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Abstract

A graph is a key construct for expressing relationships among objects, such as the
radio connectivity between nodes contained in an unmanned vehicle swarm. The study of
such networks may include ranking nodes based on importance, for example, by applying
the PageRank algorithm used in some search engines to order their query responses. The
PageRank values correspond to a unique eigenvector typically computed by applying the
power method, an iterative technique based on matrix multiplication.

The first new result described herein is a lower bound on the execution time of the
PageRank algorithm that is derived by applying standard assumptions to the scaling value
and numerical precision used to determine the PageRank vector. The lower bound on the
PageRank algorithm’s execution time also equals the time needed to compute the coarsest
equitable partition, where that partition is the basis of all other results described herein.

The second result establishes that nodes contained in the same block of a coarsest
equitable partition must yield equal PageRank values. The third result is an algorithm that
eliminates differences in the PageRank values of nodes contained in the same block if the
PageRank values are computed using finite-precision arithmetic. The fourth result is an
algorithm that reduces the time needed to find the PageRank vector by eliminating certain
dot products when any block in the partition contains multiple vertices. The fifth result is
an algorithm that further reduces the time required to obtain the PageRank vector of such
graphs by applying the guotient matrix induced by the coarsest equitable partition. Each
algorithm’s complexity is derived with respect to the number of blocks contained in the

coarsest equitable partition and compared to the PageRank algorithm’s complexity.



These results further existing research in several ways. For instance, the practical
lower bound on the PageRank algorithm’s execution time was previously only suggested
using experimental results. The proof showing vertices contained in the same block of the
coarsest equitable partition have equal PageRank values is based on relating dot products
and Weisfeiler-Lehman stabilization, which is a much different approach than applied in
an existing proof. The existing proof was also extended to show the quotient matrix could
be used to reduce the PageRank algorithm’s execution time. However, its authors did not
develop an algorithm or analyze its execution time bounds. Finally, these results motivate

several avenues of future research related to graph isomorphism and linear algebra.
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