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Exploiting Degeneracy in MIP
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Performance Impact in Gurobi 7.5+
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Time limit: 20000 sec. Test set has 3257 models: : '0' l’/’ ‘
Intel Xeon CPU E3-1240 v3 @ 3.40GHz - 67 discarded due to inconsistent answers - ”” ‘
4 cores, 8 hyper-threads - 9 discarded that none of the versions can-solve "’ ‘
32 GB RAM - speed-up measured on >100s bracket: 1015 models 4’
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Definition of Degeneracy

A An LP solution is called degenerate, if there are basic variables equal to their bounds

A Dual solution degenerate Y, primal problem has multiple optimal solutions
A Non-basic variable with reduced costs zero
A Non-basic slack with dual solution value zero

A Primal solution degenerate Y, dual problem has multiple optimal solutions
A Basic variable with primal solution value equal to its bound
A Basic slack with primal solution value zero

A Solutions for LPs of practical problems: typically dual and primal degenerate

dual degeneracy primal degeneracy Sos =
(1-dimensional primal optimal face) (2-dimensional dual optimal face) ’q‘
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Degeneracy in Gurobi MIP Test Set

A 3485 models (excluding those solved in presolve or with infeasible LP relaxation)

A 3193 (91.6%) with dual degeneracy, 3362 (96.5%) with primal degeneracy
A 187 (5.4%) with 100% dual degeneracy, 3 (0.1%) with 100% primal degeneracy

A avg. dual degeneracy (#non-basic-zero/#cols): 37.3%
A avg. primal degeneracy (#basic-zero/#rows): 43.6%
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Dual Degeneracy =Multiple Primal Optima

A If there are non-basic variables with zero reduced costs, there may be multiple primal optimal
solutions.

A Which one should the MIP solver select?
A Good starting point for primal heuristics
A Few integer variables with fractional LP solution?
A Interesting point for cutting plane separation
A Many integer variables with fractional LP solution?
A Small angles between outgoing rays?
A Many tight formulation constraints and few tight cuts?

A Interesting point for branching and strong branching
A Set of different optimal LP solutions may yield some insight for branching decision

A See Berthold and Salvagnin: "Could Branching" (CPAIOR 2013 proceedings)
A Anything else?
A Obviously: if there is an integer solution on the optimal face, this is an optimal choice
A Aiming for few integer variables with fractional LP solution may find this
A Approximation: try to move integer variables out of the basis
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