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Abstract

Integer programming deals with the problem of
optimizing an objective function subjected to equality and/or
inequality constraints and integer variables. If all the
functions are linear, the problem is of a linear integer
program . Otherwise, the problem is called a nonlinear integer
program . The ultimate goal in integer optimization study is to
develop efficient implementable algorithms for solving
problems with integer variables. The development of efficient
and robust algorithms and softwares for linear integer
programming and the advent of high-speed computers have
made linear integer programming an important tool for
solving many real-world problems. However, many real-world
problems cannot be modelled or approximated adequately by
linear integer program problems, due to the nature of the
nonlinearity of the objective function and/or the nonlinearity
of the constraints. Rapid progress has been made in designing
efficient solution methods for nonlinear integer programming
during the past three decades. This thesis is devoted to
develop efficient and robust algorithms for three classes of
nonlinear integer programming problems.

The thesis consists of five chapters. The motivations of
the algorithms are presented in each chapter. The algorithms
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are then described with detailed numerical examples and
graphical illustrations. Extensive computational experiments
and numerical results are pfesented for each algorithm.

Chapter 1 discusses the background of nonlinear integer
programming and gives several examples of nonlinear integer
programming problems from different application fields, such as
stratified sampling and capital planning in manufacturing, etc.

Chapter 2 presents an algorithm for a class of concave
knapsack problem with a single linear constraint. The
algorithm is of branch-and-bound method where lower bounds
and upper bounds of the problem are computed by linearly
underestimating the objective function. Domain cut-partition
scheme is adbpted to eliminate the duality gap. The lower
bound can be improved during the iteration process. The
algorithm finds an optimal solution of the primal problem in a
finite number of iterations. Promising computational results
are reported for large-scale concave knapsack problems with
up to 1 200 integer variables. Comparison results with other
existing methods in the literature are also presented.

Chapter 3 presents a convergent Lagrangian and contour-
cut method for separable integer programming with a
quadratic objective function. The proposed method combines
the Lagrangian dual method with a novel contour-cut scheme.t
In the iterative process, the Lagrangian dual search is used to
produce lower and upper bounds of the problem and the
contour-cut technique is used to reduce the duality gap. The
method is first motivated and described for singly constrained
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problems, then extended to multiply constrained cases and
problems with an indefinite objective function. Computational
results are reported for problems with up to 2 000 integer
variables. Comparison results with other methods are also
presented.

Chapter 4 investigates nonseparable convex knapsack
problems. A Lagrangian decomposition and domain-cut
algorithm is proposed for this class of problems. The
algorithm exploits the Lagrangian decomposition dual method
in order to produce an upper bound, a lower bound of the
problem, a feasible solution and an infeasible solution. The
feasible solution and the infeasible solution are used in
domain-cut scheme to partition the integer domain, thus
reducing the duality gap. The algorithm can find an optimal
solution in a finite number of iterations. Preliminary
computational results are reported.

Chapter 5 summarizes the main results of the thesis and
gives some concluding remarks. The algorithms proposed in
the thesis are of branch-and-bound framework. In contrast to
the branching rule in the conventional branch-and-bound
procedure for integer programming where two new
subproblems are generated at each node, the proposed
algorithms adopt domain-cut scheme or contour-cut scheme to
partition the subproblems at each node. Some future research
topics are also suggested in this chapter.

Key words Nonlinear integer programming, domain-cut,
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concave knapsack problem, branch and bound method, quadratic
nonlinear integer programming, separable nonlinear integer
programming, nonseparable integer programming, Lagrangian
relaxation, Lagrangian decomposition, contour cut.
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