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Abstract

The set covering problem (SCP) is one of representative combinatorial optimization problems,
which is defined as the problem of covering the m-rows by a subset of the n-columns at minimal
cost. This paper proposes a method utilizing Integer Programming-based Local Search (IPbLS) to
solve the set covering problem. IPbLS is a kind of local search technique in which the current
solution is improved by searching neighborhood solutions. Integer programming is used to generate
neighborhood solution in IPbLS. The effectiveness of the proposed algorithm has been tested on
OR-Library test instances. The experimental results showed that IPbLS could search for the best
known solutions in all the test instances. Especially, I confirmed that IPbLS could search for better

solutions than the best known solutions in four test instances.
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Algorithm IPbLS
X @ Variable vector (Current solution).
Obj : Objective function.
k  The number of variables to be selected.
/P : An integer programming solver.
Begin
X = Make an initial solution
While stopping condition is not met Do
Select £ variables among variables with value 1 from X
Add Obj and all constraints to /P
e Fix values of unselected variables
among variables with value 1 from X
X = Make a neighbor solution with /P
End While
return X
End Begin
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Fig. 1. General Integer Programming-based Local Search
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Algorithm IPbLS for SCP
Xi : Thecolumnset { /| x; =1,/ NJ.
t  Execution time for /P.
tr © Current real execution time of /P.

Begin
X = Make an initial solution using a greedy heuristic
k=1

While stopping condition is not met Do
Select k& variables stochastically from X;
Reduce problem with unselected variables of X
Add Ob/ and all constraints to /P
e Fix values of unselected variables of Xj to 1
* Set maximum execution time to (2 x )
* Add the constraint that the new solution
Xis not equal to the current solution X
X = Make a neighbor solution with /P
If t.r < t Then

k= k+1
Else
k= k-1
End If
End While
Return X
End Begin

Algorithm GeneratelnitialSolution
X : Variable vector (Current solution).
h; © The number of newly covered rows by column /.
N Columnset { 1,2, ..., n}.
Begin
Reset all variables in X'to 0
While all rows are not covered by X Do
Choose / € N minimizing the value (¢;/ )

Set x;to 1
N=N-1{/}
End While

While there exists a redundant column in X Do
Choose a redundant column j maximizing ¢
Reset x;to 0
End While
return X
End Begin
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Fig. 2. Integer Programming-based Local Search for the
Set Covering Problem
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Table 1. Experimental Data

Instance m n BKS I_P
z |time(sec)

SCPNRG5| 1000 | 10000 | 168 | 168 77
SCPNRH1| 1000 | 10000 | 63 64 981
SCPNRH2| 1000 | 10000 | 63 64 80
SCPNRH3| 1000 | 10000 59 b9 8377
SCPNRH4| 1000 | 10000 | 58 58 5601
SCPNRH5| 1000 | 10000 | 55 55 13
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Table 2. Experimental Result on the Mid-sized Data

t= 05 t=1 t=5 t =10 t =156 t =20
Instance | BKS = : = - = : = - = : = :

z time z time z time z time z time z time
SCPNRGb| 168 168 | 43.8 168 52 168 | 66.4 168 | 67.2 168 | 27.6 | 168 | 29.8
SCPNRH1| 63 63.2 - 63 |673.2| 63.6 - 63 |807.2| 63.6 - 64 -
SCPNRH2| 63 63 144.2| 63 73 63 |200.8| 63 514 63 |436.4| 63 |398.4
SCPNRH3| 59 59 176 59 478 59 |4916| 59 |209.2| 59 |754.4| 59 |603.8
SCPNRH4| 58 58 84.6 58 69.8 58 96.2 58 132 58 |276.2| b8 87.4
SCPNRH5| 55 55 10.4 55 19.4 55 19.6 55 26.8 55 21.4 55 70.2
E 3. Ev2 tlolEfofl chst ci2 dmaiEnte] vlw gt Aol ARt ¢ gholl W A%< H:]g]_oﬂ et 4

Table 3. Comparison with Other Algorithms on the
Mid-sized Data

IP (4) IPbLS

Instance | BKS = = = =
z |time| 2z [#BKS| ~z [time
SCPNRG5| 168 | 168 | 77 | 168 | 10 | 168 [29.4
SCPNRH1| 63 | 64 | 981 | 63 10 | 63 [782.4
SCPNRH2| 63 | 64 | 80 |63.3| 7 63 [68.3
SCPNRH3| 59 | 59 [8377(59.9| 1 59 |135.8
SCPNRH4| 58 | 58 [5601| 58 10 | 68 |45.2
SCPNRH5| 55 | b5 13 |66.4| 6 55 |15.2
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