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ABSTRACT

This thesis explores the concept of Perfect Italian Domination in graph theory. It is an extension of the well
known graph parameter-Domination. This combines the concepts of Ttalian domination and Perfect
domination providing new perspectives on vertex control in network architectures. A set § is called a
dominating set, if every vertex in the graph is either belonging to the set S or adjacent to a vertex in the set.
The number of vertices in the smallest passible dominating set of a graph G is called its domination number
v(G). We explore the concept of perfect [talian domination, where an assignment of 0, 1 or 2 to a vertex
represents a scenario in which every unguarded vertex needs to be in the neighborhood of a "well guarded”
vertex or in the neighborhood of two ”semi guarded” vertices. In a graph G, Perfect Ttalian Domination (PID)
assigns labels 0, 1, 2 to the vertices such that a vertex labeled 0 has either a vertex labeled 2 and the remaining
vertices labeled ¢ in its neighborhood or two vertices in its neighbor-hood labeled 1 each and the remaining
vertices in its neighborhood labeled 0. Perfect Italian domination number v,°(G) is the smallest possible sum
of the labels on the vertices of G satisfying a perfect Italian domination. We do a comparative analysis of
perfect Ttalian domination with domination concept and finally characterize a class of graphs having equal
domination and perfect Italian domination number. This study also provides a thorough analysis of the
properties and applications of perfect Italian domination. We explore the characteristics and variations of
perfect Italian domination in different graph classes such as regular graphs, split graphs, Petersen graph,
Mycielskian graphs, etc. Applications of these concepts are discussed, especially in areas of networking,
optimizations, security strategies, resource allocations ete,

This research also looks into how perfect Italian domination are impacted by graph operations like - join and
corona. How perfect Italian domination number changes as a result of these graph operations offer new
insights on how perfect Ttalian domination varies as graphs undergo transformations. We study the behaviour
of graph complements and how the perfect Italian domination number varies befween a graph and its
complement. The N ordhaus — Gaddum type inequalities in the perfect Italian domination numbers are also
discussed. Further we nvestigate the criticality concepts in Perfect Italian domination. We examine a few
graph classes and discuss in detail the effect of vertex removal in perfect Italian domination. We also define
perfect Ttalian' domination (y,")-stable graphs and perfect Ttalian domination critical graphs. Following our
definitions of v,-stable and perfect ltalian domination critical graphs, we have grouped some graph classes.
We characterize a family of irees that is yP-stable. Hence these all results contribute to the thorough analysis
of Perfect Italian domination.
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