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Abstract: The extension rule based theorem proving methods are inverse methods to resolution in a sense that they check the
satisfiability by determining whether all the maximum terms of the clause set can be deduced. IER (improved extension rule) algorithm is
incomplete as it cannot determine the satisfiability of the clause set when the subspace of the clause set is unsatisfiable. In this condition,
calling ER (extension rule) algorithms is still needed. After a thorough investigation on the maximum terms space of the clause set, this
paper develops a decomposition method for decomposing the maximum terms space of the clause set. The study on extension rule also
results in the PSER (partial semi-extension rule) algorithm for determining the satisfiability of a partial space of the maximum terms.
When the IER determines the subspace is unsatisfiable, PSER can be used to determine the satisfiability of the complementary space,

thereby, the satisfiability of the clause set can be obtained. Based on the above progress, this paper further introduces DPSER (degree
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partial semi-extension rule) theorem proving method. Results show that the proposed DPSER and IPSER outperform both the directional
resolution algorithm DR and the extension rule based algorithms IER and NER.

Key words: theorem proving; propositional logic; extension rule; satisfiability problem
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Function IER().
. BEGIN
YY
. For each PeY’
. If Complement(C,P) Then Y'«<Y'-P
. If ER(Y')==SAT
Return SAT
. Else

Return ER(Y)

END
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Function Reorder(C.,Y).

1.  BEGIN

2.  Foreach PeY

3. Foreach L;,eC

4. If L;#P Then L;<~No#(L;)
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Function PSER(CNF:Y starti,endi).
1. BEGIN
2 i<starti; Y<~DegreeSort(Y);
3 While (i<endfi)
4 BEGIN
S. T'<—getMaxTerm(i);
6 If Expand(Y,T)==False
7 Then Return SAT;
8 Else If (d<m) i«i+2" -1
9. i+t
10. END
11.  Return UNSAT;
12. END
TESVE PSER A7, 8 56,0 M\ strati FRUGAEIA 183, BEAE IR — KU H 2R 2L gerMax Term, 1% R 503% B — & IR 749 2
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Function Expand(CNF:Y ,MaxTerm:T).

1. BEGIN

2 For each clause CeY do
3 BEGIN

4. If C<T Then

5 d<max(C);

6 return True;

9. END

10.  Return False;

11. END
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Function IPSER.

1. BEGIN

2 Y—Y
3 For each PeY’

4 If Complement(C,P) Then Y'«Y'-P
5. If ER(Y")==SAT
6
7
8
9

Return SAT
Else
Reorder(C,Y)
FirstMTS(C,M)
10. PSER(Y pstarti,pendi)
11. END
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PR e 2 D) ) R A P < 2 T PP A AR OR TRUAS RE A e, DU 7 ) 4 VT 3 A 5 I =5 T ) JI A A K TS e el 1 ) 4R
P JRAF 2,0 TR SRS AT L A SCER ) PSER SVl A2 T S6TE T 20 W) A0 T8 W A2 M, 5 15 AN B0 5 45 L, T A0 b
A0 b AR g S A B R S R R
3.2 DPSEREMIERAF L

DPSER i3 A AR K MOM i Az 2 SR I A PR 48 28 38 7325 (8] 1) ) C IR 6,88 i /6 22 1) L3
HI PSER A 5 4% ) ¥ P iy A A« 2 2R m g A, U ) R v A s 2 241 25 [A) AN W 3 A2, 1459 1) PSER HE 1
a1 VA= RSN O R N TE S e S R SO S e
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£ TER 530 AT et and 5 12 i) b ) st o 0 757 A s A2, DA T 226 300 9 s AU 1) H LGl ik 7 1) ©
KPR E R R B W), BT A C 8 AN (105 6 SR 3k, T S s P 4 2% = ) Rt 48 B2 i B C AR B M+ 73 B 22
QRSN TR C N BICTR) 4T84 SERR LR AR A 4 1E BRI ZH B 14 7% 8] vh AT #8280 T o, AT ) &
£ DPLL Skl A £ R — AN 00 8478 0 (1) ) % 2 S s MOMIUPOV B 5z 48 2% 4% W) () - ) P 3 %, T A 24 R X
H % DMOM.

DMOM Jii ¢ 3SR A 1 B v A0 56 308 8 P IR 1 0 v R B oo R SC 7 A5 58 NN 16 C.

Function DMOM().

1. BEGIN

2 S «~MaxDegree(Y);

3 For each C;eS

4 For each Leliteral(C))

5. Count < Count;+1;

6 Num<«KthCount();

7 For each Leliteral(S)

8 If Count;>Num Then C<—CU{—L};

9 Return C;

10. END

S FE AR 2 1 o I 1 )5 Y A9 B T EEACK I TR IR S, 1% e 1 BR B MaxDegree 56 1558
Jaii IR G S AN SCFAE S IR H B Count VHEGHTESEREAN ST LM EU S, T8 HH oR 4k
KthCount 133\ Count A W45 K KIE Num;tg: J5 36 7 S o H I PG S0 LA H HILIREL County, 245K
T Num 5 KT MR A E L A T4) C.

2%t R S th BT DA 56 Ji DU 326 8 S0 7 0 B ORI g o S0 A S RS 56 G L 8 v B AL/ Y
ERCTRIE S/ S UL OO ¢ E NP NTTR GRS NIRRT NS S ETE b E Ve DI 1173 SN Ui B DB NI 51
LI A H AN TR PR AR R I BT A A R IS T Ay s L H B R 2 1A ST A 5 I 5 2 ) B A v A
HIAVE AT 5 C B A FANS 7 A I, I A e BRSO A AN B 7 4 A Bl 22,49 301 i) 8RR e /N, e T
RIS 45 /)5 ) Wi B DR I 75 W) e R I ] AR Bt iz [ 25 2R

T DAL FR 20 A m] 120 A XSRS AR E A T T IR E 8 R 1) C IR

Function DPSER(CNF:Y).

1. BEGIN

2 C—DMOM(Y);

3 Y<Y

4 For each CieY’

5. If (Complement(C,C;)) Then Y'«<-Y'/{C};

6 Reorder(C,Y)

7 J<FirstMTS(C,.M)

8 If PSER(Y' f+1,f+2" )==SAT

9. Return SAT
10.  Else
11. If PSER(Y,1,f)==SAT return SAT
12. If PSER(Y,f+2"“+1,2")==SAT return SAT
13.  Return UNSAT.

14. END
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7 DPSER ik, 150 TR F s 30 DMOM, % s HUR 3 DMOM i & RIS AE K TA) CARE T FHE Y
WA TR CL IR S C &8 BANS 55 4 C BRI Reorder(C,Y)SEXE A1) 4 A i [ I3 A 4
C I (I3 53R 47 48, 4K J5 U T PSER S92 ) € B 10338 49 2 ) MTS(C) B vl 3 2 P M B 3 WK
TRASGE i T4 h T a9 B A5 2, ) 3~ A SE T 2 0 MTS(C)_E i M K TR T 4 4™ e, W) 1] PSER S35 8
FH) C BRE I 2 MR AN 25 1] MTR(C). A MTR(C) b3 M K TUAS B B A 4 ) 4 e 43 310, 0+ g £ vl il
S0 MTR(C) T A A R T8 vl B 4 Ji, W) 7 ) R AT il A2

EIR 7. A BT 4 P S0 DPSER J2 1E A H 58 4 1.

UE B BT DMOM Ji5 i xS s AR A1 S0 775 7 R B v HH B P A0 2 6o S 7 R AT 1 B B LA B ) C R R [
AR T~ 25 ) 0 AR AL T AR ORI 25 i) R A SRAE C R e 191 25 ) HR 7 A AN T 37 e PR AR R T, )~ ) 4 £ 3T A A
R IG AE AR AR RIS RT3 J& 8 4~ ) 8 2 Ml A2 1D 75 UL, U FH PSER A3036 40 5 ) B PR R 2 [R] (1 ] 3 A2 1,
R TUAS B e, 0~ 4 2 ATl 2 140 4m SR 9T A A R T8 ) g e, )~ ) 4 2 AN i 3 2 1 el ok ) L, B
% DPSER JE IE# 1) 3 HJZ 58 4 1. O

4 FKWHER

ESCHR[2313E 6l 1 K AT 14 HE Y TPSER 592 5 JiU 47 7% TER,IBOHMH_IER 1 IMOMH_IER LA Dechter
I Rish 42 H B v B2 0 v 250 2 88 s B9 A 485 77 Vi——— A 1) JA1 45 545 (directional resolution, fii & DR)PHEAT T b
B IREL 4 A £ DELL Intel PIV 2.8GHz CPU/512MB RAM; ¥} Windows XP Professional SP2/Visual
C++6.0.9132% 41 3% F Ak T A0 AR X 45 () Uniform Random-3-SAT [a) AT AIM 2 i) B (http://www.cs.ubc.ca/~hoos/
SATLIB/benchm.html 2007)3E4T M3, S 46 45 S W3R 1.3 the— 2 o If W) FB IR 38 IS 19 24 6005, 38 3o 38 AT LA
F AT ) IPSER SR SURELE PAT 0% AT B B (4 v, LU B (1) IBOHMH_IER A1 IMOMH_ IER
BRI & 2~5 1.

Table 1 Experimental results of benchmark instances

R B EE R

Instances Algorithms
DR(s)  IER(s) IBOHMH IER(s) IMIMH IER(s) IPSER(s)
uf20 07 0.781 2.875 0.015 0.015 0.009
uf20 08 0.710 0.265 0.015 0.014 0.006
uf20 09 3.671 6.171 0.140 0.141 0.054
uf20 010 3.703 3.600 0.031 0.312 0.082
uf20 013 3.828 1.437 0.234 0.515 0.105
uf20 016 1.140 0.218 0.015 0.010 0.003
uf20 018 1.312 15.218 0.014 0.015 0.008
aim-50-1_6-yesl-1 - 315.570 103.520 47.406 9.358
aim-50-1 6-yesl-2  3.031 20.462 6.297 2.750 0.620

UEAR, AT 5L DPSER 43 %5 NER ik, TER H A Dechter 28 N4 H (W75 [0 A 25 k4T Tl oA
SERAE SCHR[21]SE 50 B4l St [, % DPSER S48 FBEAL SAT il @k A7 WX 4 1 AR R AL SAT 1) FBUFE 451 2
HH—ANBEML A28 77 A2 BEAL= 2 AT 3 MRS BN, MK, b N R T RE P TR AN LM AR TR
AR B AN B K AR R AU AR R A B R KA BE . LA S AR [ RIS (99 e iR AT T DU R L

B 5, FRATIE B S 00 (N,20,10) F1(N,30,10) 1) il 8 1547 U, 36,60 < N<S160. 563 T4 208 0l 15 1) i) 730, B 1L
R 10 ANFEGI AT SRR AR N B G 45 R, se e s R 1 A 2 Fros db o, A 1IE X 4005 (80,M,10)
(120,M,10)(10=<M=<30 Z [A) W RENL SAT r) BIHEAT 7 IR, 5290 45 R an gl 3 fEl 4 k.
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