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ABSTRACT

Recent metaheuristics for mixed integer programming have included proposals for introducing inequali-
ties and target objectives to guide this search. These guidance approaches are useful in intensification
and diversification strategies related to fixing subsets of variables at particular values. The authors’
preceding Part I study demonstrated how to improve such approaches by new inequalities that dominate
those previously proposed. In Part 11, the authors review the fundamental concepts underlying weighted
pseudo cuts for generating guiding inequalities, including the use of target objective strategies. Building
on these foundations, this paper develops a more advanced approach for generating the target objective
based on exploiting the mutually reinforcing notions of reaction and resistance. The authors demonstrate
how to produce new inequalities by “mining” reference sets of elite solutions to extract characteristics
these solutions exhibit in common. Additionally, a model embedded memory is integrated to provide a
range of recency and frequency memory structures for achieving goals associated with short term and
long term solution strategies. Finally, supplementary linear programming models that exploit the new
inequalities for intensification and diversification are proposed.
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Metaheuristic Search with Inequalities and Target Objectives for Mixed Binary Optimization

1. INTRODUCTION

We represent the zero-one mixed integer program-
ming problem in the form

(P)
Minimize z, = fr + gy
subject to (z,y) € Z ={(z,y) : Az + Dy > b}
z integer

We assume that Ax + Dy > b includes the
inequalities 1 >2x,20,jeN={l, .., n}. The
linear programming relaxation of P that results by
dropping the integer requirement on x is denoted
by LP. We further assume Ax + Dy > b includes
an objective function constraint z, < u_, where
the bound u is manipulated as part of a search
strategy for solving P, subject to maintaining u_
<z * where z * is the z_value for the currently
best known solution z* to P.

Recentadaptive memory and evolutionary me-
taheuristics for mixed integer programming have
included proposals for introducing inequalities
and target objectives to guide the search. These
guidance approaches are useful in intensification
and diversification strategies related to fixing
subsets of variables at particular values, and in
strategies that use linear programming to gener-
ate trial solutions whose variables are induced to
receive integer values.

In this paper we make reference to two types of
search strategies: those that fix subsets of variables
to particular values within approaches for exploit-
ing strongly determined and consistent variables,
and those that make use of solution targeting
procedures. Those targeting procedures solve a
linear programming problem LP(x', ¢') where the
objective vector ¢’ depends on the target solution
x'. LP(x, ¢') includes the constraints of LP (and
additional bounding constraints) while replacing
the objective function z_ by a linear function v, =
c'x. Givenatarget solution x', the objective vector
¢’ consists of integer coefficients ' that seek to
induce assignments x, = x', for different variables
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with varying degrees of emphasis. We adopt the
convention that each instance of LP(x', ¢’) im-
plicitly includes the LP objective of minimizing
the function z_ = fx + gy as a secondary objective,
dominated by the objective of minimizing v, =
¢'x, so that the true objective function consists
of minimizing w = Mv_+z , where M is a large
positive number.

A useful alternative to working with o_ in
the form specified is to solve LP(x', ¢') in two
stages. The first stage minimizes v_ = c'x to yield
an optimal solution x = x”, and the second stage
enforces v_ = ¢'x" to solve the residual problem
of minimizing z = fx + gy. An effective way to
enforce v, = ¢'x" is to fix all non-basic variables
having non-zero reduced costs to compel these
variables to receive their optimal first stage
values throughout the second stage. This can be
implemented by masking the columns for these
variables in the optimal first stage basis, and then
to continue the second stage from this starting
basis while ignoring the masked variables and
their columns. The resulting residual problem for
the second stage can be significantly smaller than
the first stage problem, allowing the problem for
the second stage to be solved efficiently.

Asecond convention involves an interpretation
of the problem constraints. Selected instances of
inequalities generated by approaches of the fol-
lowing sections will be understood to be included
among the constraints Ax + Dy > b of (LP). In our
definition of LP(x’, ¢') and other linear programs
related to (LP), we take the liberty of representing
the currently updated form of the constraints Ax +
Dy > b by the compact representation x € X = {x:
(x,y) € Z}, recognizing that this involves a slight
distortion in view of the fact that we implicitly
minimize a function of y as well as x in these
linear programs.!

InPartI(Glover & Hanafi, 2010), we proposed
procedures for generating target objectives and
solutions by exploiting proximity in the original
space or projected space. To launch our investi-
gation we first review weighted pseudo cuts for



15 more pages are available in the full version of this document, which may
be purchased using the "Add to Cart" button on the publisher's webpage:
www.igi-global.com/chapter/metaheuristic-search-inequalities-target-
objectives/63802

Related Content

Economic Load Dispatch Incorporating Wind Power Using Hybrid Biogeography-Based
Optimization: Salp Swarm Algorithm

Bikram Saha, Provas Kumar Royand Barun Mandal (2021). International Journal of Applied Metaheuristic
Computing (pp. 54-80).
www.irma-international.org/article/economic-load-dispatch-incorporating-wind-power-using-hybrid-biogeography-based-
optimization/284419

Performances of Adaptive Cuckoo Search Algorithm in Engineering Optimization

Pauline Ongand S. Kohshelan (2016). Handbook of Research on Modern Optimization Algorithms and
Applications in Engineering and Economics (pp. 676-699).
www.irma-international.org/chapter/performances-of-adaptive-cuckoo-search-algorithm-in-engineering-
optimization/147534

A Radial Estimation-of-Distribution Algorithm for the Job-Shop Scheduling Problem

Ricardo Pérez-Rodriguez (2022). International Journal of Applied Metaheuristic Computing (pp. 1-25).
www.irma-international.org/article/a-radial-estimation-of-distribution-algorithm-for-the-job-shop-scheduling-
problem/292519

Dynamic Assignment of Crew Reserve in Airlines

Walid Moudaniand Félix Mora-Camino (2013). Trends in Developing Metaheuristics, Algorithms, and
Optimization Approaches (pp. 264-288).
www.irma-international.org/chapter/dynamic-assignment-crew-reserve-airlines/69729

An Early Robot Architecture for Cancer Healing

Mohamed Abdelhamid Abbas (2011). International Journal of Computational Models and Algorithms in
Medicine (pp. 57-71).

www.irma-international.org/article/early-robot-architecture-cancer-healing/6 7530



http://www.igi-global.com/chapter/metaheuristic-search-inequalities-target-objectives/63802
http://www.igi-global.com/chapter/metaheuristic-search-inequalities-target-objectives/63802
http://www.irma-international.org/article/economic-load-dispatch-incorporating-wind-power-using-hybrid-biogeography-based-optimization/284419
http://www.irma-international.org/article/economic-load-dispatch-incorporating-wind-power-using-hybrid-biogeography-based-optimization/284419
http://www.irma-international.org/chapter/performances-of-adaptive-cuckoo-search-algorithm-in-engineering-optimization/147534
http://www.irma-international.org/chapter/performances-of-adaptive-cuckoo-search-algorithm-in-engineering-optimization/147534
http://www.irma-international.org/article/a-radial-estimation-of-distribution-algorithm-for-the-job-shop-scheduling-problem/292519
http://www.irma-international.org/article/a-radial-estimation-of-distribution-algorithm-for-the-job-shop-scheduling-problem/292519
http://www.irma-international.org/chapter/dynamic-assignment-crew-reserve-airlines/69729
http://www.irma-international.org/article/early-robot-architecture-cancer-healing/67530

