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An Integration of Local Search and Constraint Programming
for Solving Constraint Satisfaction Optimization Problems
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Abstract

Constraint satisfaction optimization problem is a kind of optimization problem involving cost minimization as
well as complex constraints. Local search and constraint programming respectively have been used for solving
such problems. In this paper, I propose a method to integrate local search and constraint programming to improve
search performance. Basically, local search is used to solve the given problem. However, it is very difficult to
find a feasible neighbor satisfying all the constraints when we use only local search. Therefore, I introduced
constraint programming as a tool for neighbor generation. Through the experimental results using weighted
N-Queens problems, I confirmed that the proposed method can significantly improve search performance.
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// SHC : Algorithm for maximization problems
Algorithm Simple_Hill_Climbing_Search

x © Variable vector (Current solution).

Obj . Objective function.

Penalty : Penalty function for violation of constraints.

TotalObj - Total objective function.
TotalObj = Obj — a X Penalty - (1)
k  The number of variables to be changed.
Begin

Start with a random initial solution x
While stopping condition is not met Do
Generate a neighbor solution x* by changing
the value of & variables

If 7TotalObfx+) = TotalObfx) Then

X = Xx*
End While
return x
End Begin
T2 2. CSOPE 2fst cke oi=2=7| B

Fig. 2. Simple Hill-Climbing Search for CSOP
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// SHC+CP : Algorithm for maximization problems
Algorithm Local_Search_with_Constraint_Programming
x  Variable vector (Current solution).
Oby . Objective function.

CurObj : Current objective function value.
Kk The number of variables to be selected.
Begin

CP = Start a Constraint Programming

Add all constraints to CP

x = Make an initial solution with CP

While stopping condition is not met Do
CurObj = Obfx)
Select k variables randomly from x
CP = Restart the Constraint Programming
Add a constraint to CP

(Fix values of unselected variables of x)

Add a constraint to CP (Obf >= CurOby)
x = Make a neighbor solution with CP

End While

return x

End Begin

T2 3. CSOPE 9I3t X|of I} et =2 jeielo| Zigt
Fig. 3. Integration of Local Search and Constraint
Programming for CSOP
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e ~°| Queen2l 7% e 2| Queen2| 7=
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Table 2. Experimental Results for k of SHC+CP

) %@ 100 | 5000 | 1000-Q | 2000-Q | 3000-Q | 5000-Q

5 897 | 3830 | 5886 | 11053 | 16550 | 27343
10 960 | 4649 | 8412 | 12304 | 17040 | 27525
15 974 | 4813 | 9180 | 14668 | 18481 | 27836
20 93 | 4892 | 9463 | 15877 | 19962 | 28562
25 | 991 | 4933 | 9616 | 16151 | 20434 | 28928
30 90 | 4047 | 9605 | 15205 | 19512 | 28813
3% 83 | 3315 | 5802 | 12170 | 17319 | 27873
50 679 | 2854 | 5410 | 10081 | 16601 | 27343
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