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Parameterized Algorithms for Total p-Dominating Set
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Abstract  Total p-Dominating Set is a famous NP-hard problem, and has important applications
in wireless networks. In wireless networks, Total p-Dominating Set is usually used to construct
the self-protection network for wireless nodes. In this paper, we mainly study the Total p-Domina-
ting Set problem in disk graphs and some more restricted classes of disk graphs from the view-
point of parameterized complexity and parameterized algorithms. We first prove that Total
p-Dominating Set is still NP-hard in unit disk graphs with bounded vertex degree. To gain
insight into the source of complexity of Total p-Dominating Set in unit disk graphs, based on
parameterized reduction, we further study the parameterized complexity of the considered problem
in unit disk graphs. By the method of tree decomposition and dynamic programming, we finally
design an exact algorithm with running time O((2p+2)""""*k*n—+n*) for Total p-Dominating
Set in planar graphs (a restricted class of disk graphs), where n denotes the number of vertices in

the given instance, and % is the size of problem solution.
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dynamic programming
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parameterized complexity and parameterized algorithms for
NP-hard problems in wireless networks. Until now, we have
developed parameterized algorithms for several classical NP-
hard problems in wireless sensor networks, such as Min-
power Multicast, Connected Dominating Set. and Max-
lifetime Target Coverage.

Parameterized complexity is an important branch of com-
putational complexity theory and is aimed at practically sol-
ving a large number of computational problems that are theo-
retically intractable. Total p-Dominating Set is a famous NP-
hard problem, which has important applications in wireless

networks. The problem has been extensively studied from

the viewpoint of approximation, heuristic, etc. By way of
contrast, the study of exact algorithms for it is much less de-
veloped. On the other hand, disk graphs and unit disk graphs
have important applications in wireless communication. In
this work. the authors investigate the parameterized complexi-
ty and parameterized exact algorithms for Total p-Dominating
Set in disk graphs and unit disk graphs. The authors show that
Total p-Dominating Set remains NP-hard in unit disk graphs
with vertex degree bounded by three. They further prove that
Total p-Dominating Set is fixed parameter intractable in unit
disk graphs, but is fixed parameter tractable in the more re-
stricted class of disk graphs where the centers of the disks are
at mutual distance at least some constant c. Finally, a subex-
ponential parameterized algorithm running in time O ((2p +
211 R n+0*) is given for Total p-Dominating Set in pla-
nar graphs (a restricted class of disk graphs), where n de-
notes the number of vertices in the given instance, and £ is the
size of problem solution. To the best of our knowledge, this is

the first parameterized algorithm for Total p-Dominating Set.



