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Trial Designs by Cycle-Accurate Hardware Description

in Specification Description Language

Tomonori Izumi' ¥ T oshihiro Kikkawa™® Da i Araki*

Abstract: In order to cope with the design of recent huge and co mplicated s ystems,
higher ab stracted design methodologies ha ve b een pr oposed in cluding, b ehavioral
synthesis, h ardware-software codesign , specification d escription languag es, etc .
However, cycle-accurate design is still needed, to optimize the detailed architecture more
deeply, to inter face with per ipheral har dwares to be coupled tigh tly, o r to i mport
intellectual properties predesigned as cycle-accurate modules. Starting with specification
description language, designers will break the target into more detailed ones repeatedly
and may us e so me languag e and design too Is at each lev el. SpecC was originally
proposed as a specification description language and have been enhanced to support RTL
(register transfer level) descriptions in order to provide an unified and seamless design
environment from specifications to detailed designs. However, there is generally so me
gap between the ideal language specification and the subset and/or some kind of implicit
description rules for ea ch specific tool. This manuscript presents some trial designs in
RTL SpecC with a simulator and a synthesizer and proposes a set of description rules for
practical and efficient designs.
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1. IZC&IC
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iz, FHLEOREN S, ARDFFEMARICH U THBE DR 2SN 55EH 5.
RETHGCZFANSNE THIcE, FELAERIEE, A K> TEMRITEDS
O [8].

ARFE T, Spec-C ¥ = 2 L—& VisualSpec 4 [9] & FAFEHDEKZHE Y —IU (SpecC
M5 Verilog-HDL NODZHLY —)L) ZWRIC, TV ZIVEIKRGZEDOILEN S, Y1
7 VB DO BEDOME 2170, TORBICEBT 250 A 2 A )V LS 5. iR1TH]
ELT, FIREKHAOEBTHZMELEEE, HFEEE, /2R T LREEEHKET LOEA
*%EEE%T“%%I/‘VX? (ZVwT7av7) T vF, NR, TN5OMHAREE,

— Ry 7)V—7, ZEREE{bE EORERNANGELEDD, ThoZ2llAeby
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2. EERVEE L REHRIE

ARFRITICBOTIE, SpecC 2.0 ER—RMREHA v E—FTF AV T /1
V—TIREENEZL OB EHBLE LTHWS. LUT, #HE [ SpecC.IDT2009 & FE5.
ARG E DB WMIRREDR S FETH % SpecC ISR LT, SpecC 2.0 Tld L ¥ X Xifiiik
L ~NJVRTL)DFEIR D 7z I ROALEEDBINE Tz,
® signal 281 I RTL DESHUCHHLE TS, RAICKD ARV EAFAEL, Zhick
DLz T B LN TES.
® bufferd 28 I RTL DL Y AZRT Y w T Imy FICHY T 5. HEFEDES
(Fhrbb, 7oy y) IKEBALTHEPESHINS.
® fsmd #3217 — XS A A IRBERAH (finite state machine with datapath)7 [EL 1
ICRER T E 5.

SpecC.IDT2009 Tik, T HICROEHE, EMMZ SN TN

® signal ZHICHT B~V T 7 ADEHE fERATDOARY ]‘?ﬁﬁib‘%@’rﬂ:
TDANY FREICEHE, KD T4 =Ry I ) —T%b LT5E
R — T DT N S

® bitd BIDEN 1 0,1 IKMATAREMx 2NAA =KXV Xz %W, 4L Y +
RNTZ, THIKED3IAT— N RZIdhd 5 LN TES.
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® par HESCDYLEE © WiH 57D par TITHFH T % DId behavior DFELED I & W S il
EREAL, BRCEET Yy v 2E TS DL L. 2T X DELRMEAKIE
iZm k9 %.
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o HEFEICHIT BT 5UB DO

ARFRITORMREOMELEK 11CF LD S, RatE I SpecC.IDT2009 TRATH
GELBRT . AV ER=TFAL T /0 =Dy I 2 L— 3 VBB VisualSpec
4.3 Z T SpecC ik DENEZ #3895 . VisualSpec DNER Tld F 9 C++adikic &4
U, CHIVRSA Iz2ER L THEITERZERL, ThR2EITIHLTyIal—
TavkE{ToTVWA. VI al— 3 UHiRIE VCD(value change dump)E X TR E
N, PEIEERY =)V ZEH L TREICHRZRY. ReFERBMERZR TilihDZ:
BHZ{75. TTTRERNA 71y 7 MEd VisualStudio & 5 TNC BST O GTKWave 7 fif
HLTW3. ¥Ial—yaVIKKB8ERGEEDNE T 5 L, HERERICTIE. 1
VER—=THA Y T /AT —4ED SpecC HhHN— R 1 7 il SEENDEHY —)U
(scrtl2ver110g)7<?)5ﬁlz"( Verilog-HDL ICZEHIL, ERDEKY —I)IV7EHWTHEERZ
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2.0 ﬁ%@ eI DENERERRD 728 1C Center for Embedded Computer Systems, University of
Clifornia, Irvine /" S 2t T T % SpecC Reference Compiler (scre) 2.0 Z V5.
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3. BXNGERAZAIV

SpecC Tl& behavior EMERENET Ty V2 HA1 L LCRdibd 5. 2T TlE, 0&D
D behavior ZVEDDEEEY 2 —)LE LTI 2 E D EF 3. behavior D5 [EH
EVa—IVDOABTHEBITHY L, behavior [ FOBEMNEY 2 —IVADEEHEPL
VRAZITHHT B, JFHH], U & DO behavior NIZIE T & DDOME(main())zHH, ZC
WCEMERGIRT B, F 7z, T behavior DA VA XV AL L5 IBIRTED, T a—)b
DA VAR AL L iR EICHYS T 5.

behavior OF | HUI#4AT signal ZE L L, main BIEOHTANEER I 0y VRO
ARV M wait TEHEBNL—TEENT, ZOHRICEEZDRT . EY2a—IVAD
LYRAZR TV T Ty 7% buffered L LTEHST 2. TOAXAIIC LD
S TzReilb B Z K 2 1R d. KGR RIBOREK], Aikray JRHOTY v 7T
0w I K BIEFEEEOMIETLAFITH . OB TIEEZ TIEFHEEDO—RIE T
B % Mealy I TEIA L TWED, &HAAMNMIREEORIHKTFT 25 (ASNTHAFL
7%\) Moore T DJIEF B FE & FARICELARTIEETH 5.

(@ D (@ D
behavior combi_bh( behavior seq_bh(

in signal unsigned bit[8] x, in signal unsigned bit[1] clk,

in signal unsigned bit[8]y, in signal unsigned bit[8] x,

out signal unsigned bit[8] z out signal unsigned bit[8] y){

i unsigned bit[9] sum;

unsigned bit[8] a;
void main(void) {

}
5

buffered [clk rising]
unsigned bit[8] r = 0;

while (1) { void main(void) {
a=x&y; while (1) {
z=a; sum=r+Xx;
wait x, y; r=sum([7:0];

} y =sum([7:0];

wait x, clk rising;

}

2 EEOEANZEERCR. HEEREE (L) L7y 77 aw 72K % Mealy

g }
G};

J

REF RS CR).

fsmd #3072 H 0% T & THIRIMICIREER R Z Rl § 5 C L L A[RETH D, £ C

TIIRREDFFSEOIRRERT S HI D Y T2 I BFE T B BED XV T DFRD LW

Al
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MNHREL 2%, KE, Uty NEIERT 7 4V FEIER ERElAR < VT« 7 ADHE
fEMOEE NS, fsmd WSS DWW T DML SpecC 2.0 LR E SR E Nz,

Y 2= EFNS DEHIC K BHEFERIE T behavior A Y A X A{kT BT b
TITS. MHABERICIE signal 28772 V5. #IEFLIR%Z1T 5 behavior @ main()BIEA
TF behavior DA VARV ADAA VEBZKHIT 5. par K2 W TSN EE)
5. K 3ICHEERROHIZRT .

(@ D
behavior connect_bh(

in signal unsigned bit[1] rst,
in signal unsigned bit[1] clk, Q )
in signal unsigned bit[1] set,
in signal signed bit[8] x,
out signal signed bit[8] y){ void main(void) {
signal signed bit[8] xm,xp; par {
signal signed bit[8] ym,yp; fork.main();

fork_bh fork(set,x,xm,xp); m1.main();
node_bh m1(rst,clk,set,xm,ym); m2.main();
node_bh m2(rst,clk,set,xp,yp); join.main();
join_bh join(ym,yp,y); }

}

a ; ) &k

3 BV a— )b EMHEREIC X B Ridalid .

G 20 E LEHT 5 Lic kb, AEDOKBILRG 2175 N TES.
ULDOEY a— VEREEDLETERA VAR LT B LB UEETH DA, /N
—RU L7 THEIPDZICHRERD AV AZ Y ZEEEFENEV. HEEE par M %
i, SR & s Z2 U & DD behavior ICIRIEES BT EMNTES.

BV a—NVEELT R, EEDORNDVILV—TEERTZHEHH 3. F5UE
WKBIET =Ry 7)u—"7, BEE{LOFEORE UL, a—hNy T 7EY 2—
WEDRDEDRE, DZDOFITHS. XHIC, EHMET—ZXADY) 0 ZH 507k
E, HABEBEAICEBICIEIRBE LAV T 2 IIVAIL—THERE NS 5E51” 5. D
B ed, EHFEEE UTEHBETFEZBATON—TE— RN TEEZBETHD,
EgY 2 2 L— X2 COFMERIER AR A ERRER WS e TES. LML, 2
SO TZEOHMEELENTHRELIZERERTR, ThhyIal—ra vy
RIV—TEh->TUEIEADHS. K 41— TREEZFDHEHAREROF & X 5
I Z DF0M I %2 F % . SpecC DAKD YV T 4 7 R R"TBWBaL 814 T TR,
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CORBIGIIL— T 25 &R LTLES. ZNEMET 5 72DICIE )] signal 28
BUCRAT ZEMICHMAERZENTRAL, MELEZHRELTHIBRATS, KED
EBERARIE L 72 5. SpecC.IDT2009 Tl, signal ZE DA XY MIMRA TR A EE
LIC KO FRET B0, TORBTHEDIENRETE 5.

hwl
inl___ X z
sell __| y
s
—clk

loopl
oop? ><

hw2
in2 X z
CL )
sel2 y
s
—clk

X 4 b— TR % RO BAIZ IR O f.

INFETRXRTEIMAEEEE, 7ay ZEEHT Y v 770y TICED < JEFEIES
(Mealy #, Moore ), ZL T, ZNHOREE(L LNV —TDRlRIC KD, LLHEHET

JIRKFEHEN TV BRI AZ ANV TH 2 EMEGON— D =7 Dl Al e L 5 5.

LWLZCT, YIalb—ya vy EEELTomgeE LTHEBEATRELDE S
TLLHOBEITLICHEEINY. VT MY 2T SEICBT 3ERMOBEEHD, #47
LEREEEHOTAYRT Yy T T7my TOXE & ELIdR0ed, ididic &k > Tid
TAVELRBERTFLEEDODNBEVEY, N—FU 7 ELTAHREEZAIVTTO
EOREZE LV S ENRET S8 THS. ThlE, N—FU 7R EETO
Ty FTRAC XA TOMELFAKEOLDTHD, N—FY 7 ilids
CEMTEON—F Y 2Vl EFEIC LS I alb—a Y TEIfELIcE LTE,
FEg & U TIEEBRARARETH 2 T LIZZED O RV, N—FY =2 7l S K 550
b & fFRR, AEROMERZ BV E DSR2 HED THBEND 5.
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(@ D)

behavior Main(void){ @

behavior Main(void){ behavior hw_bh(

: in signal unsigned bit[1] clk,
in signal unsigned bit[1] ints,
in signal intx,

: in signalinty,
int main(void) { out signal int z){
par { buffered [clk rising] int a;
: buffered [clk rising] int b;

hw_bh hw1(clk, sel1,in1,loop1,loop2);
hw_bh hw2(clk, sel2,in2,loop2,loop1);

hw1.main();

void main(void) {
hw2.main(); while (1) {
: if s==0)a=x;elsea=y;
} b=a;
} z=b;
; wait s, X, y, clk rising;
G} } y g
}
G }I )

5 b—THEEDRLRA.

EIFEOFREHRE(L DT DIT, HEE/NEOBEA R, 5 & 5 I B HA AT [E
RADPREICRZ e H B, NNIKREIED 2 A 2V T OREILICENT, SvF%
HAWBEEMRH5. 7ay ZIC@BLET7 )y T 7ay R YA X buffered ¥
EHOWTHICERT 2D, Ty FIREFEOY T Y o 7OERE L TOREEECX
DERIHTD. K 61Ty FORLBHZRT.

Fh, T=ZNAOY0BEZARE, @HO0, 1DESIKLZEL 7 XHH TR
CB3AT—INAZHWBIGEEND S, ARKD SpecC DILAETIEINAA VE—HX VR
EFEL3AT—EEHES T LI TERWD, SpecC.IDT2009 THHIE X N7z bitd Bl H
WTIES TENTES. 3AT—INNADETFEEGES I TESL, 3AT
— M — MR OB T OB LN A Y E— R A RAT S, EHROEY
2= )V SEIENE NN, EHOEEZFEREREESEY. 207D, 2HES
T resolved Z{8ET 5. TN — AT v F Otz RS .
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@ D
behavior latch1_bh(
in signal unsigned bit[1] g,
in signal unsigned bit[8] i,
out signal unsigned bit[8] o
)it
unsigned bit[8] v;
void main(void){

while (1) {
if (g) v=i;
o=v;
waiti, g;

}

}
a’ )
K6 TvF Ol

(@

behavior trigate8_bh(
in signal unsigned bit[1] gate,
in signal unsigned bit[8] i,
out signal resolved
unsigned bit4[8] o){
void main(void){

(@

behavior trilatch8_bh(
in signal unsigned bit[1] gate,
in signal resolved
unsigned bit4[8] i,
out signal unsigned bit[8] o

7 3AT—ERADHNT— () EANTvF () Oldfl.

while (1) { )i
if (gate) void main(void){
o=i; while (1) {
else if (gate) o=i;
0=0qzzzzzzzzy; wait i, gate;
wait i, gate; }
} }
} b
L
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4. [CAREH---BHF v FEIRT—FNRICKD MPU

T, INEFTHBRTELEARTERRAZ AN ZEEZ T, WHNRERE Z il H
5. THEBITESZXRRLAGEENZRDIAENTE M L, LMLHEOAEZR
BLEXLSHATZ720DHMET L E2HEF >z EF—T7D0EDELT, ZHTVF
E3AXT—FNRICKB MPU OFFHIZ L D HITS. T HUISEAET BHEAATITE
MPU D [EIEEE AR U THMIL L7285 DTH%. MPU ORELL Ty 7 [XEX
8 IZ/RT. TOMPURUEDD IOy N EARALE AMDT v FTHET
3. ML YAZXIRES CICHMEL VA ZAVIE 7 ay 7w VTE#EL, —fRD L
A ZBERORLR2R3 carry)lZH 3HD T v F & LT, ALU DANZRIFTSHML
VARFFEIHDOT v FE UTEET S, WE 1=y hOAHIIE 3 A7 — DN
JN X (abus, bbus, sbus)iIC K D #ki I 5. WL ST EEMEZ AL, ZREMERL
TRtEERITTE. a8y b oikd, WEMENE UCENING, WHEE, @&
AL, EPESEE, ANELTHED BV LY A X RI,R2,R3 %, LT
RO,RI,R2ZR3 ZELRC LW TES. TOMP UL SHERNIZ RO & carry 75 7B
N5,

! R2 [ o BR; —‘ AL
HELTURE IR 3 sbus
EIEL R4 IV ; L T S— -
ALU © immval m—Au,
AF/3R abus, bbus ‘ LV f a
(4°—k AR1,AR2,- BIV) -
:PFEﬁa“J? AL, BL : 1 IR control
H5/3R sbus
ARALY R4S R1,R2R3 ‘ ‘
H:Il jj l/:/“xg RO,carry . clock clu_}::; O s Y oy I :] ... flipflop (clock rising)
‘ T CT 11 tacen

WETa—F &HIHER : /
l:l ... T3 latch

8 At MPU DM (f5) 7wy 7K (H).
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T D MPU 7% TNE TR T E /250 A Z A IV > T SpecC.IDT2009 1< & b Frlib
L7z, 9 DY T I T TSI Lk VisualSpec L THITE TR OIIEEK 10 I
IRY. NART v FHRLEDRA IV T THMEOEHFZLTWVWS. FlYEiadidh%z
scrtl2verilog Z AWV T/N— R = 7Rdab SFRICAH L, BIEEHY — )V CTRIERICAKT
BT EMTET. 11 BrYyTEY2a—IVOEREROKTHS.

PEE =k
0x5001 - R1 =0x01 &0x01(R1 =0x01)
0x6002 --- R2 =0x02 & 0x 02 (R2 =0x@)
0x7003 - R3 =0x03 & 0x 03 (R3 =0x(®)
0x0b* --- RO =R2+R3
0x55¢* ---R1 =R1&R 1 ( N®)

7

9 #H MPU DY >V asds .

Tie T B

+ mpu.clock

+ mpu.T3
+ mpu. T1

+ mpu.inst 00000000 (01010000
+ mpu. immval (00 Yo Yoz 03

+ mpu.IR.T (70000000 YOTOT6000 @TT00000 (TIT0000 ) (LI @ToT0I0
+ mpu.IV.r (00 Yor 0z 03 Yoo

+ mpu.SELA. 0 1z a
+ mpu.abus (00 oL 0z 03 Yz 0oL
+ mpu.Ab. (00 oL Yoz ) (5} 02

+ mpu.SEL8. 0 X a
+ mpu.bbus (00 Yor 0z 03 01
+ mpu.Bb. (00 o Yoz ) ()

+ mpu.alu.mode (0 ) )@ a
+ mpu.alm. (00 oL Yoz Y03
+ mpu.alm.

+mwuRl.load _________ I
+ mpu.Rb. (00 oL

+ mpu.R2.1load
+ Mpu.RD. (00 02
+ mpu.R3.load
+ Mpu.R®. (00 03
+mpu.R0.load — |
+ mpu.R®. (00 @
+mpu.CF.load — ]
+ mpu.CB.

+ mpu.data (00 @
+ mpu. carry

10 ¥Ial—¥3 VRO,
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K11 MPUDEAER. by TEY 2 —)VOHAKX.

5. ¥&8

R S FETH B SpecC IZDWVT, LY ARILRL NVl D=DICIEE LTS
FBAEAE SpecC 2.0 75 5 UNT SpecC.IDT2009 % Wz BIMEERH 2T Lz, BEARmamE
PREE, ORFBEIEE AL, BRIV I 2L — R EARROIMEEMER LN SR
RERREER L, R RZAINEFE LD, E5I, SHANGRHZRTLZOH
1E, BRZHER LTz, 5%, &SI HEROEZ LG st - 512 #EE L,
Fz K ORNEFR R Z ANV EREL, AERGRIL—IVH B VIEEEdRF = v ik
E, MEREANIEZLDE LTV RBEND S, Fiz, R EROMHEIED,
HEEMEGIE TORG 7a—%217 L, Ba3LNVOKGH e OGN EHERL, &
e UTOMBIIERFARZANERG LT RELRDH .
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