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Mol 2Ltk 0l€8 2% NP-complete 2HO0IE2 1 SEZIH W ACH 018 HE B

8 0 HRIF I YD, 1 2 450 E2 solverS0| LT UCH SN SHIL HE ST solverd
el AZH0l SAS8HH E218tCH 0l =20 solverdt 288 2HE O a8322 B)| fAdl =2 “ Local
search for Boolean relations on the basis of unit propagation” [5]10IA HCHE preprocessor(&® X elJl),
P_EQY s HYctD, 488 S8 Z2UE MABHLL
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SAT(satisfiability) 2Hes 08 X 32t HHL
FUHT £HHE DESH=XNE LotE= SIZHN HE
S0 ASZ0, E8 29 M2 ST MEEC ol
22 HAoZR BEHUL AZEYN  AlAHY
Hatd(correctness)S &01510 BCOF HEE AIARES
IEsI=H =30 SECH oleist SAT =2HEB
SEXHOZ EJ| f8 DP, DPLL[1] S99 Z1N2IBS0
EZWstct, 0l ZNeEEE2 0ld HEAg gzoz
2HOLAN, O EB A0l SAT Q1K 2 AFSHCE

B SAT 2 XEC=2 2AASE= SAT solver It %0l
S0l AMBED  UCH  zchaff[2], Berkmin[3],
GRASP[4] S0l 1 oiOICt. Of solver 2 CNF B
Aoz HOLA, SAT/UNSAT OIRE ZE&™Hiz=1,
solver Ol tetA satisfying assignment & £=51J| &

BHCH,

20 EHE solver &
el SEEss N2
ek SAT solver 2 EJ|
0I838t0 2HE 2HHdtH 2HE CHSB0l SAT solver B
0|8at2l& 8iCk. 2= solver 20t AZHECH
preprocessor & 24 E R0l solver 2 FE&= Al2HOI
O ZE0Ses ZF$LIF YO QEEQ N0l oA
AH3E BerkMin 2 proprocessor & P_EQ{5]0ICH Ol
=20 AME PEQ Y JES2 &Ysctn, SIHY aH

=0 2AR

CNF 2 3ot 84§,
S0l IA SO0C.
&0l proprocessor
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2. Satisfiability Problem(SAT)
satisfiability problem(SAT)= O{H8t TS A0 UL
o, O Z8AZ “tue” b M Bt 4t EEO
ZMEtH O ESAES “ satisfiable” Ol2t2 02181,
goMm “ unsatisfiable” Ol2t2  O{2I8tCH. 2l
“true” It EEE Sl H4eUY TEES DY (mode)
I = satisfying assignment 2t §CH @0, Sg8t
AQ| 2i= gb HEAR2 SAT 22 2A6H3] &850
e 2P HEA2 SHE HEE UIRUA SAT 28
SYH5I=0, €5 CNFE 0| ALESHL
X=A1 & A2 & A3 & A4 -
Al ={(al + a2 + a3 +)
A2 = (b2 + b2 + b3 +-+) -+
2t 22 CNF I US O A1, A2..An € clause i1
8t1, clause LHQ al, a2, b1.b2..8 /iteral Ol2td 8tC}.
021 literal 2 positive/negative 8 Z2F& Jici2ICh
HEO SAT 21elE2 CNF & 2#E2ex o, SAT
solver & Ot&HJHXIOICY,

2.1 Preprocessor P_EQ & S Ji& g

P_EQ &= sat solver O0I®O0} strong relation{unit
clause, equivalencies S)& &O0tAH JIE CNF O
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FItoh= BICH S XMXI= unit
clause 2 equivalence HM3stn UCH unit
clause 2 &L, 8 literal 0] unit clause J} EHEs
A2 1 literal 0l =8t clause Ol LIH X literal 0|
false JF =ICtH Y& dtLtel literal 8 XA unit
clause M true Jt EEECH 122 & literal 2
gt0l 203

=3
& literal 8

HE2
=

relation €

CHE literal 2 XI& AIZ
% AL P_EQ &= 048t I Y=k B #A6H0
2 e BE S50 0l Y3l 2E FRKE

SlolE= AOICH EYE  ULEERH  unit
propagation 2 HE0o UJIHAM, 2= branch WA
unit clause Jb &= literal 0l UsK, F= 2
A0 A equivalence ZtHI0 U= literal E01 U=X
=0 &, 0IIM strong relation 8 &= a2
conflict ot 2 0{LIXl &= search space Of 8t& ST
Ol 2 partition of Boolean space ¢t 8tCt. P_LEQ =

search space & conflict JI 2M38l= space &
AOHULIAI  QX=  space E2  partitioning SHO,
conflict Jt E48tX G= space <2 strong

relation 2t &&=Ch 2l P_EQ & local search 8
OI85l0 CNF WS 2& clause I} Of! R=20H2
B AFSHCEH

=, P_LEQ = CNF & 20t unit clause E F&050]
2l CNF Off unit clause 8 =It8t1, equivalence
A0 AEs literal S ZOLAM LIS literal 8 I
literal X &35t SAT solver 2 30| &= MZ2
CNF & HM48Ct OIIM, P_EQ & coverage Jt
MO OHLID) TR0 P_EQ JF X R3= unit
clause Jt £EME = UXL P_EQ = preprocessor
0171 20 =2E ZRE O ¥ ER:s Lt
© 12t unit clause 8 F&EE literal & negation 0I,
P_EQ JI ZAISIX %2 CNF 2 LHHX 220 unit
clause 2 00l ZXBCIH, 235121 sat solver =
conflict 8 £&6tJ| #KA&CEH

==

2.2 Inductive stage
CNF F 9 Bi& B9 subset 2 observable set,

Zet 81, Z 2| subset £ branch variable set, Y &t11
IR Y 9 ©&0 ohM  branch SO unit
propagation{ €= Boolean constraint propagation)S
M L2tCh 328 Z 2 ®|AIL unit clause 2l
AR0 1 2AZ ternary matrix T(Z) Ol XMASHCH
J1211 0l matrix 8 observable 8iCHD BHCH OIS
0 Z = {xy.zadefglet 8t2, Y = {x,y,z}et &H
matrix = Ct1 2C. )

1 0 - 1a
0 - - d
1 1 0 e
0 1 1 f
0 0 0 19
0 0 0 B

—lOol—={O
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[E 1] observable matrix

CO Ol C7 & cube &} 6t12, 2t search space B
LIEFHCH, " 0" & true, “ 1" 2 false, =
unknown(8t clause A Bt literal Ol true 2

BHCAS M, UK literal 2 2t2 unknown 22
BtCt.)2 UEHHCH 2210 O 89 B &= conflict
vector M, | B ®AJ 1 0H 10 cube =
conflict JI €W EE Sot1d, solution 0 EMEHA
%=Lk

G I1Af, unit clause 2 equivalencies 8t 1
binary matrix 2 8t 2101 480 o SCh

2 8tCHH

2.3  Deductive stage

observable matrix E GIESZ 2t B0 O
vector & MABILL tw & B4 ow ol O
vector OIC+. [E 1]0IM t.g = (0,-.0,-,0.0,0,1)

ElCt. Jeill AR 8 observable variable 0l CH8t =
H@&(logical expression)0l2t &X. R WS

Y8 vector & HESIH, vector expression R_*2
292 2 AU R=(-a-od) vi W R*2 (-ta —

== T

t_d) v t_f OILCk

YRR

r = =

Theorem. R<F ifR.*v b=1_*[5]

G FE ZJCQ CNFOlL, «c2B R« F=1,bE
conflict vector, 1._*2 b @ size J} 210 1 0 A2
2= vector 8 SESICH 18 OSW 22 2UE 22
% UACH

peF ift_ovb=1_* (1) unit clause

poeg e F if (Lp © t_a) v b = 1_* (2) equivalence

[Z 1] —tg v b = 1_* O}, MetAd “ —~g” &
CNF F Ol i€ 2 UG J2lD (tyeo ~te)vd

= 1% 022 y = F OIM —e 2 XIBECH GIIIM
bi=b3=1 O1J W2M y & —e & C1 WA SFEX
AEUHE 276t equivalence A2t LE £

QUCt. 01242 conflict & masking effect 2t &Lt
24 a8 Z1 % Observable Set &} &€&

=2 {[lLocal search for Boolean relations on the
basis of unit propagation] i = X0l observable



20039 = =4 K283

7+e et =33 Vol 30. No. 2

=

2 HHE

set S EL B & Mo traverse 8 Sot0
observable set 2t &6+D, branch variable 2
Set 2 MEISICH traverse 2RO WS XAHISH U2

[Bl=201 XtAiGtH Ligt UCH

e on

2d =2[5]9 XX+ IS PEQ o 8fvp-
UNSAT[8]0I Cist & & %I’JE 2o 20
N lierhAtin P*_ta) P_kiy
Hoin Ao
Fare Lo iy [U s Tune (IS
Arape dad 12 Sohr ul 1pd
L)1 I F -2 [ B 4859
a1 1819 2 R 84 STEE?
pap ARSI - we ] s | s
P e ERT N N JUN MER iy
1ola s i8S | InaRY
[& 2] 8fvp-UNSAT2.0
UM Eqllit 2 equivalence @ literal 2
40112, units MAE unit clause & IHZ=0[CH

6pipe 2 HR0 BerkMin 22¢t EH 701.7 =Jt
L2R2& X0 P EQ B preprocessing 2 8 =0
BerkMin 22 ZY BerkMin Al2t + P_EQ AI2t2CH

&2 4559 £J} LIS & = UL
0l AEUAM M0l 8fvp—UNSAT2.0[6]2
equivalence checking O &g& CNF O0|CH

=2{5] 320 S CNF 0l UsiA=sE OSH
#2 HUHES MASIALE branch variable 2| set 2
HAeg @ circuit 2 primary input £ &EBCH

intermediate variable 2 branch 8= AZ2CH primary
input 22 branch &t& 20| CHE variable £2| 29

SN O e HES FI MI0iCh. dtXo
primary input Ol Ci8t HEI S FR0= B
OlE9 =X 3AdE ZHSLL B4 0189 =Xt

N2+ input Ol JHZCID JtE ST

StXIgH =2[5]2 HotiE PSS, observable

set & dB 2 unit M= =E[5]HA HAE

202 &KX @0 6pipe & &L unit clause Jt
MAG X WGECH 2(5]0AME HHM traverse
ol 1 OlA 150 DX & observable set, &

primary input 22 Jt&E8H=0 & HZ 6pipe & AR
Bl 0129 =D =COID StH2tT Y= A primary
input Ol OILICH. OIE S0, 6pipe.cnf We Y=
“1” 0l &8tz clause 9 set It 2AE 322 HIP
Zle [E 3100 L ACH

[B3]0A B4 “ 1" 0| &8s clause 29 set S

BAGHH OSW 2CH (1,15469), (-1, 15469)2
1XOR 15469 0l11, LIHA &&2 input 0} 15119,
14650, 14069, 13383, 12599, 11722,2 0|1
output 2! 1 21 OR-gate & BtE == ULH 6pipe 2

M4 15469 & unit clause M 6pipe 2 output O[CH.
metd 81 2 output Ol O JINHEE ¢ 5= UL

[

2|0 6pipe & 24 Zi Big 2 2 output 22

ol= gate & input 22, % CHAl O 29
input Ol &&= AQICH O BAMNA B2 =2[5]0A
HotEl Primary input Z8 280 ZE CNF O
I El&= 2410] OFLICH

=1
3

(1, 15469) , (~1, ~15469)
(15119, 14650, 14069,

13383, 12599, 11722, 2, = | 4 .
1 e

Ml

(-15119, 1), (14650, 1) i
(-14089, 1), (-13383, 1) e
(-12599, 1), (11722, 1), .

-2, 1)

[E 3l6pipe & 4= 19 HBE clause o 8|2
3. 28

P_EQ = SAT solver 2 &7 ®2 preprocessor &M
30 =SEst 2HES solver JF dH EZ2 CNF o
HEE Fosl &EC. 10 F unit clause o
equivalencies = sat solver & X2l Al2tE & XNSI
LHECLH olXIB, preprocessor & FE 2 RHES
=0 ABH=0, Sd 3s20 A= 2RO0AA
structural information, 22 W A% primary input Ol T8t
AHEIL ACHHE preprocessing 2 SIE S £ QUCH
M2t CNF Ol 329 HEE F0HHO OIEdt= 210l
EQ58HC
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