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Abstract

On-line social networking and communication services are increasingly popular meth-
ods to communicate with friends, family and communities. Statistics shows that users of
services like Facebook and Twitter stretches across geographical locations, professions,
age groups and habits. Smart mobile devices with Internet connectivity simplifies access
to these services at anytime and from almost anywhere. However, the huge amount of
user-generated content makes it difficult to identify useful information. A challenge is to
create micro-communities where users may join from heterogeneous social networks us-
ing proper user and identity management. The increasing number of social networks and
communication services are also creating new challenges in social media content filtering,
micro-community discovery, and automatic group communication initialization.

This licentiate thesis proposes to utilize social graphs for improving group commu-
nication. It therefore presents a framework that manages information harnessed from
social-networking services and personal devices such as mobile phones and laptops. The
framework can identify individual communication patterns and use these to calculate
social strengths between users expressed as weighted social graphs.

The central component of the framework is a social recommendation engine for social
content filtering, group management and communication pattern discovery. The engine
harness personalized social data (both content and contact) from the social-networking
services and personal devices. The framework also contains methods for social strength
calculation based on a unified interaction model that supports communication pattern
discovery. A comparison study is presented together with the framework, which evalu-
ates different social strength algorithms based on a simulated interaction dataset. The
feasibility of social data collection from social networks and communication services are
also discussed to illuminate potential benefits of the framework for the next generation
of communication tools (such as mobile video conferencing).

Evaluation of the framework is initially done by proof-of-concept prototypes that
illustrate functional feasibility. Two prototypes are presented in this thesis, a presence
information viewer that filters and prioritizes contacts and a real-time photo sharing
application utilizing calendar data for initiation of group communication. In conclusion,
improving group communication by offering services for micro-communities, based on our
communication habits, personal interests and context (such as activity and location) is
technically realistic and feasible.
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problem.

Lule̊a, March 2011
Juwel Rana

ix



x



List of Publications

This licentiate thesis includes the following three research publications which represent
the thesis in a coherent manner.

Paper A Rana, J; Hallberg, J; Synnes, K; Kristiansson, J; “Harnessing the cloud

for mobile social networking applications”, International Journal of Grid
and Cloud Computing, Vol. 2, No. 2, April - June 2010, p 1-11.

Paper B Rana, J; Kristiansson, J; Synnes, K; “Modeling unified interaction for

communication service integration”, Preceedings of The Fourth International
Conference on Mobile Ubiquitous Computing, Systems, Services and Technologies
UBICOMM 2010, Florence Italy, October 25-31, 2010, pp. 337-378.

Paper C Rana, J; Kristiansson, J; Synnes, K; “Enriching and Simplifying Com-

munication by Social Prioritization”, Proceedings of The 2010 International
Conference on Advances in Social Networks Analysis and Mining, ASONAM 2010,
Odense Denmark, August 09-11, 2010, pp. 336-340.

Related publications not included in this thesis:

Paper D Dudarenko, N; Rana, J; Synnes, K; “Ranking Algorithm by Contacts

Priority for Social Communication Systems”, Proceedings of The 3rd Con-
ference on Smart Spaces, ruSMART 2010, St. Petersberg Russia, August 23-25,
2010, pp. 38-49.

Paper E Rana, J; Kristiansson, J; Hallberg, J; Synnes, K; “An architecture for mo-

bile social networking applications”, Proceedings of First International Con-
ference on Computational Intelligence, Communication Systems and Networks, In-
dore, India CICSYN 2009 IEEE, July 23-25, 2009, pp. 241 - 246.

Paper F Rana, J; Kristiansson, J; Hallberg, J; Synnes, K; “Challenges for mobile

social networking applications”, Proceedings of International ICST Conference
on Communications Infrastructure, Systems and Applications in Europe Europecom
2009, London, UK, August 11-14, 2009, pp. 275-285.

Paper D focuses on alternative approaches for social ranking algorithms. The contri-
butions of paper E and paper F are combined to form Paper A.

xi



xii



Acknowledgment

Firstly I would like to thank my supervisors Dr Johan Kristiansson and Dr K̊are
Synnes for the valuable comments, discussions, and advice given to me. Without their
encouragement and support this thesis work would not have been possible. I would like
to thank my co-supervisors Dr Josef Hallberg and Professor Arkady Zaslavsky for their
discussions and comments on my work. A special thanks goes to Stefan H̊akansson for
the time he spent listening to me, attending in-progress meetings and making suggestions
in different issues over the years.

I would like to thank Professor Peter Parnes for sharing his expertise in Android OS
based application development, Dr H̊akan Jonsson for sharing his knowledge on graph
theory and Dr Fredrik Bengtsson for cooperating with ITS. I would like to thank Dr.
Natalia Dudarenko, co-author of one of my papers. There is no limit to the gratitude
I have for the friends and colleagues of ICT division, colleagues in the administrative
sections, and colleagues from overall Systemteknik for making this work environment
friendly and effective. Thanks goes to Iftekhar, Raihan, Mahmud, Noori, and the friends
from Lule̊a, Stockholm, Trento, Dhaka, Khulna, and Sirajgonj.

The thesis is supported by the Research Area Multimedia Technologies of Ericsson Re-
search, Lule̊a. The work is also partially supported by the Centre for Distance-spanning
Technology (CDT) at Lule̊a University of Technology and by the Satin-II research project,
funded by the European Regional Funds (mal-2), the Swedish Agency for Economic and
Regional Growth, the County Administrative Board of Norrbotten, Norrbotten County
Council, and the City of Lule̊a.

To all my family members, my mother Hafiza Begum, brothers Masud Rana, Shohel
Rana, Rasel Mahmud, Shawon Hasan, sisters-in-laws, and my wife Ismat Jahan Siraji
Ema, I am really thankful to all of you for your infinite inspiration and patience over the
years.

Lule̊a, March 2011
Juwel Rana

xiii



xiv



Part I

1



2



Chapter 1

Thesis Introduction

Social-networking services such as Facebook, MySpace, Twitter, etc have recently be-
come tremendously popular, because it connects users and enables them to share content
among each other in an easy manner. At the same time, advanced mobile terminals such
as the Apple’s iPhone, Google’s Android OS based smart devices have revolutionalized
to access these Web based services from mobile terminals. Moreover, most of these de-
vices are equipped with sensing capabilities such as location via GPS (Global Positioning
System), accelerometion, gravity, orientation, magnetic field and so on. The potential
benefits from these trends regarding electronic communication are vast, especially when
it is possible to utilize them for developing mash-up applications using different services
with real-time user requirements. Till October 2010, Apple’s App Store officially contains
at least 300,000 third party applications, which is an example of that direction1.

This thesis therefore studies how the current trends in respect to mobility, social and
context can be applied coherently to improve group communication. More precisely, a
social recommendation engine is proposed as a part of a larger framework that harnesses
social media contents and on-line interactions from social networks and communica-
tion services. To manage social contacts intelligently, the thesis proposes weighted social
graphs based on users communication patterns and context parameters. The basic model
of the framework is illustrated in Figure 1.1 with high-level of abstraction. The proposed
social recommendation framework improves group communication in three-fold. First,
the framework simplifies propagation of presence information of the global contacts in an
aggregated manner. Second, filtering and prioritizing of social content such as email or
blog information of the global contacts can be improved through this framework. Third,
the framework supports user management to discover groups dynamically using group
generation keywords, which facilitates initiation of group communication.

1http://en.wikipedia.org/wiki/AppStore
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Figure 1.1: Basic Model of Social Recommendation Framework

1.1 Thesis Motivation

Internet-based communication services such as Email or E-meetings (Skype, Adobe
Connect, Google Talk, etc) have evolved rapidly over the last two decades, to the point
that now they are becoming more intelligent through application-level integration. For
this, the services are not limited to text messaging or audio/video streaming, as it also of-
fers new kinds of services such as micro-blogging for facilitating real-time news publication
over the Web. Google Wave provides real-time document editing and content sharing,
Twitter offers micro-blogging, and Facebook offers content sharing and micro-blogging
among social contacts. In brief, these services reduce the amount of human-computer
interaction needed to accomplish communication between users, and provide group com-
munication functionalities that reduce communication overhead. These are changing the
way of users’ interaction in comparison with the time when social media was not so pop-
ular.

It is difficult at present to discover groups, i.e. identify group members in an auto-
matic or semi-automatic manner to initiate group communication. If we look at existing
communication tools, the host of the interaction needs to invite participants manually,
and set the capacities and permissions of the participants manually. This task is often
complex and induces a significant amount of work for the user. A group discovery and
management component may simplify the process by discovering participants automati-
cally.

Using recent group communication tools such as Facebook, Twitter, Google Docs,
Adobe Connect, there are not much support for sharing media content to a trusted
group by collecting the contacts from public spaces in a dynamic manner. For instance,
if someone likes to share a link of a video-clip in Facebook or Twitter, the person needs
to share the link with the whole group, or the user needs to select the contacts manually
and send the link in the form of a message. These tools can be improved by offering the
automatic group creation functionalities where the users may share their content to a
more targeted group, and more automatic.
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There are some cases, where discovering a group or micro-communities based on a
particular context such as location, interest, profile, is not enough. Because, the problem
of group discovery becomes even more difficult if the group members are unknown and
there is no established formal communication channel (e.g., email, phone-numbers, etc)
among the users setting up a group and the group members those should be invited.
Without knowledge of a users’ address, it becomes difficult to notify them and invite
them to the group. For instance, this can happen when strangers meet briefly in a con-
ference room. A classical solution to this problem has been to exchange business cards
with email addresses and phone numbers. Given the wide-spread use of social networks,
a challenge is to instead automatically discover contact information of relevant users that
should be a part of a group.

Being able to automatically discover the peers and invite them to a service gives a
new dimension to user management. User management becomes important especially for
establishing a group by inviting users to join in an automated or semi-automated manner.
Although, there have been different clustering and pattern mining approaches which can
be used to discover groups or micro-communities in social networks [1, 2], but there is no
clear approach which could solve the problem of user management in the situation where
a user wants to share contents in a group residing in a public space. Having a user group
management framework that could be used by developers to write new communication
software that automatically discovers peers could enable new types of communication
services.

Social media contents those are generated and shared are usually free of cost in dif-
ferent social networking services today. Some of that content is significantly interesting
to some users, while it might not be as interesting to other users as preferences and
interests vary from user to user. In many cases, users of social networking services may
be overloaded due to the huge amount of user-generated contents, where the amount of
information may become staggering [3]. Users are therefore facing difficulties to filter
and/or prioritize information. The problem can be alleviated by using a group manage-
ment tool that supports differentiation of users based on the users’ preferences and that
by this enables a user to prioritize content.

Users have different preferences for using certain communication tools, for instance
they may consider the cost of a service, availability, ease of use, available features, interest
and other factors such as the perceived fun of usage. As an example, Web-based com-
munication tools are becoming relatively inexpensive, while in general, they are more
cumbersome to use than installed native software but are perceived as novel and fun.
The problem here is however not to offer new communication tools, as there are many
good tools already on the market that have many of these attributes, but to overcome
limitations in these tools such as group initiation and management. Because, there is a
need to discover users’ preferences and suggest the most suitable tool while supporting
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additional features of enhanced communication services.

Users also want to control their content across multiple sources in a unified manner
[4, 5]. The same user may use a different user name in different communication services,
which causes a problem when it comes to identifying a user for consolidating social con-
tents. For that reason, we argue the need for user management, by which users may have
control over their content and identify themselves more generously.

In recent years, the amount of user-generated content has been growing rapidly be-
cause it is fairly inexpensive to obtain (users normally create it for no charge over the
Internet) [4]. Utilizing user-generated content from on-line communication services to im-
prove group communication is therefore becoming important. This thesis is also inspired
by the increasing number of social network users, which is one source of user-generated
content, and smart tablet devices which promote users to generate such content.
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1.2 Scenario

The following scenario about “Amanda and her friends” points out the usefulness of
the social recommendation framework to arrange a party.

Amanda is a very socially active girl and she spends a lot of her free time communi-
cating with large number of her contacts. Most of these contacts are family, friends and
colleagues, while some only share common interests or goals. She communicates with
them on Facebook, by twittering or through mobile calls, but she struggles with keeping
herself updated with the most important activities in her social networks. Her 30th birth-
day is coming up, so she plans on having a party together with Melvin and Ebba, two of
her friends at work that also have birthdays the same month as her. She gives them a
call and they start planning what to do and whom to invite.

They open up their group management tool which first filters out all their shared con-
tacts that they have no personal relation to and then prioritizes the remaining contacts
based on how much they interact and how strong their social relation is. Several of their
contacts are quite busy persons but they manage to select a date that fits the majority
of them. They decide to invite 50 of the persons and generate a group invitation for
the party. Amanda then sends out the invitations using any of the convenient tools for
example, Facebook to users frequently there and by SMS to the others, while starting a
Twitter feed about the ongoing party activities inside the invited group members. She
ends the call by promising to organize the food for the party.

Amanda likes to cook Italian food so she filters the party group for persons interested
in cooking and invites a handful of them to come early to the party to help with the prepa-
ration of Italian food in return for free beer - and all accept. She makes a shopping list
and emails that to her two friends. The party is on!

The scenario illustrates that simple group management can be very useful. Informa-
tion about Amanda is harnessed by the group management tool, which utilizes a social
recommendation engine to list, filter and prioritize her contacts based on the related
social strengths. This is done by creating a weighted social graph that can be pruned
in many ways; here by using additional information from Melvin and Ebba, as well as
presence information from their contacts (calendar data). Knowledge about how she
usually communicates with the persons she would like to invite is used to send out the
invitations in the most suitable way to each and every one on the invitation list. She
also selects a few persons from the invitation list by pruning it based on interests, with
the purpose of getting help with cooking the party food.

This shows how presence information can be utilized together with filtering and pri-
oritization for the purpose of initiating group communication among users.
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1.3 Research Questions

The objective of this thesis is to provide a framework which can support group com-
munication services in order to improve its functionalities. To achieve that goal, the
main research question is identified on improving group communication by harnessing
information from social networks and communication services. In order to address this
problem, three different sub-problems are defined, which are on-line interaction modeling,
social ranking, and social recommendation. Each of the sub-problems including specific
research questions are discussed below.

On-line interaction modeling

• How can on-line interaction be modeled in a uniform manner to enable identification
of users’ individual communication patterns?

In social networks and communication services, users generate social media contents and
on-line interactions. A challenge is therefore to integrate and consolidate all of contents
and interaction logs in a unified manner for analysis purposes. For that, a unified model
of interaction is required which need to be able to interpret most of the interactions
performed by the users in social and communication media.

Social ranking

• How can personalized social graphs be built automatically by harnessing information
from the social networking services and communication services?

• How can a personalized service automatically calculate the social strength between
contacts based on the interaction logs?

Social Ranking may provide prioritization among the contact individuals. If it is possible,
then social ranking can also be useful for filtering social contents. Due to tremendous
use of different communication and social networking services, now it is possible to cre-
ate communication history of the contact individuals and maintain a personalized social
graph. Having contacts and contents from different sources, it is challenging to provide
an approach for automatically building personalized social graph by harnessing informa-
tion from different social networking and communication services. The thesis investigates
how different graphs can be mapped automatically to form a user-centric social graph.

Calculating user’s social strength is not a trivial problem. Because, social strength
may increase productivity of the users by prioritizing social contents and reducing infor-
mation overloads. For that reason, communication history from all possible sources of
the individual users need to be analyzed to identity relatively accurate social strength of
the contact individuals. One problem is that, the algorithms are needed for calculating
social strength is not available. Therefore, sophisticated algorithms for social strength
calculation is required. Second problem is the unavailability of huge amount of communi-
cation history, which need to be collected from all possible communication sources. Last
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but not least, all the computation and collection of communication history need to be
done in the background in an automated and real-time manner.

Social recommendation

• How to recommend a set of contacts to form a group?

In this thesis, social recommendation refers two different functionalities. First, it
is used for recommending social contacts based on particular contexts. For example,
referring back to Amanda’s scenario, where Amanda is taking assistance from the social
recommendation system for identifying her group of friends whom she is interested to
invite in the party. The second task is prioritizing social content for instance presence
information with different level of granularity. Contact with higher social strength are
placed in the a group and then contacts with medium strength in another group may
be an example. Therefore, for supporting dynamic group communication services, it
is important to investigate the parameters which are needed to discover a group; how
the discovered group members be invited to form the group; and what are the building
blocks needed for creating a social recommendation framework that supports dynamic
group formation and invitation service.
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1.4 Research Methodology

This section discusses the research methodology followed to accomplish the thesis
work. This thesis follows an applied research methodology to understand the need, iden-
tify the research problems and then derive possible solutions. Subsequently, the research
outcomes are evaluated for verifying reliability and real-world applications of the ap-
proach.

We identified our research domain as multidisciplinary, where theories and technolo-
gies from different areas are applied to accomplish this research. For instance, graph
theories, Web data-mining techniques, clustering techniques, statistical analysis of com-
munication history, technologies for pervasive computing ( e.g., Android OS based mobile
apps with real-time context) and software engineering of distributed systems are applied
in this work.
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Figure 1.2: Research Idea

Figure 1.2 depicts the high level abstraction of the research in a simple manner, where
the first step is to collect social data from the cloud services. It is assumed that most
of the current social networking and communication services are part of the cloud and
develop Application Programming Interface (APIs) for communicating with cloud ser-
vices. The second step, data fusion (consolidation of social data from different social
networks and communication services) is performed to build an aggregated social graph.
Here, different research problems are identified, which is described in the research con-
tribution section. After that, a service/application development framework is developed
applying the theories proposed in the thesis. The framework also facilitates the testing
and verification of theories. The framework consists of different components such as
communication history aggregator and social ranker. The details about the components
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are given in the section 3.3.

For evaluation of research outcomes, a number of prototypes are developed to verify
the functionalities in real-world scenario. Therefore, the prototypes are designed consid-
ering end-user requirements and provide solutions to achieve those requirements. Due
to the fact that this research’s scope and resources are limited, the versatility of the
prototype is limited as proof-of-concepts.

1.5 Thesis Delimitations

The thesis delimits its scope in terms of protecting privacy of users’ data and de-
veloping sophisticated clustering algorithms. Firstly, protection of user’s privacy is not
covered in this research, rather the thesis aims at discovering users’ preferences and rec-
ommends dynamic group for collaborative work by analyzing users’ personalized data or
communication history. However, it can be argued that the proposed solution can par-
tially solve privacy problems by offering a content sharing mechanism where end-users
can share their contents privately by creating dynamic groups from an open platform (i.e.
the Web). There are already different clustering approaches for historical or statistical
data analysis. The scope of this thesis is limited to classical machine learning techniques
or modification of these techniques in order to discover new information from social data.

All the data-set used for prototype applications are not based on real data. Some
data-sets are simulated to avoid the privacy problem, and to increase the volume of in-
teractions log.

Quality of user experience is not covered in the current thesis. However, it is planned
to publish the prototype applications in the Apps market to get feedback from the real
users.



12 Thesis Introduction

1.6 Thesis Structure and Roadmap of Publications

The thesis is structured in two parts. Part I consists of five chapters. After the out-
line in Chapter 1, Chapter 2 provides background, concepts and related work. Chapter
3 summarizes the main research contribution. Chapter 4 provides the discussion on the
research contribution. Finally, Chapter 5 concludes part I of the thesis and describes the
future work.
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Figure 1.3: A roadmap of the thesis work

Part II includes the papers associated with this thesis. The papers cover the research
problems mentioning in the part I of the thesis. The thesis work has resulted in 6 peer-
reviewed publications, which are listed in the publication list. However, the first three
papers, numbering as [A], [B] and [C] are included in the thesis to avoid the research
content and research problem overlapping. The logical flow of the included papers is
illustrated in Figure 1.3.

In the next chapter, related work are discussed together with background and con-
cepts. Here the related work provides the research overview in particular with this thesis.
However, each of the papers in part II are containing their own related work section. The
background section provides the trend of the research area, while the concept section con-
tains some terminologies to make this thesis understandable.



Chapter 2

Background and Related Work

The thesis explores how future Web technologies (Web 3.0 and beyond) can be used
to implement new services for improving group communication [6, 7]. In general, there
are many approaches to establish group communication for collaborative work, while this
thesis aims at exploiting social networks and communication services to improve group
communication. The rest of this chapter provides background information as well as
trends and related work within this research area.

2.1 Background

2.1.1 Future Internet

The future Internet grows with user generated contents with the use of collective
intelligence [8]. Web-based services or processes such as deep Web searching, utilizing
mashups techniques using Web-API’s for enabling services or applications integration, ap-
plying of machine learning techniques for social recommendation, sensor data driven and
context-aware services in group communication are applied more coherently at present
[9]. These kinds of services will continue to be more important in the future of Internet
and for this, both of the stationary and mobile devices will be benefited.

2.1.2 Context-aware Services

Ericsson envisions that by 2020 there will be around 50 billion connected devices [10],
which means more interactions among wireless devices for establishing connectivity and
supporting various applications. This also supports future Internet by achieving more
service and application level integration. At present, it is possible to publish sensor-
driven information such as location, motion, proximity, temperature, etc., by mobile
users [11]. Such information is useful for developing context-aware-services such as smart
home or smart factory [12]. In general, context-aware services discover context from the
environment and take appropriate actions considering situations. With the advantages

13
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of context-aware services [13] and Internet technology, users are showing more interest
in accomplishing functionalities in real-time.

Figure 2.1: Internet as platform for simplified communication

Figure 2.1 illustrates how different smart devices, services, context and user require-
ments can be integrated in a generalized manner through Internet. In this case, users’
requirements include single-touch web conference set-up, content sharing in real-time
within a group, and context based group formation [6, 7]. Context information can also
be used to solve many issues of group communication [14, 15, 16].

2.1.3 Smart Mobile Devices and Applications

Smart devices such as iPhone, iPad, Android operating system based mobile phones
and tablet devices are becoming a part of everyday life [17, 18]. These devices are not
only used for communication purposes but also used for audio/video streaming, reading
emails, listening to music and last but not least accessing, monitoring, and controlling
other personalized devices.

Android markets, Apple’s app store are popular for distributing mobile applications.
Generally, a mobile application is a piece of software deployed in a mobile device for
some desired functionalities [17, 18]. These applications may run in a mobile browser,
or as a native application. Compared with traditional software, different programming
platforms and languages are used for mobile application development.



2.2. Concepts 15

2.2 Concepts

This section discusses some terminologies used in this thesis. The terminologies are
considered as important for justifying their semantics to make this thesis more under-
standable. For example, the section discusses social graph, social strength, aggregated
social graph, social ranking and dynamic group in a precise manner.

2.2.1 Social Graph

A social graph manages the relations (who is connected with whom) of actors/contacts
where the actors may contain media contents and share such contents among other actors
in the community [19]. In Facebook which adopts a hierarchical structure, the first-degree
relationship between users enables two-way access to content [20]. In Twitter on the other
hand there is only one-way access to content; the follower has access to the content of
the host, but the host does not automatically have access to the content of the follower
[21]. Furthermore, another social network, LinkedIn, is organized around the shortest re-
lationship path between members in the social graph [22]. Therefore, connections among
the actors/users are application dependent. The Figure 2.2 depicts an aggregated social
graph, where actor U presents its contacts with and without social strength. Here, so-
cial strength is a measure, where higher strength indicates higher connectivity with the
contact.

Figure 2.2: Formal Model of an Aggregated Social Graph

2.2.2 Social Strength

Social strength is considered as a way of providing relative weight to a particular
user among the contacts. It helps to identify trusted networks, prioritizing phone-calls,
e-mails, and discovering groups. In Figure 2.2, ASG(U with strength) corresponds social
strength of U among the contacts n1, n2, n3, and nn. Social strength is limited to a
particular user, which means first degree contacts of the particular user will be considered
for calculating strength. The user calculates strength to the contacts with whom he/she
has direct interactions.
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2.2.3 Aggregated Social Graph

An aggregated social graph associates all social contacts globally with the objective
of managing a complete contact list rather than processing it separately for different
social networks and communication services. Calculating social strength in an aggregated
social graph forms a weighted social graph. In that case, all the contacts in the graph
will contain a relative strength. This provides a sophisticated way of ranking contacts.
However, the interaction history of the contacts is needed for such calculations. In Figure
2.2, ASG(U) corresponds to the aggregated social graph of the user U. It considers only
first degree contacts, which are only the contacts directly connected with U.

2.2.4 Social Ranking

Social ranking is similar to social strength. Social ranking exploits the social strength
to rank contact individuals and social contents.

2.2.5 Dynamic Group

Dynamic group is considered as micro-communities of contacts which may discovered
real-time by taking support from smart devices. The group can be used for both short
term and long term basis. For example, creating a group for sharing a content which life
time is very low can be considered as short term groups while, the groups which remain
till longer time period for instance participating in collaborative activities in a project
which remains as long term groups.
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2.3 Related Work

Referring back to research methodology section where it is mentioned that this thesis
is considered as multidisciplinary, therefore related work section is divided into several
subsections. For example, different kind of group communication techniques are studied
to understand state of the art technologies, which is discussed in group communication
sub-section. Related work from all those are discussed below:

2.3.1 Group communication tools

A variety of group communication services are used to collaborate over the Internet.
Skype, Maratech, Adobe Connect, Google Wave and Webex all support group commu-
nication functionalities in a collaborative manner. These services usually offer manual
group formation to initiate group communication. Therefore, users maintain a precise
list of contacts for creating the group and inviting participants. The invitation is done in
different cases such as Google docs, Adobe connects by sending email invitations. There
has not been much work done to provide automatic group creation functionalities. In
this thesis, the on-line interactions of the user are considered for social ranking for sup-
porting the group discovery mechanism. Roth et al., also discuss users’ interaction-based
approach to grouping, which can be considered as a parallel approach to the problem
[23]. However, their algorithm only counts the frequency of email interactions. But users
may have access to a variety of communication services. Therefore, to increase the re-
liability of interaction ranking, it is important to include a more generous spectrum of
interaction. This implies the aggregation of interactions of a particular user in a unified
manner and the application of the ranking algorithm on the whole communication log
[24]. In this thesis, unified interaction is utilized for social ranking. Aggregation of inter-
action is also an important problem as different communication services provide different
types of interaction. A more detailed discussion of interaction aggregation is provided
in section 2.3.4 on social data aggregation. Reto et al., have also defined an approach
on group invitation for initiating group communication [7]. In their approach, they ap-
ply classical clustering algorithms. In this thesis, the utility function based approach
and Euclidean distance based approach are used for social ranking. However, classical
clustering algorithms are also able to be applied on the proposed approach for creating
different dimensions. The dimensions can be contexts such as location, user profile, etc.

2.3.2 Social Recommendation

A recommendation system assists on-line users to complete transactions in different
Web services from the last decades. It provides a recommendation on a particular item.
For instance, purchasing books in Amazon or purchasing an iPhone in E-bay, recom-
mendation systems play an important role in selecting an item. Having access to the
social data, the performance of the recommendation system can be improved [25, 4]. In
the thesis, social data is used to form a personalized communication history. In Roth
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et al. [23], email communication history is used to identify potential groups to enhance
group communication. In Ankolekar et al. [26], recommendation system phone-call logs
are used as communication history, which help to discover trusted groups or formatting
networks.

2.3.3 Social Network Mining

According to Ding Zhou PhD thesis, “A Social Network (SN) is a homogeneous graph,
in which each node denotes an individual, also known as a Social Actor (SA), and each
edge represents a certain relationship between two SA’s, also known as a Social Tie (ST)”
[27]. From a service perspective, social networking services are considered as on-line based
community-oriented services for sharing media contents such as text, photo, video- clips,
etc., among a particular social graph [3]. The number of users in Social Networking
services is increasing very rapidly; for instance, Facebook contains more than 500 million
active users at present, where the average user has more than 130 friends.

Social Network mining is a sub-domain of Web Data Mining [2, 27]. Data-sets col-
lected from social networks and communication services are a good source of community
discovery. This data-set can also help automatically generates an aggregated social graph,
which maps content and contacts of a particular user. Semantic information extracted
from social media contents can be used to find relationships between people [28], and
thus provide new ways to initiate communication.

Web ontologies (e.g., RDF, OWL, FOAF, SIOC, etc) provides relationship [15, 16, 29]
by linking and representing data such as Web data, context data or sensor data in ma-
chine readable format. FOAF (Friend-of-a-friend) ontology [30] can be used for discov-
ering friends and communities from a mobile terminal by looking in Web and sensor data.

Social Web API’s are not enough to collect social data from social networking sites
due to lack of standardization, data formats, and user-understandable data models and
access policies1. Although, there are proposals to standardize the commercial social
networks, at present they nevertheless do not fully comply2.

2.3.4 Social Data Aggregation

Communication services are producing different kinds of interactions [3]. Aggrega-
tor services such as Vodafone People, Social Life are mapping different communication
services to keep track of communication in more manageable ways [5]. Users may have
different Social Networks (Facebook, Twitter, mySpace, Linkedin, etc), Calendar data
(events), Sensor data (location, temperature), Call-logs and Contact list [31]. However,

1http://www.programmableweb.com/apis/directory/1?apicat=Social
2http://www.opensocial.org/page/opensocial-foundation-faq
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there is not much work done where user communication pattern can be analyzed based
on aggregated social data.

2.3.5 Social Strength Calculation

Social networking analysis and methods for social community discovery have been
discussed in [32, 33, 34, 1], where discovery methods generally use static attributes such
as location, profession and/or interests for identifying communities. Anupriya et al. pro-
pose the idea of using communication history for finding the strongest communities [26].
However, the problem of discovering group based on communication history is not ad-
dressed in that work.

Activity-oriented social networking can collect and aggregate real-time presence sta-
tus from different communication services [35, 36], which can provide recommendations
considering the user’s current activity. CenseMe, the personal sensing system, automati-
cally shares presence and activity information within social graphs, where social filtering
may be useful [37].

Apart from Google’s page-rank algorithm, social search techniques typically operate
on a social network and perform ranking by analyzing social data [38, 4]. These techniques
expose tags, bookmarks and taggers (users) as social data, while the thesis aggregates
communication history considering as social data. Integration of social networks, such
as Del.icio.us3 and Flickr4, Web 2.0 applications can improve accuracy in social search
and recommendation systems [39, 40]. Martin et al. propose an approach of aggregating
social data where user profiles are always integrated with the service provider [39].

Conflict of interest (COI) is measured by scientific communities mostly based on
aggregated social networks populated by FOAF (friend-of-a-friend) based dataset (col-
lecting data from Swoogle in 2005-2006) and DBLP data source [41]. In this work, social
relationship is considered to be based on the publication relationship, which is domain
specific.

The next chapter discusses the contributions summarized from the papers A, B and C
which are included in the part II of this thesis. Moreover, the contributions are presented
in a coherent manner regardless of the publication dates of the papers.

3http://delicious.com/
4http://www.flickr.com/
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Chapter 3

Research Contributions

The main objective of this thesis is to provide a framework for a social recommen-
dation engine. The framework will allow communication service developers to improve
group communication. For example, this will offer API to discover groups for initiating
group communication. To achieve this objective, the following three main contributions
have been presented in this thesis:

• Unified Modeling of On-line Interaction

• Social Ranking of Contacts

• Framework for Social Recommendation (Engine)

Along with the contributions, the thesis also provides proof-of-concept prototypes.
The prototypes use the API of the framework to verify some of the functionalities of the
framework. The following four sections explain the research contributions.

3.1 Unified Modeling of On-line Interactions

First, a unified interaction model of on-line communication is designed. The model is
divided into two different parts which are interaction life-cycle and interaction pattern.
Most of the on-line interactions are one-to-one or one-to-many or many-to-many, de-
pending on interactions tools such as e-mail, SMS, Facebooking, Twittering etc. In this
thesis, the unified interaction model simplifies the way of transforming different types
of interactions into a generalized format. This unified format of interaction is necessary
for processing and analyzing the user generated social data to generate new information.
Figure 3.1 depicts three main stages of modeling interactions.

21
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Figure 3.1: On-line Interaction Building Blocks

To model unified interactions, an interaction life cycle is designed where each inter-
action is initiated by a user of the communication service towards a contact or a group
of contacts of the same or different services. The interaction pattern model is designed
to represent flow of activities in interactions. Finally, the format of interaction logs is
discussed for capturing interactions from different sources for monitoring and analyzing
communication history with the help of a process mining tool called PROM [42]. In the
thesis the terms communication history, interaction log or social data refer to interactions
of users in social networks or in communication services.

3.1.1 Interaction Life-cycle

Figure 3.2 depicts the interaction life-cycle. The model simply generates one-to-one
interaction, one-to-many interactions or bi-directional interactions which form conversa-
tion. Usually, on-line interactions are initiated by the user of the communication service
through a service client (e.g., Facebook’s iPhone application). These services are able to
capture location data, time and other sensor-data (e.g. a picture), to embed with the
content. Considering the proposed life-cycle model, each stage of an interaction can be
presented in a more machine readable manner. In Twitter, if a user shares a newspaper
link among the followers, the model is able to extract information from where the sender
sent the link and identify the followers, the time the link was sent, which followers are
interested in the news-link etc. In the same manner other communication tools such
as SMS, MMS, phone call, audio file sharing applications, video sharing applications,
commenting, social tagging, tweets, or re-tweet, generating interactions can be fetched
and merged together applying a model for on-line interaction processing.

Figure 3.2: On-line Interaction Life-cycle
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3.1.2 Interaction Patterns

Interaction patterns show the flow of accomplishing an interaction such as initiation,
tools selection, propagation and reception. The interaction pattern may differ from plat-
form to platform and it effects the selection of communication tools. For the purpose of
discovering communication patterns, the proposed simplified on-line interaction patterns
comply with the previously discussed interaction life-cycle. This interaction pattern is
able to illustrate most of the interactions done by a particular user in different commu-
nication tools. Figure 3.3 shows the model of interaction pattern.

Figure 3.3: Interaction pattern.

This model can be used to interpret Twitter or Facebook interactions. Paper A
provides a solution for illustrating the discovered communication pattern to understand
user’s communication preferences. The pattern can be used to illustrate phone calls,
SMS and MMS. In the next section, the social ranking approach is discussed. The
unified interaction model presented in this section manages users’ communication history
in a unified manner and opens opportunities to analyze this history to discover new
information such as social strength of the user contacts.
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3.2 Social Ranking of Contacts

After merging communication history in a unified manner, two different algorithms
for ranking social contacts are proposed in this thesis. Here, the problem is to rank the
contacts to discover trusted networks, to discover dynamic groups for group communi-
cation based on context. For example, if Amanda wants a group of friends to help her
arrange a social event she could identify the group in an automated or semi-automated
manner. The algorithms are designed to rank contacts for a particular user for example
Amanda. Both of these algorithms take communication history (all interactions Amanda
has had with her contacts) as main input.

To provide a brief overview of the algorithms, user U is considered as a user who is
the owner of a social graph (i.e., all the contacts in the social graph relate to user U).
For calculating social strength, first degree contacts that are connected directly to the
user are considered in the algorithm.

Ranking contacts in different granularity is also considered in the proposed algorithms.
For example, a user may have different preferences of communication with the contacts in
different communities. A Facebook contact may not appear in the mobile phone contact
list due to that contact not being called over the phone. For that reason, the ranking of
contacts for filtering presence and the ranking of contacts for prioritizing phone calls can
vary. To deal with such circumstances, the proposed algorithms are designed in a way
that could be useful for those purposes as well. In the proposed approach, the overall
social strength of a user U is,

S =
n∑

k=1

sk = 100

As the social strength is relative, the sum of the social strength for all the contacts
is always 100. The sum of strength is considered 100 due to ease of calculation but it is
possible to scale the number such as 1000 or 1.

As a first approach, utility functions are used to formulate the algorithm 1. In the
second approach, the similarity coefficient is used to derive the algorithm 2. Both of the
approaches are discussed in more detail in the next sub-sections.

3.2.1 Utility Functions for Strength Calculation

In the utility based approach, two main equations are used for calculating social
strength. The equation 3.1 calculates the strength of contacts on the basis of a particu-
lar communication service. Equation 3.2 provides overall strength of the user considering
all communication services and contacts.

si,a =

ti∑
j=1

fi,j,a thresi,j∑n

k=1
fi,j,k

(3.1)
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The parameter si,a in equation 3.1, provides the strength of user U with the contact
a, considering all the interactions happened in communication service i. Here, n is the
number of friends, ti is the number of communication tools for the service i and thresi,j
is the threshold value of tool j in communication service i. For instance, if the user
has 4 contacts and 4 communication services, in which each services also has 2 different
communication tools and each of the communication tools has a threshold value (the
sum of thresholds is 1) to signify the effects of that particular communication tool, then
the equation will provide 4 different strengths for the 4 contacts. The total sum of the
strength is scaled to 100, as mentioned before.

sa =

p∑
i=1

thresi si,a ∗ 100. (3.2)

Equation 3.2 accumulates strengths collected from S to generate overall ranking of
the contacts. Here, the parameter sa provides the overall strength of the user U with
the contact a. The parameter thresi, is the threshold value estimated over the usage on
communication service i.

Algorithm 1 Social Strength Calculation Algorithm(Utility)

INPUT: contacts from aggregated social graph, frequencies of interactions using each
of the communication tools used among the user and contacts
OUTPUT: Rk, rank of the contacts

Require: fi,j,k and Ck

Ensure: k = 1...n, n is the number of contacts
while k �= n do

sk =
∑p

i=1
thresi si,k

=
∑p

i=1
ti

∑q

j=1

fi,j,k thresi,j∑n
k=1

fi,j,k

Rk = rank(sk)
end while

Another important factor of the utility based approach is fine-tuning threshold
values for the different communication tools and services. In this case, the use of com-
munication tools is taken into consideration for tuning threshold values dynamically.
There are two functions in the form of equation 3.3 and equation 3.4 that control thresh-
olds. The equations ensure that the communication tools which are used more, get higher
priority compared with the less frequently used tools. Therefore, both of the functions
count the frequencies of usage of the tools and services, and prioritize those communica-
tion tools and services. In the equation 3.3, thresi,j provides percentage of usage of the
tool j in communication service i by the user U .

thresi,j =

∑n

k=1
fi,j,k∑q

m=1

∑n

k=1
fi,m,k

. (3.3)
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If there are four different communication tools in service i, then thresi,j measures
ratio of usage of those tools. Yet thresi,j is not enough to estimate overall effect of a
particular communication services: the equation 3.4 measures threshold values for the
communication services.

thresi =

∑q

j=1

∑n

k=1
fa,j,k∑p

m=1

∑q

j=1

∑n

k=1
fm,j,k

. (3.4)

In the utility based method, calculated strength is used for ranking the contacts. For
example, if user U has three contacts, which are A, B and C with relative strength of
20, 50 and 30, then the rank of these contacts will be in descending order (B, C and A).
Applying this approach, ranking of contacts in different levels such as for a particular
service or particular tool is possible. Algorithm 1 provides Rk which is rank of the contact
k.

3.2.2 Similarity Coefficient for Calculating Social Strength

In the second approach, the Euclidean distance based similarity coefficient is used for
calculating social strength [43]. For social strength calculation and consequently ranking
contacts, algorithm 2 uses this similarity coefficient. The theory applied in this technique
is that strongly connected contacts will have shorter distance compared with loosely con-
nected contacts.

Algorithm 2 Social Strength Calculation Algorithm (based on Euclidean distance)

INPUT: contacts from aggregated social graph, frequencies of interactions using each
of the communication tools used among the user and contacts
OUTPUT: Rk, rank of the contacts

Require: fi,j,k and Ck

Ensure: k = 1...n
while k �= n do

dU,k =
√∑r

j=1
(fj,U − fj,k)

2

sk =
1

1+dU,k
.

Rk = rank(sk)
end while

Therefore, if it is possible to measure distance of the contacts from the specific
U , the result could be transferred for ranking among the contacts. In this case, each of
the communication tools are considered as features, contacts are considered as objects
and frequencies are the values of the particular features. To be aligned with classical
Euclidean distance equation, fi,j,k is mapped into fj,k where value is the number of in-
teractions of user k using communication tool j. Here, user U , contains the maximum
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number of interactions (by default) for all the features.

Therefore the distance, dU,k =
√∑r

j=1
(fj,U − fj,k)

2.

Now by inverting the distance in between specific user U and contact k, the simi-
larity could be measured, which can be interpreted as strength between user U , and the
contact k. Here, strength can be calculated as with k, sk =

1

1+dU,k
.

Referring back to Chapter 1, a framework for social recommendation engine is men-
tioned in the research methodology section. The key issues for social recommendation
engine according to our proposed social recommender engine architecture is communi-
cation history aggregator, which is solved by the unified interaction model discussed in
section 3.1 and the social data ranking is done by the proposed social ranking algorithms
discussed in this section 3.2. In the next section, the working principle of the social
recommender engine framework is provided in a coherent manner, which also signifies
the need of the unified interaction model and social data ranker for the framework.
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3.3 Framework for Social Recommendation

This section proposes a framework for the social recommendation engine. Social ranks
discussed in the previous section enable the social recommendation framework to filter
social information and to identify groups dynamically. That enhances group communi-
cation and reduces information overloads.
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Figure 3.4: Conceptual Model of Social Recommendation Framework

Figure 3.4 shows the high level architecture of the proposed framework for social rec-
ommendation. The framework consists of five components, the aggregated social graph
(ASG) service, the communication history aggregator and the social ranker which are the
main components while the end-user application and third party communication services
(e.g., Myspace, Twitter) are considered as external components.

Usually, the end-applications are aim for sending queries to the ASG service and re-
ceiving recommendations. The recommendations are context dependent, which means
this supports applications in different purposes such as ranking for prioritizing informa-
tion, ranking for prioritizing contacts, creating dynamic groups, etc. In the framework,
both the ASG service and social ranker utilize communication history for building the
graph (i.e. global contact lists of a specific user), for generating the social strength and
for providing open API to end-user application developers. The framework responses
and reply on HTTP messages.

In summary, the social ranker analyzes the communication history log and preferences
taken as input from the communication history aggregator service. The communication
history aggregator component collects the communication logs from the different com-
munication services. In the next subsection, social ranking is discussed in more detail as
well as how it supports the social ranker component of the framework.
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While covering the theoretical aspects of social recommendation, the thesis also pro-
vides the proof-of-concept prototypes. The prototypes show that the framework is able to
provide support for creating end-user mashups applications to simplify group communica-
tion. In the next section, we briefly discuss some of the end-user’s proto-type applications
which communicates through API with the social recommendation framework.
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3.4 Proof-of-concept Prototypes

At different stages of this thesis work, three Android OS based prototypes for mobile
users have been developed. All these prototypes work on a push and pull principle, where
web services are developed for processing user requests and for responding.

One of the main advantages of developing these prototypes is to show how application
developers can develop applications using the framework. The framework is designed to
be utilized as Service-Oriented-Architectures (SOA). Therefore, the framework can be
used to developing a group communication application.

The framework is designed to facilitate end-user applications development for im-
proving group communication. This manages users’ contacts and communication data,
analyzes these data to retrieve new information for improving group communication. As
a consequence, third party communication services can benefit by getting new informa-
tion about users’ preferences, communication habits, aggregated contact lists, priorities
or ranking of contacts from this framework.

3.4.1 Contact list with presence information viewer

The prototype 1 depicted in Figure 3.5 updates presence information of the contact
individuals in the contact application. Therefore, whenever a user wants to initiate a
phone call or send SMS, the latest presence information appears with the user’s contact
information. This presence information may guide the user to initiate a call at the con-
tacts preferred time.

Figure 3.5: A snapshot of the prototype 1

The application communicates with the framework to get contacts updates of the user.
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Here, it shows how the unified data model has potential for propagating personalized
information.

3.4.2 Contact list with prioritized group based presence infor-

mation viewer

The prototype 2 shows the usefulness of social strength for prioritizing the contacts
in comparison with prototype 1 in which social strength is not considered for visualizing
contact individuals. With the use of social strength and context (e.g., location), prototype
2 helps the user to view the presence information of the contacts in a more interesting
way. It rearranges contact information based on the social strength of the contacts and
also considering location filter, it provides the opportunity to look through the desired
contacts.The application communicates with the framework to get contacts updates by
grouping the contacts based on social strength and location. Use of social strength and
context information can be focused by using the proposed framework.

Figure 3.6: A snapshot of the prototype 2

3.4.3 Content sharing application by discovering dynamic group

The prototype 3 is designed for improving group communication on the basis of shar-
ing content. As the first step, a real-time photo-sharing application is implemented to
share image content by discovering dynamic group from the cloud services. A snap-shot
of the prototype is illustrated in the Figure 3.7. To get the prototype running, we consid-
ered only calendar data (i.e. Google calendar events) as a source of group information.
The application is able to distribute among participants scheduled for a meeting using
Google calendar. We used Google calendar API to develop the service, and Android OS
for the client application.
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Figure 3.7: A snapshot of the prototype 3

In this case, the dynamic content sharing application creates a group on the basis of
calendar data, which is only one data source for group creation. However the prototype
shows the usefulness of this type of dynamic group-making application. Moreover, it also
validates the framework, which provides API for building the prototype. This study also
finds that a group creation service has a lot of potential when data over the cloud and
sensor devices are able to integrate properly.

The next chapter provides a brief discussion on the major contributions done in this
thesis.



Chapter 4

Discussion

The research contributions are discussed in accordance with the papers attached in
part II. There are three attached papers A, B, and C, which are already mentioned in
publications list. Paper A identifies a list of challenges and research issues for improv-
ing group communication. The paper proposes architecture for mobile social networking
applications to address few of the identified challenges. It discusses the feasibility of har-
nessing information from social networks and communication services through an early
prototype. The advantages of this paper is that it introduces the research area, provides
the indication of relevant research challenges and last but not least, generates high level
architecture towards solving the problem. However, the evaluation of the architecture is
not covered in that paper. As follow-up, Paper B and Paper C address the important
research questions, which are discussed in the following section.

The research questions presented in the chapter 1, are classified in three different
areas, which are on-line interaction modeling, social ranking and social recommendation.
Each of the areas together with research questions are discussed below:

4.1 On-line Interaction Modeling

• How can on-line interaction be modeled in a uniform manner to enable identification
of users’ individual communication patterns?

Paper B proposes a generalized model of on-line interaction to address the research
question mentioned above. On-line interaction life-cycle and on-line interaction patterns
are also designed with the aim of capturing and representing interactions from different
social networks and communication services in a unified manner.

The model performs well, as it is verified by testing on communication history. The
communication history is represented in MXML format following the unified model. From
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the experiments done in PROM tool, show that the proposed model based representation
of communication history is able to analyze it for mining user’s communication pattern.
Testing on simulated data proves that the model is useful for managing individuals’ com-
munication history in a simple machine readable manner so that knowledge mining or
business intelligence tools such as PROM, R, Weka can be used to perform analysis. Due
to resource limitation, the experiments were done using the PROM process mining tool.

It is necessary to represent interactions of different sources in a unified manner. How-
ever, considering only on-line interactions limits the reliability as a large portion of daily
interactions (face-to-face) in the physical world are not detected by the system. There-
fore, there is a further need of tools which may also consider physical world communi-
cation. Another disadvantage is that, the experiment was performed on simulated data,
sometimes results from simulated data compared to real-world data can differ less than
the level of acceptance. Experimenting with real-world data is the next step for this
particular research problem.

4.2 Social Ranking

• How can personalized social graphs be built automatically by harnessing information
from the social networking services and communication services?

• How can a personalized service automatically calculate the social strength between
contacts based on the interaction logs?

Paper C presents an aggregated social graph, which means that social contacts from
different social networks and communication services are aggregated together in a gener-
alized manner. Alternatively, aggregated social graph can be interpreted as personalized
social graph. The assumption is that, a user will provide all access credentials to the
system, so that the system will be able to obtain users’ information (interaction logs and
contacts). After that, the system compiles all of these contacts to produce a global con-
tact list automatically. This solves the problem of automatic personalized social graph
building. However, there are some critical issues such as a user may have multiple user
accounts in similar services or different user names in different services, which is not
addressed in the present solution. Thus the limitation of this paper is lack of mapping
of the same users, which may affect social strength as well.

In addition, Paper C has proposed two different algorithms for calculating social
strengths which generates social rank of the contacts, which solves the second research
question. The utility functions and the Euclidean similarity matching coefficients are
used for deriving these algorithms. The evaluation of these algorithms is done on the
basis of different input datasets. Furthermore the ranks from both algorithms are com-
pared with each other to measure the viability of results. Such techniques may improve
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the functionalities of real-world application for example HTC’s Friend-Stream1, in which
currently friend’s presence information is only available. But adding social strength tech-
niques may prioritize the contacts and contents in that application. The second prototype
presented in this thesis is able to perform that functionalities.

It is found that the threshold function in the utility based approach is influential for
fine-tuning threshold values to the particular communication tools. However, the strength
calculated using the similarity coefficient, can be utilized more in dynamic grouping by
using a clustering approach. The parameters used for calculating social strength are in-
tentionally minimalistic to allow for a first study of how the weighted social graphs can
support rich and simple interaction with communication services.

In comparison with existing social ranking methods such as [4, 38], the ASG frame-
work utilizes social strength as a main parameter of ranking, grouping and recommending
contacts. One disadvantage of the current ranking method is limitation of parameters
for counting social strength. Here, frequency of communication is only considered as a
parameter. In future work, additional parameters such as duration of call logs, location
of caller can be useful to calculate more accurate strength. However, it is also dependent
on the choice of the user giving access to personal data.

4.3 Social Recommendation

• How to recommend a set of contacts to form a group?

Paper C has proposed a social recommendation framework for supporting group com-
munications by automatic discovery of dynamic groups. The group discovery functional-
ities are presented in the dynamic content sharing application (prototype 3). However,
different kind of sensor data can improve these group discovery functionalities. It is also
found that the discovered group does not essentially solve main problem, rather it initiate
other problems those need to be addressed for instance invitation to users for joining a
conference call.

The framework supports end-user applications in filtering and/or prioritization of so-
cial information such as presence information. Different components of the social recom-
mendation such as communication history aggregator, social ranker, have been evaluated
by developing proof-of-concepts prototypes. One major problem of the communication
history aggregator is limitation of available adapter for fetching real data from different
sources. However, communication history aggregator complies with the unified interac-
tion model.

1http://www.htc.com/
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The social ranker component is able to rank social contacts using social strength cal-
culation algorithms. As mentioned before, a presence information viewer that filters and
prioritizes contacts is developed to illustrate the functionalities.

The next chapter concludes the part I of this thesis. The chapter also provides an
overview of future work regarding user group management.



Chapter 5

Conclusions and Future Work

5.1 Conclusions

This thesis proposes a social recommendation framework, where a recommender en-
gine harnesses users’ communication patterns and context from multiple social networks,
communication services, sensor systems, and mobile devices. The harnessed information
is used to create weighted social graphs, which express the social strength between users.
The framework then utilizes the social strength to improve group communication appli-
cations through filtering, prioritization and recommendation.

The process of discovering user patterns is important for improving the social rec-
ommendations made by the framework. The presented communication model describes
how multiple communication tools can be utilized to better understand users’ commu-
nication patterns. This means that users’ communication habits, in both private and
public settings, can be analyzed by for instance studying users’ history of using email,
on-line social media and mobile communication. The recommender engine described in
this thesis can then weight the social graph based on preferred tools, users or contexts.

Aggregation of harnessed information together with user management is a compli-
cated problem. The 1st prototype aggregates various information sources to present
presence information about users in a contact list. This work shows that a uniform data
model can be used to enable propagation of personalized information to presence-enriched
applications.

Social ranking is one of the most challenging problems addressed in this thesis, in
particular for services such as context-based group discovery, social content filtering,
prioritization of social content, and content sharing. Algorithms for social strength cal-
culation based on social graphs can be simplistic in design yet very effective in practice.
This thesis therefore proposes using utility functions and similarity coefficients for calcu-
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lating social strengths. The 2nd prototype is a proof-of-concept application that filters
and prioritizes contacts that are presented together with related presence information. As
a result, Ericsson AB is now promoting this work in the form of an US patent application.

The framework can also be used to user recommendations on behalf of a user or a
group of users. For instance, groups can be discovered and maintained dynamically based
on users’ needs and social context. It is clear that communication services can benefit
from the framework by using the social strength among users to improve group communi-
cation. This may be particularly beneficial for interaction within social networks, where
the large amount of user generated content needs to be filtered and prioritized for easy
navigation and consumption. The 3rd prototype shows that dynamic content sharing
based on the framework is feasible.

In conclusion, understanding of users’ communication patterns and then carefully
weighting of a social graph is central for successful filtering, prioritization and recom-
mendation. If this achieved, then group communication tools can benefit greatly through
simplified interaction, such as creating a group and starting a digital conversation with
a single action, or personalized services, where the tools used are configured based on
users’ activity or intent.

5.2 Future Work

The thesis identifies an important research area, in which communication history logs
and user-generated contents are utilized for improving group communication. Different
proof-of-concept prototypes for improving group communication presented in the thesis
proves users’ benefits of such prototypes in collaborative works. However, this is only
initiation of an interesting research area that can be extended in different directions in
future. Couple of those are mentioned below:

The communication pattern discovery problem can be extended by defining a new
approach of recommending user’s preferable communication tools such as Skype-call or
phone-call. The approach should work in a way that the other services can be integrated
so that they can be benefited by forming their preferable communication tools.

In current framework, it is not possible to recommend particular communication tools
considering users’ communication preferences. Therefore, in future, the recommendation
framework may be enhanced to recommend tools to initiate new communication based
on users’ preferences. Future work in this similar aspect is to create a sharing mechanism
for users’ contents which assure certain level of trust. The trust metrics may build upon
considering certain criteria, such as social graph, privacy, reachability, user preferences,
etc. To do this, it is important to design a sophisticated method of users’ management
and users’ social content management.
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Another aspect of future work is the need for more evaluation of the current theories
developed for the social recommendation engine based on real and up-to-date social data.
For example, the functionalities of the proof-of-concept prototypes need to be evaluated
using real-data and collecting users’ perceptions after testing the concepts.

The group discovery may be more interesting for inviting user groups from audio/video
conferencing, inviting user groups from the trusted networks, inviting users from the pub-
lic space, etc. that need to be done in future. It is also important to add more parameters
for social strength calculation in the future, as social strength is considered to be one of
the important factors for group construction, and social ranking. Moreover, the latest
mobile devices are manufactured with different kinds of sensors, which support identify-
ing users’ contexts. Therefore, more important future work is to associate different kinds
of sensory data in the framework to facilitate more intelligent operations.
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Figure 5.1: Group communication management toolkits

An illustration of future work is provided in Figure 5.1. Unlike the Figure 1.1, a
group management toolkit is added on top of the current research work. In the future,
the toolkit will provide support to the group communication services in audio/video con-
ferencing, social content filtering, and dynamic content sharing. The toolkit will exploit
different functionalities regarding group discovery, users’ interest, and users’ communi-
cation devices management for enhancing group communication.
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Harnessing the Cloud for Mobile Social Networking

Applications

Juwel Rana, Josef Hallberg, K̊are Synnes and Johan Kristiansson

Abstract

The cloud computing model inherently enables information from social networking ser-
vices (Twitter, Facebook, LinkedIn, and so forth), context-based systems (location, ac-
tivity, interests, etc.) and personal applications (call logs, contacts, email, calendar, and
so forth) to be harnessed for multiple purposes. This article presents an agent-based sys-
tem architecture for semantic and semi-automated applications that utilize the cloud to
enrich and simplify communication services, for instance by displaying presence informa-
tion, prioritizing information, and dynamically managing groups of users. The proposed
architecture is based on the concept of aggregated social graphs, which are created from
harnessed information about how people communicate. This article also presents chal-
lenges in achieving the envisioned architecture and introduces early prototyping results.

1 Introduction

The Internet has long been used for social interaction, some of the more popular ex-
amples being social networking applications such as Twitter, Linkedin, and Facebook
(John et al., 2008; Huberman et al., 2008; Miluzzo et al., 2008; Li et al., 2008). These
types of applications help users share digital media and have proven successful tools for
expanding the social networks and share ideas and knowledge. At the same time a rapid
growth of mobile computing has been made possible through advanced mobile terminals
connected through wireless/GSM/3G networks, which has enabled users to be ubiqui-
tously connected and thus be ’always on’.

This rapid development in mobile computing has made social networks almost ubiqui-
tous, where access to them can be done through a multitude of devices such as a PC or a
mobile phone as well as through public information displays or pervasive devices. While
it is possible to access social networking services from almost anywhere, few services can
today take full advantage of the mobility of the users. Therefore we propose a solution
using agent-based systems for building flexible and innovative services for the cloud and
the mobile semantic Web.

There are a number of challenges for supporting social interaction on mobile devices.
Because of distractions from the environment it may be difficult for a user to give full
attention to mobile services which suggests the need for functionality that reduces the
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need for user interaction. Social networking services for mobile devices should therefore
work proactively and offer advice and recommendations to the user. Semantic informa-
tion about users’ location, context (such as what terminal they use) and situation (such
as the current activity) can also be used to prioritize information from social networks
to support novel mobile applications. For social networking applications it means that
social interaction can be supported on a new level, where a recommender system can
take advantage of current contexts as well as knowledge about activity in different social
networks to improve and simplify a service.

This article explores possibilities for developing a new framework for services which
use reasoning on context and social data to provide relevant functionality for the user’s
current situation. The purpose of this framework is to simplify services and reduce the
need for user interaction by aggregating data from a number of different sources, both
sensors and social networking services, and then applying semantic reasoning on this
data to provide aggregated social graphs. These aggregated social graphs can then be
used for different recommender systems to improve and simplify services in the cloud and
mobile devices. This includes providing automatic support for group discovery, message
processing, communication prioritization, as well as protecting the user by maintaining
a desired level of privacy.

The rest of this article is organized as follows. First a background to the research
area is presented. This is followed with a description of our proposed framework together
with accompanying features and concepts. The type of framework we are proposing raise
a number of challenges which are described in the subsequent section. Finally we discuss
the vision and concept, ending with conclusions and future work.

2 Background

Tim-Berners Lee already in 1995 defined the Web as a platform of collective intelligence.
The viral growth of social networks today can be explained through both societal de-
velopments and technological advancements that together have enabled new types of
applications where users today co-create content. ’The cloud’ is the current paradigm
of computing, building on this notion of co-creating both content and services (Lytras
et al., 2008). Thus, Lee’s vision of a collective intelligence is becoming true. This is in
particular true for social networking applications, as users feed the services with personal
information and also contribute to the development of services.

The decentralized design techniques where end users participates in creating content
provides a basic model for designing social networking applications. Creating, sharing,
tagging and commenting on content while building social networks (communities) are
therefore central, as social needs are one reason for the viral growth of these services.
However, mobile devices are now taking this even further by enabling users to be ’always
on’ which has many implications.
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It has been shown that social context is important for designing and developing
context-aware mobile applications (Häkkilä et al., 2006), while also increasing the risk
of privacy and integrity violation. In general mobile social networking applications allow
users to have more social interactions and collaborations using the Web in a more efficient
and interesting manner (Christor et al., 2009). For instance, the ”CenceMe” system is
able to collect users’ present status or context information using mobile sensors and can
export users’ present status automatically to social networks (Miluzzo et al., 2008).

Social context can also be used to simplify the creation of dynamic groups. A dy-
namic group is a concept of creating and managing groups based on social data as well
as semantic information (Hallberg et al., 2007; Hallberg et al., 2009). To simplify such
a service we could use metrics which are based on social data, such as the frequency
of communication, location, means of communication, etc. We could also use a social
interest discovery mechanism based on user-generated tags for discovering groups (Li et
al., 2008). However, current API’s are not enough to collect social data from social net-
working sites due to lack of standardization of data formats and model as well as access
policies (ProgrammableWeb, 2009). There are initiatives on open social interfaces but
they have been proven not to be usable in practice (OpenSocial, 2009), mainly because
of dependencies on social network owners (e.g., for analyzing social data) (Huberman et
al., 2008).

Semantic Web technologies have the potential to over-come the challenges in mobile
social networking applications. Web ontologies (e.g., RDF, OWL, FOAF, SIOC, etc) pro-
vides relationship (Raento et al., 2005; Gaonkar et al., 2008) by linking and representing
data (Web data, context/sensor data) in machine readable format. Therefore, semantic
Web technologies could be useful for better integration of social networking applications
and mobile phone’s software by merging and connecting personalized Web and sensor
data (collected via mobile phone). And potentially, this could be helpful to identify
new friends and communities considering interest, location, interactions and so on. For
example, FOAF (Friend-of-a-friend) ontology (Ding et al., 2005) can be used for discov-
ering friends and communities from a mobile terminal by looking in Web and sensor data.

There are a number of different ways of creating mobile social networking services.
One way would be to use an agent based system for reasoning on context data so the
systems will be able to discover dynamic networks. Also, finding people with the same
hobbies, and finding the nearest pizzeria which is recommended by the people one knows,
are services based on social context data. Current social networking applications are how-
ever limited in regards to providing services. Therefore, to build efficient and durable
social networking applications, we are proposing a semantic web-based reasoning plat-
form in form of a multi-agent system. After deploying such a system, mobile social
networking applications will be smarter and enable the following features:
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• Automated or Semi-automated interactions: Social Networking Applications will
be automated or semi-automated in respect to interaction, recommendation and
discovering groups and services. It is important to have simpler interaction with
the application without decreasing the target benefits of social networking. This
has a desirable side effect of reduced power consumption since the decreased need
for user interaction will reduce the need to light the screen etc.

• Ad-hoc Social Network Discovery: The Applications will be able to discover ad-
hoc social networks automatically based on social relations and situations (e.g.,
family, friends, profession, hobby, location, frequency of communication, and other
metrics). Obviously, it is important to discover the individual importance of user
interest, contents and location.

• Openness: The platform will be open for integration with other social networking
applications for sharing context. Therefore, it will simplify communication between
different social networking applications. Hence, an open social networking platform
will be achieved.

• Automated Sharing of Rich Media: Smart sharing of media can be complicated.
For example, automatic annotation and image analysis for the purpose of finding
the identity of people appearing in a picture (so the picture can be shared with
these people) is very challenging. However, from the user point of view, this is very
useful, although there is some privacy issues involved in doing this.

We propose an Agent-based System which will provide a distributed platform for
building mobile social networking applications. The architecture will exploit semantic
web based reasoning techniques to identify dynamic groups based on user input and con-
text data. Figure 1 illustrates the high level architecture of the agent-based system.

The agent-based system will collect heterogeneous content (user data and context
data) from different sources (e.g., sensors, Web) and publish these contents to social net-
working applications depending on the context data and user interest. There are some
related works done on publisher-subscriber mechanisms (Cao et al., 2005; Maamar et al.,
2004). However, the idea in our agent system is different. In our system there are three
components. One is for reasoning on context data (Padovitz et al., 2008), another is for
context ontologies and the third one is for monitoring privacy and discovered groups.
The agent-based system provides a monitoring component to perform monitoring ac-
tivities (Giblin and Singh, 2006). It provides special protection for privacy issues and
updates the context ontology to increase the efficiency of the reasoning component (Ro-
man and Kifer, 2007). Another important task is to notify the subscribed clients with the
contents. We have noticed that traditional publish-subscribe systems are not considering
semantics information for selecting subscribers. Our agent will identify subscribers in
difference to traditional systems.
The client agent is an application which is deployed in the user’s mobile devices, for
instance as a web browser plug-in. One of the main tasks of the client agent is to collect
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Figure 1: High Level Architecture of the System

context data from sensors and publish context data to the main system. Furthermore,
it receives contents from the system before using those contents in web based social net-
working applications.
In the proposed solution, the system processes different types of contents (e.g., text,
voice, and video), messaging protocols (e.g., SOAP, HTTP, or SMTP) and exist on dif-
ferent platforms (e.g., Symbian, Windows mobile). The aggregation policy of the content
(both user input and context data) is based on context ontologies (Szomszor et al., 2008;
Veijalainen, 2007; Mello and Rein, 2009). The policy is rule-based and written in XML.
Therefore, the client agent can inject rules to put constraints to ensure that privacy and
interest preferences are maintained.
Previous research has been done for the Service Oriented Architecture (SOA)-based ap-
plication’s runtime engine (Michlmayr et al., 2008). These systems provide a platform for
running distributed applications but those systems communicate using the SOAP proto-
col. The rest of the protocols, for example RSS, ATOM, and G-Data are not considered.
Consequently, the main challenges are not addressed in these systems.

2.1 Aggregated Social Graphs

A central architectural concept is to harness information in the cloud, such as informa-
tion about people, their communication habits and their surrounding, from a number of
sources (Dix et al., 2000; Raento et al., 2005; Borcea et al., 2008):

• Infrastructure-based context data:
Network Bandwidth, reliability, device configuration (display resolution)

• Application-based context data:
Service availability, access protocols, environmental constraints
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• Personalized context data:
User, location, time, presence, device, agenda, contacts

• Social context data:
User interaction, ties between users and location, frequency of communication be-
tween users, media capture, media share (audio, video, picture, text)

The context data can then be used to construct graphs that describe how a person
or a group communicates or how people are related to each other in contextual terms.
A social graph can for instance be created from your friends in Facebook, your followers
in Twitter or by studying call-logs in your mobile phone. These can then be aggregated
and the resulting graph would then be describing something altogether more complex.
This aggregated social graph enables intelligent reasoning in the architecture and can be
used to present presence information and dynamically manage groups, etc.

Figure 2: Weighted social graph

From a communication perspective it is possible to measure social strength using the
data collected from an aggregated social graph (Ankolekar et al., 2009). Social strength
is the weight of communication between two individuals. A social strength weight can be
calculated based on communication media, preferred service, activity in different social
networking services, and other metrics. The social strength weight is a value between 0
and 1, where a high value means there is a closer relation between the two individuals
compared to relations with a low value. Figure 2 shows an example of a social graph
with applied social strength weights. Here we see the User and four friends, A, B, C,
and D. In the figure we can see that the User has a closer relation to, and communicates
more with, friend C, than with the others. This can be very helpful in recommendation
services, such assisting the User in forming a dynamic group, as it is more likely that the
User wants to form a dynamic group with friend C than with friend D.
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3 Challenges

In this article we have proposed a framework for supporting social networking services
in the cloud and in mobile devices. This framework takes advantage of a weighted social
graph which is the product of intelligent reasoning. To achieve this type of system there
are a number of challenges which needs to be addressed (Rana et al., 2009), such as
interaction design, the design of new communication services, unified communication,
data mining, semantic web and reasoning techniques, and privacy.

3.1 Interaction design

As mentioned in the paper, semantic information obtained from the Web can be used
to improve existing mobile applications, for example implementing a semantic contact
application. One challenge is to investigate how to best utilize semantic information so
that the application becomes easier to use, given the limited attention span of the human
mind. As it also may be difficult or even impossible to develop a system with 100 percent
accuracy, it is necessary to modify the application, in particular the user interface, to
better deal with inaccurate or conflicting semantic information. For example, one option
could be to implement a recommendation system where the user always has the final
word. Another option could be to adapt the user interface (e.g. re-arrange or sort visible
artifacts) to minimize user interaction. An option is also to weigh redundant information
to achieve better accuracy. Optimally the user may not notice that the system sometimes
fails as the application just become a bit less informative or more difficult to use in that
particular case.

3.2 Design of new communication services

Semantic information can be used to implement new types of communication services.
For example, implementing a new Web service that forms dynamic groups of people
based on location and user interest. One important research challenge is to explore how
these new services should be designed and evaluate possible user benefits. This includes
developing new Web frameworks and middleware as well as new user interfaces. One
could for example imagine a dynamic group being visualized as third dimensional graph
where the user can easily browse and navigate the currently discovered dynamic groups.

3.3 Unified communication

Unified Communication: When developing a new communication service it is important
to get as many users as possible. When more and more communication services are
deployed as Web services, it becomes possible to create mesh-ups or aggregated Web
services. As users being part of a dynamic group could be using different communication
services (e.g., Twitter and Facebook) the system should automatically dispatch messages
between different social networks. A challenge is therefore to make an integrated effort of
consolidating social networks, or even create a virtual social network service. Although
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similar services (OpenSocial, 2009) already exist, more advanced orchestration and Web
frameworks should be developed to more easily utilize new Web APIs.

3.4 Data mining

Data mining algorithms must be utilized in order to generate semantic information.
By extracting information from social networks it is possible to automatically discover
information about users. For example, automatically find phone numbers, user names
and relationship between users. The information can be obtained from a wide variety
of sources, including news feeds, images, videos, and text obtained from classical Web
pages. However, as users may have different account or profile names, it can be difficult
to map information to a one particular user. Similarly, using non unique data fields to
map data can easily result in inaccurate data sets. For example, using a personal name
to map data obtained from a Web page to Twitter account can easily result in inaccuracy
as personal names are typically not unique.
Another problem is that the vast majority of the data on Web is not available to a crawler
or even a browser, but is hidden in forms, data bases, and interactive interfaces. While
many Web services now provide public APIs which makes it easier to access hidden data,
they usually require some form of authentication in order to be used. This means that
the data mining software must maintain credentials to different Web sites while at the
same time not jeopardize the security of the users.
In addition to accessing data on the Web, data mining software should also be able to
access data stored on mobile devices. For example, accessing data stored in contact
list, call history, message history, and browser history etc. The call list is particularly
interested as it in principle is a social network, many times reflecting the user’s closest
social contact or real friends (Raento et al., 2005). One option to access local data on
mobile phones it let the mobile device be accessible from the Internet (e.g., via a local
Web server) so that a crawler can access the data. Another option is to let a software
running on the mobile device publish relevant information to an external Web service.
In both cases, it is important not to compromise the user’s privacy while also preserving
the battery life time of the mobile device.
Yet another enhancement could be to let the mobile devices interact with the surrounding
environment. For example, detecting social interaction patterns by getting information
from sensors (RFID, NFS, Bluetooth, barcodes etc.) deployed in buildings or other mobile
devices. This information should be aggregated and processed with other information
obtained from the Web in order to draw as good as possible.

3.5 Semantic web and reasoning techniques

Once data has been fetched from the Web, it needs to be combined and refined into useful
semantic information. Depending on the data received from the data mining component,
the reasoning module analyses the data, draw conclusions, and store the refined data in a
suitable ontology. One important research challenge is to develop suitable ontologies and
rules to fuse the data into fields that fits the used ontology. Machine learning algorithms
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such as clustering algorithms and statistical models can be used to find useful patterns,
but it could also be useful to analyze the data offline to manually find patterns, for exam-
ple matching data to social sciences theories. Defining useful rules and applying machine
learning algorithms to efficiently utilize vast data set containing information from the
Web and sensors to improve personal communication is still a challenging research prob-
lem.

3.6 Privacy and integrity

The information about a user must be treated carefully, not only to adhere to laws and
service agreements but also to build trust in that information will be treated confidential
and not be repudiated against the wishes of the user. It is central for building trust
in a service that users feel in control of their information and that the gain of using
the service therefore is greater than possible implications to privacy and integrity. For
example, people upload videos and images to YouTube and Flickr because they want
other people to be able to easily access the data, or to improve their own social status.
However, that information can be used to infringe on privacy and integrity, especially
if several sources of information is used at the same time. The challenge is to support
privacy and integrity in simple yet powerful ways, for instance by utilizing mechanisms
to control access to certain information. For example, users belonging to the same social
networks or users that often communicate may be deemed trusted and given access to
additional information.

4 Discussion

The cloud has enabled a plethora of services to be meshed-up to construe new and more
powerful services through Web 2.0 technologies. Social networking services have here
been presented as possible options for enriching and simplifying communication services.
It is also likely that a new type of socially aware applications may come forth through
this development, where applications can reason about the social context and act semi-
autonomously in behalf of a user. Figure 3 shows an Android prototype of a semantic
contact list based on the presented architecture.

Creating an open platform for social networking applications is crucial for spreading
this technology further. Therefore this paper envisions an architecture for social network-
ing applications that satisfies requirements on interoperability based on open interfaces
between social networking platforms. The open platform must naturally also consider
mobility aspects regarding data formats etc.
The aggregated social graphs will enable reasoning about social relations and commu-
nication patterns. The creation of the aggregated social graph must currently be said
to be done subjectively as the available empiric results so far is very limited. Several
algorithms for creating the graphs are being evaluated and early prototyping has proven
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Figure 3: Prototype of a semantic contact list

the difficulty to weigh different types of context data. Creating different aggregations
depending on the purpose of the application at hand may prove necessary to avoid overly
complex algorithms.
It is the authors’ belief that the proposed architecture will spawn a new set of socially
aware applications for both professional and private use. For example, a person with mild
dementia can be offered a semantic contact list that includes not only presence informa-
tion but also information about where, how and when they communicated last augmented
by images, audio clips or other media. This memory support would enable him to avoid
institutionalization, staying at home longer and thus increase his life quality significantly.

5 Conclusions

This article presents how the cloud can be harnessed to build aggregated social graphs
which describe how we communicate. These graphs are central to the proposed archi-
tecture and can be used to enrich and simplify communication services, as applications
built on the architecture can benefit from semantic information available in the cloud to
display presence information or dynamically manage groups of users. Applications based
on the architecture can also be made semi-autonomous by prioritizing information based
on previous communication patterns. This may reduce information stress and simplify
communication particularly for users of mobile devices.

6 Future work

This article presents the first iteration of the architecture design, which is based on
aggregated social graphs. The system architecture must however be developed further,
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where future iterations need to consider the challenges presented above in more detail.
Also, the prototypes described are proofs-of-concepts that would need more thorough
user-studies to better indicate the use and effect of the proposed architecture.
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Modeling Unified Interaction for Communication

Service Integration

Juwel Rana, Johan Kristiansson and K̊are Synnes

Abstract

Abstract text of the paper... Social network inspired communication services has made
a huge success, allowing users to communicate and share information in new fashion.
At the same time, telecom operator’s services are becoming more open, which makes it
possible to develop improved social networking services and integrate them with mobile
platforms. One problem that needs to be addressed when developing such services how
to fetch useful social information and make it available for the services running in the
cloud or in the client devices. This paper presents a generalized on-line interaction
model that collects useful information from well known social networking services, and
transforms the information into unified interaction patterns, which can be utilized for
social data propagation or for discovering communication patterns. Ultimately, this
allows the applications to incorporate social data for enabling smarter functions. For
example, the data model can be useful for presenting information about callers or adding
news feeds to the classical address book, prioritizing information of the contacts, inviting
user for forming micro-communities. The paper also discusses the identity problem in
the social media and identifies major challenges to solve that problem.

1 Introduction

Today, Internet and computers has become essential part of younger people’s life. More
and more users are using Web based social networking and communication services to
communicate and share information about their life. This trend is evident by the large
success of today’s social networking sites (e.g., Facebook, Twitter, LinkedIn, MySpace,
and so on). Additionally, one of the most popular services, Facebook, now has more the
600 million users, and still rapidly growing every day.
At the same time as communication services has become an essential element of everyday
life, the mobile handset industry is experiencing a paradigm shift towards open and more
powerful mobile platforms. These new open platforms are mainly driven by Internet
companies such as Google and Apple that want to provide a rich web experience anytime
and anywhere, while reaching even more users. Ultimately, by providing a one-click-away
web experience users can better control their digital life and easier upload information
at the point of inspiration, making today’s web services even stronger.
While the technological revolution toward open and powerful mobile platforms open up
for new types of pervasive services, it also open up for the possibility to enrich classical
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mobile applications with social information. For example, envision the classical address
book in mobile phones automatically being populated with information obtained from
social networks, image hosting services, web forums etc. Another example could be com-
munication services that automatically determine where the users are by analyzing status
updates obtained from sensors and social networks, and then set up dynamic groups so
that the users can more easily communicate with each other. Implementing such cus-
tomized mobile applications has for a long time been restricted to device manufacturers
and operators, but has now become possible to develop by anyone by downloading and
installing new applications. Also, as almost all significant web services provide publicly
accessible Web APIs, it has become easier to extract useful information, a possibility
previously restricted to certain service providers.
Considering the huge amount of data that is available on the web and the multitude of
online communities adopted by the users, it is still a difficult task to extract useful social
information and integrate it with the applications. For example, some users might be
using Twitter while some other user might be using Orcut or Facebook, which makes
it difficult to provide a unified solution that fits all users. For example, some applica-
tion may provide bindings to Facebook while some other application provides bindings to
Twitter. Social data can also be differently formatted, and contain different type of infor-
mation, or even conflicting information. This means that there is a need for a software
component that can automatically extract information from various social networking
sites and then summarize it in a machine interpretable format.
The ultimate goal of this paper is to enable communication services to be completely
integrated with third party applications (i.e., mobile phone software). As a step towards
this goal, the paper addresses the problem of how to collect data from different communi-
cation services to get valuable information about users and platforms. Another problem
addressed in the paper is how to transform the collected data into a machine interpretable
format in a unified manner that can be consumed by third party applications. This can
be realized by the following scenario.
Peter has different contacts in different pervasive services. Some of them are friends,
some other are colleagues, and some other may have similar interests and so on. For
example, he has different friends in Facebook, Twitter, or in mobile phone’s contact
application. Peter uses a service to associate his social contacts. Due to tremendous
information flow from all his pervasive services, he wants to have assistance to prioritize
his contacts and filter information/content overload based on social strength and context.
He expects to have a service which keep track of all his interactions and automatically
prioritize contacts based on social strength. The service collects Peter’s social interac-
tions based on his preferences and contexts and infers that information for social ranking,
dynamic grouping or recommending contacts.

To face the challenges expressed above we investigated the following research ques-
tions:

• How can on-line interaction be modeled in a uniform way to enable identification
of users’ individual communication pattern?

This rest of this paper is organized as follows: Section 2 discusses related work,
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Section 3 provides an on-line interaction model, Section 4 presents an early evaluation
and Section 5 provides a discussion together with future work.

2 Related Work

2.1 Communication Services in Context of Social Networking

In communication services, social context open new challenges and possibilities to design
mobile applications with more intelligent functioning[1]. Although, adding social context
increase security and privacy ricks, but it enriches the possibilities of having more social
interaction and collaboration in the Web more efficient and interesting way [2, 3]. In the
proposed model, the privacy issues are considered in the same way as a social network
user sets in his social networks.
Andrew T. et.al, proposed ”CenceMe” system, which is able to user present status using
the mobile sensors and exports user status automatically to social networks [4]. Compar-
ing with this system, we are importing user presence information by integrating presence
information from different social networks and expose those data to the end-user in a
unified manner. Communication in CenceMe system is single-user basis (i.e., owner of
the mobile device), while communication in our system is multi-user basis as the system
is being able to collect status information for the contact lists. However, to get status
information a user has to have account in social networks.

2.2 Dynamic Group Discovery

The proposed work is not focusing dynamic group discovery, yet the solution can be
associated in discovering dynamic group. Dynamic group can be formed based on social
data in the Web contents as well as data generated by pervasive services [5, 6, 7]. Zin Li et
al., proposed social interest discovery mechanism based on user-generated tags [7, 8]. In
that approach, user tags are considered as main data for discovering groups. To facilitate
such approach, proposed solution provides a unified data model for representing on-line
interactions associating user’s current context. Therefore, by utilizing the data model,
the dynamic group discovery can be simplified in large scale. In the proposed solution,
collected data is aggregated and represented as MXML based data set to which provides
a machine readable view of the data set for the third party applications.

2.3 Social Data Collection

Social Web API’s are not enough to collect social data from social networking site due
to lack of standardization, data formats, and user-understandable data model and access
policies1. Although, there is a proposal for open social specification but the commercial
social network owner has very little adherence to that specification2. To analyzing social

1http://www.programmableweb.com/apis/directory/1?apicat=Social
2http://www.opensocial.org/page/opensocial-foundation-faq
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data, there are also dependencies on social network owners [9]. Consequently, collecting
social data in a simple and efficient way is a research challenge.
In this paper, we address this problem and propose a model for collecting social in-
teractions from different social networks and communication services to overcome that
challenges.

2.4 Social Data Aggregation

Use of semantic Web in social networking perspective is very promising [10, 11]. Sharing
social data in the Web benefits the users for connecting, communicating and managing
relationship automated and efficient ways. FOAF ontology is well-recognized to represent
relationship of people in the Web [12]. But, the specification is not generalized enough
for automatic mapping (from a user perspective) of different Social Networks to discover
relationship. In the current applications, FOAF is used to specify people relationships in
terms of community. But there is need of a mapping which may map or collect social data
from different social networks in semantically meaningful way. Therefore, the proposed
service also contains a FOAF engine which is being able to interpret generic social data
in FOAF data set and map among different social data sources.

The main contribution are (1) a generalized and simplified model for on-line interac-
tions to generate most of the interaction using on-line communication tools, (2) possible
communication patterns discovered using process mining tools, and (3) a study that
evaluates social strength from multiple perspectives.

3 Modeling On-line Interaction

On-line communication is mostly driven by different form of interactions (e.g., Email,
SMS, Face-booking, Twittering).These interactions are instrumented by different kind
of technological support and forms actionable tools for communication. In the paper,
interaction models for on-line interactions provides the way of transforming different form
of interactions in a unified format. Unified form of interaction is necessary for processing
and analyzing the social data. Figure 1 depicts three main stages of modeling and
generating on-line interactions. Generation of on-line interaction is important to support
ASG framework by providing tremendous interactions logs. Consequently, it provides
a uniform way of representing on-line interactions. For the analysis of communication
history for generating social strength, a uniform representation of interaction is very
important, because it provides a systematic way of creating data-sets of interaction logs
in a unified manner (i.e., interactions from different sources are unified in a single data-
source). The first stage is an interaction life cycle where each interaction is initiated
by a user of the communication service towards a contact or a group of contacts of the
same or different services. The interaction pattern model is also designed to represent
flow of activities in interactions. Format of interaction logs are discussed for capturing
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interactions from different sources for monitoring and analyzing communication history.
Details of each of these steps are given below.

Figure 1: On-line Interaction Building Blocks

3.1 Interaction Life-cycle

Figure 2 depicts the interaction life-cycle. The model simply generates one-to-one inter-
action, one-to-many interactions or bi-directional interactions which form conversation.
To segregate conversations from interaction logs, co-relation among interactions need to
be discovered. Due to simplicity, interaction is considered as a unique communication
unit by ignoring conversations. This simplifies the counting of the usage of commu-
nication tools from communication history by providing a straight forward way. The
interaction is initiated by the user of the service through a service client (e.g., Facebook’s
iPhone application). The service might be able to capture location data (with sen-
sor’s associated with application carrier) and time for instance to propagate the content
(e.g., picture) via communication platform (e.g., Facebook) using a particular tool (e.g.,
Facebook/Photo-share). In addition, other examples are SMS, MMS, phone call, audio
file sharing application, video sharing application, commenting, social tagging, tweets, or
re-tweet, etc.

Figure 2: On-line Interaction Life-cycle
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Table 1: Sample interaction logs

Sender Tool Platform Tool Receiver
Kare:T:Lulea SMS Telecom Reply Peter:T:Skholm
Johan:T:Lulea MMS Telecom Receive Peter:T:Skholm
Josef:T:Lulea Tweet Twitter Reply Peter:T:Skholm

Juwel:T:Skholm SMS Telecom Reply Peter:T:Skholm

3.2 Interaction Patterns

Interaction patterns provides the main steps to accomplish an interaction (e.g., initiation,
tool selection, propagation, reception, etc) and may differ from platform to platform and
on selection of tools. Some interactions are unidirectional which never return reply or
response. On the other hand, some interactions implicitly need confirmation for inviting
colleagues to participate in meeting. For example, public tweet and @receiver communi-
cation tools of Twitter application are quite different. Public tweets are initiated for a
group of users while @receiver is for a particular user and it might form as a conversation
at the end[13]. And eventually, it becomes more different in comparison with different
tools of different communication services for instance, in Facebook and Twitter. Thus, to
the aim of discovering communication patterns, we propose simplified on-line interaction
patterns which comply with interaction life-cycle, vice-versa able to represent most of the
communication tools by this. Figure 3 show communication pattern models which can be

Figure 3: Interaction pattern.

easily interpreted to form Twitter message and Facebook message. The pattern could be
also used for interpreting phone calls, SMS and MMS. Interaction patterns tell the users
about their communication habit. Therefore, it is important to identify communication
patterns discovered from interaction logs for the recommending better communication
tools and services to the specific users.

3.3 Interaction Log

Interaction logs contain communication history of the individuals. Table 1 shows the
simple view of the interaction logs. Here we mention the basic properties/features for
forming interactions. The table contains only interactions. For example, if a user replies
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to a corresponding message, the system considers the follow up replies as a unique in-
teraction. Here, the sender contains information of message initiator, time and location.
Action is name of the tools (SMS), platform can be Facebook or Twitter, and receiver
contains the information of receiver, time and location. From Table 1, it is easier to
measure frequency of interactions, platforms which helps to measure social strength.

3.4 Overview of the System Architecture

The proposed interaction model can be applied in the traditional aggregator services for
simplifying analysis of social data. In general, aggregator services are responsible for col-
lecting interactions from different communication services. To analyze these interactions,
the aggregator services have to rely on some unified format. The proposed model is used
to representation all the interactions in unified format. Figure 4 depicts overall system
architecture where the proposed interaction model can be easily deployed. In the figure,
different communication services are connected with the social data aggregator service.
The aggregator service interprets all the collected interactions in the unified format. The
social network miner uses the unified datasets to analyze interaction for mining commu-
nication patterns or supporting other third party services. Finally, client applications
can be designed to get various services from pervasive service miner.

Figure 4: System Architecture

4 Evaluation

4.1 Experimental Data Collection

An experiment was set-up to evaluate the interaction model. In the experiment, an inter-
action emulator is implemented to generate a simulated data set. This random interaction
generator follows Weibull distribution to generate realistic interactions. Although there
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are many Web-APIs3 available to access social and communication data, most of those
contain data that are protected by strict privacy policies and user-specific authentication
key [14]. Therefore, to run the experiment with respect to a fair amount of social data,
a large number of user’s interactions in different services are needed. However, these
amount data could be managed by the communication services owner via publicly ac-
cessible interface for the social data container or getting the user’s access credential for
harness their data. Both at this stage it is not feasible to build the data-set upon that
constraints as the service owner and users aware about the privacy regulation. The gener-
ated interactions are transformed in MXML form [15]. The emulator applies interaction
model described in on-line interaction model to generate such interactions. Finally, this
interaction data sets 4 is used for measuring social strength and ranking contents. Table
1 represents sample data which forms frequency log.

4.2 Implementation

The ASG Powered Twitter Client based on the Android OS (see Figure 5) is imple-
mented for accessing the interaction data. The application shows how different kind of
groups (e.g.,) can the formed considering social strength of relationship (high, medium or
low strength), preferences and contexts. Considering such groups, information overload
can be controlled by offering presence information of the groups are in more interest or
trusted. In the current prototype, it is possible to generate dynamic group of by aggre-
gating presence information from different communication services, where the interaction
model helps to represent the presence information in a unified view.

4.3 Experiments using PROM process mining tool

The reason of using a unified interaction model is to simplify social data processing and to
analyze operations. To simplify analysis for instance using a process mining tool PROM
[15], the proposed model works well. For PROM, each interaction in the interaction log is
assessed as a process instance. The experiment is run to discover communication pattern
of the user from the unified interaction logs.
In the PROM process mining tool, MXML formed of interaction logs are used to discover
communication pattern. An example of MXML based interaction logs is illustrated in
Figure 6, which contains three events. Each event represents a process instance. In the
first instance, the user Juwel sent a Facebook message from the location Gotenberg at
time 2009-1-1-T0:0:10 to his contact Johan. Johan receive the message Johan at location
Lund in time-period 2009-1-1-30. The process work-flow miner plug-in of the PROM
process mining tool is used to discover user communication patterns. The tool is capa-
ble to illustrate the communication patterns analyzing interaction logs which eventually
helps to automatically initiate new interaction towards the user in his/her mostly prefer-
able communication media. Considering Peter scenario mentioned in Section 1, where he

3www.programmableweb.com
4www.csee.ltu.se/ mjrana/sample datasets.zip
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Figure 5: Prototype of ASG Powered Twitter Client

wants to know his communication patterns towards all his contacts, he able to come up
with a set of communication patterns on the basis of his previous communication history.

4.4 Results

One of the main contributions of this paper is to provide a new simplified approach of
Web data aggregation, representation and analysis for discovering communication pat-
terns or measuring social strength. However, collecting Web data can be easily tackled
by using vendor specific Web-APIs while the real challenge still remain in merging such
data for forming an aggregated social data-set, which can be used for mining and analysis
purposes. To be able to accomplish this challenge, this paper contributed a generalized
interaction model to capture all social data in a unified format.
To test the interaction model, different type of interactions from different communica-
tion sources are interpreted in MXML format. The interaction model is able to discover
user-specific communication patterns (tested in PROM tools). To reach that result,
different test operations were done on different MXML files of different number of in-
teraction instances and found that, all identical patterns are discovered. Therefore, the
on-line interaction model performs significantly well in generalizing on-line interactions
and discovering identical communication patterns. Figure 7 elicits how a discovered com-
munication looks like using PROM process mining tool. Here the user uses Facebook
Messaging, Photo-sharing and Photo-commenting tools from communication.
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<ProcessInstance>

<AuditTrailEntry>

<WorkflowModelElement>Initiate

</WorkflowModelElement>

<EventType >Facebook\Message

</EventType>

<Timestamp>1900-1-1T:0:0:10

</Timestamp>

<Originator>Juwel</Originator>

<Location>Gotenberg</Location>

</AuditTrailEntry>

<AuditTrailEntry>

<WorkflowModelElement>Propagate

</WorkflowModelElement>

<EventType >complete

</EventType>

<Timestamp>1900-1-1T:0:0:20

</Timestamp>

<Originator>Facebook</Originator>

</AuditTrailEntry>

<AuditTrailEntry>

<WorkflowModelElement>Receive

</WorkflowModelElement>

<EventType >Facebook/ACT</EventType>

<Timestamp>1900-1-1T:0:0:30

</Timestamp>

<Originator>Johan</Originator>

<Location>Lund</Location>

</AuditTrailEntry>

</ProcessInstance>

Figure 6: Process Instances in MXML format

5 Discussion

Analysis of on-line social interaction is one of the key elements of measuring social
strength[16, 17, 18]. Therefore, a generalized model is very important to represent on-line
interaction. The proposed mode is able to aggregating interactions generated by different
communication and social networking services and represents those in a unified format



6. Conclusions 77

Figure 7: Discovered Interaction Patterns

for further analysis and data mining purposes. For instance, the model is quite effec-
tive discovering communication patterns. In the previous section, the MXML form of
interactions is evaluated for discovering communication patterns. However, considering
only on-line interactions limit the reliability as large portion of daily interactions (driven
by face-to-face) in the physical world which are not detected by the system. Therefore,
there need to be some tools to fetch physical world communication. We consider this
as a challenging problem, which remain as future work. Another limitation of the work
is that the experiment is run based on emulated social data with the assumption that
social data are fetched from the cloud (i.e., contact lists and interaction logs). However,
the proposed interaction model is able to interpret most of the interactions in the social
media, for example in Facebook, Twitter and even interactions using Mobile phones.

6 Conclusions

Due to immersive growth of Web-based communication services, there is an emergent
need of integrating communication services by user-specific social data (i.e., social strength)
to predict user’s preferences and to filter information-overloads (i.e., micro-blogs, news
feed, etc). The proposed on-line interaction model provides a simpler way of aggregating
on-line interactions from large number of communication services in a unified manner.
Initial prototype infers that the model is useful to work in the real-life, although there
are some challenges (e.g., capturing real-world interactions, preserving user privacy) need
to be addressed before the practical use of such model.
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Enriching and Simplifying Communication by Social

Prioritization

Juwel Rana, Johan Kristiansson and K̊are Synnes

Abstract

This paper presents a framework for Aggregated Social Graphs, the ASG Framework, for
developing applications that harness information available on social networking sites and
telecom platforms to make communication simpler and richer. The framework aggregates
users social graph by harnessing contact and social information from multiple communi-
cation environments and then calculating the social strength between the users, based on
the users communication history. The framework discovers communication patterns in
different level which is eventually used to simplify and enhance communication services
by inviting appropriate users for collaboration, selecting suitable tools for communication
and prioritizing information flows over the cloud. The framework also enables new types
of applications such as social search clients, smart dialers or contact applications.

1 Introduction

The convergence of the web and telecom platforms is rapidly evolving into a truly ubiq-
uitous environment for a new generation of services that often utilize social networking
techniques for making communication richer and easier. Users can now utilize multimedia
messaging to blog or share photos, multi-part conference calls to do online collaboration,
and group-enabled contact applications to manage their social networks.
Social networking services (such as Facebook, MySpace and Twitter) have recently be-
come tremendously popular by connecting users and communities while exploring the
opportunities for advance communication and content sharing mechanisms. Harnessing
data from these services while utilizing the user’s communication history makes it pos-
sible to build even better services and tools, for instance, by utilizing social ranking of
contacts and content through data mining of user’s on-line interaction. Moreover, in
designing services that easily form micro communities of relevant users (dynamic groups)
by studying call logs, blogs or other on-line communication patterns.
However, it has been observed that users are overloaded due to the large quantity and
popularity of social networking services [1], where the amount of information easily can
become staggering. To enhance and simplify communication in social networks and to
reduce the cognitive overload is therefore a very important challenge. This paper there-
fore addresses how to analyze user’s communication history obtained from different social
networking and communication services to build a social recommender system, that may
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recommend or filter users for group communication based on previous interaction pat-
terns and the social strength between users.
The social strength highly reflects daily life [2], where on-line social networking and com-
munication services have natural dependencies with the social strength between users
[3]. The social strength between users can be expressed as a social graph, that aggre-
gates interaction patterns from multiple services and that enable a new type of richer
and easier communication services. The aggregated social graph can hence be utilized
for recommending or filtering users and information in a personalized manner. This can
be conceptualized by the following scenario.
Amanda uses several communication and social networking services and she has a large
number of contacts. Most of these contacts are family, friends and colleagues, while some
only share common interests or goals. She interacts with them on Facebook, by twittering
or through mobile calls, but she struggles with keeping herself updated with the most im-
portant activities in her social networks. Her 30th birthday is coming up, so she plans on
having a party together with Melvin and Ebba, two of her friends at work that also have
birthdays the same month as her. She gives them a call and they start planning what to
do and whom to invite.
They first open up their dynamic group tool that first filters out all their shared contacts
that they have no personal relation to and then prioritize the remaining contacts based
on how much they interact and how strong their social relation is. They decide to invite
50 persons and create a dynamic group for the party. Amanda then sends out invitations
using Facebook to users frequently there and by SMS to the others, while starting a Twit-
ter feed about the ongoing party activities. She ends the call by promising to organize the
food for the party.
Amanda likes Italian food so she searches the new dynamic group for persons interested
in cooking and invites a handful of them to come early to the party to help with the prepa-
ration of food against free availability of beer - and all accept. She makes a shopping list
and emails that to her two friends. The party is on! :-)

To face the challenges expressed above the following research questions needs to be
addressed:

• How can personialized social graphs be built automatically by harnessing informa-
tion from the social networking services and communication services?

• How can a personalized service automatically calculate the social strength between
contacts based on the interaction logs?

This rest of this paper is organized as follows: Section 2 discusses related work,
Section 3 discusses a social recommender, Section 4 concludes the paper together with
the Section of future work.

2 Related Work

Social networking analysis and methods for social community discovery have been dis-
cussed in [4, 5, 6, 7], where discovery methods generally use static attributes like location,
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profession or interests for identifying communities. Anupriya et. al proposes to use com-
munication history for finding the strongest communities [2]. However, methodologies
and algorithms for capturing and representing the communication history in an unified
form is not a well understood research area. Discovering communities based on real-time
interactions logs is also something has not been completely solved.
Systems supporting activity-oriented social networking can collect and aggregate real-
time presence status together with interests from different communication services [8, 9],
which enable social search, filtering and recommendation by analyzing activity messages.
CenseMe, the personal sensing system, automatically shares presence and activity infor-
mation with the contacts of different social networks, which can be utilized for managing
communication services by social filtering [10]. However, managing contacts from differ-
ent social networks which in addition to utilizing different platforms is becoming very
hard, as the number of social networking and communication platforms increase rapidly
[11]. Instead, information needs to be automatically aggregated from the different social
networks and communication platform, aggregated and stored in a format that enables
more powerful algorithms for social search, filtering and recommendation. This paper
proposes a aggregated social graph to solve the problem and by doing so also enable
efficient calculation of social strength and optimization of social ranking.
It has been proposed some new social search techniques in addition to Google’s page-rank
algorithm, that typically operate on a social network and performing ranking by analyz-
ing social data [11, 12]. These techniques expose tags, bookmarks and taggers (users)
as social data, while the proposed aggregated social graph expose the communication
history. Integration of social networks, such as Del.icio.us1 and Flickr2, and Web 2.0
applications can improve accuracy in social search and recommendation systems [13, 14].
Martin et. al proposes a approach of aggregating social data where user profiles are
integrated by a service provider, where the chances of privacy leakage is considered to
be very high [13]. In contrast, aggregation in the proposed framework is fundamentally
based on users’ own access to social data, possibly in conjunction with access to social
data through service owners.
COI (conflict of interest) is measured by scientific communities mostly based on an aggre-
gated social networks populated by FOAF (friend-of-a-friend) based dataset (collecting
data from Swoogle in 2005-2006) and DBLP data source [15]. In this work, social re-
lationship is considered based on the publication relationship, which is domain specific.
To measure COI, our method can provide more neutral decision by considering not only
professional sources of communication, such as DBLP, but also considering all on-line
based communication history.
The main contribution of this paper are (1) algorithms for calculating social strength,
(2) how to use the social strength for social ranking and dynamic grouping, and (3) a
study that evaluates social strength from multiple perspectives.

1http://delicious.com/
2http://www.flickr.com/
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Figure 1: Conceptual Model of an Aggregated Social Graph

3 Social Recommendation

This section discusses and proposes a theoretical framework for calculating social strength
and finally, provides an approach of social ranking of contacts. In general, social ranks
enable recommender systems for filtering social information and for optimizing search
techniques considering user’s social involvement in social networking services. For ex-
ample, users may have access in different social networking services (that generates lots
of social data), therefore, for better precision for a particular search content, an unified
search on the users social Web could be one of the best option [12]. In this paper, social
ranking deals with ranking contacts beyond particular communication services. In addi-
tion to this, the intended recommender system is aimed for providing social rank in the
level of the contacts, communication tools and communication services. The proposed
ASG framework provides a new way of social ranking.
In the framework as depicted in Figure 1, social strength is used as the main parameter
of measuring deepness of connectivity of a specific user along with the contact individ-
uals. All the contacts are discovered from different communications services and form
an aggregated social graph of contacts. Next sub-section provides high-level view of the
overall framework with brief a introduction of the main building blocks.

3.1 Conceptual Overview

Figure 1 shows a conceptual overview of the Aggregated Social Graph (ASG) service
framework. The framework consists of five components, the Aggregated Social Graph
(AGS) service; the Communication History Aggregator and the Social Ranker are the
main components while the Web application and third party communication services
(e.g., Myspace, Twitter) are external components. Web Application sends queries to
the ASG service and receives recommendations for prioritizing information or ranking
contacts. In the framework, both of the ASG service and Social Ranker utilize commu-
nication history log for building the Aggregated Social Graph (i.e. global contact lists
of specific user) and offers the service framework to the 3rd party applications (i.e. Web
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applications). Here, the Social Ranker does the analytics part and mainly responsible
for ranking contacts and prioritizing information. For instance, the Web Application
usually generates a query request for inviting a targeted community through the ASG
framework. Then the framework provides those third party Web applications (or recom-
mender applications) receiving the social strength of the contacts in the community in
terms of the Social Ranker. Consequently, the social rank is utilized for prioritizing and
filtering information. The Social Ranker analyzes the communication history log and
preferences taken as input from the Communication History Aggregator service. The
Communication History Aggregator component collects the communication logs from
the different communication services. In the next subsection, social ranking is discussed
in more details and how it supports the Social Ranker component of the framework.

Figure 2: Formal Model of an Aggregated Social Graph

3.2 Social Ranking

Figure 2 shows the general topology of Aggregated Social Graph (ASG) and high level ab-
straction of social strength in ASG. ASG contains a set of entities (actors/users/nodes/contact
individuals) and provides inter-relationships among those entities. For example, U, n1, p1
are the nodes in the ASG and the arrow in-between U and n1 indicates connectiv-
ity/relationship. Here, direct connectivity provides direct contact (e.g., first degree
friends, U and n1) between two entities, while indirect connectivity provides indirect
contact in particular, the case of U and p1, which are connected through another node
n1 (e.g., second or more degree friends, U is connected to p1 through n1).
An algorithm is proposed to ranking contacts which uses communication history (see
Table 1) as main input. To describe the algorithm, user U is considered as a user who
is the owner of social graph (i.e., all the contacts in the social graph relates with user
U). For computation of social strength, first degree contacts the individuals who are con-
nected directly to the user are considered in the algorithm. For searching and ranking,
the algorithm uses contextual data. For example, to filtering presence information, the
algorithm rank the contacts and then prioritize or filter the presence messages based on
that. However, the outputs of the algorithm are ranks of social contacts utilizing the
context and interactions. It is also possible to generate the rank of contacts in different
granularity. For example, a user has different preferences of communication with the con-
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Table 1: Frequency logs

Name(k) Text(i=1,j=1) Photo(i=1,j=2) Comment(i=1,j=3) Phone-Call(i=2,j=1)
Johan 3 0 0 5
Stefan 2 2 1 1
Kare 1 0 6 2
Josef 2 2 3 3
Andrea 4 1 4 0
Basel 3 4 2 2

tacts in different communities. A Facebook contact may not never be enlisted in mobile
phone contact due to not being called over phone for that Facebook contact. Therefore,
ranking for filtering presence and ranking for prioritizing phone calls can be different.
Because of this, the proposed algorithm are designed in a way that could be useful for
those purposes as well.

Figure 3: Frequency Data Type

Formally, C is a set of contact individuals {n1, n2, n3...nn} representing the social
graph of user U , uses a set of communication services S (e.g., social networks, Web 2.0
applications) s1, s2, s3...sp and generates bi-directional interactions. For simplicity, the
heterogeneity problem of contacts in different communication services of the user U is
avoided. Heterogeneity problem arises where the synchronization of contacts have not
been done periodically among different communication services. For example, the as-
sumption is that aggregated contacts of user U are available to all the services which are
being used by the user U . Another fact is that, a single communication service may pro-
vide one or more communication tools (e.g., tools/Facebook/Message, Facebook/Photo).
Therefore, the set T contains the number of tools {t1, t2, t3...tp} used in different commu-
nication services. For examples, if s1 represents Facebook service, then t1 is the number of
tools (in Table 1 in column Facebook/Message, Facebook/Photo, Facebook/Comment).
Finally, frequency fi,j,k (see Figure 3), contains the number of interactions in between
user U and contact k on the usage of communication tool j in communication service
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i. For example, f1 ,1 ,1 = 3, which means that contact 1 using the communication tool 1
of commutation service 1 has made 3 interactions (see Table 1). In this algorithm, the
overall social strength of the user U is,

S =
n∑

k=1

sk = 100

As the social strength is relative, therefore the sum of the social strength for all the
contacts is always 100. The sum of strength is considered 100 due to ease of calculation
but it is possible to scale the number for increasing (e.g., 1000) or decreasing (e.g., 1)
the value of the sum of strength. The proposed algorithm is discussed into more detail
in the next section.

Algorithm 3 Social Strength Calculation Algorithm

INPUT: contacts from aggregated social graph, frequencies of interactions using each
of the communication tools used among the user and contacts
OUTPUT: Rk, rank of the contacts

Require: fi,j,k and Ck

Ensure: k = 1...n, n is the number of contacts
while k �= n do

sk =
∑p

i=1
thresi si,k

=
∑p

i=1
ti

∑q

j=1

fi,j,k thresi,j∑n
k=1

fi,j,k

Rk = rank(sk)
end while

3.3 Utility Functions for Strength Calculation

si,a =

thresi∑
j=1

fi,j,a thresi,j∑n

k=1
fi,j,k

(1)

The proposed algorithm is based approach in which two main equations are used for
calculating social strength. The first equation calculates the strength of contacts on
the basis of a particular communication service. That is, the strength of user U among
with the contacts C for a particular communication service si (e.g., Twitter). The second
equation provides overall strength considering all communication services S. The param-
eter si,a in Equation 1, provides the strength of user U with the contact a, considering
all the interactions happened in communication service i. In addition, n is the number of
friends, ti is number of communication tools for the service i and thresi,j is the threshold
value of tool j in communication service i. For instance, if the user has 4 contacts, 4
communication services, in which each services has 2 different communication tools and
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each of the communication tools has threshold (the sum of thresholds is 1) to signify the
effects of that particular communication tool, then the equation will provide 4 different
strengths for the 4 contacts. The overall sum of the strength will be 100, as mentioned
before.

sa =

p∑
i=1

thresi si,a ∗ 100. (2)

Equation 2 accumulates strengths collected from S to get global ranking of the contacts.
Here, the parameter sa provides the overall strength of the user U with the contact a.
The parameter thresi, is the threshold value estimated over the usage on communication
service i. Another important factor of utility based approach is tuning threshold values
for the different communication tools and services. In this case, usage of the tools and
services are taken into consideration for tuning this parameter dynamically. There are
two functions (Equation 3 and Equation 4) which, helps tuning thresholds. The equa-
tions ensure that the tools which are used more, get higher threshold values comparing
with the less frequently using tools. Therefore, both of the functions counts the fre-
quencies of usage of tools and services (see Table 1) and prioritizes communication tools
and services. In the Equation 3, thresi,j provides percentage of usage of the tool j in
communication service i by the user U . The rank function is responsible for ranking the
contacts according to the calculated social strength.

thresi,j =

∑n

k=1
fi,j,k∑q

m=1

∑n

k=1
fi,m,k

. (3)

For instance, if there are four different tools in communication service i, then thresi,j
measures ratio of usage of a particular tool. Yet thresi,j is not enough to estimate overall
effect of a particular communication services. Therefore, the second function measures
threshold for the communication sources.

thresi =

∑q

j=1

∑n

k=1
fa,j,k∑p

m=1

∑q

j=1

∑n

k=1
fm,j,k

. (4)

In the Equation 4, thresi provides percentage of usage of communication service a with
respect to all interactions in all kind communication sources of the user U . In the utility
based method, calculated strength simplify the ordering for ranking the contacts. For
example, if user U has three contacts, which are A, B and C with relative strength of
20, 50 and 30, then the rank of these contacts in descending order is B, C and A. That
is, user U has the strongest connectivity with contact B comparing with A and C. In
addition, it is possible to identify such ranking by consider all communication services or
any particular communication services.

4 Conclusions

The proposed ASG framework for utilizing aggregated social graphs to enrich and simplify
communication services meets an emergent need due to an immensive growth of Web-
based communication services. The framework is based on personalized social graphs
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that harness communication patterns from Web environments, communication platforms
and mobile devices and thus enable communication services to benefit from the social
strength between persons. In comparison to existing social ranking methods, the ASG
framework uses social strength as main metric of ranking, grouping and recommending
contacts. User-specific social data are harnessed to calculate the social strength between
users and to build aggregated social graphs, that enable prediction of user’s preferences
and prioritization of information from multiple sources (micro-blogs, news feeds, etc).
This also facilitates user-centric discovery of user preferences regarding communication,
content sharing and collaboration with groups and communities. Social strength is an im-
portant feature for social searching, ranking and filtering, especially since social strength
calculation algorithms can be simplistic in design yet very effective in practice for appli-
cations made aware of the social strength between users.

5 Future work

Additional parameters such as the duration of calls or the location of users will be consid-
ered for enhancing the performance of social strength calculation algorithms. Studying
email communication, or even physical meetings, is also possible and would increase the
accuracy of the aggregated social graphs. However, privacy concerns needs to be weighed
in more conclusively before that as complexity of the framework increases together with
risks of misuse.
The plan is finally also to conduct more tests using real users and data-sets, as user-
evaluations of prototype applications can give very valuable feedback from users on the
acceptance, usability, reliability and accuracy of the framework.
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