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Combinatorial optimization problems are a class of problems that seek extreme value in
discrete state. As a coherent mathematical discipline, combinatorial optimization
problems are relatively young. However, along with the industrial and technological
revolution and the development of modern management science, especially the rapid
progress of computer technology and its wide application in various industries,
combinatorial optimization has grown into an independent branch of operational
research.

Due to combinatorial optimization problems play an important role in scientific and
industrial world, a number of heuristic algorithms used to manage with combinatorial
optimization problems have been rapidly developed and improved. This paper introduces
a novel hybrid algorithm, called a three-phase search approach with dynamic population
size (TPSDP), for solving a combinatorial optimization problem, named the maximally
diverse grouping problem (MDGP).

MDGP aims to assign a given set of elements into a number of groups with size
restrictions for the sake of maximizing the sum of diversity in these groups. MDGP is an
NP-hard combinatorial optimization problem, possessing widespread application world
applications, like assignment of students to groups, creation of peer review groups, VLSI
design, storage allocation of large programs onto paged memory, and creation of diverse
groups in companies so that people from different backgrounds work together, etc.

In view of the practical importance and high computational complexity of MDGP, many
exact and heuristic algorithms have been proposed in the literature. At present, the basic
1dea for the best approach to solve MDGP is to provide a search algorithm that makes

a compromise between intensification and diversification. Therefore, this research also
plans to propose an algorithm that a compromise between intensification and
diversification. Therefore, this research also plans to propose an algorithm that balances
intensification and diversification.

The proposed TPSDP devises the search process into three phases with distinct
functions. The first phase of this algorithm will consist of an exploration operator, which
aims to strongly modify the current solutions to jump out of the current search regions
and move to new regions far away. This process increases the diversity of the population
and, at the same time, prevents premature convergence. Therefore, this phase can also
be seen as a diversification phase. The second phase will use a crossover operator to
produce high quality offspring solutions, and to retain the parents’ strengths. This phase



maintains the diversity of the population and improves the information interaction
among solutions, resulting in high quality solutions. The second phase is the transition
phase of the algorithm. In the third phase, a newly proposed exploitation operator will be
used to discover solutions with better quality in the regions adjacent to the current
solutions. The third phase can be considered as an intensification phase. In addition, a
dynamic population size strategy will be used to improve the efficiency of the algorithm.
The three phases of the algorithm coordinate with each other and help achieve a
desirable balance between diversification and intensification during the search process.
We expect that the above method will enable the algorithm to find higher quality
solutions.

The above algorithm also adopts a time varying population size strategy to avoid
redundant examination of no promising solutions and enable promising solutions to be
allocated with more computational resources in a given time budget. In addition, the
algorithm presents an extended crossover operator applied not only to exceptional cases
like the instances with equal group sizes (EGS) but also to the instances with different
group sizes (DGS) in MDGP. The idea of perturbation operators are general and can be
applied to other algorithms for MDGP or other related combinatorial optimization
problems.

The results of experiments and the Friedman test show that the overall performance of
the proposed TPSDP is highly competitive with even better than previous state-of-the-art
MDGP algorithms on 500 instances from five popular benchmark sets. Furthermore, an
additional experiment of parameter analysis and a discussion of critical ingredients are
presented.
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