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Abstract

A subset L C V of a graph G = (V, E) is called a liar’s dominating set of G
if (7) |Nglul N L] > 2 for every vertex u € V and (i7) |(Nglu] U Ng[v]) N L] > 3
for every pair of distinct vertices u,v € V. The liar’s domination number, denoted
by vLr(G), is the minimum cardinality of a liar’s dominating set of a graph G.
The MINIMUM LIAR’S DOMINATION PROBLEM is to find a liar’'s dominating set of
minimum cardinality of a given graph G. Given a graph G and a positive integer
k, the LIAR’S DOMINATION DECISION PROBLEM is to check whether G has a liar’s

dominating set of cardinality at most k.

P. J. Slater [Networks, 54(2), 2009, 70-74] has proved that the LIAR’S DOMINA-
TION DECISION PROBLEM is NP-complete for general graphs. Later, M. L. Roden
and P. J. Slater [Discrete Mathematics, 309(19), 2009, 5884-5890] have improved
this result by showing that this problem remains NP-complete for bipartite graphs.

Motivated by the fact that LIAR’S DOMINATION DECISION PROBLEM is NP-
complete for general graphs, in this thesis, we have studied liar’s domination problem

in some special graph classes.

We have proposed a linear time algorithm for finding a minimum liar’'s dominat-
ing set in a tree. We have also characterized the set of all vertices that belongs to
every minimum liar’s dominating of a tree and the set of all vertices that does not be-

long to any minimum liar’s dominating set of a tree. Based on this characterization,
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we have proposed a polynomial time algorithm for finding these sets.

We have proposed linear time algorithms to find a minimum liar’s dominating
sets in block graphs and proper interval graphs. We have strengthened the NP-
completeness result of LIAR DOMINATION DECISION PROBLEM by showing that
this problem remains NP-complete for split graphs, undirected path graphs, and
doubly chordal graphs; three important subclasses of chordal graphs.

Since MINIMUM LIAR’S DOMINATION PROBLEM is NP-hard for general graphs,
we have also studied approximation algorithm for this problem. We have proposed
an approximation algorithm and also obtained approximation hardness results for
general graphs. We have shown that that MINIMUM LIAR’S DOMINATION PROBLEM
is APX-complete for graphs with maximum degree 4. We have also shown that
LiAR’S DOMINATION DECISION PROBLEM remains NP-complete for p-claw free
graphs and obtained some hardness and approximation results of this problem for
p-claw free graphs.

In this thesis, we have initiated the study of two new variations of liar’s domi-
nating set, namely total liar’s dominating set and connected liar’s dominating set.
We have given a necessary and sufficient condition for the existence of a total liar’s
dominating set in a graph. We have proposed a linear time algorithm for minimum
connected liar’s domination problem for block graphs. We have shown that the
decision version of these two problems, that is, TOTAL LIAR’S DOMINATION DECI-
SION PROBLEM and CONNECTED LIAR’S DOMINATION DECISION PROBLEM are
NP-complete for split graphs, undirected path graphs, and doubly chordal graphs.
We have also obtain some approximation hardness and approximation algorithms
for both of these problems for general graphs. Finally we have shown that MINI-
MUM TOTAL LIAR’S DOMINATION PROBLEM and MINIMUM CONNECTED LIAR’S

DOMINATION PROBLEM are APX-complete for graphs with maximum degree 4.
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