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Abstract This paper presents an efficient algorithm to calculate transitive closure relation

from given transition relation represented in BDD. Unlike other methods, this method is not
affected by the longest path of a transition graph, so that this method is more efficient especially
for a transition relation which has long transition path. Experiments using real sequential circuits
show the efficiency compared with conventional iterative methods.

Furthermore, this transitive closure calculation is applicable to formal verification algorithm,
such as sequential equivalence checking or CTL model checking. And it is more suitable for

verification of a class of sequential machines which has long transition path.
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mat_mul(bdd A4, bdd B) {
f(A=0VB=0)
return 0;
f(A=1AB=1)
return 1;
if (Ax BORIEMRRY Ny V2RI A2Tw5)
return N v ¥ 2 ROEER,; '

[* AT OsE */
(A, Az, Az, Ay) — split(A);
(By, B2, B3, By4) — split(B);

Cy = mat_mul(4,, B;) + mat_mul(4., B;):
Cy = mat_mul( Ay, B) + mat_mul(Ads, By):
C3 = mat_mul( As, B;) + mat_mul( 41, Bs);
Cy = mat_mul{As, B2) + mat_mul(A44, By);
/* BoATsloe—T %/

C — merge(Cy, Cn, C3,Cy);

Ny Y aFIL Ax B — CkBER:

return C,
}
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return 0;
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return 1;
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return /N v ¥ 2 FOFSE;
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tg —1t,-C+C,
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' —E -ty + 1
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t_closure(\) — Y& /Ny ¥ a2 EILEER

return ¥
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THTHAH I EVIFEILITHE > TV B,

3.4 HEBOHSICET 2 ZRER

L3ko> BDD % fv 7= HER MBI ORI T vT ) Xba %k
F4E L, ISCAS8Y[6] DNV I v — 2 BEH LTHBHY
Pla% RO BESREITo7. 707 5 53 CH+TRLBEN
TH Y, F4Tid DECsystemb500 (#9 38MIPS) ETitbh
7o REREE UIRT.

B OFIFAEH TH S, PIEDOERKD S 5, KEBEEM

BHE =D b D (1242 5344 & s349) BRI CER LD T—
DOBRFLLT VB, RD 2 D2DFIE % nZREER R

(TR) L #:BMIE (TC) #F 3T BDD O/ —FHEELT
Wh, BN D3 oOFNHEERET, TAFNEMLE
% (linear) , R ZHHE (square) B & UWHEIHE (recur)
FRLT D, $72,[>80M] iEA A€ ) A0 A /Y



K2 HBWELOERER

BDD ®/ — K% CPU B¢f (%)
H#%% | TR TC linear square recur
5208 50 1 0.22 0.02 0.00
5298 453 688 0.63 0.80 0.17
s344 586 132639 { 91.40 >80M 41.70
s382 765 1143 | 46.00 13.35 1.90
$386 79 11 0.03 0.02 0.00
5420 116 11 103.92 0.42 0.00
s444 765 2055 39.05 122.02 2.88
s510 148 56 0.92 0.23 0.02
s526 1334 5743 | 106.18 >80M 4.18
s641 4112 1212 29.87 29.92 4.13
s820 94 9 0.07 0.03 0.00
s838 >80M - - - -
5953 864 579 0.38 0.87 0.22
51196 4851 1176 2.48 2.37 4.88
51488 177 10 0.73 0.40 0.02

A EBR IO ET2H b o7l ERRLTWAS

CORRPOOHB LI, BREEZT VT XA
HieM o KEECERTROTEY. 72, RE-F
LR REEL ) b BRI 0D, $/2, 2%
VEAEORIRTHERIKROON WL HE T Erbh
5, WETHRW LT V) XLADEBEOWEL HoTw
LEERD.

2L, BEOBERERHBAUOFEI BRI,
Coudert ®° Filkorn D7 VT Y XA [1,3] & h b RV &aF
S, TNRHEBNEADIE ) AL ) —fkly, Ho)niiE
LEREFOOTH Y, ML TRIERWHL O
ZLOERTAC L THEMUEMRFTSTETLED 120
Thsb.

L L, B Tl7e & ) M ICRVIREEE £ 70
MEFP AR D55 &1 BB O T 20 & b HEHE O FHEYIERY
OED»S b HBWHE Y BT HEDE I 2GR E 2. HI
E, R2POOB 42012 16BO 7Yy T 7Oy 7k
DAY VI THDBH, TNEREROTHETIET R 4K

BAFIET 200 BE2LA LA TH R B OLEET
5 LA 2 CHEBMBEIL 100 3 VB 225 ”KEAT

FECTHB. DL7 Vv 770y 7DD I2M o
/“:viéf‘o HELLOERLIENTEENS.

DL, BLAOTALTY XA IRERFRIGT, K
BEVLLOTHEIICLTHERLZT LT XA EL
D BZENLRETHS ). Z2D/ROD—D2DA VI T 7 4
TELTIO¥EBWHA BV AT VT Y AN TELRHE

REHObDEBDbN S,

4 BHYIZ

AfTit, BDD x AV CTHBWEIGLstET 270 Ty
XA DNTHRN, Xy Fv—s A% AN-ERERS
RL7e, ERRERLNIITCRELTVIBERN 2T LT
D AL OFECHSRTIR 2D B THLENVL S,

2L, W OEIERNCHEWHAOLEELTY, 21
E bR EET R KBESE RO 211 R
bbb, HBHMEY Ao RIEFEEERECH
P E V) b TRV, PBEITE LS 5803
5HDEEbNG,

Tz, KRR TRBRT0 LS, BRMBEOFEL LT,
w-A — b2 b YOEFBHELERMR (langage containmen) % F
WEFESREEATVE, JOFEEREEERNTOS
BIRE % & MEAE RS (strongly connected component)
YR ALENH D, HBWH DR, S EEERS %
ROLZERBEHKITASBDT, A7 LTY XL OF
BRHEAT AT EbTRETH S,
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