#EEAN FHRLERES PERS
IPSJ SIG Technical Reports

2005—SLDM—120 (10)
2005./5,/20

K77 57 AV RNERLS Y Iab—Yavickd
C & Bt 9 % FMMEMREL FADORRR
B Rt BT R

T BERZAEGTERMARETLEHIR T 113-8656 R AN R X A 7-3-1
1T EER¥IVE 21— FEITREHAEa—2N— Rz 7%R T 965-8580 BER@EMH—HITEEE
T ERREAREER S AT LR EWEL Y 2— T 113-0032 HPEEAX R X4 2-11-16
E-mail: tmatsumoto@cad.t.u-tokyo.ac.jp, tthiroshis@Qu-aizu.ac.jp. t1tfujitaQee.t.u-tokyo.ac.jp

Bttt

HS5EL ABTR, LEYIal—Ya icEI< C ERLBOREFMMERgLD & D RN FEERRT 2.
RADF RIS, CEBICL o T E NI LARFDN— R 2 TEHATH S, —MRANC, KIEER DR 2RI
MEBREIal—ravid, KEGEHAEBRZRETS D, RETHLARLY. ZTIT, AMKTE, &atic
RO ZEBRDHER/ NS VERIC, TOEROFMMERBFAMICKRLYT 5T L 2RVRLT, 2UROFHEMZEF
EERET 3. EROFMENTREVES, BREFETE, KI5V 57 LTRIREZILA LRI ZRDET, §
R PN TRHEIC & o T RERTFHEICLA TN S ARG EH TREL D FTRETH 5 C L &R LTz,

F—T—F CA—ARat, FMMRIL 5> Ial—rar &KFI57

Equivalence Checking for C Description by Local
Symbolic Simulation Using Dependence Graphs

Takeshi MATSUMOTO!, Hiroshi SAITO't, and Masahiro FUJITATft

1 Dept. of Electronics Engineering. University of Tokyo
7-3-1 Hongo, Bunkyo-ku, Tokyo, 113-8656 Japan
11 Dept. of Computer Hardware, The University of Aizu
Tsuruga, Ikki-machi, Aizu-Wakamatsu, Fukushima, 965-8580 Japan
111 VLSI Design and Education Center, University of Tokyo
2-11-16 Yayoi. Bunkyo-ku, Tokyo, 113-0032 Japan
E-mail: matsumoto@cad.t.u-tokyo.ac.jp, {ThiroshisQu-aizu.ac.jp. t1tfujita@ee.t.u-tokyo.ac.jp

Abstract In this paper. we propose an efficient equivalence checking method for C descriptions based on symbolic
simulation. The target of our method is high level hardware designs written in C language. Generally, symbolic sim-
ulation for whole large designs takes very long time so that it cannot be applied in practice. Our proposed method
locally verifies each difference between the given descriptions and proves the equivalence of the whole descriptions
from the results of local equivalence checking. In the method, if a difference cannot be proved to be equivalent. the
verification areas are extended using dependence graphs and verified again. By experimental results, we have shown
that our method could verify designs by analyzing smaller areas than the previous method.
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is to be realized as
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Refined description in C
- algorithm optimizations Equivalence
- restricrion on recursive func Checking

tion calling

- free of pointer references

Introduction of con-
currency

- concufrent process,
- communication

Refined description with concu-
rency (in SpecC, SystemC)
HW part SW part
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of the behavioral by compilers
synthesizer

Behivioral Compiler @ : refinement step

synthesizer
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Assumption: The variables reg1o and reg2o
are equivalent in both programs.

req0o.1 = reg10.1 + reg20,1

Program 1

Program 2

Transitions of EqvClasses

Beginning of simulation
(from assumption)

E1 = (regto.1, reg10,2)
E2 = (reg20.1, reg20.2)

— (A)
E1 = (reg10.1, reg10.2, src102)
E2 = (reg20,1, reg20.2, src20.2)

(8)

E1 = (reg10,1. regto2, src10:2)
E2 = (reg20.1, reg20.2, src20.2)
E3 = (reg0o0.1, reg10.1 + reg20.1)
E4 = (reg0o0.2, src10.2 + src20,2)

End of simulation

E1 = (reg10.1, reg10.2, src10.2) <

E2 = (reg20.1. reg20.2, src20.2)

E3' = (reg0o.1, reg00.2, reg10.1 + reg20.1)
reg0o.1 and reg0o,2 are in the same EqvClass
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int sub_abs (int x. int y) {

intz;
if (x >=y)
z=x-y,
else
z=y-x
return z;

}
Example C program

————- Control dependence

———— Data dependence

System Dependence Graph for the example program
3 CEBLRLEOVATLKETST

Program 2
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Identification of
textual differences

|

Are there any differenc® No . Termination with
to be verified? the result "equivalent”

Yes |

Decision of the initial
verification area and
defined/used variableg

Program 1

quivalence checking

by symbolic simulatiol

Ye:

LYes Is the equivalence
proved?

No

e verification
area exteded any more
o

tension of
the verification area

Yes  Termination with
= the result "not equivalent"
(counterexample is produced)
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Program 1

Program 2

boz 9

co2 = a12+a12
do2 =a12+ boz2;
\outo.2 = {a1,2>10) ? co.2: doz,/

W cor = ant +ara;
\: do1 = a1+ bos1;

Ao = (81175 0Y 7 co Tdo) Ty

EX T W

Input variables:
Output variables: out
A1 (difference only)

Equivalence checking of outo

Equivalence of outo is not proved (a1, co, and do are unknown)
A2 (1st backward extension)

Equivalence checking of a1, co, do, outo

Equivalence of a1, co, do. and outo is not proved (a0 and bo are unknown)
A3 (2nd backward extension)

Equivalence checking of ao, bo, a1, co, do, outo

Equivalence of ao. bo, a1, co, do, and outo is proved
Result

outo is equivalent in both programs

B 5 HEANOHKE R F Al REE G

Program 1
(aon=intor; 1
bo.1 = in20.1;
c0.1=0;
ai1=b0,1 +do.i;
outo,1 = a1,1 % co.1;
=

Program 2
_____ (ao2=infoz2, >
bo.2 = in20.2;
co2=0; :
a1z =bo2 ¥27d02, |}
outo2 = a12 *co2, _ Ji

A3

m
-:A2

Input variables: in1, in2
Output variable: out
A1 (difference only)
Equivalence checking of a1
Equivalence of a1 is not proved (bo and do are unknown)
A2 (1st forward extension)
Equivalence checking of a1 and outo

Equivalence of a1 and outo is not proved (bo, do, a1. and co are unknown)

A3 (1st backward extension)
Equivalence checking of bo, co, a1, and outo
Equivalence of bo, co and outo is proved
Result
outo is equivalent in both programs
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Program 1

Program 2

[(oz:anz'boz' :]
ETPEN TR
1

y12

uL1=u0,1 + 80,1+ bot

AT x0.1 = (0.1 * bo.1) + C01:
Y11= yo1 + Co.1 + do.1;
o by 0] “change

Y127 yo.2 + €02 + do2.

(a) Common sub-expression elimination

Program 1 Program 2

ao.1 =co1 +do;
bo.1 = eo,1 - fo.1;

a02 =co2 + do2;

if (@0,1 < bo.1) __added i
X0,1 = 80,1 + bo,1. if (0.2 < bo,2)

else { X0.2 = @02 +b0.2;
at1 =co.1-dor; else {

X0.1 = 81,1 - bo.1; ai.2=co2-doz;
x02=a12-boz
}

202 = X024 Y02,

[O2] yoizeoi v ]| celeted,

201 = X0,1 + y0,1;

(b) Code motion
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1 EBRER

expl exp2 |[exp3 | exp4
Result Eqv | Not eqv [ Eqv | Not eqv
Total nodes 672 672 672 672
Nodes in diff 96 96 96 96
Verified nodes 96 11 96 43
Verification time | 1.5 <1 1.5 <1
(verified nodes) sec sec sec sec
Verification time | 559 12 543 112
(whole programs) | sec sec sec sec
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COBITIR. T eo, fo IRETRLKICHT BANERTH BT
B, Bl THBC L LRELTRIET>TVS, Th&D,
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