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ABSTRACT

In the modern world, almost everything around us is connected through some form of
network. Networks are fundamental structures that represent a wide range of real-
world systems from social interactions and communication systems to biological,
technological and transportation infras-tructures. Studying these interconnected
systems gives us an idea of how individual components influence one another and how
collective behaviour result from complex interactions. Further, it shows us how one
component can affect the performance of the entire network and how all the ele-
ments come together to create an efficient and resilient system. Graph theory acts as a
framework to model these networks to capture them mathematically and analyze the
systems. The networks are modeled into a graph by taking their components as vertices of
the graph and the relationship between the components as edges. Through this
representation and with the help of graph theoret-ical parameters one can understand
how the structure of the network affects its overall behaviour. The study mainly
centers on assessing the vulnerability of a given network using graph theoret-ical
parameters. To achieve this, two significant concepts, namely graph domination and
graph integrity are considered. While domination in graphs focuses on identifying a
small set of vertices that can control or monitor the entire network, integrity is used to
evaluate the wvulnerability of any graph when certain vertices are removed. The
combination of these two concepts led to the introduction of a parameter called
domination integrity that captures not only the control within a network but also its
stability after the removal of dominating vertices. Domination integrity has been
studied throughout the years due to its significance in network analysis and has been
further extended to introduce new measures of graph vulnerability. The domination
integrity (DI(G)) of a graph G is defined as DI(G) = min{|S| + m(G — S) : Sis a
dominating set of G}, where m(G — S) is the order of the largest component in the graph
induced by G — S. This work ex- tends the concept of domination integrity by proposing
two new variations of domination integrity, namely paired domination integrity and
strong hotspot domination integrity. A detailed analysis is presented, focusing on
establishing bounds, values for specific graph families and exploration of their
characteristics and behaviour across real-life networks.
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