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Abstract Rule-based equivalence checking of high-level design descriptions proves the equivalence of two high-level design
descriptions by applying the equivalence rules in a bottomup manner. Since the previous work derives the equivalence of the
internal variables based on their names, the method often fails to prove the equivalence when variable names are changed. This
paper proposes a method for improving the accuracy of the rule-based equivalence checking by identifying potential internal
equivalences using random simulation. Experimental results using an example design shows that the proposed method can
prove the equivalence of the designs before and after a practical design optimization.
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int ex1(int a, int b) {
return a - b;

)

int ex2(int b, int a) {
return b - a;

}

int ex3(int c, int d) {
return c - d;

}

() BE DD

int ex4(int a, int b) {
int c = a - b;
return c;

)
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— Control Flow Edge (true)
==~ Control Flow Edge (false)
—:= Declaration Dependence Edge
-+ Control Dependence Edge
—--* Data Dependence Edge
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L1: x0 -= x1; L2: x8 = x0 + x1; L1: x0 -= x1;
L2: x8 = x0 + x1; L1: x0 -= x1; L3: x2 = x1 - (W2 + W6) * x2;
L3: x2 = x1 - (W2 + W6) * x2; L3: x2 = x1 - (W2 + W6) * x2; L2: x8 = x0 + x1;
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int ex5(int a, int b) {

S1: int c, d;

S2: c=(@@==123)7 a: b;
S3: d=b-c;

S4: return d;

}

(a) RO AT

int ex6(int a, int b) {

S1: int c, d;
S2: c=(@==123)7? a: b;
§3’: d=c - b;
S4: return d;

)
O)EEHOBId=b - chbd=c - bICEH)

6 SRR 2 PIcHENRSMROFESEREhBH

5. RRFHEORESLIUFHMHER

FETREL NPEMAOHEEIC L BV — V=2
SMERTFE 2 BAREEERORIE7 L —L 7 -7 T
& % FLEC LIz C++B#ETHEE L 2, FLEC i3 SpecC iZ
ToTEBEINLBEEANL LT, HRBESOREER
L 7%, HKEBT2T>CExSDG 24EHKT 3, ¥ 3a
L—F DERIZIE SpecC Y 77 LV Ra VL 5 [14] %
Rz,

BIFE L Uil a9 4 v 2 (IDCT) DESE(LATE
@ SpecC Betitdz A7, BB LRI OPIECIZEAT -
B DNE R BRNCHETL T B2, Bifikicky 2
NS EWINCETT 2 &) IcBBBEEINTEY, %
EERALENLL T B, FERFETRERDONGHE
NRVEORIEREL 2D, SMEEOHENTE 2P
7. REFHETHEI VAV I aL—vavick h RS
EMSOHEEETo I OERONEHERD 3 T L4117
BEE kD, 2 BEHMEMLEOHAERTo . KERTIE,
SYFLYESalb—vavEHRYALINMTI L TER
DGR RD B ERWETH o), HTRHIIEHE
BTdh, ELEFHRHAOKREIEYI2L—FDay
NRANVEETH o, Y IaL—FDarv L VR
— BRI BRI BT B 2, ERA—AVR—RE
HERERES 75 7~y F v B R 5L »
5, AFERIABER IR L CHOHEATETHZ LA
bhs,

6. ¥ & &

A TIE, ZEALEREERE O SMEREET
D—DTH BN —NR—ZASMERTEFEOBRHENLF
WELT, SvFAYIalL—YavEAuNESMm
BHEEFERRELE, ¥, FEZHAWHERER
TRAREFELREN LB L EA L A 0%
HEEEICHETS LA TCHE I L BRI,

(1]
[2]

31

[4]

[5]

[6]

m

[8]

91

(10]

[11]

[12]

[13]

[14]

-114-

X [

R. Domer, A. Gerstlauer, and D. Gajski. SpecC Language Reference
Manual, Version 2.0. SpecC Technology Open Consortium, 2002.

T. Grétker, S. Liao, G. Martin, and S. Swan. System Design with
SystemC. Kluwer Academic Publishers, 2002.

S. Abdi and D. Gajski, “A formalism for functionality preserving sys-
tem level transformations,” in Proc. Asia and South Pacific Design

Automation Conference, 2005.
M. Fujita, “Equivalence checking between behavioral and rtl descrip-

tions with virtual controllers and datapaths,” ACM Transactions on
Design Automation of Electronic Systems, vol. 10, no. 4, pp. 610—
626, Oct 2005.

T. Matsumoto, H. Saito, M. Fujita, “Equivalence Checking of C Pro-
grams by Locally Performing Symbolic Simulation on Dependence
Graphs,” in Proc. of International Symposium on Quality Electronic
Design, pp.370-375, Mar. 2006.

R. Démer, A. Gerstlauer, J. Peng, D. Shin, L. Cai, H. Yu, S. Abdi, and
D. Gajski, “System-on-Chip Environment: A SpecC-based Frame-
work for Heterogeneous MPSoC Design,” EURASIP Journal on Em-
bedded Systems, 2008.

A. Gerstlauer, J. Peng, D. Shin, D. Gajski, A. Nakamura, D. Araki,
and Y. Nishihara, “Specify-Explore-Refine (SER): From Specifica-
tion To Implementation,” in Proc. of ACM/IEEE Design Automation
Conference, pp. 586-591, Jun. 2008.

Subash Shankar, BEFHBZ, “& b &7 v 7HHTIE-T { SpecC
B OB MR, BEFHEEEEITARLTARBE Vol.106,
No.32, pp.1-6, 2006 £ 5 H.

S. Shankar and M. Fujita, "Rule-Based Approaches for Equivalence
Checking of SpecC Programs,” in Proc. ACM/IEEE International
Conference on Formal Methods and Models for Codesign, pp. 39—
48, Jun. 2008.

T. Nishihara, D. Ando, T. Matsumoto, and M. Fujita, “ExSDG : Uni-
fied Dependence Graph Representation of Hardware Design from
System Level down to RTL for Formal Analysis and Verification,”
in Proc. International Workshop of Logic and Synthesis, pp. 83-90,
May 2007.

S. Horwitz, T. Reps, and D. Binkley, “Interprocedural slicing us-
ing dependence graphs,” ACM Tr on Prog ing Lan-
guagesa nd Systems, vol. 12, no. 1, pp.26-60, Jan. 1990.

F. Krohm, A. Kuehlmann, and Arjen Mets, “The use of random sim-
ulation in formal verification,” in Proc. International Conference on
Computer Design, pp. 371-376, 1996.

1. Bongartz, A.R. Conn, N. I. M. Gould and Ph. L. Toint, “CUTE:
Constrained and Unconstrained Testing Environment,” ACM Trans-
actions on Mathematical Sofiware, vol. 21, no. 1, pp. 123-160, 1995.
SpecC Reference Compiler.

http://www.cecs.uci.edu/ specc/reference/.

-1



