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An Integer Programming—based Local Search for
the Set Partitioning Problem

Junha Hwang*

Abstract

The set partitioning problem is a well-known NP-hard combinatorial optimization problem, and it is formulated
as an integer programming model. This paper proposes an Integer Programming-based Local Search for
solving the set partitioning problem. The key point is to solve the set partitioning problem as the set covering
problem. First, an initial solution is generated by a simple heuristic for the set covering problem, and then
the solution is set as the current solution. Next, the following process is repeated. The original set covering
problem is reduced based on the current solution, and the reduced problem is solved by Integer Programming
which includes a specific element in the objective function to derive the solution for the set partitioning
problem. Experimental results on a set of OR-Library instances show that the proposed algorithm outperforms

pure integer programming as well as the existing heuristic algorithms both in solution quality and time.

» Keyword : Set partitioning problem, Set covering problem, Integer programming-based local search
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2. Integer Programming—based Local Search
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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 k variables among variables with value 1 from X
Add Ob/ 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

Fig. 2. General Integer Programming—based Local Search
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Fig. 3. An Example of IPbLS Steps
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Algorithm IPbLS for SPP
Xi : The columnset { /| x; =1, /€ N} from X
Obj” : Revised objective function.
Begin
X = Make an initial solution for SCP
While stopping condition is not met Do
Select k variables from X;
Reduce problem with unselected variables of X
Add Ob/” and all constraints for SCP to /P
X = Make a neighbor solution with /P
End While
Return X
End Begin

Fig. 4. Integer Programming—based Local Search for the

Set Partitioning Problem
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Table 1. Experimental Results for Integer Programming—based Local Search

Data with Diversification without Diversification
k-ratio Random Stochastic Random Stochastic
Name | Fiows Comne #Sucess | time(sec) | #Sucess | time(sec) | #Sucess | time(sec) | #Sucess | time(sec)
0.6 10 15.318 10 44 .389 10 41.497 8 301.900
0.7 10 8.354 10 10.765 10 29.660 10 245,246
NWOT | 135 | 51975 0.8 10 5.099 10 14.965 10 9.329 10 17.891
0.9 10 6.504 10 10.160 10 5.514 10 9.3583
0.6 10 0.337 10 3.708 10 0.391 10 2.348
0.7 10 0.333 10 0.680 10 0.281 10 0.514
Nw11 | 39 8820 0.8 10 0.382 10 0.686 10 0.371 10 0.542
0.9 10 0.399 10 0.452 10 0.456 10 0.410
0.6 10 17.079 9 476.609 10 17.305 4 473.154
0.7 10 10.029 10 164.928 10 17.004 9 343.123
NW14 | 73 1123409 0.8 10 12.935 10 36.833 10 13.597 10 20.451
0.9 10 9.622 10 24.891 10 12.080 10 20.499
0.6 10 0.046 10 0.086 10 0.071 10 0.056
0.7 10 0.037 10 0.026 10 0.048 10 0.059
Nw1 25 S77 0.8 10 0.028 10 0.021 10 0.060 10 0.031
0.9 10 0.026 10 0.018 10 0.047 10 0.020
0.6 0 - 0 - 0 - 2 749.890
0.7 1 61.620 2 704.614 0 - 2 110.359
AADT | 823 8904 0.8 8 344.919 4 611.467 7 439.189 3 780.288
0.9 10 386.756 10 460.707 10 299.679 10 554.169
0.6 8 411.466 10 188.395 6 122.080 5 125.806
0.7 8 489.196 9 321.087 0 - 4 179.905
US01 | 145 1053137 0.8 0 - 3 75.238 1 38.173 4 61.660
0.9 0 - 1 42.400 0 - 0 -
0.6 10 2.164 10 1.775 10 3.405 10 1.624
0.7 10 1.145 10 1.132 10 2.028 10 1.744
KLO2 | 71 | 36699 147 10 1763 10 1043 10 2201 10 1.381
0.9 10 1.775 10 1.248 10 2.210 10 1.895
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3. Comparison with Other Algorithms
I 2€ B dAFolA E8-3 BE HolHol digt A g

20 v v

’J(Column Generation) 7|H& A3 o] AFolA=
NW, AA, US, KL dlolg & s o 3 AIHs 242
100%, 200%, 100%, 10022 A3kt H Ao EEo] 7}



An Integer Programming—-based Local Search for the Set Partitioning Problem 27

Table 2. Comparison with Other Algorithms

Data IP Heuristic
Name | Rows | Columns | Optimal (2] 3] OIS [4] [5] IPoIES
time Obj time #Success Obj k-ratio |#Success time

NWO1 135 51975| 114852 19.250 - 4.477 X - 0.9 10 10.160
NW02 145 87879| 105444 37.350 - 6.754 0 - 0.9 10 9.416
NWO03 59 43749 24492 24.000| 24492 2.901 2 - 0.6 10 4.258
NW04 36 87482 16862 2642.000 16956 7.332 4 - 0.8 10 7.432
NWO05 71 288507 | 132878 192.500 - 14.632 0 - 0.9 10 31.725
NWO06 50 6774 7810 10.410 7810 0.608 10 8038| 0.9 10 0.591
NWOQ7 36 5172 5476 0.740 - 0.218 10 - 0.9 10 0.167
NW08 24 434| 35894 0.080 - 0.046 10 35894| 0.9 10 0.021
NWO09 40 3103| 67760 0.530 - 0.156 10 69332 0.9 10 0.106
NW10 24 853| 68271 0.130 - 0.062 10 X 0.9 10 0.042
NW11 39 8820| 116256 2.050| 116265 0.390 9 - 0.9 10 0.452
NW12 27 626| 14118 0.090 - 0.046 10 14252 0.9 10 0.073
NW13 51 16043| 50146 4.290 50146 0.811 3 - 0.9 10 1.065
NW14 73 123409| 61844 87.600 - 6.037 0 - 0.9 10 24.891
NW15 31 467| 67743 0.100 - 0.078 10 67743 0.9 10 0.034
NW16 139 1486331181590 174.400 - 16.474 10 - 0.7 10 23.269
NW17 61 118607 11115 87.530 11115 9.079 5 - 0.7 10 5.460
NW18 124 10757 | 340160 62.490| 340160 0.998 0 345130 0.9 10 6.704
NW19 40 2879| 10898 0.500 - 0.171 10 11060 0.8 10 0.081
NW20 22 685| 16812 0.620 16812 0.062 10 - 0.9 10 0.057
NwW21 25 577 7408 0.300 7408 0.062 10 - 0.9 10 0.018
NwW22 23 619 6984 0.340 6984 0.093 10 - 0.7 10 0.023
NW23 19 711 12534 0.340 12534 0.093 10 12880 0.9 10 0.073
NW24 19 1366 6314 0.560 6314 0.093 10 - 0.9 10 0.046
NW25 20 1217 5960 0.620 5960 0.078 10 - 0.9 10 0.064
NW26 23 771 6796 0.340 6796 0.093 10 6880 0.8 10 0.078
NwW27 22 1355 9933 0.280 9933 0.093 10 - 0.8 10 0.059
NW28 18 1210 8298 0.400 8298 0.140 10 - 0.9 10 0.146
NW29 18 2540 4274 0.990 4274 0.218 10 - 0.7 10 0.115
NW30 26 2653 3942 0.750 3942 0.156 10 - 0.9 10 0.164
NW31 26 2662 8038 1.430 8038 0.686 10 - 0.8 10 0.252
NW32 19 294| 14877 0.170 14877 0.031 10 14877| 0.9 10 0.028
NW33 23 3068 6678 1.450 6724 0.982 9 - 0.7 10 0.124
NW34 20 899| 10488 0.300 10488 0.156 10 10713| 0.9 10 0.134
NW35 23 1709 7216 0.480 7216 0.374 10 - 0.9 10 0.129
NW36 20 1783 7314 3.680 7314 0.452 9 - 0.9 10 0.173
NW37 19 770| 10068 0.190 10524 0.093 10 - 0.8 10 0.145
NW38 23 1220 5558 1.350 5558 0.234 10 - 0.9 10 0.124
NW39 25 677| 10080 0.190 10080 0.078 10 10545 0.7 10 0.028
NW40 19 404| 10809 0.210 10809 0.031 10 - 0.9 10 0.098
NW41 17 197 11307 0.060 11307 0.015 10 11307| 0.9 10 0.017
Nw42 23 1079 7656 0.990 7666 0.202 10 - 0.9 10 0.393
NwW43 18 1072 8904 0.380 8904 0.078 10 - 0.9 10 0.114
AAO1 823 8904| 56137| 14441.000 56213 8.439 X 60246| 0.9 10 460.710
AA02 531 5198| 30494 10.150 - 0.733 0 37452 0.9 10 8.227
AA03 825 8627| 49649 48.420 49663 2.059 X 55082| 0.8 10 84.294
AAO4 426 7195| 26374|139337.000| 26374 18.111 0 - 0.9 10 216.920
AAQ5 801 8308| 53839 215.300 53839 2.246 X 58158| 0.9 10 69.528
AA06 646 7292| 27040 37.300 27063 2.418 0 33524 0.9 10 22.859
Uso1 145 1053137 10036| 1410.600 10036 X 0 - 0.6 10 188.400
uso2 100 13635 5965 4.780 - 8.814 10 - 0.9 10 1.065
USo3 77 85552 5338 20.270 - 17.830 10 - 0.6 10 2.399
uso4 163 28016| 17854 11.190 17854 3.666 10 - 0.6 10 2.491
KLO1 55 7479 1086 35.400 1086 0.624 7 - 0.8 10 0.830
KLO2 71 36699 219 134.480 219 1.466 4 - 0.7 10 1.132
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