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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

T2 1. LRl MEAIER TR X[ B
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
RAIL2536 | 2536 (1081841| 691 | *689 317
RAIL2586 | 2586 |920683| 945 957 13923
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RAIL4872 | 4872 |968672| 1528 | 1657 | 17075
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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 b5 |15.2
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Table 4. Experimental Result on the Large-sized Data

2 BolZ 3 9lth. RAIL25369] 2% ¢ %ol 30,
40, 50¢ o o A9 Alnict HHEE =5 & Aol A
FAEYRo R E A E =& ¢ ﬂaii ¢ ol &
2 . 5 ko] F83] 2 A% HHE9 mEo]
Vet Aoz et RA1L25864 A5 ¢ #ol 204
o 71} E& AYE HYon o] gh& 71Ee® ¢ glo] A
17M Hold 45 AWt o FA FUth RAILA2849]
¢t 3ol 255 o FL A7 Bt :LEM o] AR
D*Oi ¢ gkl 50ETE & 4t FL AWt =& 5 9
tx Hsle FET. ¢ gol P & A4 °t 4“~r6}7ﬂ
AEAGHTE A8 A5t & 4 gleh 29 & 1A
RAILA284° i3l AFAEETS 48 237t 10799<
B uf ¢ gho] Aol whah Foizl AR el o] 4] k& 2
e Helg &l U Zem dad o
RAILA8T729] 7% ¢ #hol 40 | 78 £ A7E E"i
o o] Y& 7IFLR ¢ Fo] oAU ARSLE o FA
e A7 Holu it FET wek AMEE RAIL2586
A 2% dlolgel 9loix BKSHEL} U] £& S 2S¢
AATH= Aolt}. RATL25362] 4% A-ALY Al d
Aoz Qs AFAgETezE HANE 2§ UL
2 o]5 A9ttt slejl= RAIL42849F RAILAS729]
7S 712 ojd g4 7|iE BN 3 B3t e =

-

&O

2 rulo

t=5 t=10 t = 20 t = 30 t =40 t =50

Instance | BKS = = = = = =

Min z Min z Min z Min z Min z Min z
RAIL2536| 691 690 | 690.7| 690 |690.0| 689 |689.7| 689 |689.0| 689 [(689.0| 689 [689.0
RAIL2586 | 945 947 |948.3| 946 |947.0| 945 |946.7| 946 |947.3| 945 |947.3| 947 |948.3
RAIL4284| 1063 | 1068 [1068.7| 1066 |1067.3| 1065 |1065.0| 1063 |1064.0| 1063 |1063.7| 1062 (1063.0
RAIL4872| 1528 | 15633 [15633.3| 1529 [15630.3| 1527 |15628.7| 1528 |1528.3| 1527 (1528.0, 1529 [1530.0




20 Journal of The Korea Society of Computer and Information October 2014

2Z F Qoith ole £ =Rl Adshs BFAEY )
k219 gjo] 71E Ao g 7] 7 2 Al A
o g BAS B o S5 F 9)eS HoFe A
olct.

3 58 FEAGY 7N A G A G Mg F

2 ARz AHYHE 7|E AT (4)9 HE AHE Blud
Aol HFAGHTLES AHEIS o] A(P)E I
FEAIBIITE IPbLSe Zz= RAIL2536, RAIL2586,
RAIL4284, RAIL4872¢] tigt ¢ gto= 22t 40, 20,
50, 40< 243 Aot} RAIL25362] A% ¢ ko] 40
%_] UH 7]_;(]— Hﬂl—a J,];GEHE‘ 1:251— 2= o]oﬁ;} 5,] 7ﬂ_,+
E 49 A9 e 739 APE Flete] F 1039
T3 A4S YeRd Aot

i rlr

k)
=

tlo

H 5. Cirte Hlo|Efof| Chst Ci2 Yz Ente| dim
Table 5. Comparison with Other Algorithms on the
Large-sized Data

IP (4) IPbLS
Instance | BKS —

z Min z Min z

RAIL2536| 691 | 689 | 691 [691.1| 689 | 689

RAIL2586| 945 | 957 | 945 |946.9 | 944 |946.5

RAIL4284| 1063 | 1079 | 1064 [1065.7| 1062 [1063.3

RAIL4872| 1528 | 1657 | 1628 |15631.8| 1027 |1528.5

2 *e‘?é 2 ?E 47&—3— 2 =R A4y riiA
18,0002 A&kt Aolt}. IPbLSS} (4)9] Bighs vln
& B 2E dlojglol 9loiA IPbLSe] Aol B4 o]
FE & F Ak ES Haghe] SloJAE IPbLSE (4)E
oo £2 2948 228 4 ddvh tavhy [PhLSE 2
€ dlolEd oM BKSEL O $& 2A9E =58 4 3
Aes & F At B IS 5 £ =EolA Alksle
@*ﬁl@l‘ﬂ 71 A o] S-S B FAEHA g9l
el i=y

=Rl A AlQsE 7@* A 71 A g
2 wdjo] 7beet s
HAE Ude= st %D}. A9 Azl o3t
gyvro g oju Aol A%S W HFAYY
3

I~ o Flo
_D, N r)«
Noxof ot

S

s A9 7]

T e
> I
o,
=
=
= o
o nﬁ
)
> W
i 052
e
o o *
N
R
N>
~ o
dff 3o
rlo
%

Ll

1

e
ek

o«

111 470 Hlofefdl 3 ow% NEY I 2L 3
= E;"é‘]- 2= o]sdr/]_ 72)5'\_ E,]‘g 7]]{11_ Z]

il

2 & o _IQ_E;Q il
%m%rlfﬂﬁm
ol £
EO\‘JRFP
‘Mﬂ?ﬂﬁ o,
DEEEOE_[QT
OEE_h
o o F
JRH>—Q‘>M
o=
Erhiz
W Py
B HE o=
gémlm
X ok
hrlroi
v o gl
e
om\lj_,
. &2
2’ X
18
wer = o i 1@

n
L

o
£
ro
)

Ay N> oE ool o )y foooot

)
dlo
tlo
St
)
ol
e
)
T

E
it

(e}
i
% =
ot
Tl
o
i
)
sk

L

ool B X
o I do
=
v iz
:.‘:‘ ox
oE G
> &
NN
A >44
18 W

(o
ap '
Jé =)

-
$ o), B BN AXehe
QelZe] sfejule o sz
129 43¢ 1 BAGYS 43 Aol kN,
B3 GALDY 1% A Pae] Bal 30 §5AY
43 Aol W2 % elek eherl, 4% 54 el
2L ool B2 of o] whet ASAL Y A3 AR 3
7} e Al WS Telel 2 4 ok 4 o] e
z3tslo] sefnlele] ke Agom AAeb] 913 F7h A7
7} ey Aow BeEr ofge urh T 23 H43)
_‘E,':zﬂi_q X'LQ. EOH _}]\_ﬁ]g]tﬂ 7]1:1}— x]oi ErA o] /‘04

L= A A

(1) B. Gopalakrishnan, and E. Johnson, “Airline
Crew Scheduling: State-of-the-Art”, Anals of
Operations Research, Vol. 140, No. 1,
pp.305-337, Nov. 2005.

(2) R.Z. Farahani, N. Asgari, N. Heidari, M.
Hosseininia, and M. Goh, "Covering Problems
in Facility Location: A Review”, Computers &
Industrial Engineering, Vol. 62, No. 1, pp.368
407, Feb. 2012.

(3) E. Balas, and M.C. Carrera, "A Dynamic
Subgradient-based Branch-and-bound Procedure
for Set Covering”, Operations Research, Vol. 44,



No. 6, pp.875-890, Dec. 1996.

M. Yagiura, M. Kishida, and T. Ibaraki, "A
3-flip Neighborhood Local Search for the Set
Covering Problem”, European Journal of
Operational Research, Vol. 172, No. 2,
pp.472-499, July 2006.

A. Caprara, M. Fischetti, and P. Toth, "A
Heuristic Method for the Set Covering
Problem”, Operations Research, Vol. 47, No. 5,
pp.730-743, Oct. 1999.

J.E. Beasley, and P.C. Chu, "A Genetic
Algorithm for the Set Covering Problem’,
European Journal of Operational Research,
Vol. 94, No. 2, pp.392-404, Oct. 1996.

M. Caserta, "Tabu Search-Based Metaheuristic
Algorithm for Large-scale Set Covering
Problems”, Metaheuristics:  Progress in
Complex Systems Optimization, Springer,
pp.43-63, 2007.

7. Ren, Z. Feng, L. Ke, and Z. Zhang, "New
Ideas for Applying Ant Colony Optimization to
the Set Covering Problem”, Computers &
Industrial Engineering, Vol. 58, No. 4,
pp.774-784, May 2010.

B. Crawford, R. Soto, R. Cuesta, and F.
Paredes, “Application of the Artificial Bee
Colony Algorithm for Solving the Set Covering
Problem”, The Scientific World Journal, 2014.

(10) M. Yaghini, M.R. Sarmadi, and M. Momeni,

"A Local Branching Approach for the Set
Covering Problem”, International Journal of
Industrial Engineering & Production Research,
Vol. 25, No. 2, pp.95-102, June 2014.

(11) J.E. Beasley, "OR-Library: Distributing Test

Problems by Electronic Mail”, Journal of the
Operational Research Society, Vol. 41, No. 11,
pp.1069-1072, Nov. 1990.

(12) J. Hwang, and S. Kim, "Integer Programming-

based Local Search Technique for Linear
Constraint Satisfaction Optimization Problem”,
Journal of The Korea Society of Computer and
Information, Vol. 15, No. 9, pp. 47-55, Sep.

2010.

(13) L.A. Wolsey, “Integer Programming”, Wiley,

pp. 91-111, 1998.

(14) J. Hwang, and S. Kim, “An Integer

Programming- based lLocal Search for
Large-scale Maximal Covering Problems’,
International Journal on Computer Science
and Engineering, Vol. 3, No. 2, pp. 837-843,

Feb. 2011.

(15) J. Hwang, "Integer Programming-based Local

Search Techniques for the Multidimensional

Knapsack Problem”, Journal of The Korea

Society of Computer and Information, Vol. 17,
No. 6, pp. 13-27, June 2012.

(16) "IBM ILOG CPLEX Optimization Studio
CPLEX User’s Manual, Version 12 Release 6",
International Business Machines Corporation,
2013.

ol
-

S
3
k1%
§

A3t 2L

L st
AR} Fe
Aot

ol ol
I

E)

ot

104

i)

d]

5

i

>

@ A e
Aerpet 25

Bk A%, A4,
A, E2aee]

Email : jhhwang@kumoh.ac.kr



