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ABSTRACT

This PhD thesis proposal is focused on proposing solutions to the
problem of collective search and recommendation in social medi-
a. User and data are two fundamental elements under social me-
dia environment. To cope with the semantic gap between social
media data and semantic meaning, and the complexity of user in-
tent and requirements, we propose to conduct research on three
stages: (1) multimedia content analysis; (2) user understanding
and (3) collective search and recommendation. We address the
large-scale, multi-modal and heterogeneous characteristics of so-
cial media analysis by developing methodology from factor analy-
sis, generative topic model and collaborative filtering. Progresses
and advances along the three research lines have been presented,
with future directions and open discussions concluded in the end.

Categories and Subject Descriptors
H.4 [Information Systems Applications]: Miscellaneous

General Terms
Algorithms, Theory
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1. INTRODUCTION

Generated in the context of Web2.0, social media is a new way
for multimedia information exchange and sharing. Its rapid devel-
opment has attracted attentions from more users than ever before
all over the world. With the extensive infiltration of various so-
cial medias, massive rich media information has been generated.
How to effectively and efficiently conduct data mining for accurate
search and recommendation services, becomes the key problem to
the development of modern Internet.

Social media has offered a real-world platform for conducting
researches (e.g., as data pooling or evaluation avenue [1]) and im-
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Figure 1: The general framework for collective search and rec-
ommendation in social media.

plementing novel applications (e.g., photo sharing !, social game %),
while at the same time brought challenges due to its characteristics
like large-scale, multi-modality and heterogeneousity. Collective
search and recommendation, which exploits the various media col-
laborations and user interactions to improve user intent understand-
ing as well as social media analysis, well fits into the local symbi-
otic and collective natures and serves as one practical solution to
push desired information to target users [2].

Collective search and recommendation in social media features
in: (1)social media as platform; (2)collective analysis as method-
ology and (3)search and recommendation as applications. Data
and user run through the three-folds, which are the basic elements
of social media and the fundamental research objects of collective
analysis. The goal of search and recommendation is exactly to cor-
relate the most relevant data to the most desired users. Regarding
the semantic gap between social media data and high-level seman-
tics, and the complicate user intent and needs, we propose a gen-
eral framework for collective search and recommendation in social
media, which includes three main stages: (1) Multimedia content
analysis in social media; (2) User understanding in social media
and (3) Collective search and recommendation based on multime-
dia content analysis and user understanding. The diagram is illus-
trated in Fig. 1.

To cope with the above issues, we will resort methods from mul-
timedia content analysis, social network analysis, pattern recogni-
tion and machine learning. Development of methods tailored to
collective search and recommendation will contribute to a wide
range of problems, which, we believe, is fundamental to the ad-
vancement of social media analysis and will raise many exciting

! Pinterest. http://pinterest.com/
2 Draw Something. http://itunes.apple.com/app/draw-something/



research challenges. The pursuit of the thesis is expected to make
the following main contributions:

o Alleviate the semantic gap problem in multimedia content
analysis. Integration of user interaction in social media will
help discover latent semantic correlation between various me-
dia data and reduce the notorious semantic gap;

Enhance user modeling in user intent understanding. Un-
der social media circumstances, there exist rich user activity
data derived from interactions between users and media doc-
uments, which remain potential to be exploited for complete
user modeling and accurate intent understanding;

Enrich researches in related information science fields. Tra-
ditional methods of multimedia analysis can not be directly
applied to social media analysis due to the significant social
attributes. Investigation on related research theories, such as
social network analysis and organizational behavior study,
will advance breakthroughs of key technologies in interdis-
ciplinary fields.

The rest of this paper is organized as follows. Section 2 presents

some previous work about social media analysis and collective search

and recommendation. Section 3 summarizes our approach to tack-
le with the problem of collective search and recommendation. In
section 4, we introduces the progress and ongoing work. Finally,
section 5 concludes this thesis and some open issues are provided.

2. RELATED WORK

Extensive efforts have been focused on the topics of (1) social
media-oriented multimedia content analysis, (2) user understand-
ing in social media and (3) collective search and recommendation.
We just list a few of them in this section.

Semantic labeling is the fundamental problem in multimedia con-
tent analysis, whose task is to conduct joint modeling between vi-
sual and textual information from a set of training samples. Un-
der social media environment, large-scale user generated metadata
(e.g., tag) provides valuable resources as training samples. Howev-
er, the noisy or incomplete correspondence between the multimedia
documents and tags prohibits them from being leveraged for pre-
cise multimedia retrieval and effective management [3]. Social tag
analysis, which targets at annotating, denoising and enriching tags,
is widely utilized to tackle this issue. Existing social tag analysis
methods [4, 5, 6, 7, 8] exploited the semantic correlation between
tags and visual similarity of multimedia documents to improve the
bilateral correlation, while the user interaction as one of the most
intrinsic entities in social media communities has been largely ig-
nored. In this thesis, we propose to explicitly introduce user factor
into the problem of social tag analysis, by which we can gain more
insight to user-generated metadata understanding and thus assist
multimedia content analysis.

User understanding consists of two primary topics as user profile
construction and social relation modeling. Users conduct various
activities in social media websites, which naturally indicate their
preferences and can be used for user profile construction. Search
history is utilized as the resource for user profile construction in
[9, 10]. In [11, 12], the authors proposed to construct user profile
for personalized search with their collaborative annotation activi-
ties. Other research works attempt to construct user profiles based
on their browsing history or the document they collected [13]. [14]
provides a good overview of earlier work representing users from
various online activities. The basic premise behind exploiting so-
cial relations is that the preferences of other users, who are socially
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close to the target user, provide a good indication of his/her pref-
erence. Several approaches have directly employed users’ social
relations to assist collective search and recommendation. Bender et
al. [15] assumed that a document receives extra “friendship” score
if it is tagged by the searcher’s friend. Carmel et al. [16] explic-
itly defined familiar and similar scores to model relations between
users, with familiar score calculated from social link and similar
score estimated from collaborative activities. Social network anal-
ysis method is relatively new to user modeling in multimedia fields.
Zhuang et al. [17] has introduced the problem of continuous social
link modeling in photo sharing websites. In this thesis, we propose
to seamlessly integrate various user activities for user modeling by
addressing the issues of noise and sparsity. Moreover, we will de-
velop social network analysis methods to analyze more complicat-
ed social relations.

Gou et al. [18] proposed a Multi-level Actor Similarity method
to estimate the social similarity between users for collective video
search. Lin et al. [19] leveraged the discovered community and
introduced a community-oriented re-ranking scheme for collective
search. In [20], the co-visitation statistics among videos are ex-
ploited and a random-walk alike method is proposed for collective
video recommendation. Yang et al. [21] proposed to simultane-
ously consider user relevance feedback and video collaboration for
video recommendation. In this thesis, we propose to develop a
theoretical framework for collective search and recommendation,
which is capable of jointly modeling the output of multimedia con-
tent analysis and user modeling. Moreover, we will design more
complicated applications to exert the characteristics of social me-
dia data.

3. THE PROPOSAL

We have shown above that although the related topics have at-
tracted considerate research interests, these work either fail to thor-
oughly exploit the social attributes when analyzing multimedia con-
tent, or do not fully utilize various user activities when conducting
user modeling. Moreover, a theoretical framework of collective
search and recommendation to combine the output of multimedi-
a content analysis and user understanding is urgently needed. To
address the problem of collective search and recommendation in
social media, we plan to proceed in three stages which we describe
as follows.

e Social media-oriented multimedia content analysis: Mul-
timedia document is the core component of social media.
Multimedia content analysis serves as the basis of collective
search and recommendation. Traditional image and video
analysis methods rely on low-level feature descriptors like
color, edge and texture, which have inevitable “semantic gap”
with the high-level semantics of human understanding. In
the context of social media, interactions and interrelations
between users and multimedia content provide a feasible so-
lution to this problem. It is of great significance to leverage
the context, annotation, review metadata and cross-media as-
sociations for better multimedia content analysis.

User understanding in social media: To truly bridge the
gap between data and user requirements in collective search
and recommendation services, another key issue is user in-
tent understanding. Learning user interests and preferences
by analyzing the user-user, user-content interactions and min-
ing various social activities is an important step for user in-
tent understanding. Moreover, with social and clustering at-
tributes, social media can be seen as the projection of real



world community on the web, which makes social network
analysis essential to under modeling in social media.

Collective search and recommendation: Given results from
multimedia content analysis and user modeling, the most chal-
lenges in collective search and recommendation include u-

tilization of local symbiotic and collective characteristics,

leveraging the integration and propagation of various rela-

tionships and integrating the results from multimedia content

analysis and user understanding in a theoretical framework.

3.1 Methodology

3.1.1 Multimedia Content Analysis

Social media websites allow users as owners, taggers, or com-
menters for their contributed documents to interact and collaborate
in a social media dialog. The typical structure of a social medi-
a ecosystem includes entities of user, multimedia document and
tag, which interrelate with each other. We propose to employ the
concept of factor to represent each entity. The observed entity cor-
relation * is captured in an original tensor, with each mode corre-
sponding to one entity and each non-zero tuple corresponding to
one observed correlation. Multimedia content analysis can thus be
conducted through factor analysis methods, e.g., tensor decompo-
sition to enhance and reconstruct the ternary correlations between
entities.

Two major challenges lie on how to deal with the sparsity and
noise issues. Other than the observed inter-entity correlation, rich
interactions in social media also provides various intra-entity infor-
mation *, which can be utilized as regularization terms when per-
forming tensor decomposition from sparse original tensors. More-
over, by addressing the characteristics of user social activities, such
as the incomplete and ambiguous user-generated tagging data, we
are capable of filtering noises and making full use of the observed
data.

3.1.2  User Understanding

User necessarily interact with multimedia documents and com-
municate with other users to generate rich social activity data. The
goal of user understanding is to estimate user interest and pref-
erence by exploiting the user history activity data. Topic model,
which flourishes after Blei’'s LDA [22], has been applied to many
fields such as text mining, computer vision and information system
thanks to its solid theoretical foundation and good flexibility. The
concept of topic well fits into the task of extracting underlying se-
mantics from unsupervised user activity data. We propose adapted
topic models to perform user intent understanding.

Moreover, generative models will be employed to infer the latent
social relations between users. The basic premise behind this is to
simulate the generation process of the observed user activity data,
which is assumed as the derivation of interaction between user’s
own preference and social influence. Generative topic model dis-
tinguish itself in that we can incorporate suitable prior knowledge
into the modeling process, which enables formulation of compli-
cated correlation inference into semi-structure problem.

3.1.3 Collective Search and Recommendation

The theoretical framework of collective search and recommenda-
tion has two goals. On one hand, the output of multimedia content

3 E.g., The user contributed tagging data indicates the observed user-image-
tag ternary correlation.

4 E.g., The user-user relation can be calculated from user’s explicit social
network or collaborative neighborhoods.
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analysis and user understanding need to be unified in one frame-
work. On the other hand, different from traditional methods that
treat search and recommendation as two separate problems, we pro-
pose to unify collective search and recommendation in the same
framework by formulating user explicit or implicit preference as
time-evolving queries, which are then sent to the matching and
ranking search modules.

Risk minimization is a popular information retrieval framework
with solid theoretical foundation [23]. It formulates query and doc-
ument by language models, where queries and documents are mod-
eled respectively from different generative processes. Since we for-
mulate recommendation as a generalized search problem, we will
develop a unified theoretical collective search framework under
risk minimization theory. In particular, the derivations from factor
analysis-based multimedia content analysis and topic model-based
user understanding are employed to construct the generative pro-
cesses for multimedia documents and user queries, and the retrieval
of relevant documents is solved from the perspective of Bayesian
decision theory, whose goal is equivalent to minimize an expected
loss.

4. PROGRESS

To date, we have presented advances in the three stages. A list
of contributions includes:

e A method of image tag refinement based on user-image-tag
ternary analysis has been presented in TMM [24]. We have
introduced user information into social tag analysis and pro-
posed a regularized tensor decomposition method to solve
the problem of image tag refinement.

A method of video organization based on semantic hierar-
chy mining on user-generated tags has been presented in JM-
M [25]. A relational version of hierarchical topic model has
been proposed to construct a novel multi-modal video analy-
sis framework.

e A method of user modeling based on annotation enrichment
and user-specific topic modeling has been presented in 7M-
M [26]. The variations in user’s vocabulary and background
are considered and applied in the task of personalized image
search.

A method of topic-sensitive social relation mining has been
accepted as long paper by MM 2012 [27]. In this work, we
present a theoretical framework for collective search jointly
modeling the user preferences and social influences.

Application of mobile activity recommendation based on prob-
abilistic Markov ranking is submitted as long paper to Ubi-
comp 2012. We introduce a novel problem of activity plan-
ning by simultaneously recommending series of local enti-
ties.

A novel clustering-based video search result display inter-
face has been presented in TOMCCAP [28]. The intrinsic
hierarchical structure in the retrieved video collection is ex-
ploited for video semantic clustering.

Currently, we are working on developing a unified framework for
collective search and recommendation. In addition, we are inves-
tigating the correlation between the proposed theoretical collective
search framework with other collective search methods.
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CONCLUSION

In this thesis, we have proposed to deal with the challenging
problem of collective search and recommendation in social me-
dia. Although we have achieved advances on the proposed three
research stages, there exist a lot of issues open for investigation be-
fore complete social media analysis, total user understanding and
perfect correlation user and information in social media: (1) Con-
structing a indexing knowledge database for social media informa-

tion.

(2) Unitying user behavior analysis from various online activ-

ity data. (3) Investigating on the general theoretical framework for
collective search and recommendation in social media.
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