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Given a connected undirected graph, one root vertex, non-negative income for each vertex including

the root vertex, and non-negative cost for each edge, we aim to find a rooted tree for which the total profit

is maximized. Such tree is known as not-necessarily-spanning. This problem can be applied to various

real-life situations. We first prove that this problem is NP-hard in a strong sense. The key idea is a

reduction from the uncapacitated facility location problem known as NP-hard in a strong sense. We then

present three heuristic algorithms to solve the problem. Finally, we show several computational results

using the three algorithms and compare the results in terms of both the objective function value and

computation time. The algorithms perform well on approximation ratio.
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Abstract In this thesis, we address mazimum-profit-rooted-subtree problem (MPRS).
In the problem, given a connected undirected graph, a root vertex, each vertex’s non-
negative income, and each edge’s non-negative cost, we aim to find a rooted tree in
which the total profit is maximized. The problem can be applied to various real-
life situations such as cable television service and supply of energy (gas, water and
electricity etc.). This important problem had been proposed by “ Kobayashis(2003)”
for the first time.

The main contributions of this research are to prove that the M PRS is NP —
hard, formulate the M PRS as a mixed integer programming problem, and propose
a heuristic algorithm.

The M PRS is classified as an optimization problem. In optimization problems,
an objective function and constraint equations are given. Under the constraints,
we find a maximum or minimum value of the objective function. Combinatorial
optimization problem is also classified as an optimization problem, and the solutions
are represented by combination or permutation. Moreover, a part of combinatorial
optimization problems can be formulated as a network. Our problem is positioned
here. Using the ideas and terminologies in graph theory, this problem is referred to
as mazimum-profit-rooted-subtree problem, and we call this M PR.S for short.

Chapter 1 is an introduction, and we outline the background and organization of
this thesis. Next, in chapter 2, we definite terminologies. In chapter 3, we formulate
the M PRS as a combinatorial optimization problem. Moreover, practical usages
and previous researches are overviewed. In chapter 4, we formulate the M PRS as
a mixed integer programming problem. In chapter 5, we prove that the M PRS is
NP — hard. In chapter 6, we introduce three heuristic algorithms, one of which has
been proposed by us. Though the other algorithms are existing, we rewrite these in
detail. In chapter 7, we show the results of computational experiments and perform

considerations. Finally, in chapter 8, we conclude our research giving future works.
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