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FH S S MRIBEDOEHEEBRI I Xk S AF I D vy T

KIEAKHE A —B (Ichiro Semba)
FAI¥E XEBEMHE= (Shuzo Yajima)

1. ELdic

HMAEVRHE 2 REEARTRIAL., —_HREZ 57 (BDD: Binary Decision Diagram)
TR LETITE2HEZTERT S, ek, HHAYBEEINY 2 T v 7HEZHWTEY
NTCELH, PRI BEEZEILODICT—IHE &t%l%%ﬁéb%#%ﬁf t 6
M. wmHEARESES . BEMICHLTHRMNICHEELSBHICKRBTE S Y2
ZZT. wBEEARLZ _HREZI7TEALT, SEICUHETESLBDD /Xy I — /H]
212 - THEERELZ BT AL, ;h%ﬁNPHééfEﬁﬂ7-»ﬁfE&%<;
EICHYT S, BDDIIZGHEBAMBICBII#H L —D2DF—9BiE 37— RX—2X
ThbdrLAt¥ s,

HATAERBE (EE#HAYAERBE. BHrEA4EREE)
NFGV ADE N> ZF ARG E

BENTIME,. £ABEBRE. By F o 7BE (R 5 AKRE/E)
BB EIRE (HHIROBRBICEZTLFIHE., EHEEIHILWVESE)
Inek S A R, BRI INAR o S 1R, R Aol AR Gy S e

PEWAEMT Oy 7t EARRBE, BHCER S

ERE NS A R T, B o A B A R R

HIBR A M5 A R T (ELFIAERBIE. R % v 75 ERE B, X o — 5 A R )
N7 A — REE BEARREE (EHHE ARWABRDOEMRE#. XEE#E)
?E%%ﬁE\§?Vﬁﬁiﬁﬁ%\AEWFVﬁ%ﬁﬁ‘ﬁ4§—%ﬁﬁ

TV 2P DRENLREZENT 5.

2. “HREZF57 (BDD) L {EF-_HRESS57 (SBDD)

ZHHREZ 57 (BDD; Binary Decision Diagram) 3K E: RB I 5 HmMIERE
75 72CTH5b. 9. HEERICHLTY Y/ ERZBREMICHFRHL. S5 "4K
(BDT; MMwﬂmwwnHw)taihfw%ﬁﬁ%ﬁ&ﬁﬁ%—ohﬁ%‘ﬁﬂ&
T 757 BBNERETLILICID _HREZI7ZHELNSG, 270, BRORER
BRI LY T 757 8H5HA8. Th ot FET52 &LJ:«)'C&‘&L\X:E')“C‘%%@BQ
BE*ERBTESL, COXHS5%LDEHRF_HREZ 77 (SBDD; Shared Binary
Decision Diagram) & 5,

Pl LT, B2 UzHEBEB xitxexs ¥%kBT2BDTHBLUBDD. 2. 2chMERK
X1+X2X3, X1X2X3+X1X2X3, XiX: #%842SBDD%5r7.
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BDT _ BDD _
X1+X2X3 X1+X2X3

2.1 ;R E X1+X2X3 *»&RBITA5BDTELBDD., V—bF - /J—RKRPLbEK
J—K (1) NFEBNRHB, xi+xexs=1 DL 5.

X1 X2X3+X1X2 X3 X1+X2X3

(2.2 :mAEEK )—(1+X2X3, )_(1X2X3+X1;2;3, X1X2 *»%®R¥ITASBDD,

3. [IEA
HovhERmE | n@o=EE (1,2,..., n) o rfiRYHITHEEE TR
AT % R,
[ ]
xi =1, BRiHPNYHINTHAE.
0, zoothoins. ,
fi.i(X1,Xe,..., Xi+i) : i+J{EADOERH L ERY T IR THOHEEZRBTS
Erfideiba o
L& ]
fo.i(X1,Xz,..., Xi) = Xixz...Xi (j=21)
fioo(xi,%e,. .., Xi) = Xixe...Xi (i=1)
fivi(xi,x2,..., Xiej) = fi.;-_l(Xl.X? ..... Xi+i-1)Xi+j

+ fi-1, (X, X2, ..., Xiv+i-1)Xisj (i=1, j=21)
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[RB] PG, DD (a0, xe, ..., Xivi )i IGd %,

X1 X2 X3 X4 Xs O: fii(X,X2,...,Xiej)

0 1 2 3 4 5 Az fici-i(xa,x2,..., Xivi-1)
0 O: fi-1.i(xa, X2, ..., Xi+j-1)
X1 _
1 = AXi+i + OXiej
X2
_ 2 J-1 Jj
X3
© |
X4 i-1 O
T4 |-
X5 Xiej

5 i — A —[0O—

Xi+j
|

[(EZHHREZ7F7] filila,xe, ..., Xivi) (1=i+j=3,i120,j20 ) nizA,

X1X2X3 )_(1X2X3+X1)—(2X3+X1X2)-(3 il§2X3*ilX2§3+Xli2§3 X1X2X3

fi.i(x1,Xz2,..., Xitj)a))l/‘_}‘ =R LH1nffix LORE / —KICEBZNND
IEADRES (I+JHEDLSHIHEAREHEGVDES) 2RLTWE, /J—EKxinbs0E5XIL

HITFEhTwWaBxiHBEL, 1L HFFEhTwadikxiicHiBd 2.
[EBER] nHoEEHLS r I HITHELOBBRLEZN L2 XB$T2SBDD

BREETE / —RKREBXLUSBDDDOARKER (Sun SPARC station 2
(64MByte) THEfT. HHIIXF) .

n r HELOEH /—FK¥ 4 B B[]
200 100 0.90549X 1053 10199 2.4
400 200 0.10295x 10122 40399 5.1
600 300 0.13511x 101882 90599 9.9
800 400 0.18804x1024° 160799 16. 4

1000 500 0.27029x 1030e 250999 24.7

NIy 2N ZHERRBBE | nHONSTy 2D ho>ZH%2FXT
AT 5,

iG> L HEOEDP > I 6%k > ZHT. FEDORIK(OISKkSi+j)DK%HE
RIZBWTEP> ZOBBDE, > TOHBL D KREVWHLELRBFLVWEEG, Eho I
ERIMENS.
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[REEH]

Xi iBEHOXENEDLH> ZOHE,

=1,
0, iFBOXENLGH > ZDGE,

gi.i(X1,X2, ... Xi+i) : iflDEP> L IHDEDI SIS BEI>ZEEND
INRTCEXRBTr2RMER

[ #ftst]
go.i(X1,X2,...,%Xi) = xaxa...%i (j=21)
gi.i-1(X1,X2,...,X2i-1) = 0 (i=1)

Oi.i(X1, X2, ..., Xi+5) = Qi.i-1(X1,X2, ..., Xisi-1)Xi+j
t G-t (X1, X2, .. Xieio1)Xies (iléj)
[®RB] BFAG, DD i, Xz, ... X)) THIGET 3,

X1 X2 X3 Xa Xs
0 1 2 3 4 5

$0i.i(X1, X2, ..., Xivi)
t0i.i-1(X1,X2, ..., Xivi-1)

(=]
g obQOd

Q-1 (X1, X2, ... Xivi-1)

X1 4 -
s : = AXivi + OXiej
X2 . '
_ 2 eeeees Faniiy -t
X3 H H .

Y O N S | |
X4 . ' . ' i-1 O
B B S S |-
Xs ' ' . v . Xis+j

S S S S f eaean i —A—=0O—

X

[(REZHBREZT7] gi.ilxa,x2,... Xivi) (1Si+j<4, 0si5]) DHA.

X1 X2X3X4 X1 X2X3Xa+X1X2X3Xa+X1X2X3Xa X1X2X3Xs+X1X2X3X4s
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([EBER] nfoNTy20ENTh>ZHOEH L
SEYr425/ —FEBIXUFSBDDO4ERKE
(64MByte) TH4T. BALIIR) .

*%¥4TASBDDH
Sun SPARC station 2

FA
B
~0

n 2% 4 /—KH 4 R E5 R
100 0.89652Xx 1057 5149 1.8
200 0.51220x 1017 20299 2.6
300 0.44886x 10177 45449 3.9
400 0.46893x 10237 80599 5.6
500 0.53950x 10297 125749 1.1

HHEPEREE | n@BOEE (1,2,..., n) o6 r MY AR Z $XT
K Y 5 B,

n=4,r=3x95%.
[HMEH] 1Sisr, 15j=n.

1, i BACERFRD ST ORLBE, oo
0, £ TZhwnwina, Xt.1 X1.2 Xi.3 Xi.,4
X2.1 X2.2 X2.3 X2,4
X3.1 X3,2 X3.3 X3,4

Xi.j =

[S&RfF1] 475 . in&fT i(1sisr) TUCLBEFRIRID,
Xi.lii.i’;i.:{;i.l + )-(i.1Xi.z;(i.3)—(i.4_+ Xi. 1Xi.2Xi.3Xi 4 + Xi.1Xi.2Xi. 3Xi, e = 1

[(&Z#2] AROER.; (1Sisr, 1Sjsn ) BULB L. FoH oo
EEIZ0CK B,

if X1.;=1 then X2.;=0 and X3.i=0 © Xi1.; + X2.iX3.; = 1
if x2.;=1 then x1.;=0 and x3.;=0 & X2.; + X1.jX3.; = 1
if Xa.;=1 then X1.;=0 and X2.;=0 © Xa.; + X1.iX2.; = 1

[FRTHEHES ]
(&RMF1] - [(HRHE2]1=1ZH/LTTH.
[REER] nBHOEELS r D HITIXNTOMENEXRBRTSHSBDDHELREL

42/ —K¥ L SBDDD4KEM (Sun SPARC station 2(64MByte) T
K17, BOZH) .

n r BR /—FR 4 ok B el
8 8 40320 3084 3.1
9 9 362880 7181 6.4
10 10 3628800 16398 14.5
" i1 39916800 36879 46.7
12 12 479001600 81936 123. 4

- = . - . = = S e = = e e s e = e e -
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B hCiE 5]

1X20BZ0XNDRFBOFRICEET 5 HikzTXT

P
5 6]
m=3,n=4x 3%, THOPLRALZ AR THL. BHmMOWEHDN1,2,....9. #AED
SN0, 11, ..., 113 5.
1 ) 3
.............. I ot
4 5 6| 105 THE P KX
S Y Y B THE RIS ETE N RT3

[REXEK] 1=i=s11.

Xi =1, AiHBICEINTWELES.
0, WiMEICETHTWT WA,

(&1 ] (n-1)men(m-1) 1DEDDH 5 nn/2(=6) {HDOD %2 32,
(2] SFRLDICEET 238,

MIBRIINHE. BiEd 502, 10, 11T e W,
if x1=1 then x2=0 and x10=0 and x11=0 < X1 + XeXieXr1 = 1

N2, 3, ..., 1HZOWT L REER,

[FXRTCHEEBE ]
(&f1] - [RHE2] =1 2HLTH. LBTIGED,
(1,3,4,6,7,9) {1,3,4,7,16,17} (1,3,5,8,14,17} {1,3,6,9,14,15}

(1,3,14,15,16,17) {1,4,7,9,12,13} {1,9,12,13,14,15} {2,5,7,9,10,13}
{3,6,7,9,10,11) {3,7,10,11,16,17} {7,9,10,11,12,13}

[EBiER] BEERLMBROERER (Sun SPARC station 2(64MByte) THEAT.
HETIZF) .
mon EEXR mon EBEEHR AEREE o n BEER ERERE

2 1 1 3 4 " 1.7 4 4 36 1.9
2 2 2 3 6 41 2.5 4 5 95 3.6
2 3 3 J 8 183 11.3 4 6 281 12.4
2 4 5 310 N 185.5 4 7 181 76.8
2 5 8
2 6 13

[Znfh] 2XNDEFBOBRICEZHBLFHER 71 KrvFRICL S,
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n74—EE| aXnDF x X

BEETSHEETNTRD SHEHE,
A DBE. LEVDHENDH B,

[fF1 ] 175X
Xi.1Xi.2Xi.3Xi. 4
[&fF2]
X1.iXe. iXa.iXa, i
(3] 175

if xi.2=1 then Xz2.1=0

TR

if Xxa.4=1 then x2.1=0 and X2.2=0 and X3.3=0 & Xi.s + X1.1X2.2X3.3

[IXRTHEEE ]
(1] - [&RFE2) -

[5RfF 3 ]

oom0o
mO0O0O
aoos
omco

YHRDETHh

ABELEMED 7 4 — 2 HWIIMDEbZenE Sz (
Fr ABETH. . JAOFEIHD 74—V HBHEELLEWESIZ)

X1.1 - X1,2 X1.3- X1.4
X2.1 X2.2 X2.3 X2.4
X3.1 X3.,2 X3.3 X3.4
Xa.1 X4.2 Xa.3 X4.4

GDEAT T(Isi=n) 224 =Y H1DHET B,
+ Xi1Xi.2Xi.aXi.4 ¢ ii.lii.ZXi.3§i.4 * Xio1Xi.2Xi.3Xi4 = 1
GDEF JOAsSi=n) 2724 - B1OFTET S,
+ il.jXZ.jiB.jil.j + ;l.jiz.jxa.jil.j + il.ii?.jis.jXA.j =1

GO AR Bt 7 4 - BEELY

LW,

S Xi.z + X2.1 = 1
if X2.2=1 then x1.1=0 and X3.1=0 © X2.2 + X1.1X3.1 = 1

]
-—

=1 2WLTH.

[EBRER] 24— VDEEBEE*XRBISLSBDDHFLELTE /) —KEEKED

AR B5TR (Sun SPARC station 2(64MByte) T2 4T,

4 2 28
h) 10 158
6 1 126 1
1 40 1061 1

BO3E) .

n AREH /—FE  AKerE

8 92 2373
9 352 9248
0 124 25294
1 2680 92570

Ny 2 bFw 72HER

RO R BERE (Sun SPARC station 2(64MByte) THE4T

N EER  AERERE

X 3R,

. BOLIEE) .

12 14200 4.3
13 13712 24.3
14 365596 146.8

15 2279184
16 14772512
17 95815104



I & 2L 58 5 43 5 1 R

FERS1S2. .. Sa DERSH S .

Ilsiz"' i

%Bﬁ&lltjlt. "'t’., (1= ji<je<. . <jaEMTB W, [)=(175x’)sil

J2 J

BAPIs 5,55, LRAFIL UG #RED(-0DEBHIL VS,

i1 %iz7 " i, J

RSDIEHEEFADPTRADRIDLDERRILGEAF L WS,

[ X% ] sisz2sasa=abch, titztatatste=cachab
XEH s L XFHLt ORI UXFEETN (61,62

edgelill[1]
[il[2]

e DXFH s A THHE.
BeiDXEH Lt N THLE.

now

[REEERH] 1=sis8.

xi =1, e HpL@AFE LTI E5HE.
0, e BIMESICE TN WHE.

(&1 ] 8@DA (er,ez,..., es) HKk( 1=sk<4=nin(4,6) )HDD % 333,
(2] XFEHNsERLLtMTRILMED S BTV DIZEBEICHEX W,

if Xx1=1 then X2=0 & X1 + X2 = 1
if x2=1 then X1=0 < X2 + X1 = 1
if x3=1 then X«=0 and x7=0 & X3 + XaX7
i1 & Bl BR.
[ZtE3] RELTWARIZIREBIZEXZ W,

if xa=1 then Xxs=0 & X1 + Xs = 1

if x2=1 then x3=0 and Xxs=0 and Xs=0 and Xx7=0 < X2 + X3Xs5XeX7

ftr & [R1£R.
[REkDFRXTHLEISH 5 ]

(k1] - [RE2]1 - [RHE3] =1 ZULTH

BEILEIA M2/ (abb, ach) .

\Xl§2X3X4X5X6X7X8 + X1X2X3X4X'5XSX7;8 + X1X2X3X4X5X6;1Xa
{ach)

(abb) (ach)

Si, (1= ii<iz<. . <ip=R)EXERLL2. .. thD
.p=tjq0)&:§

=1

es) 95,

211
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REBRREE (ERME ABVWARDEIRE)

R—

n ADEZEE n ADABWARDPEZERPLERENESD ELTWS, KAFHD

FDADBEZELDET D, LI AN,

W& E 5B,

ABHEZMDOAREIN S LS L EHMERNTLE I,

ST I v,

ZDHEETNTRD L,

FE, K—

FTABWAED

EEHVERICREIAZEDIC

GRTEIVEGIREZ(1)-(20)9 5,

FORE

13 14

HEDRE
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)

16 17

n=3, k=2 d)i;%Ac_Ob\’C%z_é Oz EHM. @ ARVWAELT S,
EFETREIDIFLIHREE(1)-(10),
EE (HF) fJ‘foEﬁ: (i) NE—F 2> TELICBHTE 2 REE D TR,
R HE
KEQN) OC0OC00® IKEE(11)
KE(2) O0Ce e KRE (12) ®
KE(3) O00@ RRE(13) L ] J
KEMU) 000 1K RE (14) 00
RKEG) OO 0@ HKEE(15) O | J
KRE(6) O ® RE(6) OO0 0@
KAE(7) ®0® iE(17) OO0
K& (8) oo KEE(18) OO0 O
KRB (9) ® KEE(19) O00Cee
KEE(10) K (20) O0OCe0@®
MW: 12 3 45 6 7 8 9 10 11 12
EFoXE: 1112 22 3 35 5 6 6
HEORE: 12 131513 1514 14 16 16 18 19 20

18 19

19 20 20

Lzh->T. KEMHLSLRKRBQRO)E ToOREEREZRONIT LW,

[REEZCE ]

Xi

[5&fF1)

1sis1T.

=1, DiBRB(DPSKE20) T TCOBRBIZEINTVLHE.

0, WiHKRBLSREQRO)ZTOBERICEINTVWELWVWEE,
1THED A H & k{E B3,
[&F2] REBONCEREL TWEEL2, I L108ER

XiX2Xs + X1X2X3 + X1X2X3z = 1

(&3] REQOUEEL TWSL12,16,17TH 610 X,

AX12i15i17 + §12X16§17 + i12;18X17

[Z&f4] RE(), QOLDUSIORETIL, R8I DABMEOHE, BEBICE

=1

oL, P LDBE. £DHRP L2085,

Fhzewn
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RHE2 - 45859 5 304,5,600 520K,

if xe=1 then (xs=1 and xe=0) or (xs=0 and Xs=1) & Xa + XsXs + XsXs
if xs=1 then (xa=1 and xs=0) or (xe=0 and xs=1) & Xs + XaXs + X4Xs
if xs=1 then (xe=1 and xs=0) or (xe=0 and Xs=1) & Xs + XaXs + XaXs

WHB12 : k9 5012 BR <,

X1 =1
fhDIRREIZOWT L [F .
[($XRTCOEAF & (kKEHDOBEH) ]
(1] - [£#2] - [&#3] - [&HF4] =1 ZHLTHE.

BINOKOEEEOEBRIRERK L5, REAERIIGED.

1->15->2->14->3->16->5->18->7->19 ->8 -> 20
1->13->2->14 ->3->16->5->18->7->19 > 8 -> 20
1->15->2->1 ->3->16->5->18 >7->19 >6 > 20
1->13->2 >14 ->3->16->5->18 >7->19 ->6 -> 20

[RBER] REARBORILZORBE (- IH). sk IEPFEL NI &

] H ]
[ G

*B%K7T 5,
k n=2 n=3 n=4 n=5 n=6 n=7 n=8 n=9
'"QT—Sfﬂ"iiTﬂ";;;;"‘;;;;;"';;;;;“_;;;;;;"_;;;;;;_";;;;;;"

31 3(H) 5(6) 9(12) 11(25)  wexxx Aok kK kK EETTITY] Aok KOk K K
41 1(1)  3(5) 5(28) T7(43) 9(155) 11(361) 13(361) 15(361)

51 3(16) 3( 2) 5(34) 7(113) 7( 9) 9(147) 11(729)
6l 1(1) 3(16) 3(3) 5(97) 5( 7) 7(2084) 7( 16)
71 3(33)  3(9) 3( 2) 5(109) 5( 6) 7(448)
81 1C1)  3(33) 3( 11) 5( 37)
9l 3(56) :

101 1( 1)

[20M] AAFEHDHK—F 2S5 L. nADEKE. nADARWARI2N-3EDBHT
WEMXELIEHTE S,

e

BDDISy - UOHMEFTL TGRS, BEECEH LT, A0
P EAAL. MOk, RARL. KEEE XBRAAZOSRICERHOLLIT.
% Xk

[t] S.Minato, N.Ishiura and S.Yajima: "Shared Binary Decision Diagram with
Attributed Edges for Efficient Boolean Function Manipulation™, Proc. 27th
ACM/IEEE DAC, pp.52-57, (June 1990).

[2] H.Ochi, K.Yasuoka and S.Yajima: "A Breadth-First Algorithm for Efficient
Manipulation of Shared Binary Decision Diagrams in the Secondary Memory",
The 45th General Convention of "IPSJ, 6-137, (Oct. 1992).



