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We propose a novel composite random graph model formed by intersecting an inhomogeneous
random key graph [1] with an Erdős-Rényi (ER) graph. Inhomogeneous random key graph is
defined as follows. Consider a set of n vertices {v1, v2, . . . , vn}, each assigned to one of r priority
classes according to a probability distribution {µ1, . . . , µr}, and a pool of P objects (keys, books,
movies, hobbies, etc.). A class-i node is given Ki objects selected uniformly at random from the
object pool and two nodes that have an object in common are connected by an edge. Random
key graphs have received attention in a wide range of applications including small-world networks,
recommender systems, and security in wireless sensor networks. In this work, we study the degree
distribution and k-connectivity of the intersection model. Namely, we identify the critical threshold
for the intersection model to be k-vertex connected, ensuring that every pair of nodes have k
independent paths connecting them.

We demonstrate an application of our result in the context of a common-interest friendship
network, denoted by Gc. A common interest relationship between two friends manifests from
their selection of common objects from a pool of available objects. Clearly, this is modeled by the
inhomogeneous random key graph; the inhomogeneity enables capturing the different number of
interests that people might have. The friendship network is modeled by an ER graph, meaning
that any two nodes are connected with probability p independently from each other. As a result,
Gc becomes the intersection of the inhomogeneous random key graph with ER graph. Our results
on its k-connectivity reveal the conditions under which global information diffusion can take
place in the common-interest network. In particular, when Gc is k-connected, global information
diffusion is possible even if any (k − 1) users leave the network.

[1] O. Yağan, “Zero-one laws for connectivity in inhomogeneous random key graphs,” ArXiv e-
prints, Aug 2015, available online at (http://arxiv.org/abs/1508.02407).
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Figure 1: Example of a common-interest friendship network that is 1-connected.


