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The d-Subtree Partition Problem
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Abstract A d-subtree partition of undirected simple graph with nonnegative edge-weights is a
collection of pairwise vertex-disjoint subtrees such that the union of vertex sets of these subtrees
is equal to the vertex set of the graph and each subtree has diameter of no more than d, where d
is a nonnegative real. The d-subtree partition problem of a graph is to find a d-subtree partition
that has the smallest cardinality among all d-subtree partitions of the graph and the cardinality.
The d-subtree partition problem has found some applications in operation management, mainte-
nance and test of network such as wire communication network, road traffic network, urban wa-
ter supply network and power transmission network. In this paper, it is proved that the d-sub-
tree partition problem is NP-complete for bipartite planar graphs with nonnegative edge-weights
for any positive real d. A linear time algorithm is presented to solve the d-subtree partition prob-
lem for trees with nonnegative edge-weights. Realization strategies for the algorithm are dis-

cussed in detail. The algorithm presented can be realized easily and requires less time.
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The d-subtree partition problem arises from operation
management, maintenance and test of network. It is theoreti-
cally a generalization of the w-path partition problem. the k-
path partition problem and the path partition problem which
has been studied extensively. When the subtree is replaced
by the path and d is a nonnegative real w, the d-subtree par-
tition problem becomes the w-path partition problem. When
the graphs is not edge-weighted and w is an integer &, the
w-path partition problem becomes the k-path partition prob-
lem. When 2= |V (G) | —1, which means that there is no
limit to the length of the path, the £-path partition problem
becomes the path partition problem. A generalization of the
d-subtree partition problem is the graph clustering problem,
including the problem of partitioning graphs into a minimum
number of subgraphs of bounded diameter.

It is easy to derive that the path partition problem is NP-

complete from the NP-Completeness of Hamiltonian path, so
is the k-path partition problem and the w-path partition prob-
lem. The path partition problem is polynomial solvable only
for several special classes of graphs such as trees, circular arc
graphs, interval graphs., cacti, cocomparability graphs,
block graphs, bipartite permutation graphs, cographs, dis-
tance-hereditary graphs, P,-sparse graphs and graphs whose
blocks are complete graphs, cycles or complete bipartite
graphs. The k-path partition problem is polynomial solvable
only for trees, bipartite permutation graphs and cacti. The
w-path partition problem is polynomial solvable only for trees
and forests. Since the d -subtree partition problem is more
complicated, it is not easy to be solved either.

In this paper, it is proved that the d -subtree partition
problem is NP-complete for bipartite planar graphs with non-
negative edge-weights for any positive real d. This shows
that the d-subtree partition problem is quite difficult even if
for the graph with very simple structure. Tree is a subclass
of bipartite planar graph. It is also one of the most common
network topology in theoretical research and practical appli-
cations. We present a linear time algorithm to solve the d -
subtree partition problem for trees with nonnegative edge-
weights. To improve its performance, realization strategies
for the algorithm are discussed in detail. The algorithm pres-

ented can be realized easily and requires less time.



