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Abstract

Graph structures is a general way of modeling entities and their relationships and
they are used to describe a wide variety of data including the Internet, the Web, social
networks, metabolic networks, protein-interaction networks, food webs, networks of
citations among papers, and many more. In the recent years there has been an increasing
amount of literature on studying properties, models, and algorithms for graph data. The
first part of the seminar gives a brief overview of graph-generation models and graph-
mining algorithms. The set of topics includes algorithms for discovering communities,
models for characterizing the evolution of graphs over time, as well as discussion on
their ubiquitous scale-free properties. In the second part we discuss applications where
exploiting the graph structure is beneficial for certain data-mining tasks and we present
challenges of graph mining in the context of problems appearing in a search engine.

1 Background

One of the most pervasive properties of real-world graphs is the emergence of power laws that
seems to characterize many of their statistical properties [1, 5]. Power laws have intrigued
the interest of researchers and many models that attempt to explain their presence in real
graphs have been proposed, e.g., see [1, 4, 11]. In the first part of the seminar we discuss
properties of power-law distributions and describe underlying processes that generate such
distributions [14, 15, 17].

We then discuss the problem of finding communities in graphs, which is related to the
problem of graph clustering. We give an overview of objective functions used for the task of
finding communities and we review a number of combinatorial and spectral algorithms [7,
8, 16]. Many of the clustering methods are prohibitively expensive for applying them on
large-scale graphs, so we also discuss scalable algorithms that have been designed for finding
communities on the Web [12].

Finally we review studies on statistical properties of graphs that evolve over time [10, 13].

2 Applications

In the second part of the seminar we present specific applications of graph mining in the
context of problems appearing in search engines.

The first application is spam detection [2]. A common approach to detecting spam
is to extract a set of content-based and link-based features from Web pages and treat the
spam-detection problem as a classification problem. In addition to extracting discriminative
features, one can exploit the observation that linked hosts tend to belong to the same class:
either both are spam or both are non-spam. We discuss different algorithms that attempt



to leverage this observation and exploit the topology of the web graph in order to improve
the accuracy of a baseline feature-based spam-detection system.

Then we discuss the problem of predicting the popularity of items in a dynamic envi-
ronment in which authors post new items and provide feedback on existing ones [3]. The
basic setting can be applied to predict popularity of blog posts, rank photographs in a
photo-sharing system, or predict the citations of a scientific article using author informa-
tion and monitoring the item of interest for a short period of time after its creation. One of
the components of the system is the eigenrumor algorithm [6], an adaptation of the HITS
algorithm [9].

We conclude by describing complex graph structures that emerge in problems related
to search engines and we discuss challenges on mining those graphs.
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