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Reconstructive Algorithm Based on Extension Rule for Solving #SAT Incrementally
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Abstract: #SAT problem is an important problem and used widely in the field of artificial intelligence. By the in-depth study of model
counting algorithm CER based on extension rule, the calculation formula used in CER is reconstructed and its correctness is proved in this
paper. Then, the concepts of maximum term intersection and extended maximum term intersection are put forward. An incremental
method for #SAT is also proposed, and the extended maximum term intersections are computed preferentially based on the solution of the
maximum term intersection. Pruning is performed on the extended maximum term intersections corresponding to the generalized
complementary base clause sets to avoid the redundant calculation. A method is provided to decide if a clause set is generalized
complementary or not by creating a complementary table for recording the complementarity of all pairs of clauses. Using this
complementary table, the base clause set of extended maximum term intersection can be decided incrementally. Based on this method, the

« JESTH: B R A REJE 4 (61272208, 61133011, 61402196, 61003101, 61170092); [ 5 % & #h 8 1 4 & Wi 3k 4r (2010
0061110031); H E 11 5 Rl 24 36 4:(2013M541302); 7 #R44 BHE & g 11 %1(20101501, 20140520067JH)

Foundation item: National Natural Science Foundation of China (61272208, 61133011, 61402196, 61003101, 61170092); Doctoral
Fund of Ministry of Education of China (20100061110031); China Postdoctoral Science Foundation (2013M541302); Jilin Province
Science and Technology Development Plan (20101501, 20140520067JH)

WCR I H): 2014-12-04; & ki i): 2015-02-15; 5 Fi i) i): 2015-03-08

ek PFUFSEIT httpe/ www. jos. org. cn




3118 Journal of Software #cfF= 4R Vol.26, No.12, December 2015

redundant calculation for deciding the complementarity of clauses and clause sets is avoided better. Experimental results show that the
presented RCER algorithm runs faster than CER algorithm, especially in the instances where complementary factor is small.
Key words: extension rule; model counting; maximum term intersection; complementary table; incremental method
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Foi(a) MRHE T I 7AW 2 AR ORIUHAZ 4 Q' I Al 1 A) 4R BS(Q TR SUHAMY,BS(QFR T A& i it &
WK IARAE 5 Q [ Al 7 A) 5 BS(Q)H I T A4, I & —ANATE BS(Q) 7 A), R R HIM T AR 5
BS(Q)H -1 Ay F NI AT PR BS(Q)H 1~ Ak i HLAME JL & A Wi, o e B U5 (b) AR L 8,7 vt 5T i
BORTAHAZ S QMBI , b — A E v S BRI AZ S Q MIEERl )4kt Q IRt v futk D& — 4> 14,
RS T A AT 4 BS(Q)E w5 1M SC -4 R H]

TR H TR R U A (R #SAT 1 55K i 7k RCER.

&% RCER (&={C1,C;...,Co}. X={X1,X2,... Xn}).

01. #¥JiHtk:BS=, inte_V=0, Prev_com=0, Sum=0, Prev_VarCover[m]={0};
02. Count_Max_terms(BS,inte_V,Prev_com,Prev_VarCover)

03. BEGIN

04. For (i=inte_V; i<n; i++)

05. IF (BSU{C}*H H %M1 HI%t) THEN
06. Continue;

07. ENDIF

08. Fol_VarCover[m]«Prev_VarCover[m];
09. Fol_com«Prev_com;

10. For (C; T AN x;)

11. IF (Fol_VarCover[j]==0) THEN

12. Fol_VarCover[j]=1;
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13. Fol_com++;

14. ENDIF

15. ENDFor

16. IF (BSU{CH Lt & w4+ f)) THEN
17. Sum+=2"-Fol_com;

18. ELSE

19. Sum-=2"-Fol_com;

20. ENDIF

21. Count_Max_terms(BSU{C;},i+1,Fol_com,Fol_VarCover);
22. ENDFor

23. END

24.  Num_models=2"-Sum;

25.  Return Num_models;

Sk BS AR TR 28 4 ) R a7 AU 4R, B, 7 R 4R o) T4 WIUA I @ H Sum 3R T R) 4R oREd J
FRIAR R I $, Prev_com R AT — AN LAl T A) 2 28 B AN 9 BT 8041 Prev_VarCover[m]ic S #0A47 WF 2645 & :
EHAE X, Prev_VarCover[ilHIE 4 1;75 4 0.1 Fol_com W& 7R 241 () EE Rt 1A 4 vh 48 74N B, 5 B A
Fol_VarCover[m] it 3 4 117 25 il 7 F) 4 1) 48 £ 78 15 75 . Count_Max_terms J& 3R fi# Sum B 1) 3% U1 o8 54, 00
— KR EOR BN — J2 (R B T 46 T 55 AR K IR A8 R R R AR DK IR A8 £ A X4 T B S AR R T AH AT
RPN TR AR S AN, A BT T — IR AEER Gl X oy 2 e b e e T HAE A0 0 AR R T
AR TUR U5

RCER Sk Z TAE R 45 € TR AT e R Hh AR R T A H AR 2 0 (2) i e T 2k ST LL 78
3RV E I B 06 R AMUAE b — Rk 885 5 Eb AT 30 S v h 8, 30 T Y 22 S0 4% TR T AR 8 T A A
MR & T UM ECR AE RCER B 8 A2 i — AN B OK T0UAH A8 S 1 S Al 1 g 412, A0 2 0 Wi L v 22 75 5 LA T
T, 5 5 UK T A IV i ) B v ) T A 6 AT 3 T S W A A A TR ST T B ARG T B A R A o,
Y — T RN 3R PR 3 £ 2 S T VR SR PR M R
33 BENFRIEBEFIERZE

%7 1R R — A BN R G A) IR B S R IEAT SR R B A A R b BANR B — N = AR
J8 LRI 2R R 6T A1 B0 A SR 1 R B AR T ) T AME B, R 2 b At A I SR AT Y RN B LA G R
AN 7 A O G T H AN A PR A UL R A N ) S T A A O BN I R AT B A A
RAE 4TI T A4 0={C1,C,,C5, CH Y HAMNR QK] 2 TR,

a1

a1 a2

Fig.2 Example of complementary table
K2 HANEIRG

A7 A) C b1 A) Cya AN AR G 3R ay =1, 75 W@y =0, 30 3o 3 Al 5 3, AN T LS S BT A 1) Tl ) 1
A RER 2 AT A AR A TAMN BRSE 1 JCHIBT A, ARG A SR AR P AN N G R IR AT R &y
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M A T 55 1 AT BR L Z AN e = BRI B ey %R 11) Ci 5 Cy,... Ciog T ELAME 1 A AN B ARG I, K 2 o
BT SR B AT A 1R 76 3 B BRI, Wt n( 4558 AR h A0 K0, B & RIERAE A (i-1)n.
£ RCER J7 ¥ i AR 5 BE 7, ) DULE R OK TIUAR A2 B 1) S il 8 v S5 R AR R I0UAR A S il 1~ ) SR 75
SCH AR, BET$2 5~ A48 ) SCH AR PR 58 R0%. 24 10 75 0 1R A R IR A8 B S il 1 1) B 2 17— A~ 2 0 IR R B K
T AZ ekt ) SR AR AR, H R 2 5% — A 1), LR AR A 0 55 Rl AU 4R v J0Ath A0 2 15 EL AR AT
A RCER Sy AR K IUAH A2 S S il 1 A 4 A ) e , 97 242 e ) S il A 4 oh 2 A8 1 7 A e 24 W 1 Ay 4R o
5 f R, X B C) 3R 4% B an T AP BRAV T Sl T ) SR A T SCH A
1) TEHARDEEENALICE a,) MELST N 0,01, 27 Shs 5 /N T8 0 H AR AT T AR A H AR
SEHBAS FLAN, ) B A5 A Al T R AR AN AT AR
2) A lay IR/ 2 HT AR T AR CLCy, . Crg TS COANTELAME 7 BN H I+ 2T 1 ) 4R
TR C AN T AN N TR EE P ARAETE S C) AN T WCRE Rl T R R T SCELAMY;
3) A5, LR AE R o A R AT A Cy S 3R A R R A A A S B AN
ARG A VRO B U D CER SV 0 4 W L I i 4 2 1 S T 42 i 7 SVE R N TS K
W7 ) A b R A AN T R0 R G e T A,
EST_Complementry(®).
1* @y AL T A AR R R @ C) ks T B KA, Ho o R AN O kY
01. IF &,==0 THEN Return False;
02. IF |I-k<a;<I THEN Return True;
03. For (@HBx C 4 H A B4 TA] C))

04. IF a,;==1 THEN Return True;
05. IF a;;==n THEN

06. i JJj C,Ci;

07. IFC 5 Ci & HANCT THEN
08. =1,

09. a=a,—(n-1);

10. Return True;

11. ELSE

12. a,;=0;

13. ap =a—n,

14. ENDIF

15. ENDIF

16. ENDFOR

17. Return False;
4 RKIWHER

A4 RCER /7155 CER J7iAHEAT LUK, FR45 HE W R 7 v B AL vl 0 <2 26 000 D 491 (1 485 SR S 5801 5
Windows XP #:4 % 45,CPU AMD Athlon(tm) 64 X2 Dual Core Processor 3600+ 1.9GHz,2.00GB RAM.

S T8l B LA Js s A, A S B A AR my AN n DURCAR AR REAS TR R BLAEER p,
T FR)HE— B p W m AR PR IO 5 R R 5 ) OE 67 SO AR T ) SR SR R R 1, BT B TR Y
P AR B O TE TR R 3 pr,p! ¥ A2 (0.1,0.5). A S 114 52 56 $i 45 % F A2 &Nk 30, 7RS40k 100 1R BEHLEE 1 2E 47
S0 AL W R e AR B AR TR LR 3R 45 G I I SO LR SR IR E TR T TR T K
JEE LA R E AR R (R DR /N S 6 A T 4 DA 7 9 L D (0.1~0.9), S 56 5 B2 10 WS (T35 45 2R
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M3 0] L B ey U S8 KR 43 3 F 481 v RCER J7 v I SR AB 806 22 L CER J7vEAH W i i JF H
K A7 SO B2RIR B 2 A0S P2k FE A8 3 0] Ll 2k BV J3 31 AR AR N AHON B 1 49 o Ao die vy R AN WL,
FL RS S 9] P g i SR AR I TR AR

[y
o
o

* 910k 49 -':-5‘

=
o
.

CER, CPU time (s)
=
%

.

0.01 = : : :
0.01 0.1 1 10 100

RCER, CPU time (s)
Fig.3 Experimental comparisons of RCER and CER
3 RCER Jji%5 CER Jriksish gt R b4

RCER J77% 5 CER J7 VA% 52 TLAMA 158 M5 oK, 4 BN R 735 i, A U (D) R A 0 2) P AR 2 i
SETRAE R O, 75 T 5 0 Tl AR et 45 /b, DT P i 7 ¥k 0 280 S sl . 77 B A bt 0Kk 7 R 9k 1 M B S AR
D7 (0GR, R TR S E MR 1 F AR 80 e 2R AR IS R 7 0t I 512 46 (10 F Ll 45 3, P 4 .
ME 4 T LUE H:
o B HANA P12, RCER Jrikt CER J7 ¥4 (MR A I 1) &5 S0~ B4 I FL7E AR AL 142K I RCER
Ji SRR W 5 T CER ik,

o BEAG BN P AR, P 7 A SRAE I IR 2 5 i AR s HM AR KT 0.6 I B AN 5 1R D SR A N [
ZETFUG W R4

o HANAFEI KIS RCER 77 12 1) S fiff 1] [A] 38 220 5 T CER J7¥%.

> HANDR A v I, 7 R B R BRI AR A A 2, M 28 (1) A A 2R 2)HHE R 0 TS IR 2,
T T 5 /D GX A AE RCER g2 i LA FH (A AR K T0UAH A 4 2 1] (R 9™ R 5C R 5820 it LA R R 7 8 vk 11
SRR A8 ) A 22 AN . E T 7 SBE T 22 - g 4 v 1 S0 R A BOREA T A S T LA I R S I T CER J7 i AH AR
I S BUAR H ARl 1858 v IE A6 T CER 79, RCER 7V V84 5 48 i AR 53X Bl i 0, CER J7 ¥ 11
SR AR I ] 2R AR 2D SRR AR TH 2% IA) LR AR /N 9 HAE X I R RCER 77V ISR R B AR SR L .

M 4(a) 25 5 S It T B A DR - S8R PR 0k 48, B 1) SR A B TR AF G R AN AR 22 D DR A VR S TR
TN T 876 A RN, 3k P AR 6 A 1 g o R 30 R L 97 ST R P B 23 ke s 1 EL AR R DR
AR AR AR AN I, b T B A B AR 2 1 B T8 ), P B B T AR DS - g R JEAT AR B T LA
R RS NI TR AN N 2
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a00{

Time (s)

100

300{

2004

{72241CER
~-]RCER

0.137 0.173 0.210 0.234 0.260

(a) TLAME FEIFH (0.1~0.3)

35
304
254 |

Time (s)

5]
0]

201

{72241CER
o1 RCER

0.545 0.588 0.607 0.647 0.674

(c) HAMAFEH(0.5~0.7)

Fig.4 Experimental comparisons of the two methods based on diverse complementary factors

450
400

350 4

300
250

Time (s)

150
100

200 4

[ZZ]CER
[SJRCER

(b) H %M Y6 [H (0.3~0.5)

0.20

0.15

Time (s)

0.05 |

0.00

0.10 -

fZ]CER

oI RCER

0.344 0.378 0.399 0.438 0.481

(d) TLAMAITELF (0.7~0.9)

B4 AN BN PR 1 P R g v 5 0 45 R L

TR AN ST PR 4 I A PR S AR I T L, LR 1.
Table 1 Time ratio (s/s)
Fz1 WA E(s/s)

0.721 0.777 0.801 0.831 0.877

TR AR T WA H(CER/RCER) || X FHH  HAMAT B[] L (CER/RCER)
1 0.137 2.506 1 0.545 1.822
2 0.173 2.991 12 0.588 2.214
3 0.210 1.729 13 0.607 1.824
4 0.234 2.768 14 0.647 1.334
5 0.260 1.829 15 0.674 1.278
6 0.344 2.279 16 0.721 1.143
7 0.378 1.695 17 0.777 1.293
8 0.399 1.792 18 0.801 1.208
9 0.438 1.696 19 0.831 1.306
10 0.481 1.677 20 0.877 0.952

3127

M 1 AT LLF H:CER TSR AR IN (] 5 RCER 7592 SR A I 18] F) L AR Bl A LD DR 1 B35 KA 8 T 9/, A1
HANA 0.6 22 J /N #4550 W1 2 B Bt BN PR R 44 K RCER 5 LE CER J5 1% IR S THBUR A ]
2T DRGSR A T DL R, 2 R AR TLANA O 1 B, A SRR A T AR ILAMI N DL, A (L) A A
K@it R n A FAR AR ) v 5050, BE I PR o ST I A7 AR KR, T LA RCER J54 4
CER J5 ik v 5L R R — FE K. AR T, RCER g i i 0 AN I b 30748 i 175 DLBEAT 10 %, ALk, CER J7 iR IR 2R
LT RCER J7 1% BRI A B AR /b (E AT LUK 3 I ol 5o PR B A EL b DAL (K 86 K RCER J7 A AL 34

W /N 1 JE A
5 $HRE

HSAT ]8T CNF 2 3 IR R AN, SAT 0] 78 1) — ™ J 1) 8, 78 T3

St)
=]

REVUC R AT i2 AT, ] A

7 2 T I 18] 1A -5 DI 74 B e R AT A A0S ™ JRE U7 SAT S #SAT SR gk il 10 2 JEAT YR AN IE A
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ST R CL A -4 TR 0] ¥ 5 R T 5K i D7 vk CER REAT Licidk . CER 7 V£ SR gt I 845 70 43 ) AR K T AH
AT MUY MR TR AT £ 22 18] (R Joe 5% 2R R RE G U A% T S50 B 0T b il A, AR SC 25 HH 36 5 49 SR AR 1) RCER )y
LT SE T S TR R TR A H 568 N2 AR A T Hr, T P M K SUAR A 8 v A5 85 R 6 T SCIL A1 R 4R 6 B
(K)BIT AT 7 FRE AN R I A8 R 0E AT B B, A7 808E G 17 v S50 i A B8 R IUAR 8 5 o T2 A3 K 0 50 PR 0 4% SR A DL 56 4
SE A R MR OR TR A2 B T AN 9% 2R, JF B P AR R IR A2 48 E A 45 SR 1A AN A 86 92k 5 Mt e 1 0 W71 ) 1)
A28 B R IR A2 28 10 R il ) TR0 OG 2R I 1) 3 A2 V5. S 6 45 R A WD A ol 77 5 A T D) 5 v 1) T e
A7 BRI SRR A B 9 LA FL A DR AR 1 il B RCER 32 1) SR A ke 56 W] AR - CER B9, R $2TF 2~3 £5.

BUst  ASCYEE O T AT RO B 44 R N B AR 25 T 2R SO B R L A 7S ST I
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