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Model Counting Method for Pseudo-Boolean Constraints

ZHENG Suhao' , NIU Qinzhou' and TAO Xiaomei’

1 College of Information Science and Engineering, Guilin University of Technology.Guilin, Guangxi 541006 ,China

2 School of Computer Science and Engineering &. School of Software,Guangxi Normal University, Guilin, Guangxi 541006, China
Abstract Pseudo-Boolean constraints problem is a kind of combinatorial optimization problem similar to the Boolean constraints
problem. The core of solving such problems lies in encoding Pseudo-Boolean constraints in different mathematical forms,such as
linear programming,integer programming,and other forms of combinatorial optimization. The current popular solution is to con-
vert the problem into Boolean formulas,and then use the conflict-oriented clause learning(CDCL) class SAT solver to solve these
Boolean formulas. This paper proposes a new method to solve the model counting problem in the Pseudo-Boolean constraints
problem. Firstly, the related concepts of knowledge compilation and extension rules are introduced,and then how to transform
Pseudo-Boolean constraints problem into binary decision diagram(BDD) by knowledge compilation is discussed in detail,and the
characteristics of BDD structure are discussed emphatically. Finally, the model counting method based on extension rules is adopted
to deal with the model counting problem in Pseudo-Boolean constraints problem. Experimental results show that the proposed
method has better performance when dealing with clauses with higher complementarity factors.

Keywords Pseudo-Boolean constraints,SAT problem, Model counting, Knowledge compilation,Clause
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1) fife 25 1]

EX 5K FHIT H 4K F (Complementary Fac-
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BB M/ (n X (n—1)/2) s M F7R &% A H AN X B9 ) XF 1 4>
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Pk AR R BT RN () £ SAT Bk 3R,

3 HiR4IEF
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Fig. 1 Corresponding BDD structure of S
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&l 3 s 1 7 4k BDD 4544
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Fig. 3
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#3% 1 BDDConvert

Hii A : Constraint C=aj x; +++* +a,x,<<K; Variable set {x1 Xz s Xn}
ffi 4 : BDD structure B

1. node N

2.for i=1 to n do

3. N=x;

4.if bool=0

5. Br =BDDConvert(i+1,ai+1xi+1 4 +a,x, <<K)

6. Br—~B

7. N—rchild= By

8. else if

9. Br=BDDConvert(i+1,ai+1xi+1 1+ +ax,<<K—a;)
10. Br—B

11. N—Ichild=Bg

12. end for

13. return B
O RIRE T LUHE T B PB 29 00 45 4 Y 5 A - %% 18] B
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38 2 1 G i
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Fig.5 Corresponding BDD structure of S,
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Fig. 6 Corresponding BDD structure of S
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SR X T AR B HOR 7 R B i A A BRI R A
DU F0 25 R R B SR  SAT [A) 1Y 25 A1 52 2% B 2 46 4R . (5 ok
HARFI A Lyv %48 A9 NCER B35 %) i1 BDD 45 #4 15 2] (1%
FAEHITEALF . NCER Bk e B+ M k47 B 30738
VAR ) JE e =3 W 08 B4 i 7 ) B A B R K Y ) L PR TIE
FAT AR A LA e R 1Y S RE /0N S AT W U D 9k A SRR
# SAT [n] &R 3 VA 18 FH A 8%, 32 R R Al s
&3k 2 NCER
i A : Clause set S; Variable set X={xj %z, %y}
#r il : Model number
Lif(S=) then

2. return 2"
3.1{(QES) then
4. return 0

. ifCunitclause{1} ©S,x€ ) then

1321

return NCER({C—{—= 1} [CCS.1¢ () .X—{x})
. choose longest length clause Ci, {x1 s x1} € C;
s'=s

for(C'eSH

© o =N >

10.  if(C and C'complement each other) then
11. delete C' from S’
12, else if (C#C") then
13. delete the same literal as C in clause C’'

14. return NCER(S—{C;},X) —NCER{S',X—{x1+ " sxx} }
6 XWHEHER

¥ BDDCovert fl NCER 53k 254, S8 T R A O 45 /R A
KBTI PBM Bk, b T 3 k4 3C 42 19 7 ¥ PBM
B A % TE 3 N EUUE 4 sensor, knapsack Fll auctions | 5 3iF
T ERE o AN HOIE A2 5 L 1000 AU .

sensor MM VR [ 3¢ T UM AR5 4 9 BF 9% T 4D . %
B 5 1 32 B H bR IRAE 4 E — 45 I PR R K A IR R A
W SAE T TR — R AL R R TR AR AR 0 45 P Y
IR e M — TR G . FE K AN T SRR, M — ) 3R 0 R A
2% v B BRSO D 2 0 RE Ak — 2R AL TR A BRI L T BB
b 14 5 155 T L A ) — 4L R T R A

knapsack 3t F 24T A M8, 2487 4 n) R — 2
B2 A AL 1) 35, e B i Gens Fll Levner £E 1980 4E # H110
Z S KR AR RARAS R E o A RER
Yol s A AR LA AR TR B AR B4R B L 3 SR B
4t o] LR i KON (R AR A a2 2
— 5 AL IR A0 0 R AN A a4 S R AR, A SR
L IRV RS B — AN R T AR AR R AR D
B R AL H b R 5 38 2 T P R B ek R

auctions [ M EE 3L T 41 A sz R Y A o Kt A7 T
VAR L — AN B R ) B, A AR SR R R
m AZ 5 #H M AIE RO P A ASTE BT LLH— A
Zrshpks, BRENSS5HEMWAE S R/DEHBME,
T7a) 4 1 fige e b S A s — b oy L O 2L AR X o AT H AT
DI R T s R R R I H R BB S 5 &
A3 B B I T A AT 5N B

Y BRI B R P X ASE TR T A 1k 1 5 L S SR B A
BEHEAT T X 43, 38 sensor T IR B9 B AN T E O 0. 6~
0.9, knapsack H 44 19 B % B F % B 0. 3~0. 6, auctions
RO 9 T AR PR N 0. 1~0. 3,

SR P A PBM B R BT CHHIBE LB, L5
A RMAT CPU 4K 3. 60 GHz, WE N 16 GB, B 1E R 4
i Windows 10 {8 541,

SR 4K PBM Bk 5 e SE ik B R T 403 DPMCT™
M GPMCUSHEAT T He . i F T B 56 a0 09 RS o A5 A 1 4L
A LA CNF FE N A, D] it AR S8 ff FH DPMC Fit GPMC #
TR B T B S FH T publibt® X Bk B AR Mk AT 4% Ak b B,
F 1 H0H T R AL T BR FE BOHE 4R L o RS ) Y B R
H. #2—F4 28501 7 PBM & AE 3 DS 4E B
P o

R AT EARTE 3600 s SR A A9 5341 5

Table 1 Number of cases solved in 3600s by each model counter
it B sensor knapsack auctions B #
PBM 768 562 278 1608
DPMC 643 537 485 1665
GPMC 624 512 507 1643

2 2 PBM fE sensor I B354 52 6 4%

Table 2 Partial experimental results of PBM on sensor

H 1 TEH AR EAETF AR EATHE /s
spl2_s43 12 43 0.893 1669 0.23
spl7_s55 17 55 0.447 104648 6.28
sp22_s85 22 85 0.625 3245607 3.47
sp27_s113 27 113 0. 384 104532756 8.93
sp30_s200 30 200 0.253 871385471 33.65

2 3 PBM 1E knapsack [ 1354 52 56 45 IR

Table 3 Partial experimental results of PBM on knapsack

5Bl REH HK% EZAET MR BAARE/s
ml2_s43 12 43 0.571 1787 2.3
ml7_s55 17 55 0.463 129677 16.45
m22_s85 22 85 0.426 3386482 7.82
m27_s113 27 113 0.364 117391796 25.76
m30_s200 30 200 0.313 901327697 58.73

2 4 PBM £ auctions | i34 52 46 45

Table 4 Partial experimental results of PBM on auctions

L2 REH YHk#% EAETF MRS EAHEs
al2_s43 12 43 0. 291 1967 13.82
al7_s55 17 55 0.262 184762 54.48
a22_s85 22 85 0.231 3584274 57.68
a27_s113 27 113 0.179 127239345 78. 24
a30_s200 30 200 0.127 976247331 427.50

1§ m K L 7E sensor K4, PBM i+ E T 768 4~
S, K 4548 F GPMC () 624 >S4 F DPMC By 643 A4~5E
%, 7& knapsack M S o, PBM SE i T 562 4> 5245 , B 49 45
J& GPMC Ry 512 4~Fl DPMC KJ 537 4. 7 auctions i 4
L, PBM SERL T 278 A2 4], T GPMC Ry 507 4~ Fit DPMC
) 485 A~ BT F . PBM S8 T 3400 4545 (15 1 608
A~,GPMC £ T 1643 4, DPMC 5£ %, T 1665 4>, B
PBM 5S¢ )8 A B B0 E e GPMC 1 DPMC i 2>, 5 1 — 52 78
LM N GPMC 1 DPMC 2 B M T CNF /E R AL 1
PHE 2w AR T publib 4b BE L S 0 A 95 40 BE BE 7 filF 45
GPMC 1 DPMC 7E 3 it B Z mi st B A — & L%, Mo
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FEEE RN T 1k — b PBM 5 3 L K 7 52 bR B o e 4% A
&R e 2 B EE AR R X,

BRIE AR T bl A R 29 SR T SO ik
HIR R 7 ok PB 28464 BDD 4544 , AT A | BDD 45
A 1 K PB4 S A5 28 S0 v R0 % Ak g F 5% 8T O A 2 Y
2 SAT 18, FIlFH 2 T4 AL 19 NCER F 9% % #% 1675 21 1
W RIUEE & HEAT R AR . 24 F A B HHN R F /NI 35 3K i
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