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Abstract

Aiming at the problem of the resolution efficiency of propositional satisfiability problem for
propositional formula ¢ (CNF Form), based on the study of the DPLL complete algorithm and the
research of the word order processing under different forms, a new algorithm for solving SAT
problem is proposed. The algorithm groups propositional formula ¢ according to the length of
clause, and sorts the words according to the number of polarity occurrence frequency in the initial
sort. Then it considers the number of occurrences of the plus or minus words in variables and gets
the value of high numbers. Algorithm instance shows that the new algorithm can reduce the num-
ber of rules in the process of using, reduce the solving steps, cut off the unsatisfy space of solution
as soon as possible, so as to improve the solution efficiency.
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xR 4 Ko (CNFFE 2R) B AT 395 2 4k I AR SR AR R ) A, T X DPLLSE @B i) 3 ST AIFEA FFE R
TXFACFH P BRI, R T —METRBSATIH B EYE . FEERETFIRENGEAR
QT H, FREREHIRBHETIEHT, REEEBRRTIESCSCFHIKRE, KRB
HATIRE. SRR Bk R INGER RE, WO RBPER, REBERA R T
Z[H, WA RRERERE.
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1. 818

19604, Davis Fl Putnam £t 1 — i 1 52 v 35 &2 M 7 i (propositional satisfiability problem, f&#x SAT)
{58 4% B (DP B9%[1]). 53K, Logemann Al Loveland 25 A%t DP Skt 4T 7ok, $2H 7 —Fh 5 =ik
(1) SAT Hl5E BiE——DPLL #3%:[2]. HHI, DPLL Bk CEN—Fh¥E SAT IR F I AIIE, £
L F22[3], HBNHERE[4]-[6], T HT S HIESN[7], THEALE RS BR8] [9) 55U AR R T Tz M .

SR, DPLL SkAE R I A th A I 2 HH ISR I 75 I 1) R ) 1) R, 3 A 79 8 ) s I R AN P sy
Bk o BEXIZI A, WFAEAIER T SRk, R RAUR R EIA[10], SAT AR 2ik[11],
BEALSRE[12], AR AR BR BV [13], AR ¥ 2 TR MR 14158, XL RRIE I N ok 38 J2 1A AT AL 2E,
AR T PRI IR, B A) A e SO I BB AR BE L, X 5t P e 5 B0k e ik B R e A8CH) e S
FHIHIL, AT ORI, BRICR R .

BEXE BRI, ASCHRH T — M RO BCH E ORI . ZEVEM R T DPLL S ) Sk SR
M, FEREARE T A R AR B LR AT e SO L. EENETE AT E T AKE, R A
PR BEREAT /040 R, TR PR RN R IR, BATHIGHET s FR, BEHET R U
A IE ORI RE, I B S s f e, MRS IR ) ) 5 SR I - R R AT R
R 1) K E 43 4H K D7 VR R A S o) fT B ) ) R AT 0, ANTATER BRCH A6 8 8 S0, A0 R BE 1Y
KRAgASIE] . [EI, RS IE A S I R i AR S AT IR, A DU S S rh R B, R FLET R
AN RS R, SRR AT MR XA RS AR, el BIPEE B A AR S
FIE A a2 R H Y, SRR R AR . SR, B BE W] DA Ak R A IR R A
DRI, SR AR .

2. DPLL &3k

PSEAE g, RZ AR BB E . Sk in) @3 ] A0y SAT a8k T K fig. 1@%, SAT
FE (AT 2 A R A SR AT BLAR A& BTE 3 (conjunctive normal form, & FRk CNF)BEAT K AR, BISR gt
RFEER D] —HEEBRE, 8 CNF AT RJEZ A2,  MIfii% CNF i nlis 2 i, Pt fEX
B E CNF.

CNF il R H—AREANTFHC, (i =1--,n) WS EHOSFAF (A) Bi(,) EHGEHKI, TBUIC, AC, A+ AC,
B85 {C,,C,,--,C,} o THEPZARL (1 =1 n) BRINTHUSHAT (v) 88, B, v, vV, WAEEHN
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Lol 36 (i =) RSc(literal), |, BOBUHETT LI O B 1o o T i 4 550 57 10 M EOHON T
QK RS | |7 3R, WRTHAC HaH n ANCF, IAIC|=n. BTHRE S
R A S U L, TS FR% TR T A A A 1), 75 TR -0 /S o A2 0 (U A
0). CFRIGAR | AL RIFE, WERAGHRNELF(,): HHEHRNICF(). EXTFRALT
GERR S0

DPLL §ik 1] — R mT i S 1 i BB VA D e 2% 15 4 B0k 28 S DPLL REE[15] 2N
BARS, TG ABI

M E—C
RLEYFEMHMUM|F,CvI=MI|F,CvI, # ;
T [F.Cvi=MijF.Cv %EM¢$%X
I IR R ek
R2 4SRN M |F = MI|F . 5  —URHIEER 740
IFEMF R E S
X - BRI A N,
R3FEMMMI|F = MIY|F, & . , X ELY Sy | R A F

M E—C

M AN 2 2 E ST
MI?N E—C
NS I E ST

R4%MMMMWEC:mem,%{  IXEC MR, CHRE T RT4);

%EWMMMPWEC:qup,%{ , XHECAMIN|F,CARE T iynh

RTH);

R6$2ﬂMMW%3MW£,%#ﬁi?igﬁﬁ?&ﬂﬁyﬁMﬁ;

R7 SiCMUIM|F,.C=>M|F, #FEC.

RF M R RO HE S B R E R (BD S E P A1), F o CNF AR 7R, H R1 =
R5 1 F A4S, R6 F1 R7 # F 2454k,

LT B A 2 A SR

RL FLSCF AT : R & CHAFF [16]7 42 tH PS4 &k, B T8 CNF i 2 I 2 1Y
BUORFAJE F R — AR O, B, & FR—NFRaECF, BESHTIHRER M F%F
WA, (HEEZ A i Al E R, AT | — @ EAT VA

R2 4l R WRAE F AP S OO B0 SoC i, BBA M HACS SO MR, F 2l
AR, XBPRIEASCERR A . BHRER M R ZSCEER A E L, A — B BTN A,

R3 FlE M) A F AGERC— AR SCCFE N IRINMBIRER M B, L sid e e 10, JFh 1%
7, W ERTE IR R AR F O AT, B4 RS MUUAL, 5B T 0N BIIRAR 2 h 4k S AT

R4 RGN Witk M A E e 7, HHRIRER M HER R T4 C, 84X Rt 2
— AN RMOIFE .

RS [N - 40 FEAE B R 1 R — A ph 5 F4) C, FBA 13 B 24 i e b, T ARE 1,
FAG 1 EATE RIS e SO T AFR A ST, RSO | BRI C &R HE 52 .

R6 2 JRUN): F14) C IINE| F R e R mss 2], X B4 C R irA JE T HIE F 80 M i,
HEERIFALE F .

R7 B A F hEgRr+6) C M BRI, XEFH) C H F HEH.

FEMR R SEBR CNF i@t (10 ]l A PRI, 3 SR 0] PR A5 FE MR P MR AR i B 75 A AR TS Bl T g, AN 2 [
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SEAZE . R AME R BT, A4 DPLL S A -
51 1: BT CNF /i {12, 34,56, 256/ ff AT A2 1«

sl. & 12, 34,56, 256 (R3)
s2. 1° || 12,34,56, 256 (R1)
s3. 1°21| 12,34,56, 256 (R3)
s4. 19237 || 12, 34,56, 256 (R1)
s5. 192374 12, 34,56, 256 (R3)
S6. 192345 || 12,34,56, 256 (R1)
s7. 192345612, 34,56, 256 (R5)
s8. 192345 12,34,56, 256 (R1)

s9. 1'23456(6)]| 12,34,56, 256

IR A R AT R Y, R A AR {123456) = (111101} 55 {123456} = {111100} . DPLL %% i %= 1)
I, EHEM A RS MUMNAEROER ST AT HE, IAEFSCT 1, JRREBMEN 1, 51
FAH, FERI RTINSO 2 BATNE . 2 {12) = {11} B, TEEEET TP IREHES, FroAess 2
ASTAIHRIA R MUK SC T 3IRMEA 1, FRRA RL MUK L7 4 BATNE. IRIRTE1EE 6 DHESIR
35 {123456} = {111110} , {HHIFH5EF4) 256 , SiFH RS HUELH 5¢ f f e BATFEINE, A5 mA
BIWAERF . T CNF PR e d, HERADTAHRE I SCT R, Az THBUONE, Bk, 75
TH) 256 T H TN, AT EAR, BT 6 HATA 0B 180, 45k, CNF A T4
O, #aZn R AT IALHY, f5JE 75 BB AT AL AR (123456 = {111101) 57 {123456} = {111100} -

3. kR

H1 CHAFF [16]f i I, BARAZ BT b (R 1] LA/, (A0 g o5 B9 20 2 (A M R I (] 1
KA, FrRAXTE RIS R AT A H AT A SRS R 73 9 BT P A

1) FENLIEIAZ RGOS 8 5 A, JCBUAMT S R 52 T AT R, (H e e Ag
EIEBURAENE, P DAEMR B LE U R S Bl ke 2% (2D BRI (8] > A IRR I Z 5%, JFANRE
S TR R R B AT A

2) AP HUAS R SR . B R RO S T S AR R A IR AL, RS R IR TS L A A Rt
TV HEY, PRI AR RIS AT AR B . BRI M 7 A I R B 2 A n 7 — @ it s, =
X P AR R N IR £ BT — € AR AR, AT DAAEAR K IR SR s/ 41 3 i AU 1, ] AR AR A
P22 (B R 2RI (] (KN, DRLRAE SRR HE T b A7 — 5 R34

SC R P B HE P AR B SRS, BRI BCHI 58 A B Wi e R Al 1 ) B BEXT CNF SEEEAT 70 4.,
RJE TR AR MBI, Phik MBS AR, AR SR R AR P IR O
PLH, TR S AT I E , 2P IVEAE — R L ARIE T PSR AR B R I R

MR AEHE 7 BB B R P AR B R 5 A A3, AR R N S M E PR . B
ey AR S e b, IR a e AR HE, AEHE R IR T IR A RERR MUY A . (EREE
CNF S RIASE 08 K DA S Gl A v 22 ST WA C W RO AP, AR S HE e L ik a2 DR SR i
MoK, UL NS SH Y & — MUl R IE S . ShHET R fE AR B AR HE T IR TR U 5 A e 4% I AR
B RAEIEATHEY B DA B RS HE I Sha, S S B AR R RAAE,  HLAEE G R rpmT DL
ISR AR IR], 32 i SRR

SCHCR AR — RSy B, TR T
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(1) WREANFARKE, RIEFARKEXN G AR o #1750 4H:

F—H. i—'l|ci|:1lﬁ';

b i—’lCi|=2|ﬁ:

W= FRWTA.

(2) WFFAP RN RN I, IERYMER 0, R MM —K, BUEAMARH M L 1.

SRARES, MR —HERRME: #HRRNIERI, ERWEN L ke, WENO0: EH . ZHPE
PO SR MRS B ILEOHATHERT i e Hh DU 5 e AR B AT T, T b AR B OE RO H R
UEEARHATIE : 5 ESC L, WEDN 1 & FOoC s m, WRAEDY 0 25 AN H B3
—HZ, BHLDEI—ANETIRE, KR5S DPLL Bk i AR AT IR HE

@) mdlEN: F={C,C,,-.C}, HHC,C,-,CATH, FHKEILH|C.

S, =uC, [C]=1, KEN1MTFAaIINES:

S,=u,C;. [C)|=2, KIEH2 MTFHIHEA;

S, =5-5,-S,, KEART2MTHNES.

G UL JE I AL

@O §nS; =, i,j=123. PHEETAENZENTE.

@ S,US,US, =9, FHE{F TR AGEAR ¢ .

SN EIRENASHE T AR, JETE DPLL BURIEAS b, SR T —F B s vk g &SR vk, H
BARRE WL 1,

AR B UR iR R RN SR 2 SR SR B N A SRR IS HP IR Bk, M AR o HEH n AR
I, IEEET RS 2", SRARKTHE DR (K 23 IRV RIIE SR A AE 2K T SV AE A 2R AR S 1 56—
kO T — DR, BRUAMSCTEANMEON L, BAE CNF NI E R, AU HIRME v, X Rt
HEBR 7 R S R Z S (A S IR B 0, T8RS T AN BRI, ekb TR ABAD R, [RIRE
PR EAE S = =P IR T — W RD IR, BTUAHT AN SR IR 2 2™ + 2% + 2% 25, 3
o NPT SRR, 0, NECHPARE T E AP RERNNEG 0 B SRR T
— ZHF BRI, n+n, 0, =0, XN TERI 2" 5, TTHT R RER R AR R AR

4, LA
1 A B e 58 o R SR 0 T A AR D U, SRR sR AR . T AL S B AT U
4.1. DPLL B 5B ERtEER

7l 2: It CNF il o, = {12,23,134,234,14} ¥ AT 2 1k o
(—) DPLL %i:

sl. @1 12,23,134,234,14 (R3)
s2. 19112,23,134,234,14 (R1)
s3. 1921 12,23,134,234,14 (R1)
s4.  1923|/12,23,134,234,14 (R1)
s5.  19234|12,23,134,234,14 (R5)
s6. 11/12,23,134,234,14 (R1)
s7. 14|/12,23,134,234,14 (R3)
s8.  143%|12,23,134,234,14 (R1)

s9. 14392]/12,23,134,234,14

O,
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Algorithm 1. The algorithm of heuristic strategies for deciding variables
HE L BEREERRMEA

m)\: CNF éﬁ'{@(ﬂ ®

BUH 6 — 2 RO AR B B i RS T R

1 MR TR BRI AT o d: BKREEA L, N—H: HRKERN2, A—H: KR —4H.

2. UHH @ PR BENBIREL FEHITHISET .

3. XK L IFRIEEIRAE: FARENIEHI, WERN 1 R, WREH 0.

4. WK FEN 2 W — AT HES: . & B P RIRESS R v LU A DPLL S0 AT HE S, A e T HES:, &k
VERHAT T 220, FB IR B 2 A (I e 2 AR LA, MBI — AN H ) FE R e S0, IF I IE S5
WH: FHIEHD > FHIL, SCEREN 1 Rz, BERN OFE ERHI—HZ, RER 0 8 1 347). A)5HiEH DPLL
B E AN EATHE S, U S IOEAT T AR, WA T —4H 4.

5. MR N —H T AHZ RS 4 DINERATES, B35 A A R IR .

6. & PTAARINIREL REH CNF dr il v i 2, A BBIRER R AR —H e M. B EeErIRES RMH R4
RS R TA), IARZA R @ AT

FIR AT o L, T AR (1234 = {0101}

(D) #FHEE:

sl. @112,23,134,234,14 (R3)
s2. 191]12,23,134,234,14 (R1)
s3. 194]112,23,134,234,14 (R3)
s4.  1°43%|12,23,134,234,14 (R1)

s5. 194392|12,23,134,234,14

JIT LA g 52 R AL F) R  AL AR {1234} = {0101 .

L BARHE S AR T

AR T AKX AT 204, 5 12,2314 90 NS —4, 134,234 47 M55 —41.

2 iHE P AR R K BLAELL 8In(1)=3, n(2)=3. n(3)=3., n(4)=3.

STEH—H, WA EEeHE H e . T T 1,234 BB —H 2, HERIER—AE
HHIA, MALIEFEMEARRE 1, BN n(I) >n(1), FTCASCE TR AR, A5 R BN S5 8] 507
4ONF. i, FHFIRE VR SO 3R NI, FRdEi R1 MU BATH S 2 A

4 FITUAS R o, 2 P AL I, A3 B AT R A {1234) = {0101} .

1 3: Fli CNF v/l o, = {6,7,123,452,6978,875, 684, 14,573} ffy u i /L {1 .

(—) DPLL %3

sl. &6,7,123,452,6978,875,684,14,573 (R3)

s2. 6 || 6,7,123,452,6978,875,684,14,573 (R3)
s3. 6°7° |16,7,123,452,6978,875,684,14,573 (R3)
s4. 6°7°9° || 6,7,123,452,6978,875,684,14,573 (R1)
s5. 6°799°8 | 6,7,123,452,6978,875,684,14,573 (R1)
$6. 6°799°85 || 6,7,123,452,6978,875,684,14,573 (R1)
s7. 6°799°854 | 6,7,123,452,6978,875,684,14,573 (R1)
s8. 6979998541 6,7,123,452,6978,875,684, 14,573 (R1)
s9. 6°799°85412||6,7,123,452,6978,875,684,14,573 (R1)
s10.  6°7°9"854123|6,7,123,452,6978,875,684,14,573 (R6)
s11.  69799"854123|6,7,123,452,6978,875,684,14,573,678 (R5)
s12. 6°7°86,7,123,452,6978,875,684,14,573,678 (R1)

®
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s13. 6°789(9)|16,7,123,452,6978,875,684,14,573,678 (R1)

s14. 6°789(9)51/6,7,123,452,6978,875,684,14,573,678 (R1)
s15.  677°89(9)53]|6,7,123,452,6978,875,684,14,573,678 (R1)
s16.  6°7°89(9)534]|6,7,123,452,6978,875,684,14,573,678 (R1)
s17.  6°7'89(9)5341]|6,7,123,452,6978,875,684,14,573,678 (R1)

s18. 6°7789(9)53412]6,7,123,452,6978,875,684,14,573,678
R AR g, LA, T 2R AL {123456789) = {000101000} 5K {123456789} = {000101001}
(2) FEE:

s1. &|6,7,123,452,6978,875,684, 14,573 (R3)
s2. 7°116,7,123,452,6978,875,684,14,573 (R3)
s3. 796" ||6,7,123,452,6978,875,684,14,573 (R3)
s4. 7°6"4° ||6,7,123,452,6978,875, 684, 14,573 (R1)
s5. 796481 6,7,123,452,6978,875,684,14,573 (R1)
$6. 7°6"4°896,7,123,452,6978,875,684,14,573 (R3)
s7. 7°6"4°895" || 6,7,123,452,6978,875,684,14,573 (R3)
s8. 7°64°895%1° || 6,7,123,452,6978,875, 684, 14,573 (R1)
s9. 7°6°4°8951°2(2)]| 6,7,123,452,6978,875, 684, 14,573 (R1)

s10. 79674°895"1'2(2)3(3)16,7,123,452,6978,875,684,14,573

JITCA oo, S TR ALY, RIS AL AR A {123456789) = {100011010} . {123456789} = {101011010} -
{123456789} = {110011010} &%, {123456789} = {111011010} -

G APRE R AL S SR I

1 AR A B AT 04, A5 6 AT r s —2: 1450 9% 4 R TM NS =4,

2 A AR R IR 5 n(7)=4, n(4)=3, n(5)=3, n(6)=3, n(8)=3, n(1)=2,
n(2)=2, n(3)=2, n(9)=1.

3 fEEE—4Lrborl AR 6 M T HEATIRAE, X AR R 6 MBI, WA 1 AR 7 I, IRME S 0.

4 B DRSS R AT R, HE ST T &, BrOGES A IEBCHE Sy, i n(4)>n(2),
IRIEHI L, KR 4SRN ST, XA n(4)>n(4), FTLSCT AIMEANEL, (HILR 288 18
LR RL M BEAT ST, IXb G BARLGER T 1 — 4R AT T — S

5 {ERTPI T C 2453 {674} = {100} , MiF] DPLL 5y%rh R1 AN, fKIKAFH] {89} = {10} , UL MK
(A 45 RICVEHE R AR B IO, P UL E R PO E 7. A Nn(5)>n(1)=n(2)=n(3), #KiLH
Atk 5 AE NI, XEAn(5)>n(5), MaHs s 5 MEAE. (HILE R E L R e AT T —
BIOHES:, BT E R0 E . BAN(L)=n(2)=n(3), MR =4 R EEIEIR N RAE
FHE ST, SRR 1, B n(l)=n(T), BILLKSCT LIRMEA 1. 44E CNF ey a)ios s, R
PR TR - ANREANR, A% TR, IR EHEHRE, CNF RATE Aoy, Bk
FAR 5 2 A 3 TRAE A 0 B 1 ¥ 0] ff CNF il o, 2 vl 2 1o

6 it il g, A2 P AR K, F HEOHT SR A5 1 RTi 2 fif 9 {123456789} = {100011010}
(123456789} = {101011010} . {123456789} = {110011010} 5% {123456789} = {111011010} .

4.2. SBISTHR
XL M) 2 Al 3 AEHT A S DPLL Sk P REHE SR, WG S, Bk i B R b

O,
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Table 1. Comparison of the results of DPLL algorithm and the new algorithm

5% 1. DPLL EASHEEHER XTI

N R1 (IX) R3 (iX) R5 (iX) R6 (iX)

< DPLL new DPLL new DPLL new DPLL new
il 2 5 2 2 2 1 0 0 0
il 3 12 4 3 5 1 0 1 0

TEEEFTR S, 766 2. 0] 3 o, DPLL B34 B T 8 R 17 45, Mg EEULH T 4 S 9
%, FTASBULTREEEN —F, o EE R SOl F S SR LB R T — W, Xk
AR R PR P AT LU OB AR A B, SRR, (AL SRARACR . 3B I SR A7 4 L v e e
1] 2 PRI AL 45—, THZER) 3 FP R S45 AR —HE, R RATER A SAT I 50 ) 7T 6 L At
TR B 4L CNF Ay A ZLABE T AT, B DU 45 52 7] LAARAR ] o

B T S0 DPLL S0 e S o 0000 058 FH VRBOEAT L, B HE L6 1

HE 1A AT Al . RS U P8 F OO AR RS, EL S AE AR M RAIE T 30 5 SO v e g
fif b, 75— Fb T RS A R6 MU, AT T R B, b 7 FRE P9 T4
FOTRUCH I,  0E SC (e B BRT LA RO 84 R AL B, SRt 1. [RE, B Rk e
KB AT AT
5. &g

AAE DPLL 530 J J5 AT 8 R RGOS LA L, 504 7 2480 PR )2 A8 R SR SRS A7 A 1) 7 L,
PR T —MAE R Z B AT R N RE . B SRS TR A E S R OB AT )R e i ik
FE—ERESE LoD 1 TSI AE SRAR AL A v (B R R 2 TR B A T B 0 R AR Y Ok B, 5 2k
kT HES DR, SR T ORMEEE, MM IAE MY SAT Jal IR BN sk AT, X RO VEIE A N F
SAT R R &, JEARERHBE, F P TR E AT RN E LBV ReAL R, I (532
AR SR A SRS SR SE N R R SEE AT
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