETH B, BUABEDP SR ENLTEeM
@ b0EDIE, EE LTwBRAI L Y BT i it
BEIZZ Y, 22, BT L TRV OBRENE
EERSBILTRAI LN TES, b L. HEALHS
SRERESE TN TWRITIUE, HHEHEE L %2 2,
B AL OBBEBESIEDIE T WAEROEST
H Y. BEFUHE L OSRERES < 318, >05K
DEETH D, T/, BXOBREHELBIE TSI
BYDBREHERADIELTH B, if Ly BEU if-clse
3\ select LDOBWEBEEIENTN, < XL >DBHLE
BEE, HHVIE, <X > < >OERERES DR
FETHE, NS ORIECDBIEBES I EELT
b,

G L VR 5 RIS R 2 A B E 3 2 A0
WNUTERESNDEHTHY, TRUS O L Tk
HTH D, ZO%&ME, B AR & BHERERA-5
THEHRIIR b,

6.2 RTHRMK
HUIRSCDBIVER TRIHIRD & D 1272 B,
I3, if-else X HlfEML2EIC Lz X >IC8Thise
TOXDEWHET
select BV BHMA L7 XOBIERT
label ‘FiZHE
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goto HICH

F 72, MALBBAAREOEIRE L L TEEERT
T %o WRAEBDEOREEHHIZ, line B THNIETD
DHEOREE & FIREL. register BITH L, HEDEDHESE
%, —EONY ALEL RS L ORI TH S,
X ERALDRIEEFIEETRTICL o T E R B,

6.3 RBOBEIF
BEDBIER,
ref3 = ref(< {5 8% >);
set 3 = set < 3L >;
VSRR I OEIfETRIA SRS,
ref SURFFUTH LRIT< 15 188 > il LT X0 fHEsT
FEE L7z & S ICANGHSEIL 2 2B ERAXTH 5,
F7z ref LRSI OEEBEBICET L L b, 20T -
ST BEERMT 5, HMENET -5 FFIEL 2
SIEE D ref XABMET 2T LT 1 SOBEINT B, T/,
ref LOWHGAHIBABOFHAZLD single Tdh UL, BN
DT RCOREIEGDBICR S Z ETHEITR D, HIEE
multi TdHAUL, HH&EMGORANRG B L ERAEH
THRALERF LIk B,
set SUIMRERITHE T 5, UM LEIOEAAZH A~
WGl % < 0> ICRBT A8 3% L Th D, B Lo
T XOEDADEEBRALRIAT B0 A5toH
B3 EEDRALERETH B,

7 EORA

FLRBANETHoTd, BARERFEIEZDZ L
FTED, RETIR, HEREZHCEROELEEFD 5
ZrERRL, FREFNROEBICOVWTRNS, M5ELUT
THET 2 3 EHEOREBR P UHTEEDOERTH S,

7.1 HEEBROET ML

625 8id, FERDEETLLETHY . FNFh0T
gy 7RER 9L 11IKR T,

BA%4E mul 1 2R OBEBIATIFE 2 6B LT ICH
TEET, —F., L mul2 & mul3 ZEOMHTEN
ZFh. 4,370y 7 TCHITEET. 72, mull & mul2
i3, 1B F single I L o THBAI STV B0, IFUH L
Hl 5 a, b EEZITES & . MERADEWERGFSETHIC
%AHETROT— 5 EZITR S Ve ZFHUTH LT, mul 3
EHF multi IC Lo THEHINTVELDK, a, b DE
BSETRDL D, EIZILLTH DWIRBIC R B L RDE
EZHHT 2, CPUDNSAT I AV OFR S, T O8IES
HTAZETTRETH S, $7-, BMEES multiplier_1
& multiplier 2 TER I N5 BEEE T, 151K w 18
LirEPrE525Z LT, LEXBLLZKEEDFT— 478
WA AEBRDERDSHETE B,

unit single example( : : )

{
unit multiplier_1 mul_1(4);
unit multiplier_2 mul_2(4);
unit multiplier_3 mul_3(4);
line a.[4], b.[4];
register r1.[8], r2.[8], r3.(8];
a = 3;
b = 12;
mul_1i(a, b: ri);
mul_2(a, b: r2);
mul_3(a, b: r3);

3

5: IFUNH LRIRDIE

unit single multiplier_1
(a.[w], b.[w): r.[w * 2]: w)
{
r=a%*b;

¥
B 6: #AEHLEEEIC L BEH

X 1233 TTR LSRR D, PR 2 — FADERFERT
B 5o ALHEGRIZZ DM T — FIk LTEMRAI 2@ L.
R L=y b OBWEE HIE T 5,

I 10}

BRETCIE, FHER7 —F7 7 F Y O L REF % BRI,
HEBOEFT MEET, FOEFVEERHET 7200
WREFE CARD-L 288% L7, £L T, TOEFBEOEKIZD
WTOHBAEZIT, RD SHIEHOIH AT RETH A Z &
#RL72, CARD-L WA Z L2k, T 55
BEKBCBHLEELT ENFTMRETH L, T2, SFEOFR
B AR 72010, 3BEOTNTY XA cET  FHs
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unit single multiplier_2
(a.[w], b.[wl: r.[w * 2]: w)

{
register s[w * 2], i[w];
s = 0;
i=0;
repeat(i < w - 1) {
if (b.[il)
s =5+ (a<<i);
i=1i+1;
}
r =35,
};
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unit multi fifo multiplier_3
(a.[w]l, b.[wl: r.[w * 2]: w)
{
register c[w - 1].[w];
register d[w - 1].[w];
register s[w - 1].[w * 2];

s[0] = a & b.[0] ** (w * 2);
c[0] = a;
d[0] = b;
s[1] = s{0] + c[0]

& d[0].[1] ** (w * 2);
c[1] = c[0];

d[1] = a[o];
s[2] = s[1] + c[1]
& df1].[2] ** (w * 2);
c[2] = ¢[1];
d[2] = d[1];
r = s[2] + c[2]
& d[2].[3] ** (w * 2);

};
.8 7 MEAICL BE 2
inputs
a — outputs
r
b — X
9: MAGOEEBIC & B
inputs E outpul:.s r
b 3 X
a l:l t
B 10: ¥7 MEBEIC L AR L
inputs outputs
a l c[o] 1]
<< <<| <<
a0}l M & i (d1]] [~ & [ [d[2]] ( &
+ + +
b (0] ko] s[2]

B 11: 7 MEEIC L B 2

unit single multiplier_ 2
(a.[w], b.[wl: r.[w * 2]: w)

{

register s.[w * 2], i.[w];
label 11:

ref (a);

ref (b);

s =0;

i=0;
label 12:

if (1 <3) {

if (b.[i]) {

s =5+ (a<<i);

}

i=1+1;
}
goto 12;
if (v.[i]) {

s =38+ (a<<i);
¥
i=i
set r

label 13:
inc i;
inc s;
goto 11;

n o+

1;
s;

};

X 12: multiplier_2 @& BkEHR
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