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Column Generation Algorithm for Deciding Core Non-emptiness of Coalitional Games
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We present a new algorithm for determining whether the core is non-empty for a given game in coalitional form
represented by MC-nets, one of well-known concise representations of characteristic function. This problem is
shown to be coNP-complete and typically solved by formulating it as a linear programming (LP) problem to apply
a general LP solver. One drawback of this solution is that such a LP problem has a set of constraints whose size
increases exponentially with the number of agents. To alleviate this drawback, we present an algorithm based
on the column generation technique, in which starting from a LP problem with a limited number of constraints,
it repeatedly solves LP problems while adding the constraint one by one that is identified by solving the pricing
problem, which is an integer programming problem obtained through exploiting MC-nets. By using randomly
generated MC-nets instances of 10, 20, 30, 40 and 50 agents, we compared the column generation with naive LP
solving. We observed that naive LP solving failed due to running out of memory (8GB) on any instance with 20
or more agents, since it had to create more than one million constraints for such instances. On the other hand,
we also observed column generation was able to solve all of the instances while generating no more than a few

hundreds of constraints.
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£ 1. £7 0 A Y X LD FELTHRHE Time [sec] & FEEMHIFIE Cons

|[A] =10 |[A] =20 |A] =30 |A] = 40 |A] =50

Naive | Col.Gen. | Naive | Col.Gen. | Naive | Col.Gen. | Naive | Col.Gen. | Naive | Col.Gen.

|R| =10 | Time | 0.016 0.14 n/a 0.39 n/a 0.66 n/a 1.00 n/a 1.47
Cons 1022 21.4 | ~10° 50.0 | ~10° 77.1 | ~10'2 111.3 | ~10%7° 151.3

|R| =50 | Time | 0.019 1.74 n/a 4.68 n/a 9.00 n/a 13.5 n/a 16.4
Cons 1022 26.0 | ~10° 61.5 | ~10° 102.4 | ~10*2 136.1 | ~10%° 171.1

|R| =100 | Time | 0.025 2.63 n/a 9.36 n/a 22.0 n/a 36.9 n/a 64.7
Cons 1022 28.2 | ~10° 63.4 | ~10° 111.6 | ~10*2 160.3 | ~10*° 210.8
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