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Thesis Summary

With the exponential growth of a wide variety of digital data in recent years, random walks on graphs
have attracted attention as a personalized analysis that flexibly reflects user interests and preferences.

Chapter 1 describes a personalized analysis method using random walks. Random walk is a graph
computation whose input is a source node that represents the user’s interest and a termination
probability that controls the exploration range. Both parameters need to be set effectively. In addition,
it is important to utilize an index that maintains a set of pre-performed random walk paths for fast
computation.

Chapter 2 organizes the preliminaries of this dissertation. In particular, it introduces Personalized
PageRank (PPR), a personalized analysis method based on random walks, and presents the FORA
framework, a state-of-the-art PPR computation method. Then, it explains FORA+, an index-based
acceleration method.

Chapter 3 describes the three challenges addressed by this dissertation. Chapter 4, Chapter 5, and
Chapter 6 present the dissertation’s contribution to each of these challenges.

Chapter 4 establishes parameter-setting guidelines for PPR. Although many methods for setting the
source node have been discussed, the termination probability has been blindly set to a fixed value.
This chapter investigates how to monotonically balance the influence of global importance and source
proximity on PPR results with termination probability, which controls the average path length of the
random walk. A case study using a movie rating dataset shows that setting termination probability to
shorten random walk monotonically increases the rating of nodes that are directly related to the source
node. Statistical evaluation also revealed that varying the average path length of the random walk from
1.05 to 100 resulted in a monotonic change in the cosine similarity between PPR and the global
importance vector from 0.003 to 0.76 at the maximum.

Chapter 5 proposes a fast random walk path generation method for arbitrary parameters. For fast
computation, it is important to reference an index, but the accepted termination probability is limited to
the value at the time of index generation. As a result, to generate paths for arbitrary termination
probabilities, it was necessary to perform random walks without the index. This dissertation proposes
an algorithm, aFlexWalk, to quickly generate random walk paths for arbitrary termination probabilities
by manipulating the paths in the index. In particular, aFlexWalk focuses on the fact that the random

walk path length varies stochastically as the termination probability changes. The algorithm generates

mathematically guaranteed paths by connecting and cutting the indexed paths. Evaluations showed
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that aFlexWalk was up to 11.2 times faster than existing index-free methods.

Chapter 6 proposes a fast and lightweight index management method for high-accuracy computation
on dynamic graphs. When a graph is updated after index generation, it is necessary to re-generate
some indexes to guarantee accuracy, but the time and space computation cost is significant. This
dissertation proposes an index management method that eliminates index re-generation for graph
updates, focusing on the fact that index references in PPR computation concentrate on nodes whose
index does not change much after re-generation. The evaluation revealed that even if the number of
edges is doubled or halved from the time of index generation, the loss of accuracy is less than 0.3%.

Finally, Chapter 7 concludes this dissertation.




