THE PROBLEM OF GRAPH TRIPARTITION
IN A TWO-CRITERIA EVOLUTIONARY APPROACH
The poster discusses the problem of the tripartition (tripartite division)
of a randomly generated, undirected graph using an evolutionary algorithm.
The designed genetic algorithm is based on a two-criteria function of adaptation
of population members. To solve that issue a dedicated computer program
has been prepared, which allows investigating the behaviour of the algorithm for
different sets of input data. The work cycle of the created research application is
based on the following steps: defining the input parameters, individual iterations
of the designed source code (genetic algorithm) solving the problem, visualization
of partial results, evaluation and registration of the obtained final results.
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Tripartition Of Graph Problem
The problem of graph tripartition is to assign each vertex of a considered graph to one of three available groups.
The described graph problem will be examined from a two-criteria aspect, which means that the task will be related to
the topic of multi-criteria optimization. The first optimization criterion is the total number of edges in the graph,
which connect vertices that do not belong to the same group, while the second criterion of
the minimization problem is the total sum of weights of this type of edges.
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The evolutionary algorithm created to solve the problem of graph tripartition
in a two-criteria approach contains operations typical for genetic algorithms.
The individual in the created evolutionary algorithm is a graph tripartition, i.e.
assigning graph vertices to equal (usually but not always) sets.

In relation to the formulation of the problem of graph tripartition the two-criteria
evolutionary approach, the function of evaluating the adaptation of an individual should
be designed on the basis of the criterion of the number of edges connecting vertices
belonging to different groups and the criterion of the sum of weights of this type of
edges.

In the designed genetic algorithm, the tournament selection method was used to solve
the problem of graph tripartition. After calculating the adaptation function for each of
the individuals in a given iteration, the pairing of individuals is made. The next step is
to remove an individual from the population from the pair, which has a lower value of
the adaptation function. At the tournament selection operation, we receive a population
reduced by half, which will be supplemented by new, randomly generated individuals
at the beginning of the next iteration.
The mutation operation in the implemented evolutionary algorithm relies on selection
the individual (the single chromosome) and then randomly determining the vertex
number. Due to the fact, that the mutation should - by definition - introduce a slight
modification in the individuals subjected to this procedure, therefore in this case, on
the basis of a randomly selected vertex, the group to which the vertex was originally
assigned is converted. For the reason of the usefulness of the solution, we assume that
the vertex must change its assignment to the group (after the mutation operation, it
cannot be in the same group as before the procedure).
The crossover (crossing) operation that was created for the essence of the problem of
graph tripartition depends on selecting a pair of individuals, and then choosing a
random vertex based on which the group of origin pair of individuals will be replaced.
In order to achieve the desired result, on the basis of the drawn vertices, two
descendants are created, which are copies of their parents with the difference that they
are assigned to a group of a specific selected vertex, not to their ancestors, and to the
other individual forming a couple with a particular parent.
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The following function was proposed on the basis of these two criteria:
𝑛

𝑓 𝑃 =

𝐸𝑐 𝑖 ∗ 𝑊𝑐 𝑖
𝑖=1

where:
𝑃 - individual (chromosome),
𝐸𝑐 - edges connecting vertices not belonging to the same group,
𝑊𝑐 - the weights of the edges belonging to the set 𝐸𝑐 ,
𝑛 - volume of set 𝐸𝑐 .

Pareto Front
The result of the two-criteria optimization of the graph tripartition problem will be the
Pareto compromise set. This set of compromises contains solutions that can be called
optimal, but from the group of which it is not possible to select a point that would be
ideal in terms of all analyzed criteria. Each of the problem solutions that are on the
Pareto front (the set of compromises) are optimal according to some criteria and are not
optimal for others.
In order to better illustrate the dominance of X and Y in relation to other individuals in
the current population, the cones of dominance can be plotted on the graph.
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