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Abstract: The scale of problems that can be verified by Boolean satisfiability (SAT) solving is usually limited. Therefore, how to predict
the satisfiability of SAT problems with high accuracy is an important research problem and also a challenging task. Previous works used
graphs consisting of literal nodes and clause nodes to represent the structure of SAT problems. The important relation information between
variables and clauses is missing. Raw SAT instances are encoded to multi-relational heterogeneous graphs and a message passing relation
(MPR) network model is used to capture more structure features of an SAT instance. It is showed that the MPR network model could
outperform previous work in terms of prediction accuracy, generalization ability, and resource requirement. An average prediction
accuracy of 81% is achieved on all datasets. The model trained on small-scale problems (the number of variables is 100) achieves an
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average prediction accuracy of 80.8% on larger-scale datasets. Prominently, this model gets 99% prediction accuracy on the randomly
generated non-uniform random SAT problems, which means it has learned important features to predict satisfiability. Moreover, the
running time for prediction increases linearly with the size of the problem. In conclusion, the proposed method is of higher prediction
accuracy and better generalization ability based on a relational messaging network to predict propositional satisfiability.

Key words: Boolean satisfiability problem; message passing relation network; structure features; propositional satisfiability prediction;

multirelational heterogeneous graph
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., MPR P 2% S5 INRS Bt T 80%. L5 Exch #5520 ~F-34) 77.5% 1) 7K 55 FIL MP 9 48 K528 1 247 70.6% (1) 75101
AR, EPTE B g b, MPRIA ST 79.5% M TRS &, ik LR PR, S50 45 R W FHEL T Exch
BT MP W 8 15028, MPR #5528 B 45 55 78 43 M R 0 SAT il 5 1) &5 P4 RE1IE.

FRE 20, AR t-SNE J7vEP # A 4R L (K A8 B8k 150 [ Bt B2 R0 7 T AT A4k, i 3
AN AE R A M RE AR HR A 2R T A 1 e R AN T AL 1 e R A AT CAHEAT X 4y, 4 R AL PR AR [
SFAERAR T A RN, FUAER 2 PIOstlss R b, BALE AR i il 2 0 Bm 4 b 0 ME 2 LG nT il 2 20
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S5 b UERG R T .
# 2 UR3-SAT AL RE frszig 45 1
MPR-100 (ours)

AEH RF-100  Exch-100  MP-100

All Sat Unsat
150 0.695 0.758 0.734 0.771 0.683 0.861
200 0.695 0.759 0.704 0.780 0.677 0.888
250 0.654 0.776 0.722 0.800 0.697 0.901
300 0.711 0.780 0.729 0.801 0.668 0.925
350 0.705 0.791 0.725 0.802 0.657 0.942
400 0.681 0.756 0.711 0.761 0.865 0.657
450 0.692 0.778 0.699 0.801 0.664 0.940
500 0.716 0.777 0.686 0.830 0.723  0.938
550 0.722 0.768 0.669 0.790 0.626 0.953
600 0.739 0.809 0.683 0.811 0.677  0.937
- B4 kG RE 0.701 0.775 0.706 0.795 0.694 0.923
207 e sat
® Unsat
&
10
* % ° E 'ﬁ
| 5 n.‘%v
ﬁ. ® )
. LY 0
—104
204

3 UR 3-SAT 48 &% 150 $c¥s 42K ik vl WAk,
3.3 JEUR 3-SATHiE & Yz 1k RE

9 T VHAGFE UR 3-SAT %45 LI MPR #E22 R AT DLz AL 31 9E UR 3-SAT $udis I, FATER =L
100 1) UR 3-SAT %44 11l %k MPR #7, 7F 41 UR 3-SAT s 4 L AT T MR Z AR AL

Wi 3 7R, MPR-100 7E 7 A4 21 1 00 (1) 7350 0KE B KT 99%. 145 SR BATT %S 2810 ] DUAR 47 i ot
Pt CNFgen & B AL SAT [ 8, 3 ik KT t-SNE J5 i PI%f 100~299 25 & ) 4 S5 10 HE4T AT WAL & B,
Bl 4 B, BATTASE I T DAAR G b ohS ] 35 A2 14 0 R0 AN ] 3 A2 1T ) U dE AT RE AR BRI, 155 I B AR AE X 4,
WA 5 A v PR A

Sy T HE— B BE R AL R A BE Sy, FRAI1R T SATLIB ] Benchmark 45 3647 7 R, #%HY T SAT-encoded
Quasigroup (or Latin square) instances ZHs S 4F R MR, ZEHE LA ZBENLE 3-SAT 2dl, 52 v kE
BUAE I 3-SAT i 25 A R RFAE 0 A0, B AR — L 22 4%, 05 10 4% mIl A2 1) Il LR 12 45 A5 W3 2 11
) . 12K AR LA R B K IR 2 000, 843 600 LA T SIS £ 6 400 e iZ8yndE b, X T Al
(P52, MPR-100 [#ER R 60%, ANl i 2 (1) 52 1 v %y 83%. X Uil MPR-100 7E i 600 28 5 KA
B ECR R AR 2> A A R B 4R b, Z A e A Fri .

% 3 non-UR 3-SAT Tl %
AR AL TR FAJAE R Sat SEFI%C Unsat SEBIL Sat THMIDKS B Unsat TGRS 52

100-199  133-1844 1.00-9.95 100 100 0.992 0.992
200-299  235-2954 1.03-9.97 100 100 1.000 0.992
200-399  345-3868 1.04-9.89 100 100 1.000 0.984
400-499  411-4532 1.00-9.87 100 100 1.000 1.000
500-599  568-5935 1.01-9.95 100 100 1.000 1.000
600-699  685-6779 1.01-9.98 100 100 1.000 1.000

700-799  783-7865 1.02-9.99 100 100 1.000 1.000
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Kl 4 AE UR 3-SAT A8 5% 100-199 $id £E45 1k 7 #i4L

34 HREFKSEITHE

ASCAE A DGLS.0 Sk ki 2 5 R F M B MPR B, 48 FH S HE 8 87 & 8 B2 (AMP) 1) PyTorch 1.6.0 £ 4
Jeumill gk, FF IR GPU BS54 Wrdy V100 16 G A7 B Hh 100 524 EIlZ%: Exch it MP k4%, 4> 4
T4 #E 500 MB H1 600 MB GPU 77, TmillZIATH MPR 4% K #E 100 MB GPU 1%, %Mk BB 3l T ATT 7]
DALE B AT 32 MFEAIIZE. AT BER TR BN, FEAMWAER: 55k, JRAPKIEM SAT s &
HiE 7 P AR R A0 SRR 2 2 R T, DR R AR R A AR AT Exch BB — 2 HOR, AT EE L
FEHRBRATERT 9K, (HiE MP ML T 26 KL F. M RERE RS, FANEHKEA LSTM M
LSRR, LSTM B2 24, B2 MIEAFEE 21 GPU A AF. MPR W48 B ) I 25 K £1 75 2 20 A4S/
I 2 A A TR B B E R AT 2. AT LA 7 8750H ) CPU [HERBE AT MK, 43 Ik T
MPR 45 784 75 45 5 100-600 04 5 1 B4 Tl i 1) LA Je 25 i i SR iR 2% Glucose 76 4% 1 100-350 1) $idii 4 iz
AP I, G 5 JFros: MPR 76 T B BE 032 4T I 1755 1 0 ) R Bl 2 P 56 2R T 48 SR fif 8% Gllucose, sk
i ) 55 SAT [) A () MRS AE A AR Rt R WT LG B A48 4 350 I, SKRREI M B4 dem & T, Wikss
KA B KAL) SAT .

MPR Glucose
3504
0.35
3004
0.30
= = 250
2 0.25 2
§0 S 200 {
Q Q
&2 2
5 0.20 2 150
£ £
Fo15 F 1004
0.10 50
0.051 : : : : : oL, : : : ; ‘
100 200 300 400 500 600 100 150 200 250 300 350
Number of variables Number of variables

K5 00 B I I R4
3.5 MPR5MPR-Attentiony bk

W 4 FiR: 48 UR 3-SAT B 4E _E, MPR-Attention £ 75 I T 2 07 T SE40 T MPR RE8Y, 78 7 A %0ds b
TR AERG 2k MPR BEY. X R R M T Attention HLHI 2 J5, W 58 4 b2 HT SAT In) B 1) 45 MR AE, X T 1]
A2 B FR S T (B, A AT KK R I A

MR 5 H AT LUF H, MPR-Attention #1172 1L 8 77 B8 F MPR AR EY. [RII AT LA #): AL F MPR AL, MPR-
Attention 5 s g —2%, MPR-Attention 155 8 /¥ mJ i 2 (0 588 RS 0] 36 2 (K 8508 T 19 30 12 A6 T ¥ ks 22 LT
—3X, 80%ZAT; 1l MPR £ER R 2 5 b, V2 6T 5L A 308 i vl i 2 1R £ K20 20%. 1X 3K~ MPR £F
2 AR TR BT 17 T DA A N I AN T AL . I U I SAT )R (A — AN, X SAT il R A5 ]
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T AL RS IR S AN AL Attention AL SIS AS RN A7 A 20 BE T ASRIVE R ), T RE 69 SE 4 B2 L SAT 4]
R R, AN T R B SE A E

% 4 MPR 5 MPR-Attention (1) T5 Ik BE L 4%

MPR MPR-attention
All Sat Unsat All Sat Unsat
100 0.777 0.678 0.871 | 0.793 0.796 0.789
150 0.780 0.767 0.793 | 0.773 0.720 0.825

200 0.782 0.790 0.779 | 0.791 0.770 0.811
250 0.811 0.838 0.778 | 0.802 0.821 0.782
300 0.825 0.783 0.857 | 0.825 0.826 0.823
350 0.824 0.821 0.822 | 0.829 0.841 0.816
400 0.785 0.826 0.746 | 0.777 0.781 0.772

450 0.824 0.784 0.871 | 0.827 0.806 0.848
500 0.840 0.826 0.840 | 0.825 0.811 0.838
550 0.826 0.814 0.842 | 0.826 0.795 0.857
600 0.850 0.841 0.849 | 0.854 0.855 0.853
SPFYIREE | 0811 0.797 0.823 | 0.813 0.802 0.819

%5 MPR 5 MPR-Attention [1iZ fb 68 )1 L i

i g MPR-100 MPR-attention-100
= All Sat Unsat All Sat Unsat
150 0.771 0.683 0.861 | 0.773 0.814 0.732
200 0.780 0.677 0.888 | 0.788 0.760 0.815
250 0.800 0.697 0.901 | 0.788 0.772 0.804

300 0.801 0.668 0.925 | 0.817 0.776 0.858
350 0.802 0.657 0.942 | 0.825 0.801 0.849
400 0.761 0.865 0.657 | 0.753 0.924 0.581
450 0.801 0.664 0.940 | 0.810 0.772 0.847
500 0.830 0.723 0.938 | 0.815 0.808 0.821
550 0.790 0.626 0.953 | 0.827 0.794 0.859
600 0.811 0.677 0.937 | 0.842 0.841 0.843
SEIR5E | 0795 0.694  0.923 | 0.804 0.806  0.801

FEFATT ) non-UR 3-SAT ##i 4k |, MPR-Attention [l 25 5 W4 6. mJ LA 20 A T-3& 3 MPR 24
P45, MRP-Attention 75 FUIRG B L2122 b —u6 (B G4k BAHZANB]. ATAE SATLIB ¥ SAT-encoded
Quasigroup (or Latin square) instances %4 At [ FEREAT T WK, 7T ¥ A2 1 S48 0y B0%, S T s A ) S5
WBIHERI 2 67%.

Sk G, MPR-Attention 15 MPR A58 /5 KU (1932 AL RE ) 0 75 ZE48 %, JUIJRAE SATLIB ERELsi sk
PEAE B ARSCHIBI E RO XF T UR 3-SAT 4 RlZRimik, 4 UR 3-SAT ¥4 L RILRIF. T
non-UR 3-SAT HHEFE AR/ A (MAFAE S5 UR 3-SAT & 2 A 1R KX A, BRI B AR b iz Ak, Xt )24 )5 77 2
HE— WS J5 .

# 6 non-UR 3-SAT - MPR-Attention Jii il #E i
B THH TA)AE b Sat % Unsat S Sat BUKSEE Unsat TGRS FE

100-199 133-1844 1.00-9.95 100 100 0.969 1.000
200-299 235-2954 1.03-9.97 100 100 0.906 1.000
200-399 345-3868 1.04-9.89 100 100 0.978 1.000
400-499 411-4532 1.00-9.87 100 100 0.930 1.000
500-599 568-5935 1.01-9.95 100 100 1.000 1.000
600-699 685-6779 1.01-9.98 100 100 1.000 1.000
700-799 783-7865 1.02-9.99 100 100 1.000 1.000
4 tHXI{E

4.1 Survey Propagationt B F{E
IRAVFRAE SAT (7 vEE LS Survey Propagation™1264b, H IS4 3 N7 TH BA FEX M (1) &RCHE
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B TFA AN T —A embedding [ &; (2) EASCHIER RS, 7 4 MEBELIE MBI E LT —A
KR RBORZIVRFAE 2% X G677, (3) A SCHE H AR AL IR o % B A0 719 A R E R AT 42 Uk o 45 31 B R AE, A
T A S i) A S48 ) R 3 A AR

4.2 {EFREHZ MG TRMSAT o] & m] i#% B

SCHR[L2]Ks SAT ) UG Ak S fr 28 51 A Lk ) — 4 W, JE 3 T 70% 00 THINRS B8, SCHR[A33R H T T B
AL P 2 SR AR SAT ) L) Ja e x0T 70, HEAR Y SAT il UL RE 0 A W20 1, VIZRA BRI SAT [n) i nf
R RER, ARG, EIREY BOK SR B AR B AE AT RS, T ml L SAT SEW, it SAT fn) iAr & i)
WUAE. AR, %07 00 T 0 #2 SC R a) T4 b B s, BB T S M Aa) T 2 T8 96 R 45 B T SAT ]
R R R IA B T 79%, 1H3Z AL BE ) A bt
4.3 IRFIRFES]

T AR S 90 4 POV L 57 2 R AR AL LA N, DRI, SCHR[A3]H SR 4A CNF S0 g i b i 5 SEBGE,
o, 7R3 TH) FIRRAE R, HPEIR RN A AR 2 I TA) b DL B I E IR R R 7. %L
Ve W] S IAR R AR L, T A 0 B AR 20 Tk 3 )3 2 5T, T LA SRS S A O RS B, BAT S AR i Ak
30 e 3 3 2 S) 7 N MP e IST SR T SRS . AR, % DA RRE HRALE T S0 TR T A,
FHEHREBRMA T AR R. AR TAEPR, RIAETARMAFRIRER, KA T o3 sty 2 3 6 7
Yk, 76 TNRG Rz AL RE 1 B H B .

5 B %

A RYG SAT MBUAL A —Fh 2 X R MK, FIN$EE T MPR W28 SAT ) & vl i 2 k. 3%
FTHIRE R ) LA UR 3-SAT % h # R &5 MR HE, I LU ey 00K B8 AT ml 6 S P T80, Bk Ak, MPR I 2% A5 704 7
ANIIBE UR 3-SAT #idi4E Flgk Ja, T LLZ AL BRI UR 3-SAT S 451 A T K MU HE UR 3-SAT sS4,
AR, MPR 28 BT 7 Il SR AN B, AN 75 AT PRI P20, B 45 S, AT 05 7E UR 3-SAT 2idide
F TR0 A 3l 2 T T AR I CAERORE B . A RE DRI IR T R, R AR R g, FRATTKs 3t — S Y
FE TR 0 L B P T AR e D R BB U 0T T R (R AT AR O 1K) SAT ) A AH ST Y, %l 31 SAT Competition 1)
Tk s, AU T CNF gen 42 Bl UR 3-SAT %4,
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