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Abstract

PageRank problem is the cornerstone of Google search engine and is usually stated as solving
a huge linear system. Moreover, when the damping factor approaches 1, the spectrum properties
of this system deteriorate rapidly and this system becomes difficult to solve. In this paper, we
demonstrate that the coefficient matrix of this system can be transferred into a block form by
partitioning its rows into special sets. In particular, the off-diagonal part of the block coefficient
matrix can be compressed by a simple low-rank factorization, which can be beneficial for solving
the PageRank problem. Hence, a matrix partition method is proposed to discover the special
sets of rows for supporting the low-rank factorization. Then a preconditioner based on the low-
rank factorization is proposed for solving difficult PageRank problems. Numerical experiments are
presented to support the discussions and to illustrate the effectiveness of the proposed methods.
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1. Introduction

With the rapid development of the Internet, Web search engines become very popular for
information retrieval [1]. Because a web search engine can usually find an immense set of Web
pages matching the search query, it is necessary to rank higher the most important pages. For this
purpose, Google has presented the PageRank model (also called PageRank problem) that employs
the link structure of Web pages to quantify the importance of each one.

The detailed mathematical background of the PageRank problem can be found in [2], here we
give a brief review. The link structure of the related Web pages is represented by a directed graph
named the Web link graph. Denote its adjacency matrix by G € N®*" where n is the number of
nodes (pages), then G(i, ) is nonzero (being 1) only when page j has a link pointing to page .
Then the transition matrix P € R™*™ with respect to the Web link graph is defined as

P(i,j) = &%) (1)
0, otherwise.
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