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Introduction

A reminder to you all that our new technical section, Quantum Computing, is fully implemented and open for
business. Please help us publicize this widely by sharing with your networks and colleagues. We aim to be the pre-
mier publication venue of research emerging at the intersection of quantum computing and operations research.

I am so pleased to continue to announce the winners of INFORMS Journal on Computing (IJOC) Test of Time
Paper Award to cover the backlog of awards since the journal’s inception. The energetic and able committee,
chaired by John Chinneck with members Bill Cook, Bruce Golden, Karla Hoffman, and David Woodruff, has
selected the awardee covering the period 2006-2010. What follows is the citation from the award committee and
then a reflection from the author concerning his paper.

I want to thank the committee for their superb efforts and am very pleased to share this recognition of the
impactful heritage of our journal.

All my best,

N Qe @ Sm

The Test of Time Award for papers published in the INFORMS Journal on Computing in the years 2006-2010 is
awarded to

An Evolutionary Algorithm for Polishing Mixed Integer Programming Solutions
Edward Rothberg

INFORMS Journal on Computing 19(4):534-541, Fall 2007

https:// pubsonline.informs.org/doi/10.1287/ijoc.1060.0189

Test of Time Award Citation 2006—2010

This paper provides an elegant and computationally efficient method for applying evolutionary algorithms to
general mixed integer linear optimization problems (MIPs). It integrates the ideas of reproduction, crossover,
and mutation into general MIP methodology. The novelty is that it chooses parents by collecting feasible solu-
tions found during the solution process, ranks the parents based on solution quality, and then applies the evolu-
tionary properties of mating and mutation to determine the next generation of solutions. The technique requires
no information about the underlying structure of the problem and is, therefore, applicable to any MIP problem.
The impact that this paper has had on MIP solution technology through its implementation in both commercial
and open-source solvers is enormous. The paper continues to be highly cited.

Below is the retrospective from the author, Edward Rothberg, concerning his landmark paper.

Reflections on “An Evolutionary Algorithm for Polishing Mixed Integer Programming

Solutions” by Edward Rothberg (2007)

I am honored that my paper, “An Evolutionary Algorithm for Polishing Mixed Integer Programming Solutions,”
was selected for the IJOC Test of Time Paper Award. I would like to thank IJOC and the award committee for
their commendable work on shining a light on papers from the past.
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My research for the selected paper came out of my efforts to expand the capabilities of the heuristics in CPLEX
back in the mid-2000s. Users had made it quite clear that optimality proofs were nice when you could get them
but that it was often necessary to stop the MIP search well before such proofs were available. Exploring the
branch-and-bound tree eventually produces high-quality solutions, but good heuristics were typically essential
for finding them early. It was not unusual for heuristics to find extremely high-quality solutions to difficult MIP
models at the root node.

In light of this, one significant thrust of MIP research efforts at the time was to consider heuristics that per-
formed substantial computation. Although people were hesitant to expend too much computational effort on a
single heuristic invocation, especially because most did not actually produce an improved solution and thus,
represented wasted effort, the benefit of obtaining better solutions earlier in the search, even if it slowed the opti-
mality proof, could not be ignored. A few notable examples of methods that came out of this work were local
branching (Fischetti and Lodi 2003), the feasibility pump (Fischetti et al. 2005), the objective feasibility pump
(Achterberg and Berthold 2007), and relaxation-induced neighborhood search (RINS) (Danna et al. 2005). The
common theme among these was that they solve either a series of LP models or an MIP model to explore a neigh-
borhood of an LP relaxation. RINS eventually emerged as the most effective heuristic in CPLEX.

As MIP solvers got better exploring neighborhoods of the relaxation, it quickly became apparent that relaxa-
tions were not always appropriate for this purpose, either because they took too long to compute or because they
did not identify productive neighborhoods to explore. My favorite example is MIPLIB model t1717—a modest-
sized set partitioning model with 551 constraints and 16,428 binary variables. The best-known solution to this
problem chooses 92 variables of the 16,428 to set to one. In our efforts to explore a branch-and-bound tree to
guide the search, we found that 31 of those 92 variables took a value of zero in every one of the first 100,000 node
relaxation solutions. A heuristic can often recover a good solution from a starting point that differs in a handful
of critical variables, but a starting point that differs in more than a third is unlikely to guide even the most effec-
tive heuristic to the desired solution.

That observation led me to consider what sort of neighborhood search might be effective in situations where
the relaxation did not provide useful guidance. A combination of three key ingredients led me to the scheme
described in this paper. The first came out of our work on RINS, where we realized that the combinatorial explo-
sion that results from growth in the size of an MIP model also had an upside. If the difficulty of the problem
grows dramatically as a result of small increases in the problem size, then by contrast, the difficulty diminishes
greatly with a small decrease. The practical impact is that you can typically solve hundreds or even thousands of
slightly simplified MIP models in the time that it takes to solve the original problem. That fact is what made
RINS practical.

The second ingredient came from a talk that I heard by Paul Shaw of ILOG about his large neighborhood
search technique in constraint programming. Constraint programming does not have relaxation, which gave me
optimism that a method that was effective in this context was likely to also be effective for the problem that I was
trying to solve.

The third ingredient was an investigation of metaheuristics and evolutionary algorithms. RINS had a scheme
for diversifying the search baked in; one of the two inputs to an invocation of RINS was the current node relaxa-
tion solution, so if you invoke it at different nodes in the branch-and-bound tree, you get different neighbor-
hoods to explore. I often wondered if that was enough, however, because a branch in the search tree only
changes a single variable bound. I had been exploring the possibility of using a more aggressive diversification
scheme, possibly drawn from the metaheuristic literature. That never panned out for RINS, but the general strat-
egy proved useful in this context.

After combining these three ingredients with a bit of engineering, the result was a strategy called solution pol-
ishing, where tens of thousands of randomly selected neighborhoods of the current incumbent were explored.
Although the strategy did not pay off for most problems, that was more of a comment on the quality of the relax-
ation neighborhoods for most problems than it was a comment on the effectiveness of the new method. The pri-
mary impact of solution polishing was that it enabled an MIP solver to find high-quality solutions to significant
classes of models that were often unapproachable with traditional tree search.
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