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Perfect Domination in Trees
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We next show that
Domination can be solved in O(log IVI) time with
O(IVI) CREW processors. The basic approach is due to the work of [MR] on evaluation of
while the observations needed to carry out the approach
on a problem of
a graph property such
Perfect Domination are due
to [MPj. A naive parallelization of the
algorithm by associating with each
vertex v of T a processor to compute value( v) is O(height). The obvious shortcoming is that it fails to deal adequately with long paths in the tree.
composing the
functions associated with certain parent-child pairs we can sufficiently collapse long
paths of partially evaluated vertices to obtain an O(log IV\) time algorithm.
consider the following computation rules :

In place of (1) and
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If v has two children then
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(Since the function is commutative, which child is child1 and which is child2 can
be decided arbitrarily.) The significant difference
in (4). Notice that (2) is in
no
associative. The rule (4) divides the function evaluation into
two
firstly, the creation of the thn,,'e by three matrix, and secondly, matrix
multiplication. We exploit the fact that matrix multiplication is associative. If we
have a parent-child
for which some other child of the parent is evaluated then
the three by three matrix for the parent can be created, leaving only the matrix
multipication to be performed. For example, consider the tree shown in figure 4,
where (a, b, c) and (d, e, f) are known and (x, y, z) is unknown.

(d,e,f)~
(a, b,c)

(x,y, z)

Figure 4.
Here
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=

(~ ~ ~) (x,y,zf
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fa

ec
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(~ ~c ~!), and delete u from

fa ec eb
the computation, thus "shortening" the tree. By the tec:hnlqlles of [MR] the entire
tree can be evaluated in time O(1og IVI).
6.

Summary

We have addressed in this paper some formulations of "domination" where classes
of vertices are permitted or required to have at most one or exactly one neighbor in
the dominating set. In perfect domination every vertex must be uniquely dominated,
in semi perfect domination every vertex not in the dominating set must be uniquely
dominated, while a weakly perfect dominating set is both semiperfect and satisfies
the condition that a vertex not in the dominating set has at most one neighbor in
the dominating set.
We have shown that determining whether an arbitrary graph G has a perfect
dominating set is NP-complete for planar graphs of maximum degree three. Determining whether G has a nontrivial semi perfect dominating set is also NP-complete
for planar graphs, as is determining whether G has a weakly perfect dominating
set. We have also shown how the problem Perfect Domination can be solved in
O(log IVI) time with a linear number of processors for input restricted to trees.
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