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A Study on Uniform k-partition and Graph Class ldentification in the
Population Protocol Model
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In recent years, autonomous distributed systems consisting of low-performance
devices have attracted attention. For example, there is growing interest in a technology
called molecular robotics, in which molecules themselves are designed as robots. To
construct algorithms specialized for such low performance devices, we deal with a
population protocol model; in this model, devices only have greatly limited resources.
So far, researchers have studied various problems in this model. In this dissertation, we
tackle with two important challenges of the population protocol model.

One is to handle multiple tasks. Since devices are low-performance, one device may not
handle multiple tasks. Thus, it is necessary to develop a mechanism to handle multiple
tasks. As an approach to achieve it, we address network partitioning on the population
protocol model. By partitioning a network into some groups, devices can handle
multiple tasks by assigning different tasks to each group. In this dissertation, we study
the uniform k-partition problem on the population protocol model. This problem aims to
divide a network into k groups of the same size, where k is a given positive integer. To
cope with various situations, we consider the problem on various assumptions.
Moreover, since devices only have greatly limited resources, we mainly study
space-complexity to solve the problem.

As a result, on various assumptions, we clarify the solvability and space-complexity of
this problem. The other challenge is efficient task execution. To execute tasks efficiently,
we address investigation of the structure of networks. As many studies have shown, the
structure of networks has a high impact on the efficiency of the algorithm. Hence, by
understanding the structure of networks, we can apply appropriate algorithms to execute
tasks efficiently. In this dissertation, we study graph class identification problems that
aim to understand the structure of networks (i.e., graph class of networks). In particular,
as basic structures of networks, we focus on lines, rings, k-regular graphs, stars, trees,
and bipartite graphs. As a result, we clarify the solvability and space-complexity of the
problems for the graphs.
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