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Research on Context-Based Statistical Relational Learning
Tian Yonghong (Computer Application)
Supervised By Gao Wen
The vast majority of work in statistical machine learning methods has focused on “flat” data —

data consisting of identically-structured entities, typically assumed to be independent and
identically distributed (I1D). However, many real-world datasets are innately relational:
hypertext, web pages or sites, web images, scientific papers, e-books, educational resources
and more. Such semi-structured relational data consist of entities of different types, where
each entity is characterized by a different set of attributes and generally has complex internal
structure. Entities are related to each other via different types of relations. The relational
structure is an important source of semantic information, which is often ignored by the
traditional statistical learning methods. Thus the paper focuses mainly on how to explicitly
exploit such relational information in statistical learning tasks so as to build more effective
and more robust models.

The main methodology used in this paper stems from the context-based modeling and
analysis. Here the context is defined as a collection of relevant objects and surrounding
influences that make the semantics of an object unique and comprehensible. Accordingly, the
contextual dependency can be regarded as a special relationship among related objects that
conveys explicit semantic correlation. Starting with an in-depth discussion of the related work
on context analysis methods and statistical relational learning, the paper investigates several
statistical contextual learning methods on different application domains. The creativities and
contributions are discussed in detail as follows:

First, the paper proposes a novel web site representation and mining algorithm using
multiscale semantic models. In general, a web site can be regarded as a hypertext document
with complex internal structure. The paper uses a multiscale tree as the representation model
of web sites, and proposes four kinds of context models to characterize the topical correlation
among nodes in the multiscale site tree. Using this model, the paper presents an HMT-based
two-phase classification algorithm and a multiscale classification algorithm for web sites,
both of which employ the hidden Markov tree model as the statistical model of tree-based
data structure, and explicitly exploit the contextual topical correlation among nodes to
improve the classification accuracy of web sites. For further improving performance while
reducing the classification overheads, a two-stage denoising procedure is adopted to remove
the noise information within sites, and an entropy-based strategy is introduced to dynamically
prune the page trees. The experiments demonstrate that the proposed approach is able to offer
high accuracy and efficient processing performance.
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Second, the paper extends the dependency network model (DN) to the relational domain,
and proposes a contextual dependency network model (CDN). Links among objects contain
rich semantics that can be very helpful in classifying the objects. However, many irrelevant
links can be found in real-world link data such as Web pages. Often, these noisy and irrelevant
links do not provide useful and predictive information for categorization. It is thus important
to automatically identify which links are most relevant for categorization. In this paper, we
present a CDN model for categorization in the presence of noisy and irrelevant links. The
CDN model makes use of a dependency function that characterizes the contextual
dependencies among objects and attempts to differentiate the impacts of the related objects on
the classification. Using this model, it is possible to identify a context for a given object as its
most relevant neighbors in a link graph, with which the semantic meaning of that object can
be determined. We show how to learn the CDN model effectively, and how to use the Gibbs
inference framework over the learned model for collective classification of multiple linked
objects. The experiments show that the CDN model demonstrates relatively high robustness
on datasets containing irrelevant links.

Third, the paper proposes the linkage semantic kernels to capture the latent semantic
relations among linked objects that are induced by the local and global structure of the link
graph. Specifically, the paper assumes that higher order correlation between indirectly
connected objects can affect their semantic relations as a diffusion process on the link graph,
and then proposes a semantic diffusion kernel. Moreover, the eigen-decomposition is directly
performed in the kernel-induced space so as to obtain the kernels corresponding to the latent
semantic space. Based on the linkage semantic kernels, the paper also presents a kernelized
contextual dependency network model (KCDN) to exploit the dependencies in a network of
objects for collective classification, and describes a relevant page finding algorithm,
KernelRank. The experimental results on several collective classification and relevant page
finding tasks indicate that linkage semantic kernels have the ability to capture the complex
regularity in the link data. For the computational efficiency on large datasets, we also develop
a block-based algorithm, called BlockKernel, for LLSK kernels by exploiting the block
structure of link data. We evaluate the BlockKernel algorithm on the whole Cora dataset,
showing that this algorithm can scale well with varying sizes of the problem.

Forth, the paper proposes the influence model of online social networks and its
incremental learning algorithm. In this model, the sequential states of each actor and their
corresponding observable behaviors can be modeled as a Hidden Markov Model (HMM), and
the dynamical inter-influence relationship among them can be characterized with the
Influence Model. To incrementally learn the model from time-series interaction data, a
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gradient-based algorithm is also induced. The influence model of online social networks can
be explored in a wide variety of application domains, such as collaborative information
filtering and recommendation, collective decision-making, viral marketing plan, and so on.

Lastly, the paper implements a context-based web image classification system, ConWic.
The objective of ConWic system is to exploit the visual, textual and link information to aid
classification of web images. Therefore, it models the relevant textual information of a given
web image as its multi-modal context, and regards the related images connected by hyperlinks
as its link context. Two kinds of context analysis models, i.e., cross-modal correlation analysis
and link-based correlation model, are used to capture the relation among different modals of
features and the topical correlation among images induced by the link structure. The
experimental results show that for web images, the classification models using single modal
features often perform poorly, but the combination of three kinds of features can facilitate
better semantic classification of web images.

Keywords: Statistical relational learning, context models, multiscale mining, contextual
dependency network models, linkage semantic kernels, influence models.
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