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Hybrid Tractable Class for Quantified Constraint Satisfaction Problems

GAO Jian, CHEN Rong, LI Hui

(College of Information Science and Technology, Dalian Maritime University, Dalian 116026, China)

Abstract: Quantified constraint satisfaction problem (QCSP) is a central problem in artificial intelligence and automated reasoning. The
tractable class is an important method to analyze its computation complexity. This study proposed a new method to determine tractability
of quantified variables by analyzing constraint structures and the ordering of universally quantified variables in the prefix on a binary
QCSP. Based on this method, the existing tractable class was extended with the broken-triangle property, and then a more generalized
hybrid tractable class was proposed. Furthermore, an application was presented that was identifying backdoor sets through the new
tractable class, and the experimental results were analyzed to show the size of backdoor sets identified by those hybrid tractable classes.
To perform the experiment, a state-of-the-art QCSP solver was modified based on a backtracking algorithm by integrating a backdoor set
detection module, and the advantage of the new generalized tractable class is shown where the size of backdoor set identified by it is
smaller than the existing one on randomly generated instances. Finally, it is indicated that the method proposed in this study can be
employed to extend other hybrid tractable classes.
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Fig.1 Constraint graph of the QCSP in Example 1 Fig.2 Asolution tree of Example 1
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() 3 R AR A T R TR A 0 (a,b) e R(GY) A 22 (1) L e IT,(V), 35 2 1(a) NIl (b) I 563 1,(a) 11, (b) 1, U FR
= IGHL(x,y,2)i L uBTP.
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Bl 2(uBTP IHSEHI):FF P & —A> - Jo B 20 S 2 0] B xy,z I ) 3 MEE R & . 2 MR AE
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EX T(FRHeER). A @ A i1l 2 L 0] B P AT AFAE— N0 20 SR AR T, 45 28 v AT AT 3 SO0) Y
(IR AR @, 47 15— A~ 2 T I 8] (1 SR IR 0] P (o) 19— AN, AR PIRHT | AN AR iR P I — MKk 5
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AR AR SCHEH ) uBTP S iRt 2R LA BTP 5y fift 125 mT LUH T IR 50 Bkl 56 b T W J0 A SCHR HE VR
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Xof IV (1 2% X R AR AN )T — U T 1 23 ) S [ v e mT LK 8 k2> AN o 2 f 8 5% 2 W) A TRAR B
Firh QCSP-Solve i i T 5 il §IAH 25 5775 QAC-200L POV o ik 04 4% 5% e 5 B A, FH 7 00 30 SR A 8 1 25 2.
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HH D A A A I 8 S T 4 T [ 0 A 288 L T A 1, D 4 7 1 1 43 SR AR S B S R 1
(10130 43 S R 1) — AN 43 3, DR BV (R 5 223 1 — AN A 43 30 75 4k 4 253 F — AN AR 028 . 24 v 3k
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R T SEE K — & TAER 34T, Hovh ,CPU 4 E5-1650v4, A 774 16GB,Windows Server 2016 1E 4 #:1E &
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O AT 1 S A 2 B ] 24 SRR A i) I AR SR AR S 4 AT S 0 4 R LA [ 2 SR R I LR AN TR
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FEL AU AL 1) Model B A4 /N2 50l Pl R F s A8 i i) R0 119 JRASE A0 3 J52 , Jir LIE 5 FH DY 6 28 (n, d,p,g)
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RIS AR E T 2R AL 5 1A s qas B SRR 0,0va s — AR PR i1 A48 F F— AN A7 A1 1)
AR gk 2 A) [ 20 SRR 6 P8 Qa9 7 1 A7 A B 1] AR 2 [ (¥ 40 A K

A A R e ] AR R AR 4R R AR A A7 4 S R ] 40 SR A ) 1K) 24 SR K A A SR S B v B
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Ao DU A 0 T R A A SRS A PR 3R] 2 S 0BG A A7 A T AR A AR A (R A KR T BT B AR R
i) L - MLCAA (9. i X — R B Gent S5 NS HY 17 2% T 0UMRIRS (1 45 R A 20 RS AR oo 41 A iy 58, AU e 4
BB AR A= J R TR A E I S5 e A B0 26 BT SRR T BEATL 42 29 b (0T 326 ORI DN, Ty LKAk 7 S48 45 90% LA (X
HAESVFIIIG R ICAL B qua KT 0.9. 3858 B MR FEH guaft 0.9 LA B, PUAS Rl A2 ) BB 5 A 5 2 AR AR Y.
DR AE AR 1 (1 5256, qua I HRAE 5 0.95
52 RWHER

AATELIER L BTP 5y fift 5280 uBTP 5 filt 5~ 20 i i 249 WOV A2 10 8 o 0 I i 4R K/ AR AR

ESE TR 1 LS AR A RS I, A (K U B AL HE 81X HLER n=20,d=10, T ny (1 HUEL 20 o 1 AR
B,ny=6 Fl ny=8.29 W% FE 4 p MME M 0.2 i3 %) 0.5, 5y 0.025.4 p=0.2 I, 24 505G 5 &1 55 B RO B AR,
JIT A SRR ) I f1) A g 1 B TS p=0.5 IR, 240 R P18 2 8 DK, 249 SROMG 22, il R 451 1 S A e B2t il - 389 0f 1
p {H,qsaMIEL AN 0.7 4% 1) 0.9,49 504 0.05,3% 5 A HUAE, LA A AN [R] AE B (1 20 AR 2R . qaa {EL /IS A 73 10 TR L 2
/N2 qagded /N IR, 2 RS S T BE A AN T L ), D G Qs FRMEL AR /N DA 0.7, LUGRAIE F8 23 A ol A SIE 451 2 Wil A2 .
XFTARAL p A qag AU, 2B B 20 AN S48, JF vH B E AT B RS K.

R LB T ny=6 N AYSEE 45 R, 3R 2 51 T ny=8 4R

Table 1 Comparison of the backdoor size detected by BTP and uBTP (n,=6)
%1 BTP L5 uBTP MK AR K /NR EE 45 R (ny=6)

) LT o [GYE NG PR IR T
p fii 1 A2 S BTP UBTP BTP UBTP
0.200 100 15.60 13.20 15.40 12.68
0.225 100 16.21 13.91 15.91 13.37
0.250 100 16.41 14.49 16.02 13.72
0.275 100 16.79 15.51 16.33 1456
0.300 99 16.78 15.83 16.02 14.81
0.325 100 16.50 15.50 15.80 1453
0.350 08 16.71 15.89 15.83 14.73
0.375 95 16.66 15.87 15.79 14.79
0.400 90 16.52 16.06 15.44 14.63
0.425 86 16.65 16.01 15.59 14.85
0.450 82 16.80 16.26 15.73 14.90
0.475 73 17.03 16.70 15.74 15.00
0.500 65 17.18 16.83 16.13 15.37

Table 2 Comparison of the backdoor size detected by BTP and uBTP (n,=8)
% 2 BTP 5 uBTP MK EE K /NIRT L4 R (ny=8)

) T (ST NG SRR
P
p fii I A2 S BTP uBTP BTP uBTP
0.200 99 16.59 14.02 16.35 13.16
0.225 99 16.85 14.30 16.33 1351
0.250 93 16.83 15.03 16.27 14.20
0.275 94 17.00 15.67 16.28 1451
0.300 83 17.02 16.04 16.42 14.83
0.325 75 17.07 16.33 16.42 14.95
0.350 69 17.16 16.55 16.29 15.12
0.375 54 17.39 17.02 16.38 15.13
0.400 37 17.54 17.00 16.39 15.03
0.425 43 17.60 17.23 16.71 15.48
0.450 37 17.49 17.14 16.65 15.38
0.475 26 1758 17.19 16.56 15.42
0.500 19 1753 17.11 16.68 15.77

XFFAREA p AEL TS g3aff 5 AN 19 100 > S 481 S5 gk 81 £ B e £ /N (K~ S48, [ I JE 2871 T QCSP-Solve
A [FTHER 2 LR o £ 31 5 At B0 I R BB A AN B S (AR 1 AR 2 A mT LUR Y B p R OK, T i 5
910 FRY A JSE 0 I 2 389 . ey T 29 SRR 0 2 A R0 R R R A A ) A R A — A B AR 1 T BE R AR A,
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e VAR Aift TR I e 4 USRI p 8086 T 484 K 100 %3 BT AT p (L, AP0 uBTP A5 2 i1 2K 1) K il S MU BE L BTP
NIX GRS uBTP Bfift 12805 BTP Sy 5~ SR SAHAT, BT L uBTP N5 21 S5 /N f) e 4. it oxe 3 g
) 3 (p L C /N IR ), RS 22 531 B K — 25, uB TP FA Bk 50 AT AR5 i A p (1S4 2R BT W/ T Bl 2
KN UBTP )P B3 2 R et/ (] BTP I ¥ P I EL X TR AT uBTP s/ 1 (R 34% 22 1 R P e O (9 1 i 44
B N 5 9 A S, BT DL e S ARG A 60 AER 0 T 2 SRR LRI, A ol 5 it SR K R AN W

PRI HTER 2 1SR FIAE I n=20,d=10. 110 42 PR & 1) A 5 A HE AN R BEBL IR, 110 1 45 A A0 PR B> AR R
(FrAE) AR P 1 A2 AN) R FR (7 A8 5 1 A H, 4 Tk o 1) A2 5t DA A7 8 ) A8 i DA s B, OF 865 ny=
6, Hir 2% HH A2 R (U 2 A AE R ] AR B AR A 1 AR 1A AR R, DL SR HE p B HR{EL T [ 0.2~0.5,055/K{E N
0.7~0.9.5F T4 p, 100 > 5] (K~ S W V5305 3 FHH 1% 4L S B i 45 R 5 i — 4145 2R {81, uB TP Al LLiR 3|
B SR SR, T T o D0 95 £ AU 58 24 R 1 3 b (A LA S ] e

Table 3 Comparison of the backdoor size detected by BTP and uBTP (alternative blocks)
%3 BTP 5 uBTP MBI KT EE & R (B R A )

S L ) [STE NN P31 R
p fil i 2 S BTP UBTP BTP UBTP
0.200 100 15.78 14.06 1553 1354
0.225 100 16.08 14.67 15.71 13.92
0.250 100 16.31 1521 15.89 14.42
0.275 100 16.92 16.01 16.30 14.98
0.300 100 16.91 16.33 16.16 1513
0.325 100 16.80 16.33 15.99 14.97
0.350 100 16.79 16.46 15.71 14.74
0.375 93 17.29 17.11 16.19 15.26
0.400 87 17.10 16.82 15.86 15.09
0.425 80 17.26 17.08 15.90 15.28
0.450 73 17.30 17.19 15.89 15.23
0.475 63 17.63 17,59 16.26 15.65
0.500 58 17.72 17.71 16.37 15.75
6 fXI{E
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A5 NBIFFE T A3 BRI 52 25 0 43 S BTLI8 45 5 1 2 ol LSRR R 1 — o 2 1 R 0 B it 1 R IR B R e
G T G IERIOC R 2 R A TR N R 7 2 SR P D 5 ) R RS 2 SR R I Fe U B G 406 &R AT 7 2 5E — e fk
1) 2 125,

— MR IR 5 R 1252 Cooper 25 A 4% (0 BTP ME& A A 138 5 — F AL W TE 45 M FE PR 3 AN sz
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F1 2 249 SR i A0 S 22 I IR ) A AT AR 1) — S B — fBC A PR 45 SR 2 Nlaanaa 2 19 Rank CSPsP)i% 125 F T 4E & 16
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(K77 B AE BN A BT R 2 BTP B A& NP AEfR. LT BTP,EE 22 [ JT] T 28 530 70 (0 B 45 1 i R0 o ke 1H
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HEFHA—MNMES D IE LB h

BTP ik T e 2 WO R, N 7 i — 76 Lk f9 24 st A2 1) 50, 36F 48 1) BTP e 3t 81— AN 2 e 4o
T )R] DL A B A 1 Te T 3K B A 2 TR G B A (R 3 2 BRI T 4 DG R AN T A KA 1 ) L
& X BTP LA A 2 70 1] #5105 fiff 45440 53 A6 BTP 3 3 FH 1 TR0 B 75 1) 5 i 45 74 ,Mouelhil 55 ABIFFL T 45 AN [l AH
FEVESELE N BTP S il 1240 o 45 S 240 A A ) 7500 A6 1 170 45 1 e B M 25 T LA B 22 1 240 S 96 AL 1) A0 Af
SE Ry 2 22 TR B 0] AT g

Sof - B ] 240 AR A ) 5 MR T S A, B 3 O SR i 2 L SR AL ) ) ) 2 B A 20
20 70 AEACRRAE I T A K Y SR S b 357 ) I S 2 U 2 3 ) py A L 3E T Horn 1Ay
{1 o ) A7 J 3 2 S92 451 U A 2 3 ) T A6 49 3 R 9 T W AR K (B i, B DR A A R R A AR R R
O T2 R A S ) B i T SIS A U 4 S A I A S — e DR G T S I T 2 1 B A 4% A
TH X 1 R, 1 5, I T A MR AE 1) B R T A 5 SR Gottlob 258 AIFIY T Ak 1A 52 BR A% 00 3 T 45
¥ 5 i 7B IL Yk Chen &5 AR N T T 45 #0512 (R iE 3B 20 BT T 2T 20 306 R I 5 Ak 1 2 (AR S b
J5 B, 5 e 2D 1 Borner A5 A ST T 2 10 I T 24 R OG0 AT ARG 0 R 2 B ) v 2 3 I ) AT AR 1)
FSZL, 575 A1k 68 5 7 2R K0 5 K 3 4 A Al e 7 4 3 240 T . i 7 (280,

5y T 2000 A T I T 2 V0 e T T 108 0 B i A 40 S AL 1) ) — AN AR TR O LA
15— 22 T2 I (1] (10 550925, A 45 12 550025 v DA SR g A 4 1) il B 36 55 2, 70 ) B i £ b 1) 7 (LS 80 1 1) 7 il
F A 22 T N T ] g ) AP BRI AR S B R — AN BRRAE A R RR I B R B S, AR NI R E S5 2
IR X AT AR 42T 19T ) AT 7E 22 T T TR) P SR R 3 — 3, 25 o L 3 NIF 9 T 28 TR B4R 19 24 A6 2
i) FEE 425 A 23 AR 0 AR AR S5 £ 240 SR A% 46 50k 153581 Kty 28 N P20 o 2 6 3 W 3 £, i R0 SR A9 e P55 R 52 i 2 1) K
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