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Speed-up Method of Cycle-based Simulation by reducing Register
Variables

Yutaka Tamiyax Atsushi Ike*

Abstract: Recently, large-scale digital circuits, such as CPU processors, have enormous number of registers, which
is one of the causes that result in their long logic simulation time. In this paper, we propose a method to speed up the
cycle-based simulation by reducing register variables as pre-processing of logic simulation. First, we introduce a
“blocking variable”, with which a register variable in the target circuit can be replaced without changing the result
of the logic simulation. By sequentially evaluating processes in the target circuit model, which originally shall be
evaluated in parallel, we can increase the possibility to reduce the register variables of the model. Furthermore, by
extracting the dependencies between all processes and all register variables of the circuit model, we formulate the
register variables reduction problem that finds the optimum process evaluation order. In our experiments, we've
applied our proposed method to our in-house performance evaluation simulator, which uses SystemC standard
simulation engine. As a result, we've sped up the simulator by 3.16 times in single thread mode, and by 7.51 times
in multi-thread mode.
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Verilog&t it

module MOD (clock);

clock

input clock;
reg [15:0] A=0, B=1, C=0, D=1;

process|i

registerB
rm;@m ‘ﬂ%ﬂ@ﬂ
registerA process2 g
LILT IR

process3

FAE R

1 = * ; * *
registerD process4 A <= B D; /* process4 */
(next) end
At (lllﬁf%%) always @ (C)
ZAS D=C+ 1; /* process3 */
endmodule

always @ (posedge clock) begin
B <=A+ 1; /* processl */

C <= A * 2; /* process2 */
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(©2019 Information Processing Society of Japan

4




TR 2R
IPSJ SIG Technical Report

Vol.2019-ARC-235 No.55
Vol.2019-SLDM-187 No.55
Vo0l.2019-EMB-50 No.55
2019/3/18

:_bproceSSZ registerC process3| | |registerD :
VU ME || B | BB | | BE
1 i . i i
I_»prc_>cess1 registerB !
L EME || B | ; |
:_>process4 registerA 1
cLE L EE 3 :
. : : 1 R
COBfZIn ntAt ne2¢At  ni3*At T EEZ (nHl)

B 2 HA7NR_R=2B I 2 L—3 g DEFTH

WO T ut 25l & VO A X ERFHFORr Y a—) o
ERLTVD, KT, BZnllBWT, Z7uy 7 ZFHL
T process{1,2,4} DNFAN S 4L 5, RIZ R nt At IZFBWNT,
ZNHOH T register{AB,C}RNEH IND, KD At IZ
FLAHEE process3 ASFFAM S AL, HHEIT registerD A3 HT
SB, 72k, B n 281 5 process{l ,2, 4} IFIFFICFHF
fiNnARETh D, FHEIZ, BZ nt At ITBT D
register {A,B,C} D T H W FIMLNAIHETH %,

YA I N_R=2F I 2 —2 g%, VI a2b—3
CHIZAELHARY NOBMERATRREICILIZ L, T
o AFl & LR EREG A WINFATTHZ LI L
D, AXCFRY TR 2 b— 3 OGO E#E
BER L, KEOOT VX NVEKITY vy 7 WECE!
ENTVWEED, P I NAR—2F I 2 L —3 3 VTR
fFEDLNDHIZE-TND,

LU s, O KRB B E 7 VIR LT,
YA T NR=2RY I 2 b— 3 v OEITHEENT 5572
PP TETWND, KRS, EEOT mt v Hi3 SIMD
ML > TREOEEI L LY A X NEFFICEET S 72
O, VI ab—va CETRBOMEITEZI TH D,

YR ab—va VETRR ORI, 7 et ARl &
VYRS ERFEFTHDO BN D, 2O, 7 ZFfN,
AR OB A EB T HMmPEEZO LD TH LA, =
NEHRIT 5 2 L TRV, —H . LR 2 BEE RN,
B OET MUICHET DU TH Y | FHRE THIEN
AR Z & AT A ITHEA LT,

VY AL ERD FEE LT, re-timing[7] 234242 4TV
%, UL, #HHEEHNIR O TS B [EIEMERIZ L -
THELT LD LA ZOEBERH S e & R +5

DL REZHDENE(FZIN)

el E = AN
AL TIE, VPR EEOHIBICE > T A 7 _—

2y I ab—va Y ERB(ET D RIEARET D, Tk

DOEMIZLLTD 4 5TH 5D

A TRy X EREHLICREL, Y2 —va
MRAELEZTICVORAZERET 0y ¥ 7 ERICE
WTEDLFEERLI,

B) ASRITWFHIFLA S5 7 0k 2 A BREIC A7 ¥ 2
— VU ITBHILET, LIUREEKENLS TR XS
EHA~DOBEMREEETE 2 FER LI,

Q) FioHEEZEIKET LHOET oA LR LU RH
BT DRAFEARE T 2 2 &I X 0| fep
7t ZAFEIERF 2RO B LY R Z 255 o HIRE &
LCERE L,

D) R TFik% SystemC[8]FEik D FE 7 v ¥ » Y BIFE M 1 )
WY I 2 L—HXITEALT, FoE#EtEE R LT,

AL D LUEDORERL TIEL 8 3 B CIHIRETIEIC DN T,
% 4 FCTIIARATIEOEHRF~O#BAEIC OV T, FnE
Nik~R2%, REBICHESETRRLEEZ LD D,

3. BREF&E
3 7Ry UTEH

Fxid, vIab—varEREEITICVUAIER
EHIRT B 72012, Hizlo “7 1 v 7% H(blocking
variable)" 2L T 5, 7Ry ¥ U I EROERITLL T D@
DN ThbH:

(EH)7 2 v X VBB E T Ry I 2L — g ol

BET VBT HERFET 2L VA ZRTELK
O—FET, EXIAENMEIZ, IR, FiAH LS AlEe

QL RAEHDENE (B ZIn+AL)

Y registerB | X
processl

process4

process4

registerB
process]

@ITAyF T EHDENE (K ZIn DRETH)

@ITnyF T ERDOEE (B ZIN D%RE)

blockingB \X

processl process4

Y [ blockingB
processl
Y

process4

3 LVRAFBRE T vy T EROEE

(©2019 Information Processing Society of Japan



TR 2R
IPSJ SIG Technical Report

&R DB,
Ta oy ¥ 78I, HDL ik R, A ToORAI T 7y
X 7 A (Verilog SUETIE “=")y0¥MiEbi b L UV A X ¥
LRI EZD, AL, @By I 2 L—XOEEH SO
RIpoTHD BB FicTayxr ZRATHEDILD %,
Ty X 7T, BAEE(curr) O 1 DOBREHEE LT

REFTIUE R,
LVOAAERETu X U TEBROENER 3 ITRT,
ZORE. K20 IaL—valBnT, etk

A process{l,4} & LT R XL registerB IR D L TW5,

BEZ n 12V TR 3 D), registerB 2N EFOEIZ X &5,
processl & process4 D7 1 AFEAMIL o5t L
T, EhEih, HEA &&uﬁkﬁ%ﬁﬁo_@ﬁ®V/
A B BEOEETIL, processl [FIRFELEMmext) & LT Y
& E XA, processd [THAEME (curn)n D X ZHEAHT,
ZOBOEEZ n+ At 1BV 3 @), registerB I HH =

NCHEBICE Y Ao —&hb,

DL, Taw ARBEINEHMES N S, F—o L
VAL BERITEE AL L HEAEENRERLNTONATHIE
LWEEZ T2 X9, @By Iab—va v ORETIE,
U RAZTEEIT 2 O@{Jﬁ(fﬁfﬁ & RRELE) 2 ¢ 72T
%o F72. 2 OOMEEFFONHIT, 2 S % R = 5 L8
LT, LYRIBEBOEFHPMLEL Ieo TN D,

WIZ, VI RAH B registetB &7 1 v % v 7 ALK
blockingB (ZE#TH(X3 @D), ZZ T, 7ryF U IE
BRTLOL P AZEHERUMEEZTHL o112, TrEX
EHERICMM T2 2 2E 25, ThIZE, 7ry ¥

TR ERAMT T o AR L, F0%, EXIA
e/ o R EFETAUZ RV, AHITIX, J57 processd &
AL CE X 23S 3 @), £ok(LrL, v
o b—vg VEEZIE LTI, processl & REAR L T
BEYZ2EZAEELIW3 @), HFTuEA T, LIRALE
BoLGAEE3IO) LRI U EARAEETHED R I o
L—a VOBERED LR WENRIEIN D,

registerB |

Vol.2019-ARC-235 No.55
Vol.2019-SLDM-187 No.55
Vol.2019-EMB-50 No.55
2019/3/18

L 2 AT, 7'u& R processl & process4 % 7D [a] T
F LD WHNZCFHMHL T LED &, 7T ryF o VB
blockmgB xTTZoiJé ABPFAIAIF LD BRI DH
REPERAT Y, ZOWHTIY I 2 b—va VEMERR A>T L
FH, WORFETHE, ARIFWHNHEMENDE T 2k
A BRI T2 2 & T, 7 v v 7B~ E ]
R LU A Z B AT Z ER KD,

TDOEIT, VOREERET O X TERICER L.
Do, WYY e AFENERF A2 5 2, WY I 2 b
—2a YOBMEEEZTIZ, FOLIRAZEEHI T
LENGINoT, 728, %%@7/&w@% BT, 7
0y X S EBICHY T LRI ERIIFE LR, HFE
TH, mEY Iz L—va v EEEET D200 ET L
AT E R,

32 LR A EHHEIBRBEDEXE

HIEi OB TIE, 1 SOV A FZEHICIEH LT akE R
OFMIE/FZROIE, TOLURAFERE T oy X7
EEICEBTEHZ L AR LT, REORKETIE, 1 o7
DEAPERO VA E A HAEETLL. 1 DO
DAZBEHBEBO T ANLRAEE SN, FDE,
Wﬁ&?mtxﬂﬁﬁ DWEL ., LI RAZ TR 2 KRR

CHIRT A720100F. 27 rtER L L VR 2B A R
;%Fﬁ?ﬁ”‘é TERMIIIe D, KEITIE, BIEETLHO
BT R R LRV TR EROKEERE Read-Write il
ELTHHEL, 2z 1 >0RIEDDLZEICLY, LY
AL EH OB, Bai7e 7w 2 FEMNER & 2k o 5
ELTERMETE D Z L ERT,

%P, BEhOET o A LB LR X EREIME L,
EDOTaEANED LV A LB & FESH L (Read), 72

EXIAH(Write) LTV DD ERRD, £, &7tk
ANZDWT, NEFEIEE A TR0 7 a & AFEE S
R%, TaERARIFIC, VIORAREREINC LR EIER
L., SEICHi L7 RETRAT S, ZORE VU RAZEH
RAFZ LIS,

#£ 1 BIEETAFOL Y RAZERETEEZOREER
WA VSHFILDOL O RIERIKTFR
TOtR¥ELE |registerA | registerB | registerC | registerD
process1 | B [E & Read ~ | Write y
process2 | IR [EE% Read \ \ Write =~
process3 | #i& € R I Read « | Write -
process4 | lIEFF[E]#& Write 4/ | Read Read )
QFBETOERETIEFICL S RIERIRER
TRt RiELE |registerA | registerB registerC | registerD
process4 | IEFEIE& Write Read Read ~
process1 | lIEFF B Read 3) Write </ |
process? | B [EIE& Read Write ~,
process3 | #i& [ Read« |Write

(©2019 Information Processing Society of Japan




TR 2R
IPSJ SIG Technical Report

I, KLY AHAEED Read & Write IZxF LT, Fied
Read-Write Hill#IIZHE - T2 REI & RICFEAT B,
(Read-Write fill7)

A) JEFEIE 70 20 Read 225, 70 & 203K
Write 238 5 56 1350 D) Write ~KEIZ T 25 (F 1
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1
; 1
module MOD (clock); ! lprocess4| | | registerA !
input clock; | E i B :
reg [15:0] A=0; 1 ' 1
reg [15:0] B=1, C=0, D=1;//blocking ! processl|: P
always @ (posedge clock) begin 1 EEFﬁﬁ 3 :
A <=B * D; /* process4 */ 1 : 1
B=A+1; /* processl */ ! prgcessz i 1
C=1AaA*2; /* process2 */ : Eslzﬁﬁ :
D=C+ 1; /* process3 */ 1 | 1
end I process3 |
endmodule : l?#m ' :
Bgln it B % (n+1)

X 4 LA X IEEHEIBE O Verilog ik & 2 2 L—3 3 VEIE
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#include <systemc.h>
class MOD : sc_module {
public:
sc_in clock;
sc_signal<intlé_t> A, B, C, D;
SC_CTOR (MOD) {
A=0; B=1; C=0; D=1;
SC_METHOD (procl) ;
sensitive << clock.pos();
SC_METHOD (proc2) ;
sensitive << C;

}

}
void proc2 () {
D=C+ 1; /* process3 */
}
}i

SystemC fE¥#ES I 2 L—Z ZHWWTWAIZHEDLT, +
NFALy RICLAWFNFEITU I 2 b— a URAREE 72
&V RIRMSR LGN,

2 ORI ha— RNt d a2y Ialb—ra U
Mol %3 2 (R T(FEIT~ 1%, Intel CPU Xeon E53-
2637v4, 3.5GHz (8 #Bll =2 7) x 2CPU), A mliE L ¥ A & 258k
D NI%PHITENTEY, ZOENRK 316 FDT
a2 b—va VEEERRICEN TV D (R0 7R
Ly OB, v VF ALy REITTIIRK TS FE, EiC
mEEIND Z e Gnd, L, ALy FEMN 1281
Bbobd, v /L F ALy FEIRIT 236 (5(=17,251 #+7,312
N E -7, I, ALy FEE ALy BRiEDOHK
EILEORMPEH D EEZDND,

5. BHYIC

AL TIE, VORZEREER L, YA 7 =2
Vial—varEEEbT 2 FEARE L, £ ORI
W, VOREERHOTa X T EB~DOERE, ok
ADBIRAFHENEFF DR EIZSH D, FERFHOMBEL I 2 L
—HZ~OWAEZE LT, RFEOBRER LT,

SHBOMBELE LT, vV F ALy REFTOA L v NRIE
O E 2T 5, RPEZJOMENS R &, AkiE
FNZRHi SN D 7 ot A Z BRI T 5 Z L it k- T,
B ATREZ L O A X B AL LTS, b Ly, 2TOD

L RRTE#
Al

(
void procl() { A =B *D /* process4 */
B=2A+1; /* processl */ B=A+1; /* processl */
C=AaA%*2; /* process2 */ C=AaA%*2; /* process2 */
A =B *D; /* process4 */ D=C+ 1 /* process3 */

Vol.2019-ARC-235 No.55
Vol.2019-SLDM-187 No.55
Vo0l.2019-EMB-50 No.55
2019/3/18

L R A% $hBIiF % D SystemCE i

#include <systemc.h>
class MOD : sc_module ({
public:
sc_in clock;
sc_signal<intl6é_t> A;
intlé_t B, C, D; //blocking
SC_CTOR (MOD) {
A=0; B=1l; C=0; D=1;
SC_METHOD (procl) ;
sensitive << clock.pos();
}

void procl() {

}
}i

7
5 SystemC FRibICFITF 5 L ¥ 2 & HIlEH)

TR REBERT D E ., RKRRO LA X ZEHHENED A
RRICRD—HT, Ay RER 112> TLEW, Iz
L—varafke LTm#Elband SIEmRs2n, Zo%E
X, ALy FREL LU X ZEHOHE O hL— K
TN GFHETDHEETBLTND, S%IF. 2O —
R4 7 % KRS TERL L2 L2 2 2 2850818 o S L R
BICHATe & bic, Z O b RIEO RN 72 i ikic
B FHAT= 0N,
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