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Preface

The delivery of online social video content has become an intriguing research area,
along with the increasing popularity of online social networks. Traditional content
delivery approaches that are designed without considering social topology and user
behaviors are less efficient—if not completely ineffective—for social and socialized
content delivery. To address the social video delivery problem, this book studies
data-driven solutions, which jointly consider social relationship, user behavior, and
content features. It focuses on the characteristics of user preferences in social media,
network topology optimization and resource allocation for social content delivery,
propagation-based social content replication, and social video service deployment.

1. Joint Content- and Social-Based User Preference Mining. The rapid growth
of user-generated social videos requires content delivery systems to understand
user preferences. To date, user preference inference for social video content has
been studied separately: based on either content similarity or user relationships.
We investigate a joint social content preference mining framework by using
social factors and content factors to jointly learn which content a user will
import or re-share in an online social network. In particular, we study a joint
matrix completion framework. Experimental results demonstrate that the pro-
posed approach substantially improves the preference mining relative to the
baseline approaches.

2. Enhancing Multimedia Network Resource Allocation Using Social
Prediction. Popularity patterns of social video content have greatly changed:
video popularity is highly affected by online social networks, and videos can
become ‘viral’ almost instantaneously. These changes make traditional
popularity-based network resource allocation for video services suboptimal. It is
intriguing to study a proactive network resource allocation strategy for social
video services. Using influential factors summarized from measurement studies,
we propose a learning-based framework that uses propagation parameters to
predict the number of potential viewers and their geographic distribution. We
present proactive strategies that determine the upload capacities of servers in
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different regions. We also present experimental results that verify the effec-
tiveness of the proposed algorithms.

3. Propagation-Based Socially Aware Content Replication. Online social net-
works have reshaped the manner in which content is generated, distributed, and
consumed on today’s Internet. It is intriguing to study service provision of social
content for global users with satisfactory quality-of-experience. We conduct
large-scale measurements of real-world online social networks to study social
propagation and discover important propagation patterns, including social
locality, geographical locality, and temporal locality. Motivated by the findings
from the measurements, we propose a propagation-based socially aware content
delivery framework that uses a hybrid edge-cloud and peer-assisted architecture.
Replication strategies are further designed for the architecture based on three
propagation predictors designed by jointly considering user, content, and con-
text information. These findings and strategies change the prevalent method of
content delivery, which is only based on content popularity, and significantly
improve the user experience in receiving social content.

4. Joint Online Processing and Geo-Distributed Delivery for Dynamic Social
Streaming. Adaptive social streaming has grown rapidly in popularity because
it allows heterogeneous users to receive different bitrates. To date, the two
important components in dynamic adaptive social streaming—video transcod-
ing, which generates the adaptive bitrates for a video, and video delivery, which
streams videos to users—have been separately studied, resulting in a significant
waste of computation and storage resources due to transcoding unneeded video
data and suboptimal streaming quality due to homogeneous video replication.
We investigate the possibility of jointly performing video transcoding and video
delivery for adaptive social streaming in an online manner according to the user
preferences that are learned from their social behaviors and their preferences of
edge servers to receive the video chunks. The proposal significantly improves
both the user experience in adaptive social streaming and computational
resources utilization of the system.

Shenzhen, China Zhi Wang
Beijing, China Wenwu Zhu
Beijing, China Shiqiang Yang

vi Preface



Acknowledgements

We would like to express our gratitude to our colleagues, friends, and our families,
who saw us through this book; to the editors and reviewers; and to all those who
provided support and engaged in useful discussions.

vii



Contents

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Research Challenges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.3 Organization and Contributions . . . . . . . . . . . . . . . . . . . . . . . . . . 4
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2 Joint Content- and Social-Based User Preference Mining . . . . . . . . . 7
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
2.2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

2.2.1 Online Social Networks . . . . . . . . . . . . . . . . . . . . . . . . . . 10
2.2.2 Social Recommendations . . . . . . . . . . . . . . . . . . . . . . . . . 10
2.2.3 Video Recommendation in the Context of Online

Social Networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.3 Framework . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

2.3.1 Recommendation for Importing and Re-Sharing . . . . . . . . 12
2.3.2 Recommendation Input: Matrices from Social

Networks and Content Networks . . . . . . . . . . . . . . . . . . . 12
2.3.3 Framework of Our Recommendation . . . . . . . . . . . . . . . . 14

2.4 User-Content Matrix Update Based on Social Propagation
and Content Similarity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
2.4.1 Selecting the Entries to Update . . . . . . . . . . . . . . . . . . . . . 16
2.4.2 Updating the Missing Entries . . . . . . . . . . . . . . . . . . . . . . 17

2.5 User-Content Space Construction and the Recommendation . . . . . 19
2.5.1 Construction of the Joint User-Content Space . . . . . . . . . . 19
2.5.2 Recommendation Based on the User-Content Space . . . . . . 25

2.6 Experimental Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
2.6.1 Experiment Setup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
2.6.2 Algorithm Verification . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
2.6.3 Performance Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . 27

ix



2.7 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
2.7.1 Efficiency of the Recommendation Algorithms . . . . . . . . . 30
2.7.2 Extension of the Matrix . . . . . . . . . . . . . . . . . . . . . . . . . . 31

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

3 Enhancing Multimedia Network Resource Allocation Using Social
Prediction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
3.2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
3.3 Measurements and Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

3.3.1 Collection of Traces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
3.3.2 View Number Predictability . . . . . . . . . . . . . . . . . . . . . . . 37
3.3.3 Geographic Distribution Predictability . . . . . . . . . . . . . . . . 39
3.3.4 Impact of Measures at Different Time Lags . . . . . . . . . . . . 40

3.4 Neural Network for View Prediction . . . . . . . . . . . . . . . . . . . . . . 41
3.4.1 Using Neural Networks for Prediction Models . . . . . . . . . . 42
3.4.2 Constructing Input Features . . . . . . . . . . . . . . . . . . . . . . . 42
3.4.3 Samples for Training and Evaluation . . . . . . . . . . . . . . . . 43
3.4.4 Training Neural Networks . . . . . . . . . . . . . . . . . . . . . . . . 44
3.4.5 Evaluating the Predication Accuracy . . . . . . . . . . . . . . . . . 44

3.5 Enhanced Video Service Deployment . . . . . . . . . . . . . . . . . . . . . 45
3.5.1 Deployment Scheme and Objective . . . . . . . . . . . . . . . . . . 45
3.5.2 Regional Upload Bandwidth Reservation . . . . . . . . . . . . . 46
3.5.3 Video Replication . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

3.6 Evaluating the Video Service Performance . . . . . . . . . . . . . . . . . . 50
3.6.1 Setup of Trace-Driven PlanetLab Experiments . . . . . . . . . . 50
3.6.2 Experimental Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

4 Propagation-Based Social Video Content Replication . . . . . . . . . . . . 57
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
4.2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

4.2.1 Propagation in Online Social Networks . . . . . . . . . . . . . . . 59
4.2.2 Social Content Replication . . . . . . . . . . . . . . . . . . . . . . . . 59

4.3 Measurement of Social Content Propagation . . . . . . . . . . . . . . . . 61
4.3.1 Framework . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
4.3.2 Measurement Setup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
4.3.3 A Glance at the Generation, Distribution and Popularity

of Social Content . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
4.4 Replication Architecture Based on Propagation Patterns . . . . . . . . 65

4.4.1 Social Propagation Patterns . . . . . . . . . . . . . . . . . . . . . . . 65
4.4.2 Edge-Cloud and Peer-Assisted Replication Architecture . . . 67

x Contents



4.5 Replication Strategies Based on Propagation Prediction . . . . . . . . 70
4.5.1 Propagation Prediction . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
4.5.2 Replication Strategies Based on Propagation

Prediction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
4.6 Performance Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

4.6.1 Experiment Setup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
4.6.2 Efficiency of Edge-Cloud Replication . . . . . . . . . . . . . . . . 77
4.6.3 Efficiency of Peer-Assisted Replication . . . . . . . . . . . . . . . 80

4.7 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

5 Joint Online Processing and Geo-Distributed Delivery
for Dynamic Social Streaming . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
5.2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
5.3 Measurements and Observations . . . . . . . . . . . . . . . . . . . . . . . . . 88

5.3.1 Measurement Setup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
5.3.2 Measurement Insights . . . . . . . . . . . . . . . . . . . . . . . . . . . 89

5.4 Joint Online Transcoding and Geo-Distributed Delivery . . . . . . . . 93
5.4.1 Framework . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
5.4.2 Quality-Driven Redirection . . . . . . . . . . . . . . . . . . . . . . . . 95
5.4.3 Region-Preference-Aware Transcoding Schedule . . . . . . . . 96

5.5 Performance Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
5.5.1 Experimental Setup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
5.5.2 Experimental Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

6 Concluding Remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109

Contents xi



Chapter 1
Introduction

Abstract In this chapter, we provide a review of online video content delivery,
presenting the traditional video delivery approaches and the facing challenges. To
satisfy the trend for content to be dynamically processed before being delivered to
users, we propose a joint online processing and delivery paradigm to improve the
user experience in social video services. At the end of this chapter, we give out the
structure of the whole book.

Keywords Social media · Social content delivery · Social propagation

1.1 Background

Online social networks have become a popular online service, with an ever increasing
number of social network apps, including ones based on “friend” relationships (e.g.,
Facebook), ones based on “following” relationships (e.g., Twitter), and ones based
on professional connections (i.e., LinkedIn). Such applications have successfully
changed the manner in which people are connected to each other. In an online social
network, users receive a variety ofmultimedia content, ofwhich online video services
are important ones, dominating a large fraction of today’s traffic.

Online social networks and online video services are closely connected to each
other: users can “import” video content from video sharing sites to online social
networks and share the videos with social connections. Such social behaviors have
changed how content is delivered to users: using online social networks has become
a normal method of accessing videos. Users’ actions determine how people select
videos to watch, changing the assumption of traditional content delivery systems that
users can only passively receive content from a content provider.

Traditional video delivery has evolved in the following four stages:

Simple Client/Server (C/S): In this stage, there was little information delivered
by the Internet. The number of users and amount of content were both very small.
The traditional Client/Server mode uses limited server resources to serve a limited
number of users.
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