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An Approach of Solving Constraint Satisfaction Problem Based on Cycle-Cut
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Abstract  Firstly a backtrack-free algorithm Tree_Search is given to solve the cycle-free CSPs.
Secondly, by embedding the cycle-cut idea in the MAC3rm algorithm which is the most popular
solver for binary CSPs in recent years, the new algorithm, called CCS, is presented. CCS sepa-
rates the backtracking procedure into two steps, the former step searches the partial solution for
the variables in the cycle-cut set and simplifies the problem into a cycle-free problem that is arc
consistency, and the latter step solves the rest variables by Tree_Search algorithm. As a result,
CCS has improved MAC3rm. It is proved that the partial solution which is found by MAC3rm can
be extended to a global solution and MAC3rm can not find a partial solution on the cycle_cut set if
the global solution does not exist. The experiments show that CCS is more efficient than
MAC3rm. While solving the random CSPs which are at the phase transition, CCS can reach a
maximum of 140 times more efficient than MAC3rm, and while solving some of the benchmarks,

CCS can reach up to 100 times more efficient than MAC3rm.
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Tree_Search(P)
Begin
1. Q=PX;
2. while Q is not empty do
3. select a x; from Q;
4. Depth_First_Search(x;) ;
End
Depth_First_Search(x,) / /¥ B 56 3 By Wt A
Begin
1. select an available value v for z;;
2. xi=u;
3. remove z; from Q;
4, while there is another constraint ¢ involve x; and
c.dealed={alse do
5 x;=X(c)—a;;
6. c.dealed=true;
7 Depth_First_Search(x;) ;
End
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Compute_CutSet(in P:csp)
Begin
cul_set— { } H

while get_a_cycle(P) do

cut_set=-cut_set\J{x;};

1

2

3. select a x; variable from the cycle;

4

5 remove x; and all the constraints involve x; from P;
6

return cut_set;

End

EHS.
B On®).

M. BRR get_a_cycle JETIREA ol D £
W B IR EE G 1 R AT s A REFR B BR (o S 2 T 2y
W A AE O L PR SR A R S R R I )
SR b NG OLAE R Py 29 A 2 — A58
ARG O U 3 A2 B AR AL BB 5 DX 2 A
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Cycle_Cut_Search(in P:csp)
Begin
1. if Cycle_Cut_MAC3rm(P) then
2. Tree_Search(P) ;
else

3. return nosloution;

End

Cycle_Cut_MAC3rm(in P:csp) :Boolean
Begin
1. cut_set=Compute_CutSet(P) ;
2. if MAC3rm(P, cut_set) then //MAC3rm only assign

//values for the variables

//in cut_set

3 for each x; in cut_set do
4, Remove z; and all the constraints involve x; from P;
5 return true;

else
6. return false;

End
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5.2  benchmark iz

Benchmarlk 1 A 1] J2& I oK i 10 CSP 3K fig 55
45 5 T BB 1) — AN BR ME L A SR FH ) benchmark
B2 B 2005 4 [ bR 29 R 7 5w 8. AT +%
Horpr iy JUA ) % CCS g A7 Pk, 23 5] S rlfap.
bqwh15_106 frb35-17 frb40-19, Domino, composed-
25-10-20. PIXZE W 1~5.

& 1 rifap L5 R

- It a] /s

TR CCS MAC3rm
Graphl2_wl 0. 664 1. 825
Graphl3_wl 0. 066 0. 245
rifap Graphl2_w0 0. 003 0.170
Graphl3_wO0 0. 004 0. 319
scen?_wl_f4 0.118 0.210

% 2 bqwhl5_106 MK &R
T s
CCS MAC3rm

14 4.729 9.713

24 1. 331 3. 349

27 1. 049 2.113

32 2.092 2. 384

38 1. 149 1.571
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FRIN A2 SR feb ()L 249 SRR XS LG 35004 8% DY G 36
DAL T ) A8 3 IF A BT . Domino [a] 814 4 152 24
A g HL 3 45 2 AR AR # 5K . K 4 81 T Domino
) A i 45 2R 3% 5 8 T composed25-10-20
3 25 2R, A 5 Hp B dls W R 9 g ) R
MAC3rm B} HJ& CCS af DULEA AL ] P9 oK .

% 3 frb35-17.frb40-19 ik 45 R

N A i) /s — ) /s
TR CCS MAC3rm TR CCS MAC3rm
1 6. 587 7.678 1 34.209 37.158
2 12.382 12. 203 2 12.286 15.210
frb35-17 3 2. 064 3.110 || frb40-19 3 19.576  13.690
4 4. 755 4. 476 4 21.628 15.077
5 16. 741 20. 523 5 44. 256  30. 356
% 4 Domino K &5 R
- s8] /ms
TR CCS MAC3rm
100-100 12.9 16. 6
100-300 107. 3 138.3
300-100 39. 1 114.7
Domino 300-300 331.7 449. 1
500-100 67.2 214.1
500-300 276. 3 565. 6
1000-10 2.9 247. 4
#£ 5 composed-25-10-20 MK & R
T [l i s
CCS MAC3rm
0 J— J—
1 0.008 —
2 441. 481 714.471
3 1892. 927 —
4 0.002 0. 003
composed-25-10-20 ~
5 389. 908 299.292
6 — —
7 0.002 0. 003
8 0. 003 0. 003
9 14.568 0. 090

5.3 ZWHERNSW

F 722 IR L %o B3 A I3 A 5 ) A ot
FATH L 45 R AE A A1 6L T CCS 2R T
MAC3rm, X A fig /& H F Dom/Ddeg Ji %& = 5% % 7£
42 JRy 722 g v AR A LA S TR B 1) ) A T Ak
18 728 £ TR . AT A 52 3 45 2R W R, CCS 7R 48
RZHE LT R T MAC3rm, 78 Ffi AL 5] & AH 28
W B, %5 1T LLSA B MACS3rm &R 9 140 1%, £ 3
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Background

Constraint satisfaction problem plays an important role
in artificial intelligence area. It is one of the foundations of
Al To solve a CSP is NP-hard. Maintaining arc consistency
during backtracking search is the algorithm that embeds arc
consistency technique in backtracking. There are some MAC
algorithms, the differences between them are the arc consis-
tency algorithms used in them. There are two factors impac-
ting the efficiency of MAC algorithms, on the one hand, the
efficiency of the arc consistency algorithm used in it, on the
other hand, the data structures that must be maintained dur-
ing search. If the data structures used in the corresponding
arc consistency algorithm are simple, it would cost less time
to maintain them during search. AC3 is widely used in con-
straint solvers in the last 30 years although it is not optimal,
for it is simple. AC3rm. the optimal version of AC3. pro-
posed in 2007, is widely accepted as the most successful arc

consistency used in MAC. AC3rm improves AC3 and the
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MAC3rm algorithm maintains the same data structures as
MACS.

This work improves MAC3rm by combine the cycle cut
idea with MAC3rm. The cycle cut idea was proposed by
Dechter in 1990, but Dechter did not use it in MAC. Her
work did not guarantee the partial solution in cut set can be
extended to a global solution. We use it in MAC3rm, and
proved that the partial solution which is found by MAC3rm
can be extended to a global solution and MAC3rm can not
find a partial solution on the cycle_cut set if the global solu-
tion does not exist. The experimental results show that CCS
is more efficient than MAC3rm. While solving the random
CSPs which are at the phase transition, CCS can reach a
maximum of 140 times more efficient than MAC3rm, and
while solving some of the benchmarks, CCS can reach up to

100 times more efficient than MAC3rm.



