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Abstract
Advances in smart technologies, wireless networking, and increased interest in contextual
services have led to the emergence of ubiquitous and pervasive computing as one of the most
promising areas of computing in recent years.

Smart Spaces, in particular, have gained

significant interest within the research community. Currently, most Smart Spaces rely on physical
components, such as sensors, to acquire information about the real-world environment. Although
current sensor networks can acquire some useful contextual information from the physical
environment, their information resources are often limited, and the data acquired is often
unreliable. We argue that by introducing social network information into such systems, smarter
and more adaptive spaces can be created. Social networks have recently become extremely
popular, and are now an integral part of millions of people’s daily lives. Through social networks,
users create profiles, build relationships, and join groups, forming intermingled sets and
communities. Social Networks contain a wealth of information, which, if exploited properly, can
lead to a whole new level of smart contextual services. A mechanism is therefore needed to
extract data from heterogeneous social networks, to link profiles across different networks, and to
aggregate the data obtained. We therefore propose the design and implementation of a Smart
Spaces framework that utilizes the social context. In order to manage services and sessions, we
integrate our system with the IP Multimedia Subsystem. Our system, which we call SocioSpace,
includes full design and implementation of all components, including the central server, the
location management system, the social network interfacing system, the service delivery
platform, and user agents. We have built a prototype for proof of concept and carried out
exhaustive performance analysis; the results show that SocioSpace is scalable, extensible, and
fault-tolerant. It is capable of creating Smart Spaces that can truly deliver adaptive services that
iii

enhance the users’ overall experience, increase their satisfaction, and make the surroundings more
beneficial and interesting to them.
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Chapter 1
Introduction
Mark Weiser coined the term, “ubiquitous computing.” and is considered to be the father of the
concept. According to Weiser, “The most profound technologies are those that disappear. They
weave themselves into the fabric of everyday life until they are indistinguishable from it.” This is
the true vision of ubiquitous computing: systems that are extremely smart, adaptive and useful,
yet completely invisible to and seamless with the worlds of their users. Our objective in this
thesis is to shift today’s prevailing focus, from human-centred computing -- in which users are
aware of and required to interact with a system -- to more seamless and context-aware systems;
these context-aware systems will be able to adapt to users’ preferences, by utilizing a wealth of
accessible user information, so as to weave themselves into the fabric of users' everyday lives. In
short, we aim to create a Smart Space: an environment that is capable of acquiring and applying
knowledge about the environment and its occupants in order to improve users' experiences in that
environment [1]. Therefore, the key question we aim to answer in this thesis is: Can a highly
versatile and heterogeneous system deliver context-aware services that enhance the quality of
experience for occupants of a Smart Space?
Based on our research, we believe that our vision can be achieved through harnessing the power
of social networking and advanced IP-based communications. This allows users to connect
anywhere and at any time -- not just to the Internet, but also to other entities and people within
their environments. With a significant boom in the ownership and use of smart phones, and the
widespread use of wireless networks, this vision is no longer a dream. Today there exists a
heterogeneity of efficient high-speed wireless networks, utilizing mobile phones with powerful
2

processors and storage capacities, tablet computers such as iPads, handhelds, mini-laptops, and
many other computing devices that are widely available and increasingly powerful. All of these
will help realize this vision.
Social networking is wildly popular; networks such as Facebook rank among the top ten dailyvisited websites in most developed countries. Social networks contain a wealth of information
about their users’ interests, preferences, educations, and careers; and this information can help
build more knowledgeable and smarter spaces. Capitalizing on the fact that most users carry a
mobile device wherever they go, and utilizing the reliable wireless infrastructure and the wealth
of information available through social networking, we believe that we can design a truly
ubiquitous, intelligent and adaptive environment that significantly enhances users’ experiences of
that environment.
Although many current worldwide research projects [2] [3] [4] focus on the collection and
dissemination of context information in various applications, they all assume that context sources
can be found easily, or that they are stored in a centralized database dedicated to that contextaware system. In reality, we have found that users are very reluctant to enter their personal
preferences into applications with which they are not familiar. This may be due to an aversion to
the time it takes to learn and understand a new application, to a lack of understanding of the
benefits of such a context-aware environment; more research is needed to understand the causes.
For now, though, we know that many existing systems are incapable of collecting enough context
information to provide a realistically practical and adaptive environment for users.
Additionally, due to their non-generic designs, most existing context-aware systems cannot
support changing user profiles; consequently, they cannot offer a genuinely autonomous
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environment. In this thesis, we explore how to overcome these constraints through a system that
utilizes social networking profiles to retrieve relevant user interests and preferences.

1.1 Motivation and Objectives
Through our research, we have found that advances in smart technologies, wireless networking,
mobile devices, sensors, and the increased interest in contextual services have led to the
emergence of ubiquitous and pervasive computing as one of the most promising areas of
computing in recent years. Stimulated by the recent popularity of wireless mobile
communications and the increased availability of location-aware services and contextual
information, pervasive computing aims at providing services that fulfil the demand for “what you
want, when you want it, how you want it, and where you want it” [5] for users and applications.
These services are usually provided within the context of a Smart Space. As we have established,
a Smart Space is an environment that is capable of acquiring and applying knowledge about the
environment and its occupants in order to improve users' experiences in that environment [1]. The
goal of Smart Spaces is to liberate users from manually performing the mundane tasks that are
currently required to change their environment and fulfil their desires. Smart Spaces
automatically adapt to satisfy users’ preferences. The environment detects the current context of
entities within it at any given moment and tailors its services. Smart Spaces can provide
numerous potential uses. They can automate objects within our environment to meet our needs,
adapt to our preferences, increase our productivity, customize our shopping experiences, provide
targeted services and, as such, increase our satisfaction and enhance our overall real-life
experiences.
Most current Smart Space research projects rely on physical components, such as sensors, to
acquire information about the real-world environment. Wireless sensor networks can be utilized
4

to sense, collect and broadcast information -- such as ambient temperature, air pressure, sound,
light, and motion -- about the surrounding physical environment. Using this sensory data, the
Smart Space modules can reason about the environment and take action to change the
environment’s state. There is a common belief within the research community that without
physical components, such as sensor networks, the only way to obtain contextual information is
via prediction models, which have very limited or no practical use [6]. Although sensor networks
can provide useful contextual information, they are known for their lack of reliability and limited
resources. Due to physical limitations, sensor nodes have limited energy, networking,
computational and storage capabilities. These limitations lead to issues involving partial data and
uncertainty in the sensed information [7]. Moreover, it is often unreasonable to collect all the
sensed data from each deployed sensor, because of the overwhelming amount of data generated
and because of the energy required to harvest such data. Furthermore, although wireless sensors
can usually provide contextual information about the physical environment, they are incapable of
accurately predicting social information such as the interests and preferences of users within the
environment. We believe it is necessary to augment physical sensors with other kinds of data, in
order to create more reliable and truly context-aware Smart Spaces. Therefore, in this thesis we
explore the question of how to utilize mobile devices and social networks to acquire more
detailed and useful contextual information that can help create smarter spaces. Our objective is to
create a smart, adaptive environment. This environment retrieves social information about users
within its coverage from social networks. It then uses the aggregate of this information to provide
services that cater to the preferences and interests of its users within its environment.

5

1.2 SocioSpace: Vision and Scenario
We have coined the name “SocioSpace” for our proposed system. SocioSpace will enable a
shopping, dining, entertainment or hospitality experience customized to better serve customers.
The moment they enter their favourite store, they can hear their favourite music. SocioSpace will
also allow hotel lodgers to see ambiance adjusted to their preferences, including lighting, TV
shows, etc. SocioSpace will also allow users to receive social mobile alerts to point them in the
direction of other users who share their interests within a certain space.
The SocioSpace system will integrate social networking, multimedia, mobility, and high-speed
Internet technologies together onto a single platform with the objective of providing targeted
personalized services and content, delivered efficiently and immediately, to users occupying a
SocioSpace-enabled place. SocioSpace shall be created in a way that allows it to continuously
reach the ever-changing occupants of a location with unlimited, customized services.
When users enter a SocioSpace place, the system will communicate with the user agent on their
smart phone and connect to their social networks to learn their preferences and interests. With this
knowledge, the SocioSpace system immediately adapts the physical environment, delivering
customized services and ambient features to create highly personalized experiences for the
space’s occupants.
To better understand our vision, consider the following scenario. Jane goes to a mall to do some
Christmas shopping. As soon as she walks into the mall, her mobile phone accesses her social
network profile, and, based on that information, notifies her of on-going sales at stores that may
be of interest to her. As she walks into SocioSpace-enabled stores, the sound system in the store
retrieves contextual social information that applies to her and to her fellow-shoppers, and plays
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music that is more appealing to them. As a result, Jane has a pleasant time shopping and is likely
to stay for a longer period of time at each SocioSpace store.
Jane then decides to go have dinner. While at the food court, a large advertising screen retrieves
contextual information about the people within viewing distance and delivers ads that are targeted
toward those people. Based on the aggregate context of the people in the food court, the ad
service plays a trailer for a new movie in theatres that is most likely to appeal to people within
that viewing space. Jane sees the ad and decides to watch the movie sometime next week.
One of Jane’s friends, Melanie, enters the mall, but because the mall is huge, they are very
unlikely to cross paths and meet each other. However, since Jane’s mobile phone has access to
her social relationships, it senses that Melanie is Jane’s friend; it notifies both women of each
other’s presence at the mall. As a result, they do meet, and decide to spend the rest of the evening
at a bar. When they walk into the SocioSpace-enabled bar, they are informed of the interests and
hobbies of the other occupants.
In accordance with our envisioned framework, a service run by the establishment automatically
retrieves contextual social information, including the relationships and interests of its patrons; the
service matches Jane and Melanie with a couple of gentlemen who share their various interests.
Everyone has a fabulous time as the environment continues to adapt to their requirements and
preferences. Interactive fixtures and objects within the bar space are aware of the social profiles
of users within the bar. The shows being played on TV screens, the music in the background, and
even the lighting continue to adapt and change, as new people enter and others leave.
This is simply an illustrative scenario. In fact, our objective is not to create specific services, but
to build a complete and extensive framework that is capable of encompassing and interacting with
any social network and delivering any kind of service or application, anywhere and at any time.
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In another scenario, Ryan, a single, 30-year-old business consultant, flies to various major
metropolitan areas across Canada, on an average of five times per month, to meet clients. He is a
long-time Facebook user and always carries his laptop and smart phone; he also occasionally
carries a tablet computer while travelling.
During his hotel stays, he sometimes orders room service, and often enjoys drinks and meals at
the hotel restaurant and lounge. On some nights, he unwinds in front of the TV in his room.
Having recently heard about SocioSpace, and the seamless personalized services it offers for
hotel guests, Ryan downloads the free app to his smart phone.
Thereafter, whenever he checks into one of SocioSpace's participating hotels, he receives a
SocioSpace-enabled key card mapped to his Facebook user ID; this retrieves information about
his entertainment preferences. Once he enters his room with his smart key card and powers on the
HD smart TV, he is automatically shown a menu of entertainment options that have been
optimized to appeal to his tastes in sports and other programming. He saves time and energy, and
his stay is more exciting and personalized.
As long as he has his powered-on smart phone with him when he heads to the hotel lounge for a
drink or dinner, he can receive alerts about others in that physical space who may have similar
interests—giving him better chances of having more key encounters with people for social or
business networking purposes.

1.3 Research Questions & Contributions
As stated earlier, the key research question we try to answer is whether or not a highly versatile
and heterogeneous system can deliver context-aware services that enhance the quality of
experiences for the occupants of a Smart Space. We define a highly versatile and heterogeneous
system as a group of interacting yet independent elements that form a complex whole. We
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propose that the main elements of such a system will include contexts, agents, services, social
networks, and network interfaces.
Contexts are the different user properties that include preferences and policy options. Agents are
devices running different operating systems, which allow users to communicate with Smart
Spaces. Each agent has its own requirements, because each agent has its own intrinsic qualities.
Services are a standard collection of applications and features available through the spaces and
agents to users within the space. Services should not be tightly coupled to the space and it should
be possible for third parties to develop services. Social networks are used as a source of
contextual information. Therefore, it is important to communicate with a heterogeneity of
different social networks. Network interfaces are the different available types of network
connections. Different users have different network interfaces through their agents. This presents
an interworking challenge, as it will be necessary for the Smart Spaces to communicate via
heterogeneous network interfaces. Each of these elements should be extensible. Hence, together
they should form a mesh of multidimensional extensibility that constitutes a highly versatile and
heterogeneous system. We believe that a successful Smart Space, which enhances the experience
of its occupants, cannot exist unless such a versatile system is present.
The contributions of the thesis are:
•

The vision, design, implementation and performance evaluation of a new type of user
adaptive environments.

•

Using social networks and contextual information to create smart adaptive services that
enhance the user experience.

•

Enabling the support of multiple services that can be tailored for the space a user is in via
the use of IMS.
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To this end our work proceeds as follows:
•

In Chapter 3 we show that incorporating multidimensional extensibility improves the
usability of a Smart Space and hence enhance the occupants’ experience. We develop a
model for multidimensional extensibility. We then define the relationships between
different entities, propose data models, and explore methods of making the different
components interact with each other while maintaining full extensibility.

•

We study different possible interworking scenarios in Chapter 2. We then propose a
novel IMS based architecture in Chapter 4. This architecture uses social networks and
contextual information to create smart adaptive services that enhance the user experience.
The architecture takes into consideration the interaction of application servers with
components of the Smart Space, and ensures that seamless connectivity is maintained
between them.

•

We investigate Smart Spaces in which users and services are interested in knowing about
the presence of the space in Chapter 5. We study the repercussions of treating services as
entities, which, like users, broadcast their availability and are interested in learning about
the reachability, availability, and willingness to communicate with other entities. A
presence management model is proposed to facilitate communication amongst users and
services. In addition, algorithms for presence exchange are developed, also with the
objective of improving such communication.

•

In Chapter 5 we also analyze the requirements for managing policy issues in the highly
dynamic and publicly located Smart Spaces. Based on our findings, we then offer an
ontology-based solution that addresses policy requirements. We also propose the use of
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filtering algorithms to extract the necessary information from social representations and
to forward the proper information to each entity in the system.

1.4 Thesis Organization
In Chapter 2, we look at some of the main building blocks used to create SocioSpace. We also
look at related work and explain why a new social network-dependent Smart Space architecture is
needed.
Chapter 3 proposes a conceptual platform that focuses on creating a truly extensible service
delivery platform. We identify and define the key entities needed to form the core of SocioSpace.
Then we define the relationships between different entities, and explore the methods for making
the system scalable and extensible.
In Chapter 4, the proposed Smart Space platform is presented. We identify the system’s core
features and describe, in depth, the main components that make up the system. We also
demonstrate the message exchanges that will take place between the different components. The
use of the underlying IMS network is explained, as well as the interactions between IMS and
different system applications.
In Chapter 5, we propose a new way of managing social context within a service delivery system.
There are many challenges involved in management, including the dissemination of correct
contexts to the correct entities and maintaining presence. We propose a novel ontology that
allows the Presence and Policies Server (PPS) to coordinate information, not only between the
different users within SocioSpace, but also between users and services. This concept is new, and
significantly enhances the effectiveness and capabilities of PPS.
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Chapter 6 presents proof of concept of SocioSpace design, exemplifying the key technologies
involved in the creation of smart spaces. Experimental results and different use case studies are
also provided.
Chapter 7, the final chapter, summarizes the thesis and includes a discussion of achieved
objectives and possible future work.
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Chapter 2
Background and Related Work
In this chapter, we look at some of the main building blocks used to create SocioSpace. We also
look at related work and explain why new social network-dependent Smart Space architecture is
needed. In Section 2.1 we introduce social networks and different social network solutions. This
is followed by an introduction to service delivery, smart spaces and the IMS in Section 2.2. We
then show why IMS is suitable for supporting seamless mobility in Section 2.3.

2.1 Social Networks
We have witnessed a huge increase in the popularity of social networking services over the past
few years; these services have grown to become an integral part of millions of peoples’ daily
lives. Social networking websites such as Facebook [8], LinkedIn [9], Twitter [10] and Google
Plus [11], have captured the attention of millions of users and received billions of dollars in
investor funds. Facebook, for instance, has more than 120 million active users [12], is the fifth
most-visited website in the world (the third most-visited in Canada) [13], has more than 55,000
regional, work-related, collegiate, and high school networks, and is used by 85% of U.S.
university students [12]. Through social networks, users create social profiles and then use the
networks’ services for a variety of purposes, ranging from staying in touch with friends and
planning events to meeting new people with similar interests and hobbies. Consequently, social
profiles contain a wealth of contextual information, including information about users' hobbies,
activities, musical and reading interests, education and career information, and current thoughts

13

and emotions. Furthermore, social network users build relationships amongst each other and join
groups, forming interconnected communities.
2.1.1 Why Utilize Social Networks?
By providing a useful virtual environment for user interaction, social networks have
revolutionized the Internet, shifting the focus from a data-centric Internet to a user-centred one.
This has led to significant improvements in online user-to-user communications. The almost
overnight adoption of social networks shows that users are willing to embrace technology that
allows them to better connect with each other. We believe that the enhancements provided by
social networks not only improve user interaction in virtual online environments, but also
enhance real-world day-to-day user interactions and smart real-world environments. Social
network users usually have two main aims: building and expanding their online community of
friends and people with similar interests; and using social networks to enrich their lives and social
activities [14]. Our objective is to extend social networks into wireless mobile environments;
using the wealth of contextual information available, the quality of users' real-life
communications and experiences can be significantly enhanced. These services would
dynamically adapt to individual context preferences and interests, without the user having to
provide any feedback or interaction with the system. They would know the interests and hobbies
of people in the immediate vicinity in order to meet other like-minded people. By delivering these
services, SocioSpace has the power to enhance people’s real-life experiences and social activities.
2.1.2 Proposed Criteria for Developing a Social Network-Dependent System
In this section, we present the criteria needed to create a successful social network-based system.
We then analyse some related work and discuss which criteria they meet and how they can be
improved. The requirements for creating a social network-dependent system are different from
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those of any other system because of the heterogeneity of social networks and the quantity of
services they offer. Here are some of our proposed criteria for creating a reliable and practical
social network-based system:
Social Network-independent and Standardized – Currently, there are numerous social
networks, and each has its own users and features. Therefore, it is necessary to allow all social
networks to connect to the SocioSpace system. In order for this to happen, there must be a
common language in which all social profiles, no matter which social network they are a part of,
can be presented.
Networking Technology Independent – Heterogeneous networks abound, and they are all here
to stay. Each offers different coverage ranges and speeds. A common belief exists that the
network of the future is heterogeneous, allowing different networks to co-exist and benefit from
each other's features. Therefore, it is necessary to ensure that the SocioSpace system is accessible
via any kind of network technology.
Support for 3rd Party Services – In the past, services were tightly coupled with their systems.
However, as we continue to evolve from a communication-centric world to a service-oriented
one, we must respect the fact that different users have different service requirements and
preferences. A handful of proprietary services can no longer satisfy all users. Therefore, third
party developers should be able to create services and easily plug them into a social networking
system.
Device Independent – It is important that users can access their social network system and
services from any kind of device.
2.1.3 Social Network-Related Research Projects
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Several projects have aimed at migrating social networks into the wireless mobile environment.
However, most of these projects have focused on allowing users to access social networks
through their mobile devices [15]. Other projects [16] [17] have focused on creating new local
social groups and on providing services that allow text messaging and exchanges of data, such as
photos and music, within that local group. These groups are often very specific in purpose and do
not interact with global social networks. Beyrem Chelly et al. [18] present an algorithm aiming at
connecting members of a community equipped with mobile devices, based on their location, to
create cooperative groups. However, the authors focus only on network layer connectivity, and
barely establish the possibility of any kind of social networking or interaction between the users.
Similarly, Yao-Jen Chang et al. [19] propose an interactive, multimedia, location-based
application that provides supportive social services within a work field. The system enables social
workers, their colleagues, and other participating professionals to keep in touch with one another
and thus to stay informed and organized as a single mobile community. Although this system may
prove to be an invaluable application in the workplace, the authors of this proposal make no
mention of utilizing currently available social networks. Furthermore, the system seems to be
limited by many factors, including the use of a single networking interface.
Marco von Arb et al. [20] take social networking one step further and introduce a decentralized
system, VENETA; the authors have developed a distributed algorithm that is able to locate
friends of friends that are in the user’s current physical proximity. They also address privacyrelated issues. Although VENETA tackles some of the issues related to locating mobile friends in
the region, contextual information is not utilized; thus, the system lacks any context-awareness.
Furthermore, VENETA is completely distributed, which puts a high demand on the mobile hosts’
processing requirements and energy consumption. The authors do not address the question of how
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their system might tackle these issues to provide a feasible service. Similarly, Google attempted
to penetrate the mobile social network market by purchasing DodgeBall [21]. However, Google
failed to realize that in order to succeed, it is necessary to interface with other social networks
rather than build a mobile social networking platform from scratch. Users were reluctant to
provide new profile information, and in many cases never found any of their friends on
DodgeBall. As a result, the project failed and Google ceased its funding in 2007.
Emiliano Miluzzo et al. [22] designed a personal sensing system called CenceMe that enables
members of social networks to share their sensing presence with their friends in a secure manner.
Sensing presence captures a user’s activity status (e.g., sitting, walking, meeting friends),
disposition (e.g., happy, sad, doing fine), habits (e.g., at the gym, coffee shop, at work) and
surroundings (e.g., noisy, hot, bright, high ozone). CenceMe then injects sensing presence into
popular social networking websites such as Facebook, MySpace, and instant messaging services
such as Skype. These enhanced user statuses provide more information about users to their online
friends, but do not make use of contextual information to enhance the mobile user’s real-world
experiences.
So far, all of the above-mentioned research projects have failed to realize the true potential of
mobile social networking. The true potential lies not in using contextual information to improve a
user's online situation, but rather in enhancing the user's real-world presence and experiences.
The only two research projects that realize this vision to any extent are Serendipity [23] and
WhozThat [24]. Serendipity is based on the belief that the mobile phone market is at a critical
tipping point, where functionality will shift from the traditional telephone paradigm to a much
broader socio-centric perspective. Serendipity, therefore, utilizes contextual social information to
provide services such as dating or knowledge management systems. It does so by facilitating
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interactions between physically proximate people through a centralized server. Unfortunately,
Serendipity does not harness the wealth of information available in social networks, but creates
its own user profile database. Therefore, it is very limited in scope and functionality and cannot
interact with any external social networks or deliver any services but its own.
One of the most promising context-aware systems that relies on mobile social networks is
WhozThat. WhozThat harnesses mobile and wireless technology to help answer the age-old
human social question: “Who’s that?” It builds a local wireless networking infrastructure, using
mobile devices, to share each individual’s social networking ID, and then connects wirelessly to
the Internet to look up the advertised identities. It then consults an online social network with the
identity information, and imports the relevant social context into the local context, so as to enrich
the local human interaction. Although the WhozThat scheme makes major improvements over
other context-aware Mobile social networks, it still suffers from critical limitations and
weaknesses.
WhozThat relies on the social ID of a certain network as identification for its system. As such, its
ability to encompass multiple heterogeneous social networks is very limited. Furthermore,
WhozThat deploys a specific Bluetooth component to exchange information between the mobile
device and the context-aware server making it very network limited. Additionally, the authors
focus on developing specific services. For example, they allow users to learn more about other
people within their space. However, they do not consider the bigger picture of being able to
provide standardized and context-rich information that can be used by any developer or operator
to provide any kind of service. WhozThat also focuses on providing services solely through a
mobile device. It does not achieve the objectives of providing services through a person’s
surrounding environment and of providing context-aware environments that weave themselves
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into people’s daily lives. We believe that WhozThat takes a step in the right direction. However,
it still suffers from many weaknesses and ambiguities. We exploit our recognition of the
limitations and weaknesses of WhozThat in order to create a truly smart adaptive ecosystem that
utilizes contextual social information and enhances people’s real-world experiences through
technology.

2.2 Service Delivery and Smart Spaces
Users are leaning towards a multitude of heterogeneous services to communicate, interact, and
connect with others. Services have evolved from being limited to a few groups of people to
becoming a major part of millions of people’s daily lives. The increasing dependency on services
requires the introduction of robust and reliable wireless service delivery architectures that allow
for efficient service exchange. In this section we discuss service delivery requirements and then
show how IMS can be adopted by SocioSpace to fulfil these requirements.
2.2.1 Service-Oriented Architecture
The sudden interest in services and service-oriented applications has led to countless attempts at
developing systems geared towards service support without the presence of a proper serviceoriented infrastructure. The only formal way of developing services in an organized fashion is
through the deployment of the Service-Oriented Architecture (SOA). SOA is a software
architecture that is designed to create dynamically organized environments of interconnected
services that are interoperable. However, SOA consists of multiple loosely coupled components
that communicate with each other via the Simple Object Access Protocol (SOAP). The success of
the overall architecture depends crucially on the different components’ ability to communicate,
interact, and efficiently exchange these messages. Unfortunately, the SOA’s loosely connected
components lack any form of proper communication control, security, user management, session
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continuity, seamless service support, and mobility management. What needs to be created is a
Service-Oriented Network. We need to design, develop and implement this new Service-Oriented
Network and integrate it with wireless and mobile networks and technologies.
2.2.2 SocioSpace and Service Delivery Requirements
SocioSpace provides a means to facilitate service enhancements by exploiting user environments
and social networks. The research problems to be addressed include defining a suitable model for
context, defining mechanisms for context solicitation, interpretation and transfer, and allowing for
efficient context aggregation. We will also work on enabling service-oriented environment
mobility. This allows the transfer of a user’s computing environment, essentially composed of a
certain service mix, in addition to surrounding preferences, such as temperature settings or TV
programming. The work will consist of providing methods of enhancing and differentiating
service modelling and relay; these together will comprise the methods of negotiating policies and
resources with both surroundings and networks used by the services.
SocioSpace will also support different kinds of policies for service invocation, including quality
of service and payload support policies. Different users of a service may have different
requirements, and may therefore request different service level agreements, including security
levels, data transfer rates, quality of service guarantees, and performance levels. These sorts of
policies are usually subject to change, and differ from one service to the next. It is therefore
necessary to have an intelligent policy definition module that is capable of adapting to the needs
of different users and services.
SocioSpace will react to users’ general contexts as necessary, and will utilize resources of
surrounding network elements to preserve the mobile terminal’s energy. We will construct and
examine the requirements and specifications needed for creating a scalable Service-Oriented
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Network that can accommodate heterogeneous services. The framework will provide an
underlying layer and core infrastructure, on top of which Smart Spaces and next-gen human
collaboration services, amongst many other smart services, can be easily built. Instead of
reinventing the wheel, we shall investigate the possibility of utilizing existing frameworks,
standards, and protocols. For instance, one possibility that we will study is the utilization of the
very promising IP Multimedia Subsystem (IMS). IMS is based on the application layer mobility
and specifically on the Session Initiation Protocol (SIP). We therefore introduce application layer
mobility, SIP, and then IMS.
2.2.3 Application Layer Service and Session Management
There are only a few studies that have addressed application layer service mobility [25] [26] [27]
[28]. The SIP is a well-known application layer protocol, originally developed to assist in
establishing, maintaining, and terminating advanced telephone services between two or more
users across the Internet. It is part of the IETF standards process and incorporates many elements
of the Hypertext Transfer Protocol (HTTP). The protocol supports personal mobility by providing
capability to each called host at a single, location-independent address.
When SIP was developed, it was designed to support five specific elements of setting up and
tearing down communication sessions. These are:
User Location – The endpoint of a session can be recognized and located, such that a session can
be established. The ability to find the location of a user requires being able to translate a
participant’s username to the current IP address of the device they are using. This is critically
important because the user may be using different computers. The program can use SIP to register
the user with a server, providing a username and IP address to the server. Once a server knows
the current location of the user, other users can find that user on the network. Requests are
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redirected through the proxy server to the user’s current location. By going through the server,
other potential participants in a communication can find the user and establish a session after
acquiring the relevant IP address.
User Availability – Users being called have the ability to specify whether they wish to engage in
a call. The user availability function of SIP allows a user to control whether and how he or she
can be contacted. Users can set themselves as being away, busy, or available for certain types of
communication. If the user chooses to be available, other users can then invite him or her to join a
call (e.g., voice or videoconference).
User Capabilities – The media that will be used in a call is established, and the parameters of
that media are agreed upon. Determining the user’s capabilities involves determining which
features are available on the programs being used by each of the parties, and then negotiating
which ones can be used during a given session. Because SIP can be used with different programs
on different platforms, and can be used to establish a variety of single-media and multimedia
communications, the type of communication and its parameters needs to be determined. For
example, to call a particular user, the Mobile Host (MH) might support video conferencing, but
the Corresponding Host (CH) may not have a camera installed. Determining the user capabilities
allows the participants to agree on which features, media types, and parameters will be used
during a session.
Session setup – Parameters of a session are negotiated and established.
Session management – Parameters of a session are modified, data is transferred, services are
invoked, and the session is terminated.
2.2.3.1 Session Setup
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Session setup takes place when participants of a call decide to connect. The host that is contacted
to participate in a conversation will be notified by a “ring” or some other signal, and has the
option of accepting or rejecting the communication. If accepted, the parameters of the session are
agreed upon and established, and the two endpoints will commence a session, allowing them to
communicate.
2.2.3.2 Session Management
Session management is the final function of SIP, and is used for modifying the session as it is in
use. During the session, data will be transferred between the participants, and the types of media
used may change. For example, during a voice conversation, the participants may decide to
invoke other services available through the program, and change to a videoconference. During
communication, they may also decide to add or drop other participants, to place a call on hold, to
have the call transferred, and finally to terminate the session, ending their conversation. These are
all aspects of session management, which are performed through SIP.
2.2.3.3 SIP Architecture
SIP is based on client/server architecture. The main entities are the user agent (UA), the SIP
proxy server, the SIP redirect server, and the registrar. The user agents are the SIP endpoints.
They operate as clients when initiating requests and as servers when responding to requests. A
UA can communicate with another UA directly or via an intermediate server, and stores and
manages the states of a call. SIP intermediate servers can act as proxy or redirect servers with the
following functions:
•

Proxy servers that forward requests from the user agent to the next SIP server or user
agent within the network

•

Proxy servers that maintain information for billing and accounting purposes
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•

Redirect servers that respond to client requests and inform them of a requested server's
address

The final entity in the SIP architecture is the SIP registrar. The UA sends a registration message
to the SIP registrar when the user location needs to be updated. The registrar stores the
registration information in a location service via a non-SIP protocol, and sends an appropriate
response back to the UA.
When a caller wants to place a call to another user (the “callee”), the process is initiated by the
caller issuing an invite request. The request contains enough information for the callee to join the
session. There are two possible sequences of events in issuing the invite request. If the caller
knows the address of the callee, the invite request is sent directly the caller's UA. Otherwise, the
invite request is sent to a SIP server.
The type of SIP server determines its response to the caller's invite request. If the server is a SIP
proxy server, it will try to resolve the callee's location and forward the request to the callee's UA.
However, if it is a SIP redirect server, it will return the location of the callee to the caller after the
location resolution process, enabling the caller to send the invite request directly to the callee.
When locating the callee, a SIP server can proxy or redirect the call to additional servers until the
callee is located.
Once the request has arrived at the callee, several options are available. In the simplest case, the
callee will be notified that a call has arrived. For example, the phone rings. If the callee answers
the call, the callee's UA will respond to the invitation and establish a connection. If the callee
declines the call, the session can be redirected to other entities such as a voice mail server or
another user.
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SIP has two additional significant features. The first is an SIP proxy server's ability to split
incoming calls so that several extensions can be run concurrently. This feature is useful if a callee
may potentially have devices at two different locations. The second feature is the protocol's
ability to return different media types in response to requests. For example, when a caller is
contacting a callee, the SIP server that receives the connection request can redirect the caller to a
webpage instead of sending a busy tone.
2.2.4 The IP Multimedia Subsystem
IMS was developed by the Third Generation Partnership Project (3GPP). IMS provides a
framework designed to accommodate current and future services in wired and wireless networks.
It encompasses mobile, fixed, packet-switching, and traditional circuit-switching communication
systems. IMS integrates services such as video, voice, and messaging with personal mobility,
presence, and terminal mobility. IMS relies heavily on the SIP to manage and control sessions. As
stated earlier, SIP can initiate, modify and terminate data, video conferencing, and Internet
telephony sessions [29] [30] [31]. IMS is a set of specifications that describes the Next
Generation Networking (NGN) architecture for implementing IP-based telephony and multimedia
services [32]. IMS defines a complete architecture and framework that enables the convergence
of voice, video, data, and mobile network technology over an IP-based infrastructure. It fills the
gap between the two most successful communication paradigms: cellular and Internet technology.
IMS also paves the way for 4G. Utilizing IMS and enhancing its components to provide
convergence can significantly help in building the envisioned 4G ubiquitous environments,
consisting of a standardized IMS core with extended capabilities. Schemes that utilize IMS to
provide 4G convergent solutions are discussed in Chapter 3.
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The IMS architecture is very complex and spans a large number of modules and components. In
this section, we briefly describe the core modules in an IMS network. Core components are
shown in Figure 2.1.

Figure 2.1 Core IMS Components

2.2.4.1 Home Subscriber Service
A key component of the converged IMS solution is the Home Subscriber Service (HSS). HSS is a
centralized control and management point that controls a subscriber’s MHs, preferences, and
26

features. The HSS knows which devices a subscriber has, which ones are registered on the
network, and how to contact each of them. This information can be very powerful when
combined with an effective presence application. For instance, a user may specify that between
the hours of 8:00 a.m. and 5:00 p.m., all calls must be routed to their work VoIP terminal, while
evening calls must be routed to their home phone. When a user is roaming about, calls are routed
to their cell phone. If they are in an important meeting, they can immediately forward all calls to a
voice mail service. The HSS ties all MHs together. As a result, telephony and presence
applications can be consistently applied across multiple devices.
2.2.4.2 Call Session Control Functions
IP-enabled MHs become active on the IMS network by registering with an SIP proxy that knows
each device is valid and which subscriber it belongs to. In IMS, the call control SIP proxies are
called Call Session Control Functions (CSCFs). Each IP-based device must register in the IMS
network, and these registrations, as well as all subsequent requests to initiate or modify
communications sessions, must traverse the CSCFs. The IMS model defines three different types
of CSCFs:
P-CSCF – Proxy CSCF is the CSCF that interacts with MHs. A Mobile Host (MH) connects to a
certain P-CSCF depending on the physical IP network.
S-CSCF – Serving CSCF serves the CSCF, and is responsible for providing the call control and
applications support to the user. When a device registers, the P-CSCF sends the registration
request to the assigned S-CSCF. The S-CSCF uses information stored in the HSS to authenticate
the user, as well as determine which services and preferences exist for that user.
I-CSCF – Interrogating CSCF is the entry point into an IMS network. It is needed in the case
where a device first tries to register with a P-CSCF and that P-CSCF does not know which S27

CSCF has been assigned to the user. The IMS has defined procedures for a P-CSCF to query an ICSCF to determine the correct S-CSCF for a given subscriber.
Once a device has been registered with the IMS S-CSCF, all subsequent transactions will go from
the device to the P-CSCF, and then to the S-CSCF. The S-CSCF will forward messages to
application servers when specific service triggers are invoked, or may simply forward the
transactions to the called party or another CSCF. The S-CSCF caches HSS information for the
subscribers, and may read more information later in support of specific session requests. For
simple IMS to IMS calls, the control plane may reside in a single S-CSCF. The media plane for a
simple VoIP IMS call may be direct, from the calling device to the called device.
2.2.4.3 Application Servers
An IMS network usually consists of several application servers (ASs), each performing a unique
service. Nonetheless, all ASs communicate with the S-CSCF via an SIP interface known as the
IMS Service Control (ISC). ASs can be programmed in Java or in any other suitable
programming language. Furthermore, any AS can implement other protocols such as HTTP and
SSH to configure service details. By standardizing the interface between ASs and S-CSCFs–
which, in this case, acts as a gateway to the rest of the IMS network–IMS becomes a truly
extensible platform with the possibility of providing an infinite number of new services.
Examples of services that ASs can host and execute include instant messaging, presence service,
voicemail, announcements, and call-related services. There are three main types of ASs: SIP-AS,
OSA-SCS and IM-SSF. SIP-AS is the native IMS-AS, and is used to execute most services
developed exclusively for the IMS platform. OSA-SCS stands for Open Service Access - Service
Capability Server, and it simply interfaces with OSA-ASs using Parlay. IM-SSF stands for IP
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Multimedia Service Switching Function, and it interfaces with the Customized Applications for
Mobile Network Enhanced Logic (CAMEL) ASs.
By default, IMS was designed to provide backward compatibility to several legacy service
networks. For instance, IM-SSF provides a gateway to CAMEL, which is services standard
designed for GSM networks. IM-SSF interfaces with GSM and CAMEL modules beyond the
boundaries of the core IMS network. From the S-CSCF’s point of view, IM-SSF is nothing more
than an AS with SIP capabilities.

2.3 Using IMS to Support Seamless Mobility in Smart Spaces
IMS is a set of specifications that describes the Next Generation Networking (NGN) architecture
for implementing IP-based telephony and multimedia services. IMS defines a complete
architecture and framework that enables the convergence of voice, video, data and mobile
network technology over an IP-based infrastructure. It fills the gap between the two most
successful communication paradigms: cellular and Internet technologies. That being said,
although IMS provides the tools to build services and ubiquitous networking, it does not provide
the exact methodology for doing so.
2.3.1 Benefits and Features of IMS
Benefits and features of IMS include [33]:
Packet-switching - IMS manages all the services through the packet-switched technology, which
is more reliable and effective than its circuit-switched counterpart.
Multimedia QoS - A 3G network provides “best effort” service, which means that the network
provides no guarantees that it will maintain a certain level of quality (QoS) throughout the whole
session. IMS guarantees that a certain QoS is provided during a session. This is achieved by
interacting with core routers and utilizing Differentiated and Integrated Services.
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Charging mechanism - IMS provides a flexible charging mechanism so that operators are able to
charge appropriately for multimedia services. For example, operators can charge for video
conferencing based upon the time used, or on any other reasonable measure, rather than just
charging on the basis of the bandwidth that the service consumes.
Integration of different services - IMS provides a multitude of services to users, and allows
third parties to develop services and integrate them with existing solutions. This gives the
operators the flexibility to offer a variety of services to further attract customers.
Enhanced services - IMS creates a service environment in which any service can access any
aspect of the session. This allows service providers to create far richer services than in an
environment where all the services are independent of one another.
Interworking with legacy networks - IMS contains modules and gateways that provide
interworking with legacy telecommunications systems.
Increased communication scope - IMS runs on an all-IP network, which means, for instance,
that it is trivially simple to integrate with devices such as laptops connected to the Internet using
any videoconferencing software. This significantly increases the number of people IMS
subscribers are able to communicate with via all media types.
With all of the aforementioned features, it is not surprising that IMS is a significantly complex
framework. The added value IMS brings to the wireless networking environment comes at the
cost of this increased complexity.
2.3.2 IMS as a Solution for Ubiquitous Connectivity and the Creation of Smart Spaces
In order to provide seamless mobility in future generation wireless networks, it is necessary to
have seamless personal, terminal, service, and session communication.
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Personal communication and mobility refers to the user’s ability to access personalized mobility
services that they have subscribed to from anywhere, at any time, and using any terminal.
An IMS SIP Registrar and Location Services Server keeps track of the status of all the possible
terminals associated with a user, and of the permanent and temporary addresses of each of those
terminals at any given time. This gives IMS natural personal mobility support. Users can use a
single personal identifier in all circumstances, regardless of the terminal used or their network
locations. Any incoming messages or calls will be redirected to the appropriate active terminal. In
the IMS there is also a deterministic way to identify users. An IMS user is allocated one or more
Public User Identities. The home operator is responsible for allocating these Public User
Identities to each IMS subscriber. The IMS also brings an interesting concept: a set of implicitly
registered public user identities. In regular SIP operation, each identity that needs to be registered
requires a SIP REGISTER request. In the IMS, it is possible to register several Public User
Identities in one message, saving time and bandwidth.
Terminal communication refers to the user’s ability to use the same mobile device to move across
heterogeneous wireless networks without getting disconnected, and while having continuous
access to the same set of subscribed services.
Just like personal mobility, terminal mobility can be provided in SIP as well as IMS, through the
use of the SIP Registrar and Redirect Server. As the terminal moves across heterogeneous
networks, new temporary identifiers (IP addresses) are assigned to the terminal. These are
updated with the SIP Registrar by using the REGISTER method. The current location of the
device is always up-to-date so that messages can be redirected successfully, in a time-efficient
manner. This feature also helps in providing presence and location management.
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Service support refers to the network’s ability to provide personalized services to the user, and
ensuring that the user has access to subscribed services regardless of location. Service continuity
is essential, whether the user is at a home or connected to a foreign network. Service mobility can
also provide QoS guarantees as well as Authentication, Authorization, and Accounting (AAA).
The user can connect to an IMS network using various methods, all of which are using the
standard Internet Protocol (IP). Direct IMS terminals can register directly with an IMS network,
even when they are roaming in another network or country (the visited network). By connecting
to the IMS network from any location, service mobility is achieved.
Session mobility refers to the user’s ability to maintain an active session while moving across
networks or switching between terminals. IMS can implement session mobility (or mid-call
mobility) through the use of the A SIP re-INVITE method.
2.3.3 IMS Functionality at each Layer
In this section, we describe the ways in which IMS can be utilized at the transport, session, and
application OSI layers. Understanding how IMS operates at each layer is a huge step towards
building a truly omnipresent, cross-layer ubiquitous environment.
2.3.3.1 Transport Layer (Media)
The transport layer provides end-to-end communication. In IMS, this includes initiating and
terminating SIP sessions and providing carrier-specific services, such as converting analogue
formats to IP packets using the Real-time Transport Protocol (RTP). The transport layer provides
media gateways and extensions for converting VoIP streams to the analogue PSTN format. The
media server offers various media-related services, including voice and video conferencing,
streaming announcements, speech recognition, speech synthesis, and many more.
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The media server shares its resources with all applications. As a result, every application that
involves broadcasting announcements, for instance, can make use of a shared media server. These
applications may include interactive services, voice mail services, as well as any media-related
service. Multiple media servers can co-exist, cooperate, and share resources.
2.3.3.2 Application Layer (Session Control)
The session control layer includes the Call Session Control Function (CSCF), which provides the
registration of the endpoints and routing of the SIP signalling messages to the appropriate
Application Server. The CSCF communicates with the transport layer to guarantee Quality of
Service across all services. This session layer also includes the Home Subscriber Server (HSS)
database, which maintains the unique service profile for each end user. The end user’s service
profile stores all of the user's service information and preferences in a central location. This
includes an end user’s current registration information (such as location and current IP address),
roaming information, multimedia services (such as call forwarding information), instant
messaging service information (such as buddies list and who is online), answering options (such
as voice mail greetings), and more. By unifying this information, applications can share and
exchange information to form centralized personal directories, enable features like presence and
context-awareness, and blend services together. This structured framework also makes the
administration of user data significantly simpler, and ensures network consistency amongst all
service subscribers. Besides these modules and components, the session layer includes the Media
Gateway Control Function (MGCF), which integrates the SIP signalling with the signalling used
by the media gateway. The MGCF manages the allocation of sessions between multiple media
gateways.
2.3.3.3 Application Layer (Application Servers)
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The application layer also includes the application servers (AS), which provide the end user with
suitable services. The IMS architecture and SIP signalling is extensible and flexible enough to
support a variety of application servers. For example, ASs can be used to provide media
functionalities, or maybe even to provide interworking between different wireless technologies!
Application servers can run SIP-based applications. These application servers can interact with
endpoints or IMS devices to offer services such as Instant Messaging, Push-to-Talk, presenceenabled or context-aware services. By putting into operation these SIP-based services in the IMS
architecture, it is possible to create new, blended and intelligent communication services. One
example of such an intelligent service is the provision of customized services and seamless
communications to users as they roam about. A more specific example of a blended service is
instant messaging, where a list of friends, their presence (whether they are online or offline), and
their locations are displayed.
2.3.4 IMS Schemes and Related Work
Different MHs connect to different networks (3G, Wi-Fi, Wi-Max, and others) and to different
domains. Each domain encompasses separate subscriber and service information for each MH.
There is no joint database to manage this information across all of these networks. As a result,
these networks are, for the most part, independent of one another in many respects. Gateway
interfaces enable communication between these networks by providing signalling (control plane)
and data (media plane) interworking. How can all of these different networks and devices be
integrated in a single converged 4G system?
The IMS solution currently focuses on 3G and PSTN convergence. However, many of the
principles of the proposed IMS solution pave the way for a fully converged future across many
other wireless networking technologies. The solution to the convergence predicament is to
34

include a centralized entity that can control profiles, sessions, features, and services across all
devices and access technologies. The 3GPP releases define IMS as an architecture that does just
that for the IP Network. The IMS defines a core network that provides service mediation and
subscriber profile management across multiple devices and networks. This IP-based IMS core
provides a unified application experience across all IP-enabled devices.
The result is that, with the proper application support, users can see the same personal phone
book information on their PDAs, Wi-Fi laptops, and PC-based VoIP phones. When users set their
personal presence status, it can be applied to all of their devices. An incoming call can be routed
to all devices, or to specific devices, in any order specified by the user. All of these devices and
applications are part of a truly converged solution. Much work still needs to be done in IMS
before it becomes a true ubiquitous environment enabler. In this section, the interworking
requirements proposed by 3GPP are explained, followed by a description of currently proposed
solutions. However, it is strongly believed that IMS can provide a successful convergence
platform [34] [35] [36].
Requirements
In order to design a successful and feasible interworking system, it is necessary to use the
framework and scenarios proposed by 3GPP TR 23.234 [37] for guidance. Under this framework,
six common interworking scenarios have been identified. A summary of the six levels is shown in
Table 2.1.
The first scenario, which is the simplest, provides only common billing and customer care to the
subscriber, but no real interworking between WLAN and IMS core. The second scenario provides
the IMS subscriber with a basic IP network connection through a WLAN and includes no other
services. The third level extends the IMS services to the WLAN, although it is an implementation
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matter as to whether all services or just a subset of them are provided. This scenario lacks service
continuity, so the user has to re-establish the session in the new access network. The fourth level
introduces service continuity, while the fifth level provides seamless continuity. The sixth level
has only recently been proposed, and it provides access to 3GPP CS-based services as well as IP
services.
Table 2.1 Interworking Scenarios Based on Table 3 of TR 23.234 [37]
Weak	
  	
  

Level	
  

Strong	
  

Coupling	
   Coupling	
  

Level	
  

1	
   2	
   3	
   4	
   5	
   6	
  

Common	
  billing	
  and	
  common	
  customer	
  care	
  

	
   	
   	
   	
   	
   	
  

3GPP-‐based	
  access	
  control	
  and	
  access	
  charging	
   	
  

	
   	
   	
   	
   	
  

Access	
  to	
  3GPP	
  PS	
  services	
  without	
  continuity	
  

	
  

	
  

	
   	
   	
   	
  

Access	
  to	
  3GPP	
  PS	
  services	
  with	
  continuity	
  

	
  

	
  

	
  

	
   	
   	
  

Access	
  to	
  3GPP	
  PS	
  seamless	
  services	
  

	
  

	
  

	
  

	
  

	
   	
  

Access	
  to	
  3GPP	
  CS-‐based	
  services	
  

	
  

	
  

	
  

	
  

	
  

	
  

Scenario 1: Common Billing and Customer Care
In this scenario, the objective is to have shared billing between the IMS and WLAN. Since the
WLAN uses an SIP server and WLAN-AS to route the SIP messages through the home network,
the IMS billing modules monitor both users within the 3GPP network and users within the
WLAN.
Scenario 2: 3GPP System-based Access Control and Charging
The objective of this scenario is to provide unified authentication and authorization. The key
factor behind achieving system-based access control and charging is being able to access the
HSS, whether in a direct or an indirect manner. A user connected to a WLAN can be
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authenticated and authorized through the 3GPP system by routing REGISTER messages through
the SIP server, which in turn forwards it to the WLAN-AS. From there on, the messages follow
the traditional IMS authentication route, with the main difference being the lack of P-CSCF
involvement and the interaction of the WLAN-AS instead.
Scenario 3: Access to 3GPP System IMS-based Services
In this scenario, my objective was to set up, maintain, and terminate an IMS session from within
the WLAN. It is necessary to satisfy the requirements in scenarios one and two, and also to have
the ability to exchange SIP messages through the interrogating nodes, in order to send and receive
session requests and exchange messages until a session is complete.
Scenario 4: Service Continuity
In this scenario, our objective was to set up, maintain, and terminate an IMS session from within
the WLAN, as well as to hand off from one network to another. It is necessary to satisfy the
requirements in scenarios one, two and three, but further, to have the ability to vertically hand off
between the WLAN and IMS 3G. Handoff delay is not a concern in this case.
Scenario 5: Seamless Services
The objective of this scenario is to provide continuity. As the users roam from the coverage of
one network interface to the next, they should not notice or feel the transition. The handoff ought
to be seamless with low delay and latency.
Schemes
In this section, we compare multiple IMS-related schemes. Table 2.2 compares these schemes
based on their feasibility (whether changes to current architecture are required), full potential
(which scenarios proposed by 3GPP TR 23.234 [37] are tackled), and security.
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Munasinghe et al. [38] present an interworking model for WLAN and 3G cellular networks with
the IMS acting as a signalling mediator. The authors claim that the most significant benefit of this
approach is its ability to negotiate and manage real-time sessions. The data originating from the
WLAN is routed via a Serving GPRS Support Node (SGSN) emulator to the UMTS Gateway
GPRS Support Node (GGSN). It essentially emulates the WLAN as another SGSN belonging to
the same UMTS network. Unfortunately, the solution requires significant functionality and needs
to be added to the SGSN, effectively complicating the architecture. The authors do not perform
any simulation or performance analysis, which raises the question of whether the development of
such an emulator is feasible or practical. Furthermore, the proposed mobility manager is
incapable of handling seamless data routing or QoS when high data volumes originate from the
WLAN.
Prasithsangaree et al. [39] address the limitations of existing standard authentication protocols for
use in WLAN operator networks in a loosely coupled 3G-WLAN architecture. They propose a
new authentication mechanism, LDSA, which requires no direct connection between an
independent WLAN and the 3G operator network. While this eliminates the requirement of trust
management, the scheme increases the amount of energy consumed and the number of messages
exchanged. Furthermore, it does not address the issue of initiating, maintaining, and terminating a
session. IMS is addressed as part of the solution.
Noël Crespi et al. [40] analyze the main architectural requirements that enable multi-access to the
UMTS IMS. Their work explores the requirements and constraints for a heterogeneous access to
the IMS, and proposes architectural principles for its evolution in future releases of UMTS. In
particular, the authors suggest the introduction of a new functional entity in the WLAN access
networks, the WLAN Access SIP Proxy in charge of billing, access to services, and QoS control.
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However, this architectural style poses a significant number of security threats, and leaves the
whole system vulnerable to attacks. By communicating directly with the CSCF and storing
authorization and authentication information in the WLAN network, the threats described in RFC
3261 [41] are possible.

Table 2.2 Evaluation of IMS-based Interworking Schemes
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Wei-Kuo Chiang et al. [42] propose a network-initiated triggering mechanism to facilitate
terminal mobility with the session initiation protocol (SIP) in 3GPP Voice over WLAN
(VoWLAN). The architectural design seems very promising and, if integrated with the latest IMS
release, it can provide a promising solution to the issue of 3GPP/WLAN mobility and
interworking. Nonetheless, some architectural properties have not been explained in enough
detail.
Fermin Galan Marquez et al. [43] describe the main characteristics of SIP and WLAN and the
interworking elements of these two technologies through IMS. They offer a discussion analyzing
the problems identified in providing this interworking. The paper covers the interworking issue
from a very abstract point of view; it does not address any implementation details, and borrows
most of its content from the 3GPP TR 22.934 [47].
Hasswa et al. [44] propose an interworking model for extending IMS to WLANs. The model
takes into account the interaction of WLAN SIP servers with the IMS Call Session Control
Functions and ASs. It also takes into account the IMS interaction with core routers to provide
authentication, authorization, policies and QoS. The premise of this work is based on the fact that
IMS is already backward compatible with legacy systems. If the IMS-ASs are capable of
providing backward compatibility with legacy systems, they could, in effect, be utilized to
provide forward compatibility with WLANs to provide WLAN-3G interworking.
Although not a purely IMS solution, Wu Zhang et al. [45] propose an SIP-based vertical handoff
solution. The Wireless Access Gateway (RGW) triggers and controls the handoff session to
ensure the same two-way delay of handoff and rate of zero-loss packet for real-time streaming
media.
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Tapfuma Mvere and Neco Ventura [46] investigate the different possible ways of offering users a
seamless experience when performing mid-session handovers over an IMS network. In particular,
they compare network-centric mobility and device-centric mobility. They contend that networkcentric mobility offers better performance results than device-centric mobility. They believe that
resource utilization is the key to making a network operator’s business viable. While users should
be allowed the freedom to roam between networks as and when they wish, a balance should be
struck between the two. The operator, for example, has available to him information about the
network status that an end user might not have, thereby allowing the operator the ability to make
an informed decision on how to best serve all the users of the network.
In the latest 3GPP releases [48] [49], a document specifying the system description for
interworking between 3GPP systems and Wireless Local Area Networks (WLANs) was included.
The intent of 3GPP–WLAN interworking is to extend 3GPP services and functionality to the
WLAN access environment. The 3GPP–WLAN interworking system provides bearer services
allowing a 3GPP subscriber to use a WLAN to access 3GPP packet switch-based services. The
document provides guidelines and advice on how such interworking should be approached.
However, a clear and thorough architecture is not provided. This document only provides the
basis for designing a feasible 3GPP-WLAN interworking architecture.
2.3.5 Discussion
In order to create a truly omnipresent Smart Space solution, an efficient service delivery platform
is necessary. The most promising services platform is IMS, as defined by the Third Generation
Partnership Project. The IMS standard provides a reliable and efficient architecture that supports
multiple service categories while maintaining QoS and managing many aspects of the network,
such as authentication and accounting. Utilizing IMS and enhancing its components to provide
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the above-mentioned services can significantly help in building the envisioned ubiquitous
environment, consisting of a standardized IMS core with extended capabilities. We also propose
an extension to IMS for WLANs and present our solution details in Appendix A.
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Chapter 3
Data Representation of SocioSpace Entities
In this chapter, we design a fully extensible service-oriented delivery platform that uses IMS to
create personalized adaptive spaces. We identify and define the key entities needed to form the
core of SocioSpace. We also define the relationships between different entities and explore the
methods of making the system scalable and extensible.
3.1 Platform Concept
IMS has become an industry standard and has been adopted by many telecom and Internet service
providers. However, IMS does not provide all the services, features and capabilities that are
required to create a pervasive service delivery platform. Nonetheless, IMS can provide a solid
core for such a platform. Using IMS application servers, building blocks can be added on top of
the basic IMS system to create a pervasive computing environment. In this chapter, we propose a
conceptual platform and introduce the major building blocks to go on top of IMS. We show how
these components can fit together and interact with IMS to create device, network, social
network, and service independence.
Figure 3.1 shows the main components involved in the creation of an extensible framework with
an IMS core. Spaces are the smart adaptive environments created by the system. Within these
spaces, personalized context-aware services are offered to users based on their preferences. Social
contexts consisting of multiple attributes are used to determine user preferences. Social networks
are one of the possible sources for these social contexts. Agents are mobile devices carried by
users, and they are used to let the system know when users are within the vicinity of a space.
Agents also allow interaction between users and the space by acting as SIP user agents. Every
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agent has different capabilities, and some services are delivered based on the capabilities of these
agents. The purpose and use of each component is explained in detail in Section 4.2.
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Figure 3.1 Main Components Involved in Creating an Extensible Framework with an IMS Core

The conceptual SocioSpace framework is shown in Figure 3.2. Social network information is
combined with other contextual information to help create more adaptive third party services that
enhance the overall user experience within a smart space. The contextual information is obtained
from a multitude of different sources including the smart phones and smart spaces. External
services and APIs are also used to create smarter, more targetted services. The combining of
social networks, social contexts, other contextual information and external services results in
smart spaces that deliver services that enhance the user experience. Some of the design decisions
involved in the realiation of such a framework include the design of an architecture based on
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IMS, the database relationships, networking and communication, information processing,
performance evaluation and benchmarking.

Figure 3.2 SocioSpace Concept

3.2 Data Representation of SocioSpace Components
In this section, we define the following platform entities: spaces, users, attributes, agents,
capabilities, services, social networks, spheres, and groups. These entities form the core of
SocioSpace’s functionality and operate on top of IMS. We delve into the details of each
component and identify its respective properties. We also describe the behaviour and
functionality of each entity in detail.

45

3.2.1 Spaces
Service areas are split into regions called “spaces.” A space is a heterogeneous pervasive
computing region that creates a ubiquitous user-centric environment with embedded servers,
context sensors and agents; these assist users in performing tasks and enhance users' overall
experiences by offering targeted services and an abundance of useful information. Spaces are
unique in their ability to react and adapt to dynamic contexts and acquired information. They can
also detect the current states of users, their activity levels, their physical environments and the
presence of different objects.
Within SocioSpace, a space can be defined as an environment that integrates a number of
technologies, mobile devices and services into a single adaptive system. These Smart Spaces
recognize individuals and their needs and wants, as well as changes in individuals, changes in
needs and wants, and changes in the environment. Within the coverage of a space, users interface
and interact with heterogeneous adaptive services, nearby users, and devices. Within a space, data
continuously flows between different objects. This data mining and aggregation helps give the
system its context-awareness. Service providers with services within the space can use the data to
provide adaptive and smart targeted services.
SocioSpace Smart Spaces use a situation-based reasoning approach to provide context-aware
services. A situation is “the combination of circumstances at a given moment” [50]. Different
sensors can be used to provide context-awareness; these include physical sensor inputs for
attributes such as pressure, sound, and light. Smart Spaces are usually known as “ordinary
environments equipped with visual and audio sensing systems that can perceive and react to
people without requiring them to wear any special equipment. Pervasive devices, sensors, and
networks provide infrastructure for context-aware Smart Spaces that sense on-going human
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activities and respond to them” [51]. However, SocioSpace spaces are different from traditional
Smart Spaces in that they support data retrieval from non-physical sensors as well, such as social
networks.

Figure 3.3 Possible Space Types

A space serves a certain physical location and allows users and services within that region to
interact with each other. Services are delivered to users and different users can collaborate with
each other. There are different possible kinds of spaces as shown in Figure 3.3. An example of
Kind 1 is if say, on a university campus, the computer science building exists within the coverage
of a single space. This allows users within the building to collaborate. Different kinds of services
can be delivered to the people within the building or space. Students can share files, exchange
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data through peer-to-peer communication, and collaborate on schoolwork. Screens can provide
services relevant to the people within their vicinity, such as news about the department that may
be of interest to them based on whether they are undergraduate or graduate students, faculty, staff
or guests. A multitude of other context-aware services can be provided as well.
The second kind of space, as depicted by Figure 3.3, is one that is not necessarily bound by a
single physical location. For instance, if the computer science department had multiple buildings
across campus, they could nevertheless all be associated with a single space. Spaces can even be
completely independent of physical location as demonstrated by the third kind of spaces. For
instance, users can choose to connect to the space they prefer regardless of their current location.
By default, if a user is not within the coverage of a particular space, they are connected to the
“global” space.
As shown in Table 3.1 below, each space has the following attributes: space_id, name,
description, image, space_public and space_type. The attribute space_id is
used to identify different spaces. The attribute name allows users to identify and recognize a
space. Each space has a unique name. The attribute description offers a basic non-technical
explanation of the space’s features and its uses. This description helps users decide which space
could be useful for them. The attribute image makes it possible for each space to have an
identifying logo. For instance, a space that serves Queen’s University’s Geology Department can
have the Queen’s Geology crescent. The image field does not store the actual image, but instead
points to the storage location of the image. The attribute space_public is a flag that indicates
whether the space is open to the public or is a private space with specific permissions and rules. A
value of 0 indicates that the space is private, and a value of 1 indicates that the space is public
and open to everyone. The attribute space_type indicates the type of space and whether or not
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it is bound by geographic location. A value of 0 indicates that the space is not bound to any
geographic location, while a value of 1 indicates that it is a single space bound to a single
physical location. Attribute space_type with a value of 2 indicates that the space is bound to
more than one physical location.
Table 3.1 Space Attributes
Space
space_id
name
description
image
space_public
space_type

Int
varchar (45)
varchar (255)
varchar (255)
Bool
Int

3.2.2 Users
We define a user as an individual with a fixed or mobile device that has wired or wireless data
transmission capabilities and access to the Internet. Users provide information to the system in
the form of attributes that are used to form a social context. Then they receive context-aware
services from the spaces they are connected to. The ultimate goal of SocioSpace spaces is to
enhance the users’ experiences by delivering services that are meaningful and useful to them.
Users are considered members of the SocioSpace space as soon as they have registered and
obtained a user ID. PPS manages their status; this is explained in Chapter 6.
Since the user plays a major role in the system and is the reason the system exists in the first
place, there are various entities, attributes, and functionalities associated with the user. Each user
has

the

following

attributes:

userid,

username,

password,

email

and

profile_picture. The attribute userid identifies users within SocioSpace entities. The
attribute userid is autoincrement-enabled, so that a unique integer is generated when a new
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user registers. The starting userid value is 1 and is incremented by 1 for each new record. The
attribute username consists of a unique set of characters that is used to identify a user amongst
their peers. So while users are identified via their userid within system components, other users
identify them through their username.
The attribute email stores the email address of the user and is unique due to its nature. The
attribute profile_picture makes it possible for each user to have a picture that identifies or
represents them. This picture can be uploaded via the client or can be retrieved by the social
network manager from a social network of which the user is a member. This is explained in more
detail in Chapters 5 and 6.
Table 3.2 shows the different user attributes and the data types for each. As can be seen in the
table,

the

user

has

other

attributes

that

are

used

by

PPS.

The

attribute

time_of_last_activity stores a UNIX timestamp of the last time the user communicated
with the server. It is the user agent’s responsibility to send a periodic KEEPALIVE message to
the PPS to let it know the user is still logged in. Attribute logged_in is a flag that stores either
the value 0 or 1. The PPS periodically goes through the time_of_last_activity attribute,
uses it to update the logged_in attribute, and stores the new information in the database.
Users also have several other attributes that they can use to set their preferences and policies. The
PPS uses these attributes to create the presence document, which in turn controls the flow of
information through SocioSpace. Attribute user_can_see_status allows individual users to
specify

whether

they

appear

as

online

or

offline

to

other

users.

Attribute

user_can_see_profile allows users to specify if other users can see their profiles and
context information. Attribute user_can_contact allows users to specify if other users can
send

them

a

private

message.

Attributes
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services_can_see_status,

services_can_see_profile and services_can_contact are similar to the user
attributes, but apply to services instead. These entities allow users to specify the service providers
that can contact them and offer their services.
Table 3.2 User Attributes
User
user_id
Username
Password
Email
profile_picture
time_of_last_activity
logged_in
users_can_see_status
users_can_see_profile
users_can_contact
services_can_see_status
services_can_see_profile
services_can_contact

Int
varchar(45)
varchar(45)
varchar(45)
varchar(45)
Int
Bool
Bool
Bool
Bool
Bool
Bool
Bool

3.2.3 Social Contexts
Social contexts refer to different user properties and preferences. Examples of social contexts
include gender, favourite books, current job, and others. Some pervasive computing projects have
made attempts to collect user information via a basic user interface. These attempts have usually
failed, due to users’ reluctance to manually provide information about themselves and their
interests. Most users are not willing to enter additional information about themselves, while
others are simply too busy. Asking users to fill out long, tedious forms about their hobbies,
interests, and preferences is impractical and defies the spirit of pervasive computing, which aims
at building invisible technologies that require minimal user interaction. We are interested in
acquiring information to create genuine social contexts that authentically represent people within
an environment. To do this, we need a large number of quality attributes; and social networks
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provide exactly that. Since social networks contain a wealth of information about users’ interests,
preferences, educations, careers, and more, they can provide invaluable information to service
managers. Service providers can then use this information to build a more adaptive, truly Smart
Space. By exploiting the fact that most users carry a mobile device wherever they go, and by
utilizing the wealth of information available through social networks, we are able to acquire user
information for many attributes. These user attributes can be used to form social contexts that
help to create truly ubiquitous, intelligent, and adaptive environments.
As shown in Table 3.3 each social context has the following attributes: socialcontext_id,
name and description. Attribute description is a basic non-technical explanation of the
social context's features and their uses. This description helps users decide which social context
could be of benefit to them. For instance, the social context “colour” may not be clear, but a
description explaining that it is used to set room ambiance can help to clarify the purpose of this
social context for the user.
Table 3.3 Social Context Attributes
Social Context (Attribute)
socialcontext_id
Name
description

Int
varchar(45)
varchar(255)

3.2.4 Agents
We define an agent as any device that facilitates interaction between a user and SocioSpace.
Typically, an agent is a mobile device and its user interface. While occupying a Smart Space,
each user is expected to possess one or more agents to be able to interact with SocioSpace.
Agents allow users to communicate with other parts of SocioSpace. These devices typically have
a display screen with a keyboard, keypad or touch screen for input. Examples of user agents are:
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iPhone 4, Blackberry Torch, Internet Explorer 9, and others. Web browsers can be treated as
agents since SocioSpace can be accessed via SocioSpace Online, a web-based version of the
SocioSpace User Agent.
Agents play several major roles within SocioSpace. The graphical user interface (GUI) of agents
allows users to interact with SocioSpace. The SIP-based user agent exchanges SIP messages with
the main SocioSpace servers. It encapsulates SocioSpace-relevant information within these
messages. The user agent is responsible for collecting data from the different sensors present
within a mobile device. Sensed information could include latitude and longitude acquired from a
GPS sensor, device orientation from an accelerometer, direction from a geo-compass, signal
strength from a network card, noise levels from a microphone (which can be used as a noise
sensor). Different devices have different sensors, and these keep increasing and evolving over
time. The iPhone 4, for instance, has a proximity sensor and an ambient light sensor. Future
devices are expected to have an RFID reader. Each agent has the attributes shown in Table 3.4:
agent_id, name and description.
Table 3.4 Agent Attributes
Agent
agent_id
name
description

Int
varchar(45)
varchar(255)

3.2.5 Capabilities
A capability is an agent-related attribute that enables an agent to perform a specific action or
function. For instance, Wi-Fi functionality in an agent is considered a capability. It is very
important to identify and define capabilities in SocioSpace spaces, as capabilities help
applications to deliver relevant services to appropriate users. For instance, if a user’s agent does
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not have the “front camera” capability, there is no point in offering that user a video conferencing
service. Via capabilities and services, it becomes possible for spaces to create and impose
policies. The creation of policies is explained in Chapter 6.
As shown in Table 3.5, each capability has the attributes capability_id, name and
description. Like user_id, space_id and others, the attribute capability_id is
used to identify different capabilities and has a unique integer value that is generated using an
autoincrement feature. The name attribute is used to uniquely label and identify each capability.
Examples of name attributes include: AGPS, Wi-Fi, front camera, HSUPA, Bluetooth 2.1,
Digital Compass, 720p, and LED Flash. The attribute description is a basic non-technical
explanation of the capability and its uses.

Table 3.5 Capability Attributes
Capability
capability_id
Name
Description

Int
varchar(45)
varchar(255)

3.2.6 Services
Services are a standard collection of applications available through the spaces and agents to users
within the space. The services can be designed by third party developers and offered by service
providers–companies that acquire the services, provide service descriptions, and provide support
to the users of that service. SocioSpace does not enforce any particular business model. Instead, it
lets service providers charge what they think is suitable. SocioSpace provides the service provider
with information about the service being run by the user. The service provider decides whether to
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use a flat rate for the service, apply time-based charging, provide ad-supported services, or
employ some other type of fee structure.
Services receive context and presence information from different SocioSpace servers. They can
aggregate this information as necessary to provide adaptive and targeted services that are
meaningful to users. For example, a background music player service would collect music
attributes from different users within the space, aggregate the information, and connect to music
web services such as Last.fm to decide which songs to play. Consequently, instead of playing a
random song, the music played would be one that many space users would enjoy hearing. These
personalized services increase user satisfaction and lead to an improved user experience. If such a
music player were at a store, the users might be more likely to stay longer and spend more time
shopping. Table 3.6 shows the different service attributes. Each service has the following
attributes: service_id, name, description and service_type.

Table 3.6 Service Attributes
Service
service_id
name
description
service_type

Int
varchar(45)
varchar(255)
Int

3.2.7 Social Networks
SocioSpace allows the use of social networks to retrieve social context information. However,
SocioSpace does not rely solely on the social network. Social networks are simply used to
retrieve a user’s social context. As shown in Table 3.7, each social network has the following
attributes: socialnetwork_id, name, description and image.
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Table 3.7 Social Network Attributes
Social Network
socialnetwork_id
Name
description
image

Int
varchar(45)
varchar(255)
varchar(255)

3.3 Groups and User Interaction
SocioSpace encourages user interaction by providing two interaction features: groups and
spheres. A sphere consists of a cluster of users, usually located within a single geographic
location and sharing a common task or objective. Spheres provide collaboration tools so that all
members of a sphere can exchange messages, share files, and communicate. Users can be
members of multiple spheres and join different spheres based on their current locations or roles.
For example, a person who works for ABC Inc. might join the “ABC Inc.” sphere when at work.
This would enable him to share information and easily collaborate with colleagues at work. If the
user is a student, she can join spheres related to her university so that she can share lecture notes,
assignment questions and files with other students in the same courses and hence, the same
sphere. By using spheres, a person would be able to easily turn on or off certain rules that
determine which groups of people will be made aware of that person’s status. For example, if the
person is a student at Queen’s University, she might set the sphere to "Queen’s Campus" and then
have a rule set that allows other Queen’s students to see her presence status. Or the sphere can be
more specific, such as: “Queen’s Psychology Class of 2014” with rules that allow only Queen’s
psychology students in the class of 2014 to see her presence status. Members of “Queen’s
Psychology Class of 2014” sphere would be able to share files, chat, video conference, share
presentation slides, and more. As soon as she switches her status to something other than
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“Queen’s Psychology Class of 2014” or to some other sphere, her fellow psychology students
would lose access to her. Unlike spaces, spheres are more personal, and provide tools that allow
users to interact and communicate with other members of the sphere. It is assumed that users
know other members of a sphere and therefore can trust them with more shared information.
Each sphere has the attributes sphere_id, name and description. The different sphere
attributes and their data types are shown in Table 3.8.

Table 3.8 Sphere Attributes
Sphere
sphere_id
name
description
image

Int
varchar(45)
varchar(255)
varchar(255)

Groups consist of a set of users who share a specific goal or interest. Groups are similar to
spheres, but lack collaboration tools such as file sharing. Whereas spheres are usually created
amongst people who know each other, groups focus more on helping people to meet other people
who share something in common. Unlike spaces, groups are long-term associations. People join
and leave spaces as they move around, but with groups, once a person joins a group, he becomes
a member until he explicitly leaves that group. Groups are less dynamic and more virtual. Groups
have similar attributes to spheres, and are shown in Table 3.9.
Table 3.9 Group Attributes
Group
group_id
Name
Description

Int
varchar(45)
varchar(255)
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3.4 Device-Independence
The necessity of making applications and services device-independent has always been a
challenge, even before the current technological revolution of mobile devices. In the 1970s and
80s, engineers worked with a wide range of devices that had different hardware specifications and
different inputs and outputs. Applications not only had to meet these different hardware
requirements, but also had to be written in different programming languages. These stringent
requirements led to the need to create new methods to enable the development of deviceindependent applications. Many of these problems were solved with the creation of the personal
computer and the development of standardized hardware and input and output interfaces.
The previous scenario is very similar to the problem we are facing today, but with conceptual
differences. In the past, differences were mainly due to a lack of standardized hardware. Today,
most hardware is standardized, but different devices have different hardware properties, including
different input methods -- touch screens, keyboards, mice-- as well as different screen sizes,
processing powers, memory capacity, and capabilities. These differences are inevitable, as
different people have different requirements and preferences. Furthermore, people use different
devices in different situations. On the move, they are more likely to use a smart phone; at a coffee
shop, a laptop; at home, possibly a desktop. The differences in device properties are due to their
intended uses and mobility levels. No single device can meet all the requirements and preferences
of a user. Therefore, standardization of hardware is no longer the solution to creating deviceindependent services and applications.
A multitude of different devices are currently on the market, ranging from smart phones and
tablets to netbooks and desktops. To provide services on multiple devices, service providers
currently develop different versions of each service. This results in service development costs that
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are much higher than they would be if a single version of the service were developed.
Maintenance costs are also high, and the time spent updating different versions slows progress
and impedes the ability to release new features. In order to practically support different devices,
methods are needed that allow services to tailor themselves and adapt to different devices.
Ultimately, services and applications should be completely device-independent.
We address the challenge of device independence through the use of abstraction. Through
abstraction, the differences between different devices are hidden. With this solution in place,
developers would not need to worry about device-specific details. For instance, GPS within any
device would be treated the same. Certain functions would allow developers to communicate with
the GPS module and acquire data that could be used within the service. The fact that different
devices had different kinds of GPS components and interfaces would not affect development.
Abstraction can save developers much time and effort, and allows them to dedicate more time to
enhancing the service and its user interface. Generic functionalities are coded once for all devices,
and then device-specific changes can be made for each device. These changes are less timeconsuming and easier to manage because the core of the code is generic.
To create device-independent services via abstraction, abstraction levels are specified. For
instance, the GPS interfaces with longitude and latitude values as units of description. These
abstractions need to be very clear and concrete. For instance, functions can be used to interface
with the encapsulated module. Rules and mapping options also need to be specified and clearly
explained. Accordingly, we introduce a link between agents and capabilities, as shown in the
Agent Entity Relationship Diagram in Figure 3.4. Capabilities are functions that an agent can
perform. For instance, some agents, like iPhone 4, have an accelerometer, while others do not. An
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accelerometer can act as a capability. So we have created a many-to-many relationship that
allows every agent to be associated with one or more capabilities.

Figure 3.4 Agent Entity Relationship Diagram

Suppose we have two agents: an iPhone 4 and a BlackBerry Curve 8520. We will assume that the
agents have the following capabilities: Wi-Fi, GPS, Bluetooth, full keyboard, and video calling. If
the iPhone 4 has Wi-Fi, GPS, Bluetooth, and video calling while the BlackBerry Curve 8520 has
Wi-Fi, Bluetooth, and full keyboard, but does not have GPS or support video calling, then the
data in the agent, capability and agent_has_capability tables would be similar to
those shown in Figure 3.5. Note how the agent_has_capability table matches
agent_ids with capability_ids.
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Figure 3.5 Example Use of agent_has_capability

3.5 Data Models for Extensibility
In this section, we explore the use of many-to-many relationships to create a platform that is
practical and extensible. We present our concepts using entity relationship diagrams.
Figure 3.6 shows the User Entity Relationship Diagram. We define single social contexts as
attributes. An attribute name can simply have a value such as “music preferences” or “gender.”
Each

user

has

zero,

one,

or

many

attributes,

hence

the

introduction

of

the

user_has_attribute table. Each user can also have zero, one, or more agents. For instance,
a user can use an iPhone 4 when on the move and a laptop when at the office, hence the
user_has_agent table. Each user can be a member of zero, one, or more social networks.
With zero social networks, the user would use SocioSpace as the social network and enter social
contexts directly through the SocioSpace user agents. Alternatively, the user can have one or
more social networks, such as Facebook, Google+, and Twitter. In terms of services, users can be
subscribed to zero, one, or more services. If a user subscribes to zero services, the space would
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not adapt to them because they have opted not to receive any services from the space. In terms of
the space itself, currently a user can only join one space at any given moment in time. However,
the system is designed to allow for users to join multiple spaces in the case that a use for such
functionality arises in the future. If the user does not specify a space, they are automatically
connected to the “global” space. Each user can be a member of zero, one or many spheres and
groups; hence, the sphere_has_user and group_has_user tables. Finally, users can have
zero, one, or many friends. This is achieved via the user_has_user table. In this table,
user_ids for both users being friends are inserted in fields: user1_id and user2_id.

Figure 3.6 User Entity Relationship Diagram
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Figure 3.7 Social Networks Entity Relationship Diagram

Figure 3.7 shows the schema and relationships associated with social networks. Different social
networks have different social contexts and attributes. For instance, a social network such as
Facebook

might

have

a

“favourite

music”

attribute

but

not

“favourite

colour.”

Socialnetwork_has_attribute table allows a social network to identify zero, one, or
multiple attributes that the social network supports. Every social network is also associated with
zero, one, or many users and hence the many-to-many relationship between social network and
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user is realized via the table user_has_socialnetwork. SocioSpace should be able to
connect to the social network’s API and retrieve information. This information should then be
converted from a social network’s specific format to a standard one that all components of
SocioSpace can understand. The method of representing social context, as well as users’
preferences and policy options is explained in Chapter 5.
Figure 3.8 shows the Attributes Entity Relationship Diagram. Attributes, which are individual
social contexts, are standardized via the attribute table. This way, services know exactly which
attributes are available and can utilize them accordingly. Mobile application developers can also
know in advance what each attribute represents and how its data is stored, and can design their
apps to make use of these attributes. For instance, a gender attribute might only allow “Male” or
“Female” as values. The application developers would take that into consideration while
designing the app’s graphical user interface and programming the database queries. Each social
network is mapped to its attributes via the socialnetwork_has_attribute table.
By looking at the Attribute Relationships Diagram shown in Figure 3.8, we can see that the
information included correlates with the social network information described in the previous
paragraph. On top of the many-to-many relationship that attributes have with social networks,
there is a similar relationship with users. Each user defines zero, one or many attributes and this is
realized through the user_has_attribute table. When a user first registers with
SocioSpace, he or she has zero attributes. As the individual connects to social networks or fills
out more information through SocioSpace’s profile page, more attributes will be associated with
the person's profile.
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Figure 3.8 Social Contexts / Attributes Entity Relationship Diagram

Figure 3.9 shows a service table and the relationships associated with it. A service is created by
third parties and can be deployed in several spaces. Therefore, services and spaces have a manyto-many relationship, which is realized through the space_has_service table. Every user
can have the ability to subscribe or unsubscribe to offered services. Every service also needs
specific capabilities. For instance, a location-oriented service might need the agent to have GPS
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capability. If GPS capability is not associated with the agent that the user is currently in
possession of, that service is not offered to the user. The table service_has_capability
maps between the services and the capabilities they require the user agent to have.

Figure 3.9 Services Entity Relationship Diagram
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Figure 3.10 shows the Spaces Entity Relationship Diagram. The space data model is associated
with several other entities including users, services, capabilities, and spheres. Spaces have
policies according to which features are enabled within their coverage; and listing allowed
capabilities in part, enforces these policies. Suppose the current space would like to enforce a “no
video calling” policy. Video calling capability would be listed as a prohibited capability in that
space. The table space_has_service is used for this policy enforcement. Any space can
have zero, one, or many services as realized via the space_has_service.

Figure 3.10 Spaces Entity Relationship Diagram
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Capability entity relationships are shown in Figure 3.11 and have been explained in the course of
our discussion of space, service, and agent entities. To recap, capabilities are used as policy
enforcers. Every service needs certain capabilities to operate. Some agents support these
capabilities, while others do not. Only agents that support the capabilities can use that service.
Additionally, not all services can run in all spaces. Only services with capabilities allowed by the
space can run in that space.

Figure 3.11 Capability Entity Relationship Diagram
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3.6 Summary
In this chapter, we designed a fully extensible service-oriented delivery platform that uses IMS to
create personalized adaptive spaces. The IMS HSS server was extended to support social
networking components and extensibility. We identified and defined the key entities needed to
form the core of SocioSpace. We also defined the relationships between different entities and
explored the methods of making the system scalable and extensible.
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Chapter 4
SocioSpace’s Design & Architecture
In this chapter, we describe SocioSpace’s design, architecture and implementation in detail. We
present the system’s core features. We then explain the message exchanges that take place
between these different components, while also discussing other message exchanges that may be
used for a multitude of different services and functionalities. We then explain the use of the
underlying IMS network, as well as the interactions between IMS and different system
applications. Finally, we present the generic user interface specifications and guidelines for
creating SocioSpace client applications.

4.1 Design Goals and Assumptions
To get the most out of Smart Spaces, a comprehensive, context-aware scheme that addresses
heterogeneous contexts is necessary. The Smart Space should offer flexible adaptive services
based on varying contexts and policies. SocioSpace has been inspired by the current on-going
research in the area of pervasive and ubiquitous computing and, more specifically, in the area of
context and location awareness. To the best of our knowledge, no research has been conducted on
the use of social networks to create a social context in combination with other forms of contextual
information to produce a more reliable pervasive computing framework. Our design goals
include:
Scalability: The ability of handling an increasing amount of workload and traffic. Since
SocioSpace is expected to be deployed in large-scale environments, it should be able to enlarge
its capabilities to handle the increasing number of user requests and traffic loads.
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Feasibility: Being able to practically implement and deploy SocioSpace is a must. Our proposed
system should balance economical and business constraints with technology and networking
constraints to produce a cost-effective, feasible solution.
Adaptability: SocioSpace should be able to deliver adaptive context-aware services that enhance
the users’ overall experience, increase their satisfaction, and make the surroundings more
beneficial and interesting to them.
Fault Tolerance: In a highly dynamic environment, users expect to receive their services in an
uninterrupted manner. It is crucial that the Smart Spaces can continue to operate efficiently even
in the case of a failure on the part of one or more servers.
We assume the following:
•

Social networks provide Application Programming Interfaces (APIs) that enable us to
extract a user’s social information.

•

Users own a mobile device such as a cell phone, smart phone, tablet computer or laptop.

•

Users are willing to participate in the program and enhance their real-world social
experiences.

•

Environments are under the coverage of networking interfaces that enable interaction
between different parts of the system.

4.2 Core System Services
In this section, we define and list all the core services and application features that were selected
during the problem identification and project planning processes. These services and features
constitute the core of SocioSpace, and it is crucial that most of these services be accessible to
users via different kinds of mobile platforms. This is challenging, due to the limited capabilities
of some kinds of devices. Interacting with a multitude of different social networks is a major
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feature of SocioSpace. Therefore, many of the services proposed specifically utilize the
capabilities and features provided by social networks.
User-to-User Communication: Users should be able to interact with other users within the
space. On a local level, users should be able to download information about friends, family, and
followers from their social networks. The system should then alert users to the presence of these
people within the social network. Furthermore, users should be able to locate and interact with
other users who may have similar hobbies, interests or objectives. We make use of IMS Group
Management to provide efficient service provision and to best enhance user experience. Via IMS
Group Management, IMS entities are able to administer network-based groups through the
description of group-level information and properties, and to grant responsibilities and privileges
to group members, among other functions. Consequently, this opens the possibility of deploying
presence and Instant Messaging services.
Interactive Social Map: Part of SocioSpace will be located on the mobile device, which will
represent the client side of the system. This part of the system must be as intuitive and easy to
navigate as possible. One of the features of the system should be an interactive map that shows
the locations of users and services, and provides social tagging and status capabilities (these
features will be explained in detail). Smart Space users should be able to leave messages, tag
spaces, locate other users, and interact through the map. The map also shows important points of
interest. For example, a SocioSpace space at a conference would display all the presentation halls
and the users in each hall. The map would also display current on-going activities, as well as
services and service locations. Users would be able to tag different areas and consequently create
a description of the whole space that truly represents the on-going activities and events.
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Feeds and Geo-Feeds: Feeds are text-based messages that are submitted by users. They have a
maximum length of 140 characters, so as to allow users to send and receive them through text
messages on their cell phones, if they prefer. Users post feeds to express what is on their minds.
Feed messages can also report on current events taking place within a space. Therefore, feeds
play a major role in forming a picture of spaces. By reading feeds created by other people within
a space, a user can deduce valuable information about the current environment, its users, services
and events. Geo-feeds are similar to feeds, but they are associated with particular locations.
Whether a feed is a regular feed or a geo-feed is determined by the space in which it was posted.
If the space is associated with a certain location, the feed is also associated with that location and
is then considered a geo-feed. If the feed was posted in a location-independent space, then that
feed is, accordingly, a regular location-independent feed.
Tags and Info Zones: SocioSpace utilizes the power of community and sharing to create an
environment that is rich in valuable resources and useful information. One of the ways this will
be achieved is through tagging and geo-tagging of the smart social space, as well as through the
use of “info zones.” Info zones are points of interest within the space. They are used to describe
different entities within the environment. For instance, a space within a university campus can
have lecture halls, research labs and professor offices as some of its different info zones.
By allowing users within the space to add metadata to various locations, photos, videos, feeds,
and more, other users will have access to a wide range of information that can improve their
overall experiences within the space. Unlike tags, info zones are more strictly controlled and
managed by specific users who have special permissions.
Location-based Services and Presence: Location-based services are crucial for the success of
SocioSpace, since they provide a wealth of information that enriches Smart Spaces and helps give
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other services additional value. Presence, and knowing the identities and status of the people
within the cloud, also adds a wealth of value to the space. Since the goal of Smart Spaces is to
move social networks from the virtual world to the real world, it is vital to be able to locate,
communicate and interact with others within the space. Therefore, it is important to emphasize
the provision of physical location-based services and presence facilities to all services. Physical
location information and presence are personal data, and the user should have full control over
how much of this data can be shared and who can see it within the space. Users should also be
able to show their physical locations to certain people or groups and hide their physical locations
from others. In terms of presence, the user should be able to appear as “online” to some users
while “offline,” “away,” or “busy” to others.
User Profiles: When a user enters the Smart Space, a user profile is generated for them and
stored in the IMS database HSS. Initially, the profile has limited information, but then the system
connects to the user’s social network(s) and retrieves additional social information, whereupon it
creates a social context. This social context contains information such as the user's name, date of
birth, gender, hobbies, interests, status, education, work, contact information and more. The user
profile also contains information about the user's location and presence, as well as network
information, preferences, and a wealth of other information that describes the user. Additionally,
the user profile contains information about the user’s friends, family and relationships. This
profile information is used by different services to create a more intelligent environment, with
targeted services that cater to the user's preferences and interests. In terms of user interface and
interaction, each user will have a profile page that displays information about them. The profile
page will also have a section that displays the status messages (announcements and news) left by
the owner of the profile, and messages that have been left by others. The user to whom the profile
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belongs can control the information displayed in the profile page, and is able to control who else
can view the page.
Multimedia: Users will be able to share multimedia within their smart social spaces. This
includes videos and pictures. The SocioSpace applications on mobile devices will have support
for multimedia, and will render the video and picture quality to run smoothly, according to the
particular device's specifications.
Events and News: Certain smart social spaces may offer events or publish news. These events
can be location-based, linked to a certain info zone, or be generic and independent of entities
within the social cloud. There will also be a section that publishes status updates from current
members of the social space.
Subscriptions and Notifications: Users can subscribe to receive notifications about news and
events that take place within their smart social space. They can also receive notifications when
one of their friends or family members enters or leaves a social space.

4.3 Communication
In this section, we describe communication devices and networking interfaces that SocioSpace
uses, and explain interaction within SocioSpace.
4.3.1 Communication Devices
Since most people own a mobile device, an instance of our solution utilizes the presence of a
mobile device as a trigger. While a trigger could be used through sensing, the advantage of using
a mobile device as the trigger, is that wireless devices are readily available; they are essential
devices in most people’s daily lives, and most people are carrying a wireless mobile device at any
given time. However, the mobile device does not need to be connected to the Internet. Certain
services can allow collaboration and Internet sharing within the space.
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4.3.2 Networking
Regarding networking technology, the Smart Space will lie in the session and application layer,
on top of the networking layer. SocioSpace is therefore independent of the underlying network
layer, so users can connect to SocioSpace no matter which network access interface they are
using.
4.3.3 Interaction
There are several different ways through which communication and interaction will take place
through SocioSpace. SocioSpace will support direct user-to-device interaction, and it will also
support indirect interaction, becoming what Mark Weiser envisions in the way of technologies
that weave themselves into the fabric of our lives. Direct interaction with devices will support the
core services. Users will be able to update their social network information and statuses, check
out their friends’ statuses, meet new people, and more. Indirect interaction will allow services to
be provided to users as part of their surroundings and will blend into the environment. User-touser communication will also allow the initiation of sessions between two or more users within
the smart social space. These user-to-user interactions could include video conferencing, audio,
push-to-talk, instant messaging, or picture messaging.

4.4 SocioSpace Architecture
In this section, SocioSpace’s system architecture is described. IMS is adopted to create smart
social spaces that provide innumerable rich services to improve user interaction and
communication. We discuss data exchange and signalling in this section. The SocioSpace
architecture is shown in Figure 4.1.

76

Figure 4.1 SocioSpace Architecture

The core of the framework is based on IMS. The grey modules represent core IMS components.
Green modules are external social network APIs that are not implemented by us. Modules like
SS-CSCF, user agent, and others communicate via the exchange of SIP messages. The exact
purpose and functionality of each module within the framework is explained below.
4.4.1 SS-CSCF
Since the core of a SocioSpace network consists of IMS, CSCFs are present and play a major role
in managing the system. SocioSpace is equipped with SS-CSCF, which consists of an IMS PCSCF and S-CSCF. Figure 4.2 shows the use of these components.
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P-CSCF protects the IMS components and servers. Since the system communication is sessionbased between client applications, the SIP server and other servers, including the location and
Presence Server, need to interact with the P-CSCF at application start-up. Dynamic port
assignments on both sides need to be requested and stored for later use.
P-CSCF is located within the SocioSpace network; it acts as a representative of the user, assisting
in authorization and authentication and in routing messages back and forth between the user agent
and the SocioSpace server. P-CSCF acts as a proxy server within the system. It receives SIP
messages from the user agents, analyzes them, and forwards them to the rest of the SocioSpace
network where necessary. P-CSCF does not modify the SIP and enclosed SocioSpace XML Data
messages (SSXD).

Figure 4.2 SS-CSCF
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P-CSCF can also act as a user agent on behalf of the actual client user agent. In that case, P-CSCF
can independently initiate and terminate sessions. This is useful within the SocioSpace network,
such as when a user has scheduled certain tasks, or has set up certain preferences and policies.
When the appropriate conditions are met, P-CSCF executes these requests.
The P-CSCF therefore has multiple key roles within the SocioSpace networks. It acts as an entry
point to the rest of the network and to other servers, including the S-CSCF and SocioSpace-AS.
P-CSCF is a reliable entry point, because it possesses a static public IP address. P-CSCF also
routes registration messages to the core of the SocioSpace server for authorization and
authentication. Furthermore, P-CSCF forwards all messages from the user agent to the S-CSCF
and replies back to the user agent with a confirmation. P-CSCF also carries out less critical tasks,
such as compression and decompression of SIP messages.
S-CSCF server is the core server of the SocioSpace system, as it communicates with the user
database and handles all registrations, session setups, and other SIP messages. Triggers on the SCSCF advise the server to forward certain messages to SocioSpace-AS on the SIP application
server.
S-CSCF is the backbone of the IMS realm of SocioSpace. Its main functionalities include
initiating, managing and terminating sessions. All aspects of a session are managed for the users
involved in that session. It is therefore necessary for S-CSCF to be involved in all user
communication streams, whether incoming or outgoing.
S-CSCF coordinates between different SocioSpace entities such as the user agent, SocioSpace
Location Awareness Server (LAS) application server, and others. S-CSCF handles most of the
authentication, authorization, and registration. It can also manage all aspects of a session:
initiation, monitoring, progression, and termination. S-CSCF communicates with both the users
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and services within the SocioSpace space. S-CSCF maintains the session state that is needed to
preserve session information between different SocioSpace entities.
Similar to the P-CSCF, S-CSCF can also act as a user agent on behalf of the actual client user
agent. S-CSCF can independently initiate and terminate sessions, and can act as a proxy server,
forwarding messages to SocioSpace entities according to SIP entities and triggers.
The S-CSCF therefore has multiple key roles within the SocioSpace networks. It authenticates
and registers users that enter or join a space. It also manages session creation, progression, and
termination. Sessions are monitored and SIP signalling flows go through the S-CSCF.
Furthermore, S-CSCF inspects messages and acts as a proxy server, forwarding the messages to
the target SocioSpace application server. S-CSCF also communicates with PPS and the database
manager and LAS to aid in the provision of context awareness and other relevant information to
other SocioSpace entities.
Since P-CSCF and S-CSCF communicate with each other via standardized SIP and IMS methods,
they are combined within SocioSpace to form SS-CSCF. Nonetheless, they continue to perform
all the functionalities discussed.
4.4.2 SocioSpace Application Server (SS-AS)
SS-AS is a highly customized SIP application server that acts as a host for the server side of
SocioSpace. SS-AS is at the heart of SocioSpace, as it is responsible for interacting with most
major SocioSpace components and for coordinating all SocioSpace activities. SS-AS interacts
with the database manager to add, edit, or delete database entries. It also communicates with LAS
to make location-aware decisions. For instance, during registration, SS-AS asks LAS for the most
suitable space for connecting a user. SS-AS also communicates with the social network manager
to synchronize SocioSpace with a user’s social network(s). Social contexts are retrieved from
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social networks or updated via such communication. SS-AS communicates with other
components via SIP messages. Although SS-AS cannot directly communicate with the user agent,
it can communicate with SS-CSCF and use triggers to reach the user agent, and vice versa. SS-AS
creates the core of SocioSpace and is described in more detail in Section 5.9.
4.4.3 Presence and Policies Server (PPS)
Managing presence and policies is a major requirement for providing a truly omnipresent smart
social network services platform. PPS is responsible for this task. PPS is capable of providing a
massive amount of presence information to all users and services within the SocioSpace space.
PPS detects changes to existing states within the SocioSpace network and propagates the changes
to all users subscribed to that information. PPS also reads, understands and interacts with services
added to the space by third party developers.
PPS gathers all information about a single user or service, and creates a complete picture of that
user. It does the same for all users and services within the SocioSpace space and hence creates a
complete presence picture of the whole space. The server controls all the information flowing
through the presence framework. It coordinates between presentities, presence user agents,
service agents and watchers. Presentity is an entity described by presence information. The word
is a combination of words "presence" and "entity" and was first introduced in RFC 2778.
Presentity usually refers to a human individual, but in our case it can refer to both users and
services.
PPS also acts as a proxy server for subscription requests. In order to communicate with user
agents, PPS forwards the messages through the SocioSpace-AS, which in turns forwards them to
the user agent through the SS-CSCF. This maintains the integrity and consistency of signalling
within the SocioSpace network. SIP is also the method of communication used by PPS, but
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additional pieces of presence and contextual information are appended to the headers of the SIP
messages.
4.4.4 Location Awareness Server (LAS)
Location information is essential to the operation of SocioSpace networks and applications.
SocioSpace uses LAS to extract information about a user's current location, based on the location
of the user's device. The LAS is responsible for all location-based decisions that take place within
SocioSpace. It helps to give SocioSpace the location awareness that results in smarter and more
adaptive services. By equipping SocioSpace with location awareness, it also becomes possible to
localize the services and provide geographically relevant information.
With regard to SocioSpace, it is important for the participating mobile hosts to be aware of the
location of other hosts. This can allow them to realize the possibilities for cooperation in given
situations. It can also allow them access to resources from the surrounding nodes within the
space, in the absence of previous knowledge of the space’s resources or properties. Location
awareness can enable the mobile hosts to use resources that are available in that environment
without a need for any particular pre-configuration.
We implemented a simple location management solution that used an access point’s name and ID
to determine which space to connect to. For instance if it detected access points associated with
the Computer Science building it would connect to the appropriate space. This was a simple
solution but LAS can also incorporate more sophisticated location awareness solutions if need be.
4.4.5 SS-HSS
SocioSpace consists of a custom version of the IMS Home Subscriber Server (HSS). The various
entity relationship diagrams that form parts of the database have been presented in Chapter 3.
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4.4.6 SocioSpace User Agent
The user agent is developed for mobile devices and is based on SIP. Devices support many
different types of access networks, so applications can access the IMS core by using any of the
standard wireless technologies: 3G, EDGE, Wi-Fi or Wi-Max. Devices can range from smart
phones and PDAs, tablet PCs and laptops to desktop computers. Client User Agent
communication is presented in Figure 4.3.

Figure 4.3 SocioSpace User Agent
4.4.7 SocioSpace-Me
SocioSpace-Multimedia (SocioSpace-Me) is a multimedia server responsible for streaming all
video and audio. For instance, spaces tagged with a video are streamed through SocioSpace-Me.
Usually, SocioSpace-Me would be hosted by a third party content provider, and is therefore
beyond the scope of this project.
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4.4.8 Social Network Manager
In order to make use of the data provided by social networks, it is crucial to be able to identify
users and their personal profiles and then import their social content into SocioSpace in some sort
of standardized format. By providing a reliable portability module, SocioSpace can utilize this
user information to provide smarter and more adaptive services. However, not all users join the
same social networking websites. With a variety of different social networks to choose from,
users have joined different networks based on their particular age groups, requirements and
preferences; and many users have multiple profiles on multiple social networks. Given this, a
mechanism is necessary to extract data from heterogeneous social networks, link profiles across
different networks, and aggregate the data obtained. Furthermore, by identifying social ties
between different people and objects and putting them into groups, better services can be created
to cater to that group.
A well-defined social data portability module should therefore be able to query, import, and
aggregate data across multiple social networking websites and then convert the data into
standardized semantic information that can be further interpreted and converted into meaningful
information by other entities within SocioSpace. There are significant challenges in creating such
modules. The main problem with information extraction from different heterogeneous social
networking sources concerns the availability of different data formats. Each social network
exports its data in a different style and format. It is impossible to simply compare diverse unmatching data formats without having some common vocabulary. There must be some kind of
mediator format that allows easier interoperability, integration and performance of computations.
It is better to use an agreed-upon semantic representation format, such as extensible markup
language (XML). XML is a general-purpose specification for creating custom markup languages.
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In particular, the resource description framework (RDF) [52] could be used because part of a
family of World Wide Web Consortium (W3C) specifications, originally designed as a metadata
data model, which has come to be used as a general method of modelling information through a
variety of syntax formats. RDF can be combined with other technologies to describe people,
objects, and the relationships between them in an abstract manner. Social networking websites
can become rich data sources that are interpreted by the semantic RDF module running within
SocioSpace. This information now becomes machine readable, and can be used to provide an
enhanced view and a rich store of information about the Smart Space. How the standardized data
is then interlinked and aggregated to form a meaningful picture is beyond the scope of this
chapter, and is discussed in Chapter 6. This chapter focuses on retrieving information from a
heterogeneity of social networks, identifying a single user’s profile on multiple networks and
translating the profile data into a unified language.
The syntactic vocabulary to be used to describe the profile data extracted is FOAF (Friend Of A
Friend) [53]. FOAF is a decentralized semantic web technology, and has been designed to allow
for integration of data across a variety of applications, websites, services, and software systems.
FOAF uses XML syntax and adopts the conventions of RDF. By using FOAF syntax, modules
within SocioSpace will be able to exchange and represent social network data in a unified and
machine-readable manner, since FOAF specifies ontology for representing people, objects, and
the relationships that they share.
4.4.9 Service Manager & Service Control
The service manager and all modules associated with it are used for service delivery. This
service-oriented component of SocioSpace is usually developed by third parties and is therefore
not discussed in this thesis.
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4.5 Client Side
In this section, we describe the user interface of the client side of SocioSpace. Since the vision of
SocioSpace is to provide a solution that is compatible with any device, our generic user interface
prototype is device-independent. We will, however, use Apple iPhone and Google Android
phones to test our system. We also discuss the different client-side services and features and show
how they will interact with the rest of the system.
4.5.1 Start-up
Once the SocioSpace application is loaded, it should periodically search for SocioSpace access
points. It should also provide the user with the option of connecting to a Smart Space remotely.
Not all Smart Spaces will allow remote connectivity, but the user would have the option to
connect to those that do.
1. Entry into coverage of SocioSpace Network
2. Connecting – The phone operating system requests the user to choose an access point to
use to connect to the network. This network access technology could be any accessible
technology such as Wi-Fi, Wi-Max, 3G or others. The device must connect to the access
point dedicated to SocioSpace. It is also possible to connect to SocioSpace via any kind
of network. This can be achieved by following the foreign and home agent concept, and
is discussed in more detail in future sections.
3. Registration with Smart Space – After the IP connection is established, the client must
register the user with the SocioSpace network. If the user has previously connected to a
SocioSpace access point, they will then simply log in. If the user is new to SocioSpace, a
registration process takes place.
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4. Registration with Social Network – Once the user is connected to the Smart Space, they
also need to register with their public social network, such as Facebook, Twitter or others
and give SocioSpace permission to access their social context.
5. User Listing – Once registration is complete, SocioSpace retrieves information about
users within the space. It classifies users as Family, Friends, etc. This classification is
based on other users’ relationships to our user. Friends and family are the direct friends
and family that were retrieved from social networks. Potential friends are people within
the Smart Space who have similar interests or hobbies or are registered with the same
groups as the user.
6. Group Listing – The user is also served a list of all active groups within the Smart Space.
This list is requested from the IMS group list manager.
7. Presence – Since it is important to get updates on the presence status of all friends, it is
necessary for a user to subscribe to presence updates on the contact list. It is also
important to publish the user’s current status, so that all users can see the statuses of all
other users on their contact list. Status updates are carried out periodically and not just
once.
8. SIP Service Session Initiated – In order to access and communicate with SocioSpace
services on the IMS-AS, the client needs to create an IMS session that must be managed
for the whole duration of the application runtime. At this point, it is therefore necessary
to initiate a new session between the client and the application server.
9. Smart Space Information Requested – With the established session, the client is able to
request SocioSpace application-specific data from the server. For instance, the server can
list all tags, smart zones, and maps.
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4.5.2 Client Interface
Groups – The Groups menu feature allows a user to interact, communicate and collaborate
instantly with a group of people who share the same interests. A user can select another user and
add this currently selected user as a friend. A friend request is then sent to the selected user. If the
selected user approves the friend request, the two users become friends on SocioSpace and on
their public social networks, if they are members of the same social network(s). Once one of the
users accesses a group, that user can leave a message on the group’s public forum, send private
messages to specific group members, start group events, share pictures or multimedia, and more.
Private Messages – The client has a private message inbox that stores any messages sent to the
user by other users. These messages can contain text, pictures and multimedia. Messages can also
be system notifications and announcements.
Information Lists – It is important in the SocioSpace system to have lists that provide group,
presence, and other kinds of information about services provided by SocioSpace. An example
would be a list of friends who are currently online within the SocioSpace. This list can act as an
instant messenger. Another list might show all the groups currently within SocioSpace, and could
perhaps allow sorting by relevance to the user, based on hobbies and interests. Other lists might
include multimedia information, shared information, news, status updates, and so on.
User Profile – A profile details page is displayed after selecting a user on the friend list or map.
The profile contains basic information such as name, birthday, profile picture, education, school,
work, department information, hobbies, interests, and more. The profile also contains other
information such as wall messages and presence and location information. The profile allows the
user to access a buddy-oriented menu that enables all interaction and collaboration features such
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as messaging, file sharing and session initiation. A user can also initiate multimedia sessions such
as voice calls or videoconferences.

4.6 SocioSpace Application Server (SS-AS)
SS-AS and SS-CSCF communicate with each other continuously. The SS-CSCF decides which
messages from the MH are forwarded to the SS-AS and which messages from the SocioSpace-AS
are forwarded to the MH. The SS-CSCF is constantly receiving SIP messages from different
entities, which are also destined to go to other entities within the system. Therefore, it is
necessary to have a way of filtering messages at the SS-CSCF so as to determine whether the
message needs to be forwarded to the SocioSpace-AS or to another entity within the system. This
is done via triggers and trigger points, which are strings used as identifiers. When the SS-CSCF
receives a message, it compares the header of the SIP message with the available trigger points
and forwards the message on to the matching entity for further processing.
SocioSpace’s SS-CSCF forwards any SIP message with a “SocioSpace” trigger point in the
header to the system’s main SIP AS: SocioSpace-AS. SocioSpace-AS is responsible for
processing any SocioSpace-related SIP messages and SDP data. SocioSpace-AS is also
responsible for managing user sessions, data flow within the system, interaction within the
MySQL database, XML parsing, social network interfacing, and much more. The SocioSpace-AS
XML module creates the SocioSpace XML data exchange protocol (SSXD) messages that are
responsible for communicating with the database and other components of the system.
SocioSpace-AS acts either as a SIP proxy server or as an SIP user agent, depending on the service
being requested. SocioSpace-AS functionalities will be discussed in detail in the following
sections.
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Figure 4.4 Some components of SocioSpace-AS and the System Manager

The SIP manager within SocioSpace-AS is responsible for interacting with the SS-CSCF.
Communication between these two modules is done via SIP messages. The SIP manager is thus
responsible for handling all core SIP messages, including REGISTER, ACK, INVITE,
MESSAGE, and so on. Methods are implemented for all the possible SIP messages. Any custom
messages are also implemented via different methods.
The SDP manager also exists within SocioSpace-AS. The SDP manager interacts with the MH
and parses SDP payloads. It parses SIP messages like INVITE. Connection information is
extracted from the INVITE message and passed on to the SIP manager, which handles the rest of
the SIP communication request.
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The SIP manager is also responsible for parsing data and creating SSXD messages, which are
then concatenated to the payload of SIP messages.
XML manager is responsible for authenticating XML messages, parsing them and translating the
information into syntax that can be interpreted by the database manager.
4.6.1 Connecting to a Space and Initiating a Session
Once the application has loaded, but before the user can connect onto the SocioSpace network,
the user needs to have access to an IP connectivity access network such as a 3G network, Wi-Fi,
Wi-Max or any connection that provides access to the Internet. By doing so, an IP address is
assigned to the MH; this is a prerequisite for connecting to the SocioSpace network. The user also
needs to have an account with SocioSpace. If they have never registered for an account, they will
need to do so first and agree to the terms of service. Once these prerequisites have been fulfilled,
the MH can connect to the space. The IP address of the SS-CSCF, with which the mobile device
will communicate, is returned to the MH. This step is necessary to allow the MH to communicate
with the different entities of the space, maintain presence, connect to other users within the space,
and much more. When the SS-CSCF discovery is completed, the MH will be able to exchange
SIP messages with the SS-CSCF. This connection is permanent for the duration of the time the
user remains within the space. The data flow is shown in Figure 4.5.
Once connectivity with the SS-CSCF has been established, the user agent sends out a basic SIP
registration to the SocioSpace network. This step must be carried out before any other SIP
messages are exchanged. In this step, SocioSpace authenticates and authorizes the MH to use the
network and connect to a space. A SIP REGISTER request is sent from the MH to the SS-CSCF.
SS-CSCF responds back with an UNAUTHORIZED message that represents an authentication
request. The MH responds with a REGISTER message that contains authentication information.
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Figure 4.5 Connecting to a New Space
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When SS-CSCF receives the second REGISTER request with the authentication information, it
requests the user’s authentication information from the Database Manager in SocioSpace-AS and
compares both versions. If they match, the user is logged in to the system and a 200 OK is sent
back to the MH’S user agent.
As soon as the MH gets the 200 OK acknowledgement, it initiates the procedure to connect to a
SocioSpace space. The user’s location (longitude and latitude) and information about any Wi-Fi
networks that are within reach, including their signal strengths, are included in the payload of a
SIP SUBSCRIBE message. This message is then sent to the SS-CSCF. The SS-CSCF interprets
the message and forwards it to LAS, which uses the provided information to choose the most
suitable space to connect the user to. It does so by communicating with the database manager to
retrieve the current list of available spaces and their coordinates. The MH is connected to a space
within reach. If there are no spaces within the vicinity of the MH, then the MH will be connected
to the global space.
After space connectivity is processed and a space is assigned to the user, the Presence Server
sends a 200 OK message to the user agent that contains the space information. This is followed
by the Presence Server’s first NOTIFY message, containing a list of all users within the space, as
well as contacts. Once the user agent receives the message and processes everything within the
message, it sends a 200 OK back to the Presence Server. The MH then sends the Presence Server
a PUBLISH message with its current PRESENCE information attached to the PUBLISH message
payload. As soon as the Presence Server receives the 200 OK message, it processes the messages,
extracts the presence information, and notifies all entities related to that MH of its new status. The
Presence Server then sends a 200 OK message to the MH.
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Now that the MH is connected to a space and registered with a Presence Server, it is time to
notify SocioSpace-AS of the presence of a new user so as to initiate a new session for that user to
communicate with the server. The MH’s user agent sends a SIP INVITE request message to the
SS-CSCF. The SS-CSCF reads the SIP message and evaluates the filter criteria within the
message. The filter criteria state that the SS-CSCF should perform a third party registration with
SocioSpace-AS. SS-CSCF therefore forwards the INVITE request to SocioSpace-AS. SS-CSCF
also sends back a 100 TRYING message to the user agent to inform it of the on-going attempt to
initiate a session. When SocioSpace-AS receives the INVITE request, it initiates a new session
and contacts the database manager to update the user’s status and to store session information
such as the MH’s current IP address and port. SocioSpace-AS then acknowledges the request
with a 200 OK response to finalize the session setup. The 200 OK message payload contains the
IP address and port number of the space’s server. The MH responds with an ACK message. From
now on, the space can send signalling and data messages directly to the MH’s user agent. The
SocioSpace system now considers this session active and saves all connectivity and session
information for that user. This sequence is shown in Figure 4.6.
4.6.2 SocioSpace XML Data Exchange Protocol (SSXD)
SSXD is a SocioSpace system-specific data exchange protocol that is responsible for transferring
data, requests, and commands between the SocioSpace-AS SIP manager and the MH user agent.
XML manager is responsible for all SSXD-related functionalities, such as SSXD creation and
parsing. It is also responsible for interfacing with the database manager and sending database
read/write commands based on SSXD.
Before a user agent can send a message to the SocioSpace-AS it needs to present the information
in SSXD format. To do so, the user agent calls writeSSXD, which processes the information
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provided within the parameters of the method and returns an XML-based SSXD message that
contains all the relevant information. This SSXD message is added to the payload of the SIP
message and sent to SocioSpace-AS.

Figure 4.6 Initiating a New Session
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Now the user is fully registered on the SocioSpace IMS system. The exchange of SSXD messages
between the user agent and the space is also enabled. The MH and its user agent are ready to
communicate with other MHs, the space, and services within the space. It can retrieve maps,
contacts, space feeds, and much more.
As soon as the message is received by the SS-AS, the SSXD message is extracted from the SIP
message and transferred to the XML manager within the user agent. The SSXD string is parsed
by parseSSXD to determine the command within the message. The relevant method for that
command is then executed. If the method is a setSocialContext method then the parseSSXD
parses the rest of the SSXD message to extract the FOAF social context. It then forwards the
information to the database manager, which in turn updates the user’s social context information
in the database. If the method is getSocialContext, the database manager is called and it queries
the database to retrieve the requested social context information. The database manager returns
the requested data as an FOAF string. This is encapsulated into an SSXD message, added to the
payload of the response SIP message, and sent through SS-CSCF to the user agent. Similar set
and get methods are also used to retrieve and save other data within the SocioSpace system.
The message is traversed from the SocioSpace-AS to the SS-CSCF, and is then forwarded to the
MH’s user agent. The user agent extracts the SSXD message using readSSXD. The entity within
the SocioSpace-AS that requested the social context can then parseFOAF to extract the social
context and make use of it in an appropriate way. This sequence is shown in Figure 4.7.
4.6.3 SocioSpace Application Data Flow Examples
To better understand how SSXD messages are transferred within the system, a few examples are
presented. SSXD messages can be classified into two categories: uni-directional and bidirectional. All features that require updates to the database, but don’t expect any SSXD
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response, are considered uni-directional. A few examples of uni-directional SSXD message
transfers include updating a user’s social context, sending a private message to another user,
writing a visitor message on another user’s profile, writing a new feed, and updating a user’s
preferences and policies.

Figure 4.7 Get Social Context
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Figure 4.8 Setting Policies

Users who would like to update their policies can use their MH UI to setup their new policy
preferences. When a user saves these new preferences, the user agent calls writeSSXD and
includes the new preferences as parameters. SIP manager then encapsulates the newly generated
SSXD messages within the payload of the SIP message. It also includes the command set
policies. In this way, the SocioSpace-AS will be able to know what it needs to do. The SIP
message is sent from the user agent to the SS-CSCF. SS-CSCF reads the header of the SIP
message, recognizes that it is destined for the SocioSpace-AS, and forwards it there. SocioSpaceAS parses the SSXD message and reads the setPolicies command. It therefore continues parsing
the rest of the SSXD message to extract the actual policies. The policies are then sent to the
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database manager in a setPolicies method call, and the database manager updates the database
with the new policy information. If the process is successful, SocioSpace-AS sends a 200OK SIP
message to the SS-CSCF, which in turn forwards it to the MH user agent. This sequence of data
exchange is shown in Figure 4.8

4.7 Communication and Session Management
Allowing communication between the user and space and facilitating collaboration between
different users are two of the most important benefits of SocioSpace. In this section, we analyze
the different options available in SocioSpace and explain the technical details behind each.
4.7.1 Private Messaging
A user can send a short message to another user within the system. This kind of message is called
a private message. Private messages consist of a subject, data and body. They are sent within an
SIP message and are thus limited to the maximum standard size of an SIP message. The
maximum allowed size of an SIP message is 1,500 bytes. This usually allows for about 160
characters, which is equivalent to a text (SMS) message.
If User A is trying to send a private message to User B, the data flow that occurs within
SocioSpace is as follows: User A writes the message and clicks on “send.” User Agent A
encapsulates the subject and message within an SIP message. Next, the SIP message is sent to the
SS-CSCF, which interprets the message and forwards it to User Agent B. SS-CSCF also forwards
the private message to SocioSpace-AS so as to have a copy of the message saved in the database.
SocioSpace-AS extracts the message and sends it to the database manager, asking for it to be
saved under User B’s messages. SocioSpace-AS then returns a 200 OK to SS-CSCF, which in
turn forwards it back to User Agent A.
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4.7.2 Instant Messaging
Instant messaging is a more advanced form of private messaging that requires initiating a full SIP
session. Instant messaging is a peer-to-peer messaging service; it involves the exchange of live
text messages between two users, and maintains a log of the messages that have been exchanged
during the on-going session.
The SIP messages and data flow in this case are as follows: User A initiates the instant messaging
process through their MH’s UI. User Agent A sends a SIP INVITE message with the SDP
information to the SS-CSCF. The SDP contains information about the requested session. When
the SS-CSCF receives the INVITE message, it forwards it to User Agent B. It also sends a 100
TRYING SIP message back to User Agent A to let it know that it has received the message and is
currently processing it. When User Agent B receives the INVITE message, it alerts User B of an
incoming chat request. If User B accepts the incoming chat request, User Agent B creates a new
200 OK SIP message and includes an SDP with the parameters of the new session. This message
is sent to the SS-CSCF, which then forwards it to User Agent A. When User Agent A receives the
200 OK message it sends a SIP ACK message to User Agent B through the SS-CSCF. A direct
data/conversation stream is then created between the two user agents, and the instant messaging
session is initiated. When one of the user agents wants to terminate a session, it sends a BYE SIP
message. The other user agent responds with an ACK. This marks the end of the session.
4.7.3 Feeds
A feed is a communication feature that allows users to post messages about their current statuses
or about anything on their minds. SocioSpace is unique in that it introduces the concept of geofeeds. Geo-feeds allow users to publish messages about events occurring within the space they
occupy. Feeds help create a live picture of the current events occurring in the space. Other users
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can access a user’s feed by visiting that user's profile. When they visit a user’s profile, all feeds
are automatically extracted and displayed.
The signalling sequence for adding a new feed is as follows: User A inputs a new feed through
the MH’s UI. The user agent creates a new SIP message and attaches the feed into the payload of
the message. It then sends a message to SS-CSCF. SS-CSCF reads the message header and
forwards it to SocioSpace-AS. The SIP manager within SocioSpace-AS extracts the feed and calls
the database manager, which saves the feed in the database. It also saves the time the feed was
added, the user’s ID and the space ID of the space the user is occupying. The SIP manager then
sends a 200 OK message to the SS-CSCF, which in turn forwards it to the user agent to confirm
the addition of the feed.
4.7.4 Voice Calls
SocioSpace allows users to call each other, and manages all aspects of their interaction from
session initiation all the way to call termination. Since both MHs have a SocioSpace application
with a SIP user agent, it is assumed that both devices have similar capabilities. SocioSpace only
supports basic voice calls between two users. Since the objective of SocioSpace is using social
networks to create Smart Spaces and services, the core framework neither requires nor provides
complex voice call implementation. It is up to the service providers and third parties to implement
more advanced multimedia features.
Assuming User A would like to call User B, the message exchange that takes place in this simple
SocioSpace voice call is as follows: when User A initiates the call, User Agent A sends a SIP
INVITE message to the SS-CSCF. This INVITE request contains a lot of information that is
essential in establishing a call, such as the IP address, port number, and more. When the SSCSCF receives the SIP message it replies back to User Agent A with a 100 TRYING message. It
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then forwards the INVITE request to User Agent B. When User Agent B receives the message it
notifies the user of an incoming call by playing a ringing sound or displaying an alert on the
screen. User Agent B also sends a 180 RINGING SIP message back to User Agent A through the
SS-CSCF. If User B accepts the call, User Agent B then sends a 200 OK message to User Agent
B through the SS-CSCF. A direct connection is established between the two mobile hosts and the
call is initiated.

4.8 Summary
In this chapter, we presented SocioSpace’s design, architecture and implementation details. We
described the system’s core features. We then explained the message exchanges that take place
between these different components, while also discussing other message exchanges that may be
used for a multitude of different services and functionalities. This was followed by an explanation
of the use of the underlying IMS network and interactions between IMS and different system
applications. Finally, we presented the generic user interface specifications and guidelines for
creating SocioSpace client applications.
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Chapter 5
Socio Ontology: An Ontology for Managing Contextual Services within
SocioSpace
Contextual services provide tailor-made services to SocioSpace users based on their context. This
context has three components: the physical where, the personal who, and the service context of
what. These three contexts, in themselves, have been well researched. Presentity and other
presence ontology define the where. Friends of a friend (FOAF) ontology and social network
mash-ups integrate the information from various networks to answer the who question and
service discovery mechanisms exist for finding the right service for a given task and its
requirements. But there is no concrete way for these services to communicate with each other to
provide a complete picture for a contextual service.

In this chapter, we present the Socio

Ontology. This ontology provides a taxonomy, as well as Semantic Web Rule Language (SWRL)
[54] reasoning rules, for integration of social network mash-ups with presentity information, the
aim being to expose services to users and users to services within the SocioSpace environment.

5.1 Introduction
Contextual services are services tailor-made for the users within SocioSpace. That is, SocioSpace
provides service to its users that are specific to their current needs, requirements or situations.
For instance, a university student might like to meet with classmates to prepare for a quiz, or
might like to find out if there are some friends in the vicinity to hang out with between classes. A
person in an airport waiting lounge might appreciate the information that a sports bar is showing a
game of their favourite team, or might appreciate information about a nearby sleeping area
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To provide services that can meet such desires, SocioSpace requires multiple types of
information. Information about users, their preferences, likes and dislikes and perhaps friends
and colleagues will be the first and foremost kinds of information required. This raises questions
about privacy of data. Although privacy is discussed briefly in this chapter and is an integral part
of the successful deployment of the system, a complete solution to privacy is beyond the scope of
this thesis. Second, the system needs to know where the user is and perhaps where other users
associated with this user are as well. This is called the presence of an entity. Within this
information, other sub-information would be required, such as status, accessibility (a person on
the other side of airport security is not as accessible as one who is on the same side!), etc. Some
services would require other information such as information about the distances between users,
or between users and services. Others may require specific service information such as which TV
channels are available for viewing in a bar. Although there are numerous possible applications of
the concept of contextual services within SocioSpace, in this chapter we simply consider the
example of an on-campus university using SocioSpace. We provide further details about our
example in Section 5.2.
Irrespective of the service and use case chosen, one common thread in contextual services is that
such services will require integration of a variety of information types and tools to effectively
utilize this information. It is also obvious that data interchange has to be open, interoperable and
extensible, since different services will exchange information and will all have their own
requirements.
To address this challenge in this section we present Socio, an ontology designed for a reasoning
and description engine for contextual services. Ontology is described as the study of the basic
nature of being, existence or reality. A specific ontology delineates and describes the basic
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objects, entities, properties and processes of a particular realm or system. Socio is an ontology in
this latter sense; it provides information about the fundamental nature of context and services
within SocioSpace. Since the possible types of SocioSpace services are infinite and in the future
could expand to include new domains, Socio has been conceived as an open-ended knowledge
acquisition system developed in Protégé [55]. Protégé allows for extension of the ontology among
contributing actors with minimal effort.
Socio Ontology is a fusion of various existing research efforts that have provided services,
ontologies or other information to support contextual services. The idea of contextual services is
not new, and different researchers have proposed various solutions for related sub-problems.
Socio, in contrast, is an effort to consolidate these independent efforts into a single but openended ontology. In this chapter we use a university scenario to present our ontology in order to
provide a comprehensive example. However the ontology can also be easily extended to other
SocioSpace scenarios and sitautions.
The main elements of Socio, for student location services, are gleaned from three domains. First
are the ontologies and standards defined for presence. Specifically we consider RFC 2779 [56],
RFC 3863 [57] and RFC 4482 [58]. Our second source is the social network ontology, which
provides user preference and relations data [59], [60], [61]. The third is a synthesis of ideas from
project Aura of Carnegie Mellon University [62] and from pervasive computing ontologies [63].
The chapter is organized as follows: first, in section 5.2, we describe an example in which Socio
Ontology could be used. In section 5.4, following a discussion of related work in section 5.3, we
introduce the components of Socio, namely the presence ontologies, the social mashup engine,
and the distance identification algorithms. In section 5.5 we describe the SWRL rules that are
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used for location service in a university. In Section 5.6 we draw some conclusions and discuss
possible future work.

5.2 Motivational Example
Joe gets out of his Political Science 101 (Pol101) class and has 20 minutes before his History 101
class. In Scenario One, he would like to prepare for a quiz before the class. In Scenario Two, he
just wants to hang out with friends during this time. If he is looking for someone to prepare with,
then he will want to use SocioSpace to find someone nearby who is in the same History 101 class,
is known to him and is available. If he just wants to hang out, then he will be looking for a close
friend who is nearby and available. A close friend might be, for example, someone who is in a
“close friend” circle in Google+ or a person with whom he communicates regularly on Facebook.
Since Joe has 20 minutes, the person should be within 5 minutes walking distance or less.
Availability means that the person should not be in a class, in a meeting, or have the status of
busy. The system should find a person who fits Joe's needs and notify Joe of the results.
As can be observed, this scenario involves a wealth of data coming from a variety of different
sources. The information is coming from multiple social networks, a user locator service, a
mapping and distance-finding service, and other sources. As we will discuss in the following
section, independent services exist to provide information for each of these needs. What is
required, however, is an ontology to place these information snippets into a coherent and concise
format for the system to reason about. Socio Ontology succinctly integrates these knowledge
snippets into a single coherent knowledge source for SocioSpace reasoning. In the next section,
we will discuss each of the underlying services that have provided us with the knowledge to
construct this ontology. This will be followed by a definition of Socio Ontology and its usage for
this application.
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5.3 Inherited Ontologies
Ontologies are designed to allow for multiple ontologies to be integrated together into a single,
more meaningful body of knowledge. This concept greatly favours our objective of creating an
ontology for contextual services that is based on a variety of other ontologies. However, it is
important that within a context, redundant or irrelevant concepts are removed to maintain a
concise representation. In this section, we discuss various ontologies that we have extended to
define the Socio Ontology.
5.3.1 Knowledge of Presence
The basic ontology for managing presentity information is the Presence Information Data Format
(PIDF) [64], designed by the IETF as a guide to presence implementations. PIDF, in turn, is
based on the Common Profile for Presence (CPP) [65] and the Instant Messaging and Presence
Protocol (IMPP) [66]. The major concepts of interest from PIDF are the base Person, status,
relationships and sphere, but we extend the meaning of sphere to suit our needs.
Because of PIDF's extensible format and its standardized representation in XML, it provides a
very reliable base on top of which many extensions have been built. While none of these
extensions are perfectly suited to our system, many of them provide very useful ideas that our
system inherits, extends, and enhances. We describe these different extensions and explain why,
in themselves, they are insufficient for our purposes. We also explain which parts are inherited
and extended by our own ontology.
For our purposes, we have found the Contact Information in Presence Information Data (CIPID)
[67] format to be the most appropriate extension of PIDF. CIPID defines a full set of contact
elements that allow the user's contact information to be represented in more detail than PIDF
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elements. Socio Ontology uses some of these elements in its construction including: displayname, card, homepage, icon, msg, and sound.
Although these CIPID elements help include more information about the user, they are limited to
basic contact information and some messaging-related features. They define contact information
rather than synthesised properties such as the user's mood and activities. Furthermore, they do not
exploit the wealth of information present in social networks. Therefore, CIPID alone is not
sufficient for providing a comprehensive ontology. The icon element is used but is named
avatar instead, and it provides a URI pointing to an image (icon) representing the person.
5.3.2 Knowledge from Social network
As previously mentioned, FOAF is the standard base ontology for social network information
interchange. Various systems have extended FOAF for their specific uses, but this has meant that
the extensions were not easy to inherit for other uses. There has been some research work that
builds on these extensions but it has been more in the scope of automated extensions. For
example “Ontologies Are Us” by Mika [68] is an influential research paper that extends the
traditional bipartite model of ontologies within the social dimension, leading to a tripartite model
of actors, concepts and instances. It introduces a third dimension in ontology, that of a person. For
our purposes, however, we classify a person as a separate concept and not a third dimension, as it
is more relevant to our concerns. Another way to represent knowledge from social networks is to
combine multiple social networks into a single integrated ontology. The Social Ontology Mashup
by Zhou, Chen and Yu [69] achieves this by setting up a social network mashup under its own
ontology.
Our current application does not require extensive or automated extensions to FOAF. There are
some specific concepts that we need, which we manually add to our ontology. In the future, such
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tools may be of use for other applications of SocioSpace. We do, however, plan to use social
ontology mashups to enrich the data populating our ontology. In Section 5.4, we show how
FOAF is used to provide social context representation for a Person.
5.3.3 Spaces, Locations and Distances
There are two aspects of mapping services and users. One is to identify the objects in a space and
the other is to identify their distance from each other.
Ontologies for pervasive environments provide the most detailed works with respect to space,
locations, and what they contain. Specifically, work by Chen, Finin, and Joshi [70] is especially
important, as their context of usage of the space is similar to our usage. The Socio Ontology
inherits the concepts of place and agent from Chen’s work. We model location context as a
property rather than a class as it makes the reasoning more appropriate for our system. We see
potential in the use of activity context, as well, in our ontology. This would be helpful when
we try deducing the status of a student automatically. Our current sensors and information do not
allow for retreival of such information, so we therefore leave these concepts out but they can be
adopted for ontology extensions.
The most advanced work which is translatable to a logical domain is the CMU’s Aura system,
which introduces a hybrid location model for finding distances. This is a real-time model which
returns distances between different points of reference. We use an offline model in which
distances between locations are identified and presentity information is super-imposed over this
model.
5.3.4 Reasoning over Ontology
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Once an ontology is created, we can reason about the concepts to achieve applications goals. Our
main inspiration for this reasoning comes from Alvi and Greeves’ work on reasoning over OWL
ontology using SWRL. We use a similar rules engine to set up our logic for contextual service.

5.4 Social Context Representation for a Person
For a social network-dependent system such as SocioSpace to make use of users’ social profiles,
it is necessary to have a mechanism for identifying different users, reading their profiles, and then
translating that information into a format that can be read and understood by other entities within
the system. RDF can be combined with other technologies to describe people, objects, and the
relationships between them in an abstract manner. Social networking websites can become rich
data sources that can be interpreted by the semantic RDF module. The data would then become
machine-consumable and could be used to provide an enhanced view and rich source of
information about a social network-dependent system. How the standardized data would then be
interlinked and aggregated to form a meaningful picture is beyond the scope of this section. This
section focuses on retrieving the information from different social networks, identifying a single
user’s profile on multiple networks, and translating the profile data into a unified language that
can be understood by any SocioSpace-related module.
RDF defines a resource as any object that is uniquely identifiable by a uniform resource identifier
(URI). The properties associated with resources are identified by property-types, and propertytypes have corresponding values. Property-types express the relationships of values associated
with resources. In RDF, values may be atomic in nature (e.g., text strings, numbers, and so forth)
or complex; complex values, in turn, have their own properties. A collection of properties that
refers to the same resource is called a description. At the core of RDF is a syntax-independent
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model for representing resources and their corresponding descriptions. For instance, in a social
network we can represent a member as shown in Figure 5.1.

Figure 5.1 Representing a Member in RDF

If additional descriptive information regarding the member is desired (e.g., the member’s email
address and affiliated network), an elaboration on the previous example will be required. In this
case, descriptive information about Jane Smith is desired. Before descriptive properties can be
expressed about the member Jane Smith, SocioSpace needs to have a unique identifiable resource
representing her. Given the directed label graph notation in the previous example, the data model
corresponding to this description is graphically represented as in Figure 5.2.

Figure 5.2 RDF Data Model for a Social network
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The syntactic vocabulary we use to describe the profile data extracted is FOAF. By using FOAF
syntax, modules within a social network-dependent system will be able to exchange and represent
social network data in a unified and machine-readable manner, since FOAF specifies ontology for
representing people, objects, and the relationships that they share. People, their attributes, and
relationships can be modeled using FOAF and these concepts:
•

Person (Object): Each person is represented as a foaf:person instance.

•

Profile (Attributes): Each person has certain properties such as a name–foaf:name,
gender–foaf:gender, and profile picture–foaf:img.

•

Relationships: Each person has friends and relationships that are represented using
foaf:knows.

The foaf:Person class represents people. An element is tagged as a foaf:Person if it is a
user of the system. The foaf:name and foaf:email are examples of attributes, whereas a
relationship is a foaf:knows. These attributes and relationships can also be called properties.
FOAF will enable other modules within a system to exchange a large number of properties such
as name, gender, age, interests, email, and others.
Figure 5.3 shows a simple FOAF representation for a social network user profile. In this example
we show Jane’s social network profile. One of her interests is yoga. We then show how the
information in the profile is used to form the FOAF semantics. Within the social context
representation is the line <foaf:interest>Yoga</foaf:interest> which is a
translation of this information from Jane’s profile. This format is more machine-readable, and it is
easier for other SocioSpace entities to understand it.
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<rdf:RDF xml:lang="en">
<foaf:Person>
<foaf:name>Jane Smith</foaf:name>
<foaf:nick>jsmith</foaf:nick>
<foaf:interest>Yoga</foaf:interest>
<foaf:interest dc:title="Comedy Movies"
rdf:resource="http://www.imdb.com/Sections/Genres/Comedy"/>
<foaf:knows>
<foaf:Person>
<foaf:name>Jessica Lee</foaf:name>
</foaf:knows>
</foaf:Person>
</rdf:RDF>

Figure 5.3 FOAF Representation of a Social Network User Profile
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This FOAF information is only part of the information that flows within SocioSpace. FOAF is
used to represent a Person class in the Socio Ontology, as will be explained in the following
section.

5.5 The Socio Ontology
The goal of Socio is to provide a taxonomy for interaction of different kinds of information and
sources to create contexual services. To achieve this, we merge and extend a number of existing
ontologies. For the services and RFCs for which ontologies were not available, we created classes
and their properties to appropriately represent the concepts and the context they represent. Table
5.1 lists the classes and their related properties in Socio.

We have grouped the concepts

according to the generalized concepts. This also represents the hierarchy that is maintained by
Socio. We will discuss each super-class of concepts and will selectively discuss sub-classes.
There are two types of properties: Data properties are attributes of a class. For instance
Display_name is an attribute of an object. The other type of property is the object property
and it is used to associate two objects with each other. For example Joe Smith likes Skiing. In this
example likes property links the object representing Joe with the object representing the skiing.
In Table 5.1 classes are presented in blue and properties in white.
A Person has three views in our ontology: social, personal, and presentity. Social view defines
who the person knows and who knows this person. This is defined through the property knows.
This is an extension of the FOAF social ontology. We have added sub-classes of this property to
define the type of relationship, including friend, family, colleague, classmate, and others. This
view also contains basic privacy limitations on who can find or see a profile through the
properties who_can_find and who_can_see_profile. Personal information includes
what a person likes. We extended the basic like of CIPID to include what one reads, sees,
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listens_to and likes since this provides more detailed information. Furthermore, it is easy
to gather this information from existing social networks. The third view is of presentity via a
social network’s API. Presentity primarily identifies where a person is and what the person’s
status is. We extend this to include the concept of Sphere, and augment the status update
through who_can_find and who_can_see properties.
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Table 5.1 Socio Classes and Their Related Properties. Blue: Classes, White: Attributes and
behaviours

A person has different spheres in life. A person may have a personal or romantic life, a group of
close friends, colleagues from work, classmates, or other spheres. Most people would not want to
share all their information with everyone. This includes the information on social networks as
well as their whereabouts. Furthermore, a person may want to automate the switching of spheres.
For example, when the person is in the library, she may not want anyone to find her, but if she is
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in a cafeteria she might like to be found by members of her extended circle of friends. To support
these accessibility rights, and provide users with a method to define limits of availability, we
present the concept of the Sphere. A Person can have multiple Spheres. Each sphere can
have multiple other users and services. When a sphere is activated, a query by a second person or
service within that sphere will be available. In this way, the sphere controls the availability
information of the user. The sphere activation can be associated with places using sphere_in
property. This automates the transitions of availability policies as the person moves through a
daily routine.
The concept of the Course class is university-centric. Course represents a course taught at the
university. Students register in a course. The course has timing and registered properties.
Ecard class is the Socio Ontology display information for SocioSpace. This includes an
avatar or an image to show, a display_name, and an optional sound that the user may
want to play. This broadly follows from the FOAF ontology. Ecards can be associated with
specific spheres, such that when a sphere is activated, the Ecard values also get updated.
Another Socio Ontology class is status. There are two functions for status: one is to appear
on the screen of the other users viewing a user’s profile, and the other is to determine the
accessibility of the user. This works in conjunction with the Sphere’s and Person’s
properties. There is also the concept of timed_status. This status can be set up to start at a
particular time for a set duration. For example, a person can set a timed offline status while in
class or while taking a nap.
The Place class deals with locations of users. There are two types of places, buildings and
spaces. Spaces include parks, walkways, offices and lecture halls. Buildings include lecture
hall buildings, a cafeteria, or the gym. We differentiate between these two concepts for practical
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reasons: a person within the same building is easily reachable. Distances are used to measure
the distance between two spaces. reachability, on the other hand, defines whether a place
is reachable from another. For instance, two offices might be next to each other but in different
buildings. In such situations, reachability defines the cohesiveness of places with respect to
accessibility to another place. This attribute is used in conjunction with the distance attribute
to allow inferences about who is accessible to a person at a given time.
Since the rule language SWRL is monotonic, PPS will edit the fact base to update the user’s
location information. This will require actively updating the location fields in the fact base
instead of their being inferred through SWRL rules.
Regarding the Service class, there are two types of services – although we do not distinguish
between them in the Socio Ontology, as their differences do not practically affect the ontology
and its functionality. The first type of services are those which query the users for information.
This includes parts of the distance service, which queries users to find persons in the close
proximity of a location. The second type of services are those that a person may use. This
includes friend finder and classmate finder. For the services which query a person, the person’s
attribute of service_can_find defines the accessibility settings. On the other hand, services
which are queried by persons manage their accessibility by the properties person_can_find
and person_can_view.
The concept of Distance in Socio Ontology is the contextual distance between places. Since,
in our context, the important factor is reachability, we divide distance into sub-concepts of
close_to, walking, walking_far, far, and driving. This is a context-sensitive
definition of distance and is more useful in our case than distance measured in specific units.
Since we measure distance between places, we can set up distances between specific spaces.
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Suppose, for example, that a lecture hall is on the lower level and an office in the same building is
on the 20th floor; then although a GPS will show them as being a short distance apart, in reality it
may take up to five minutes to travel from one to the other. A context-sensitive conceptualization
is thus more appropriate for our system. Secondly, since the distances between places do not
change, we calculate distances between people using this static model, which reduces the runtime
complexity of distance-finding for each user.

5.6 Ontology Relationships
Figure 5.4 shows the ontology in a UML class diagram representation. Since the ontology
represents a new view of the world, the class diagram representation is able to capture some
aspects of the ontology. OWL syntax permits two types of attributes: object attributes and data
attributes. Whereas data attributes can be considered attributes of a class, object attributes define
relationships between classes. The object attributes are expressed in the class diagram as binary
relationships and the data attributes as attributes of the class. In addition, there are concepts
which are used as archetypes to define relationships with other entities. For instance, a place
has a distance with another place. This distance can be of three types. In OWL, this is
achieved through a hierarchy. For example, the type of distance is expressed through the
distance’s sub properties. In the class diagram we use associated classes to express the same
concept.
The class diagram also shows the relationships that a person can have with other persons. It
shows that sphere activates different statuses which can be of timed type. The place is
extended as building and space and as has been expressed as a relationship of type
distance that exists between different spaces. Course is associated with person as an
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in.
*

-enrollment

Course
-timing

*

*

*
-likes

*

Person

-registered

-Given name
*

Ecard

*

*

*

*
*

-display name
-sound
-avatar

* -of
*

*
*

*

-knows/family/friend

* Sphere

-activate

Status

-who_can_see/who_can_find

-name
*

*

-sphere_in

*

*

TimeStatus

Service
-name
-disc
+find()
+see_profile()

-duration
-start
*

*

*

Place
*

*

Building

*
*

-in

*
Class

Distance
*

Space

*
*
Office

Walking

Far

Close

Figure 5.4 Class Diagram Representation of the Ontology

5.7 Testing the Ontology through Protégé
Semantic Web Rule Language (SWRL) [71] is a language based on the Web Ontology Language
(OWL) [72], which is used to define rules for the semantic web. Since SWRL is based on OWL,
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it can be used for general purpose rules. It can be used for OWL-based descriptions including
ontologies designed using Protégé.
In this section we will define SWRL rules to infer results for the example presented in Section
5.2.
In the first scenario we would like to locate a person who is either close to a user’s current
location or to the location of the class. The person should be a student in the same class and
should have at least some knowledge of the requester (that is, the person should be part of the
requester's extended social network). The following SWRL enforces these constraints and
searches its fact base for such a person:
Person(X1) Λ registered(‘HIS101_sec1’,X2) Λ same(X1,X2) Λ
close(‘Goodwin_Hall_5th_Floor, X3) Λ same(X2,X3) Λ
timing(‘HIS101_sec1’,T1) → can_study(‘currTime’-T1,Joe,X1)
After this assertion the following query will list all the people who are taking History 101, section
1, and are close to the 5th floor of Goodwin Hall.
can_study(‘currTime’,Joe,X1)
Since can_study is inferred with a duration running from the current time until the start of the
class, when this query is run, if the current time is between the time of assertion and the time of
class, then X1 will return a list of all the persons who are candidates.
The most efficient way to extract information from OWL ontology in Protégé is DL query [73].
DL query uses Manchester OWL syntax. The query for scenario 1 can be expressed as follows:
registered some (Course and 'Given name' value "sec1") and is_in some
(close_to value sse_passage_1) and person_status value available
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This query returns a person who is registered in the sec 1 and is close to sse passage 1, where Joe
is located. The response in Protégé is shown in Figure 5.5.

Figure 5.5 Output of Classmate Location Query

This person is in sse_passage_2, which is close to sse_passage_1. He is registered in the course
for which Joe has to prepare and is available right now.
In the second scenario we are trying to locate a close friend. We therefore search for a person
who is in the friends list of the requester. A close friend is described in different terms in
different social networks. A good way of identifying a close friend is through the use of a social
ontology mashup that uses different metrics. On top of being in the friends list of the requester, a
second constraint is that the person must be within a distance range that qualifies as close to the
requestor. The last constraint is that the person should have open (online) status.
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Person(X1) Λ Close_friend(Joe,X1) Λ close(‘cafetaria’,Y2) Λ
in(Y2,X2) Λ same(X1,X2) Λ status(‘open’,X3) Λ same(X2,X3) Λ
status_duration(X4,T1) Λ same(X3,X4) Λ same(X1,X4)→
available_till(‘currTime’+T1,Joe,X1)
The SWRL rule described above enforces that X1 be Joe’s friend, be in a location which is close
to the cafeteria, and have status of “open.” If these conditions are all met, then PPS should make
Joe and X1 available to each other for the next T1 minutes, where T1 is the status duration set for
user X1. As can be seen, this rule does not affect the status of Joe or X1, and by including the time
‘currTime’+ T1 we can explicitly query people available to Joe for the time in question.
After this assertion, Joe can simply search the database to find people who satisfy the
requirements and are available for the next 10 minutes.
available_till(‘currTime’+10,Joe,X1)
Now we test these queries using DL query in Protégé. The OWL syntax for this query is as
follows:
close_friend value Joe and is_in some (close_to value sse_passage_1) and
hasStatus value available
Figure 5.6 shows the output of the query. This time the query returns Sue, who is a close friend
and is in the same area as Joe.

5.8 Use of the Ontology in SocioSpace
So far in this chapter, our focus has been on defining the logical constructs to provide a
contextual service for university students. However, this logical construct requires physical
modules within SocioSpace on which to run. In this section, we briefly describe the architecture
of the SocioSpace modules that are required to implement this logical structure. The discussion
here is brief, and will be taken up in more detail later when we focus on PPS.
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Figure 5.6 Output of Searching for a Friend Nearby Query

There are three aspects to deploying contextual services in cases similar to the one we have
discussed above. First, data must be collected from a variety of different sources and represented
in the ontological paradigm. Second, the ontology and rules for new services and contexts must
be designed. Third, PPS must combine the data collected from different sources, apply the
ontology and rules to it, and provide the actual service to the user. Here we will discuss each in
turn.
5.8.1 Data Collection
Web services have made the task of data collection from different sources much simpler. Most
social networks provide their data through web services. SocioSpace services, which are
developed for presentity or for contextual services, explicitly use services to broadcast their
functionality and data.
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Since services are rarely designed to compete in the same environment, but are rather
complementary in nature, combining different services under a single system does not give rise to
redundant or conflicting information. Combining service ontologies is thus usually
straightforward. However, various social networks exist which capture certain aspects of a user,
and due to their competing nature can contain redundant, and in some cases even conflicting,
data. Various researchers have already attempted to solve this problem. Prior to our effort with
Socio Ontology, various researchers have attempted to combine data from different social
networks. For instance, Golbeck and Rothstein [74] use FOAF and reasoning to combine data
from different social networks for a consolidated fact base. We intend to use Golbeck and Roth’s
method to combine social network data.
5.8.2 Ontology Design
SocioSpace supports different kinds of services, and therefore Socio has been developed as an
extendable ontology for contextual services. We envision the Socio Ontology as extending
beyond our definition, so as to fit into various contexts for different services. This will mean that
new service and location concepts will be added to the system. In addition, some other userrelated concepts may also be needed in future. We have therefore used Protégé Collaborative
environment to allow for extending the Socio Ontology to new services and locations. The goal
is to enable third-party users, services and locations to add concepts relevant to their own
contextual use to the Socio Ontology. For this, the collaborative Protégé environment provides
the best tools. It allows multiple users to edit and use the Socio Ontology.
5.8.3 Utilizing the Ontology through PPS
Simply creating an ontology for users is not enough to enable management of presence and
policies across SocioSpace. PPS, shown in Figure 5.7, is needed to manage presence and filter it
124

as necessary, based on the Socio Ontology, before forwarding it to other entities. PPS is capable
of providing a plethora of information to all users within the space. Changes to existing states
within the system are detected by PPS and propagated to all users interested in that information.
New services added to the space by third party developers are able to read, understand, and
interact with PPS. As a result, services are able to deliver presence information by understanding
users’ preferences and requirements through the Socio Ontology.
Presence can be interpreted as a service that allows a user to be informed about the availability of
another user. Users can set their statuses and share information about their devices and their
multimedia and other capabilities.
PPS assigns different roles to different entities within the system. Users and services provide
presence information, and are therefore defined as presentities. The presence information
supplied by users and services includes properties and attributes, statuses, network capabilities,
features, and more. Every device acts as a presence user agent and every service has a presence
service agent module. Presence user and service agents provide information about a user's or
service’s current presence.
A presence user agent knows whether the user is logged in or not, and has information about the
user’s registration status and about which kinds of sessions they are currently running. If the user
is engaged in any kind of communication, the user agent is also aware of that. User agents can
have even more information, such as a user’s preferences, which kinds of communications the
user is interested in or capable of accepting, and even when a user will be available or what the
user is doing right now. All information gathered by user agents is then forwarded to PPS.
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Figure 5.7 PPS and Related Modules

PPS gathers all information about a single user or service and creates a complete picture of that
user. It does the same for all users and services within the space, and thus creates a complete
presence picture of the whole space. The server controls all the information flowing through the
presence framework. It coordinates between presentities, presence user agents, service agents,
and watchers. PPS also acts as a proxy server for subscription requests.
User and server agents can also act as watchers that monitor the presence of other presentities that
a user is subscribed to, and can request updates about changes to their presence information.
Presence Server is the application deployed at locations to provide contextual service to the users.
In SocioSpace PPS has these main tasks:
§

Collect user and service data through web services;

§

Translate or integrate collected data into the Socio Ontology;
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§

Construct and map facts for location concepts and save them in the ontology fact base;

§

Constantly monitor user movement and update the ontology accordingly;

§

Respond to requests for services by users or other services by querying the fact base; this
query may be simple - for retrieving some data - or complex, requiring execution of
SWRL rules.

Figure 5.8 PPS Architecture

As can be seen in Figure 5.8, PPS is a broker for data. The data itself is stored in OWL format in
the fact base. It is collected from social networks, local services and the Location Service. A web-
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service agent acts on behalf of PPS to collect this data. Some data is in ontology form and directly
stored in the fact base. For others, conversion to an ontology format is required.
There are two entities which use/need this data. Services query simple facts from fact bases.
These may require reasoning and are therefore called from the reasoning request handler; or, if
they are simple fact requests, then they are sent to the query request handler. The most important
requester of the service in our context is the individual user, who queries the reasoning handler
for information – such as information about a classmate in the vicinity with whom to discuss a
quiz, or about a friend nearby to spend some time with. This requires logical inference based on
the data from various sources. The result is provided to the user in an appropriate display. The
way Socio Ontology is described using W3C RDF schema is presented in Appendix C.

5.9 Conclusion and Possible Extensions
In this chapter we have presented Socio Ontology, an ontology that delivers contextual services to
users and services within SocioSpace. We have presented a taxonomy that integrates information
about presence, social networks, services and preferences. Additionally, we have presented
logical rules for a contextual person locator in a university student scenario. We have shown how
this ontology is capable of finding a relevant person in two different contexts.
A way of carrying out a comprehensive evaluation of the ontology is a viable extention to the
current work. An ontology that would provide extensbility while maintaining a high level of
privacy options needs to be studied further. Soctiospace would require the following features in
the ontology:
•

Support for heterogeneous contexts, users, spaces, etc.

•

Ontology extensibility

•

Privacy options
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Socio ontology was mainly concenred with the support for heterogeneity and ontology
extensibility and only handles privacy to a certain extent.
In terms of extending Socio ontology, we see two extensions which will make it more useful for
dealing with contextual services. First, we would like to incorporate PIDF-diff. This will aid
in environments where low bandwidth and high latency links can exist and where it is often
beneficial to limit the amount of transported information over the network. Through PIDFdiff, only the updates to ontology require propagation, and the entire ontology is not
transported for reasoning.

This will be even more important when we have a very large

population using our ontology. We will also use a version attribute, which consists of a
sequence number that is incremented by one between subsequent document updates. This number
can be used to ensure consistent updates, as the recipient of the document can use the “version”
number to properly order received documents and to ensure that updates have not been lost.
Second, service is concerned with knowledge of future plans. So far, all the presence information
and ontology that we have created describes the current state of the presentity only. However, a
watcher, user, or service requesting information about a user can better plan communications if it
knows about the presentity's future plans. For example, if a watcher knows that the presentity is
about to travel, it might initiate certain communication sessions ahead of time. Also, events and
calendars play a major role in current social networks; therefore, having a smart social space that
makes use of this information is crucial.
It is also useful to represent past information, since it may be the only known presence
information. It may give watchers an indication of the current status. For example, the
information that the presentity was at an off-site meeting that ended an hour ago indicates that the
presentity is likely to be in transit at the current time. We use the timed-status element
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specified in RFC 4481 [75], a child of the tuple element. The timed-status element includes
a from attribute, and may also include an until attribute to describe, respectively, the time
when the status assumed this value and the duration of time for which the element is expected to
be valid. If the until attribute is missing, the information is assumed to be valid until the
watcher receives new presence information that overrides it.
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Chapter 6
SocioSpace Performance Analysis and Benchmarking
A fully functional prototype of SocioSpace has been implemented (See Appendix D). In this
chapter we provide a proof of concept of the system and present the different use cases that have
been tested. We also outline the performance analysis used to test the scalability and faulttolerance of the system. We explain the test setup used and how SocioSpace was implemented.
This is followed by the presentation of the implemented use cases. We continue the proof of
concept of the prototype with a full scenario of one of the use cases. We define test cases and run
the scenario through these cases. A complete and successful proof of concept is presented and
discussed. Next, we present SocioSpace Online, the web interface system. This chapter will show
that SocioSpace is a feasible, scalable and viable system.

6.1 Test Setup
In the complete system architecture, the various components were developed to create a real and
accurate representation of the proposed framework and design. Different platforms and
programming languages were used for different parts of the system. The core components were
developed using the Java 2 Standard Development Kit (J2SE SDK) on a Ubuntu Linux version
10.10 (but compatible with other operating systems). The clients were developed using objective
C and Cocoa on the Apple iOS version 4.2. The IMS-based SIP user agent used is a custom Cbased implementation. The database uses MySQL, and phpMyAdmin is used for managing the
database. Web services are implemented in PHP and JavaScript. Figure 6.1 shows the overall test
setup.
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Figure 6.1 Test Setup

6.2 Tested Use Cases
In this section, we present the different test cases that we developed in the SocioSpace prototype.
These test cases include targeted advertising delivery, adaptive room, background music player,
space-tagging, and user-to-user communication. A few of these scenarios are presented in Figure
6.2.
Targeted Advertising Delivery (Contextising): With all the social context information of its
mobile app users within the space, SocioSpace delivers relevant ads most likely to interest users
through equipment such as stationed monitors, TV screens, Jumbotrons, speakers, or on the users’
mobile devices.
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Targeted advertising makes up a fraction of the overall experience that SocioSpace end users
receive. Given the breadth and variety of highly personalized content and social and ambient
services that SocioSpace users seamlessly receive at no cost, advertising exposure is a minimal
price to pay. Furthermore, ads are just as highly personalized as the experience-enhancing
services that users receive, so users will only encounter ads for products and services that align
with their values and preferences. Like so many other new technology and social network
business models, advertising revenue allows people to take advantage of helpful and convenient
services free of charge.

Figure 6.2 SocioSpace at Home
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Adaptive Room: Anywhere can be a SocioSpace place. Not limited to large public spaces with
constantly flowing foot traffic, SocioSpace can also adapt a private room for its occupant. One
example: a hotel room. When a new guest enters, the room environment adjusts to appeal to that
person. The décor and lighting can change to adapt to the occupant’s colour preferences. The TV
also displays a menu of the user’s favourite shows and any episode can be played on-demand.
Using the SocioSpace mobile app or online social network, guests can also request customized
amenities in their rooms prior to check-in.
Background Music Player: In the physical retail and restaurant/bar environment, most
establishments play music predicted to appeal to their customers. Sometimes the predictions are
accurate, but often they are not. The SocioSpace background music player plays music most
likely to appeal to the largest number of people in the space at any given moment. SocioSpace
acquires users’ social context information and connects with music APIs, which create algorithms
that play music likely to be enjoyed by the majority of customers at that moment. Enjoyable
music increases the likelihood that customers will stay longer in the store and make more
purchases.
Space-tagging: With space-tagging, users can post their thoughts and experiences to SocioSpace
feeds while located in the Smart Space. Over time, these feeds help build a publicly accessible
picture of the space, so that potential and loyal customers can learn more about special events that
occur, the clientele, and much more.
User-to-User Communication: SocioSpace currently provides a series of user-to-user
communication test cases. One example is the ability to communicate with other users within the
SocioSpace place. Users can make friends with other users, see others’ social network profiles,
and engage in voice conferencing and private messaging.
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All of the abovementioned test cases have been fully designed, implemented and tested; and they
work as expected.

6.3 Performance Analysis of SocioSpace’s Service Delivery Capabilities
In this evaluation we test the presence of SocioSpace’s service delivery platform. This is
constituted by PPS and all modules that interact with it, including the User Agent, SS-AS Server
and Agent, Capability, Space and Service Managers. We measure the utilization of memory and
CPU, packet loss, and response time. The SIP User Agent records the packet loss and response
time. The delay between receiving a NOTIFY message after sending a PUBLISH message is the
response time. The amount of lost NOTIFY messages that should have been received are referred
to as a percentage packet loss. Packet loss indicates that PPS is being overloaded. PPS also
samples the CPU and memory utilization.
The experimental steps are as follows:
1. Start the SocioSpace System (this starts PPS too).
2. Start N emulated clients.
3. For each client:
•

Send a PUBLISH message to PPS to login in.

•

Send a SUBSCRIBE messages to subscribe to other users. This means
that when the clients change their status they will receive a notification
message.

•

Send PUBLISH messages to PPS at different rates and different
quantities.
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The performance metrics are:
•

Average response time: The average delay between receiving a NOTIFY message after
sending a PUBLISH message. The ideal response time depends on the application. Some
applications need a response time that does not exceed a few milliseconds, while others
can tolerate response time delays of up to a few seconds. For SocioSpace, the response
time should be minimal and not exceed a few milliseconds. A response time of 1 second
or more is considered excessive because it drastically affects the user experience.

•

Percentage of packets received: The percetnage of packets delivered successfully.
Percentage of packets received is expected to be 100%. Any packet loss, even if minimal,
cannot be tolerated because it means important data is not being delivered. Should packet
loss occur, it would indicate that PPS is being overloaded.

•

CPU usage: The amount of time for which the CPU is used for processing Sociospace
tasks and instructions. CPU usuage should not exceed 70% for a reliable and steady
performance [76].

To run the abovementioned tests, two machines were used. SocioSpace and all of its server side
components were installed on a desktop machine with a 4 Core Intel Xeon L5520 processor and
1GB of RAM. The User Agents were simulated on another machine with an Intel Core i5-2430M
2.40GHz Dual-Core processor with 3GB of RAM. The machines were located in different places.
The main machine running the SociosSpace server was situated in Newark, New Jersey in the
United States, at a Cloud-Based Datacentre. The reason for not running the server locally was to
test the system under realistic conditions. The other machine simulating users and services was
run locally. It was connected to the Internet through wired 100BASE-TX Ethernet.
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The experiment involved different User Agents representing users and services sending
PUBLISH messages to PPS, requesting to login to SocioSpace. Different SUBSCRIBE messages
were then sent by the users and services to follow other users’ or services’ statuses. The users and
services then randomly changed their information. This means that other entities following them
received a NOTIFICATION message when a change in the status occured. PUBLISH messages
were then sent at different rates and quantities to PPS. The average response time and percentage
of packets received were then measured. Memory and CPU usage by the main server were also
measured.
The performance of Sociospace’s service delivery platform within a given period is measured by
the first experiment. In order for this to be achieved, 10,000 PUBLISH notifications were sent to
PPS by the user and service SIP client at different rates. These rates ranged from 1 packet per
second to 500 packets per second.
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Figure 6.3 Graph of Packets Sent per Second v. Response Time
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Figure 6.3 and Figure 6.4 show that when the PUBLISH rate is equal to or below 60 packets per
second there is no packet loss, and the average response time remains at around 60 milliseconds.
Response time greatly increases with higher rates. There is however, a packet loss of 10%–20%.
PPS works fine at a lower PUBLISH rate, as shown in Figue 6.4. NOTIFY messages are skipped
when the Presence Server is overloaded, which occurs when the PUBLISH rate reaches 70
packets/second. This means that SocioSpace service delivery can operate normally when it’s
receiving 60 packets or less per second. The graph in Figure 6.3 shows that the delay is correlated
to the number of services. The CPU, hard drive, memory and ethernet resource utilization is being
split amongst the different services. The requests start competing for resources after a certain
amount of time because of input/output demands, competition between the Operating System and
the requests or due to the scheduler design.
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Figure 6.4 Graph of Packets Sent per Second v. Percentage of Packets Received
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The second experiment was conducted to enable us to evaluate SocioSpaces performance under a
high and bulk load of requests. Simultaneous requests from users and services were sent to PPS at
predefined time intervals. This was achieved by having users and services send simultaneous
PUBLISH packets at a fixed speed of 100 packets/second. Thus, PPS received simultaneous
packets in bulk. Results of the response time and NOTIFY packets received are shown in Figure
6.5 and Figure 6.6 respectively.
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Figure 6.5 Graph of Total Number of Simultaneous Packets v. Response Time

When the bulk load of packets is less than 100, the PPS behaves well. The average response time
increases when the number of simultaneous messages is increased. At the same time, there is also
a packet loss of 5%–10%. Results indicate that packages of up to 100 can be handled by the
service delivery platform, but it overloads with larger amounts.
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Figure 6.6 Graph of Total Number of Simultaneous Packets v. Percentage of Response Time

6.4 SocioSpace Benchmarking and Fault-Tolerance
We carried out benchmarking tests of SocioSpace to test the number of users it can support under
different processor powers. The system was tested under different loads, and the number of
overlay users and number of servers was varied. To run the following set of tests we installed
SocioSpace on a server with two 4 core Intel Xeon L5520 processors.
We emulated the users requesting services (which represented the workload). So we basically had
100, 200, 300, etc. users doing different tasks. We wanted to reflect the real user environments
and therefore had different scenarios involving walking into a space, registering and the ambiance
changing. Then we emulated users requesting different services from the TV to music player to
connecting to social networks, etc. We generated uniformly random loads from a defined set of
services. Users can have different behaviours; for example, one user enters a hotel room and
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requests a SocioSpace service right away, while another user might take a shower first and then
start requesting services after some time.
In the first set of experiments, we gradually increased the number of users concurrently using
SocioSpace. We started with zero users and constantly increased the number of users. We then
measured the response time per request as we increased the number of users by 100. We ran each
set of tests for 60 seconds and collected multiple values for the response time per request. We
than determined the minimum, maximum and average response times per request and plotted
them against the number of users. Figure 6.7 shows a graph of the number of users versus the
minimum response time per request. Similarly, Figure 6.8 and Figure 6.9 show the average and
maximum response times per request. As can be seen, there is a linear relationship between the
number of users and response time per request. This holds true until the number of users
surpasses 600, in which case there is a sudden increase in response time per request and hence,
significant deterioration in performance. This shows that SocioSpace is scalable to up to 600
users per server, after which, new servers would need to be added to support the increasing load.
We then carried out further experiments to test the effect of numbers of users on the average
number of active processors, as shown in Figure 6.10. With a small number of users, only one
processor is used. As the number of users increases so does the number of processors. Beyond
600 users, the processors hit their maximum, which significantly affects performance of the
system.
To improve the performance or increase number of active users a load balancing scheme could be
implemented that allows multiple servers to be deployed at once. The load is evenly spread across
all servers and hence more users could be supported.
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Figure 6.7 Number of Users v. Minimum Response Time per Request

Figure 6.8 Number of Users v. Average Response Time per Request
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Figure 6.9 Number of Users v. Maximum Response Time per Request

Figure 6.10 Number of Users v. Average Number of Active Processors
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Figure 6.11 Number of Users v. Average Percentage of CPU Usage

Figure 6.12 Number of Users v. Memory Usage
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In Figure 6.11, the average percentage of CPU usage is measured against the number of users.
Figure 6.12 shows the effect of an increasing number of users on system memory usage. Once
again, both of these figures show that beyond 600 concurrent users there is degradation in
performance and new servers need to be installed to support the additional load. However, it is
still clear that SocioSpace is scalable as long as there are enough resources to support current
loads. SocioSpace is also very feasible and cost-effective. The ability to support more than 600
users on a single server shows how feasible it is to deploy SocioSpace.
To improve the performance or increase number of active users one or more of the following
actions needs to be carried out:
•

Increase the memory of the server.

•

Increase number of Ethernet interfaces, group them together and bridge them into a single
Ethernet.

•

Increase the CPU power of the server by adding more processors.

•

User a General-purpose computing on graphics processing unit (GPGPU). GPGPU is the
means of using a graphics processing unit (GPU), which typically handles computation
only for computer graphics, to perform computation in applications traditionally handled
by the central processing unit (CPU).

•

Use multiple servers and run load balancing amongst all the servers.

In the following set of experiments, we carry out fault-tolerance testing to see how the
SocioSpace behaves when new servers are introduced.
We started with one server running a Xeon L5520 processor. The traffic was set at 700 users,
which in the previous experiments, had resulted in the server's reaching full capacity. As can be
seen in Figure 6.13, this resulted in approximately 100% CPU Usage. We then activated a second
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server of equal processing power. We used a lightweight load balancing proxy to distribute the
incoming traffic equally between the two servers. This resulted in a significant drop in CPU usage
on the first server. The CPU usage was almost cut in half. This was an expected result, since the
load was now divided between the two servers. A third server of equal processing power was also
activated and once again the CPU usage of the first server went down. Because SocioSpace was
designed using web languages and tools, it is scalable via the addition of new servers. As the
number of concurrent SocioSpace users increases, new servers can be installed.
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Figure 6.13 Fault-Tolerance Test: CPU Usage as Number of Servers Change

6.5 Summary
We built a system prototype that is fully operational. We also developed a few services to run on
top of the prototype. We then came up with use cases and used them to test the performance of
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the system. The experimental results showed that the system performed as expected and met our
requirements in terms of scalability, extensibility, efficiency, and fault tolerance.
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Chapter 7
Conclusions, Outcomes and Future Work

Presented in this final chapter is a summary of the thesis, followed by discussion of outcomes and
achieved objectives, and finally by a discussion of limitations of the SocioSpace system and
possible future work.

7.1 Conclusions
In this thesis, we presented the design and development of SocioSpace, an IMS-based service
delivery platform. Our main objective was to create a smart adaptive wireless environment that
retrieves social information about users within its coverage from social networks. SocioSpace
uses the aggregate of this information to provide services within the domain of the environment
that cater to the preferences and interests of its users. Many challenges were involved in creating
this system. One of the major challenges was ensuring that SocioSpace was extensible enough to
work with different network interfaces, devices, social networks, and services. Another major
challenge was scalability. The SocioSpace system, network, and processes needed to handle
growing amounts of users and services in a graceful manner and enlarge to accommodate that
growth without failing. Fault-tolerance was another critical challenge. In a real-time system that
is responsible for delivering services and coordinating between users, it is important that the
system does not fail; but if a server does fail, the remaining servers take over the extra load so
that it continues to operate in a limited resources mode until everything is restored to normal.
To create SocioSpace, several phases of research, analysis, and design were undertaken. In
Chapter 1, the need for SocioSpace and the motivation behind designing and implementing it
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were identified. A clear set of objectives and the resulting contributions were also identified. This
was followed in Chapter 2 by a presentation of some of the main building blocks used by
SocioSpace. We also explored related work and explained why a new social network-dependent
Smart Space architecture was needed. Since SocioSpace relies on accessing services anytime and
anywhere, it was necessary to use an efficient mobility-enabling scheme. Therefore, in Chapter 3
we outlined a survey of mobility-enabling schemes and their suitability for creating ubiquitous
Smart Spaces. We concluded that IMS was the best candidate for this task. The IMS standard
provides a reliable and efficient architecture that supports multiple service categories while
maintaining QoS and managing many aspects of the network, such as authentication and
accounting.
Before we could proceed with designing SocioSpace architecture, we needed to design a more
conceptual platform that focused on creating a truly extensible service delivery platform. This
novel platform was proposed in Chapter 4 and its principles were eventually adopted to design
SocioSpace. In Chapter 4, we identified and defined the key entities needed to form the core of
SocioSpace. The relationships between different entities were defined and the methods of making
the system scalable and extensible were explored. Next, in Chapter 5, SocioSpace’s architecture
design was presented. The system’s core features were outlined and we described in depth the
main components that make up the system. We also demonstrated the message exchanges that
take place between the different components. Additionally, the use of the underlying IMS
network was explained, as well as the interaction between IMS and different system applications.
Chapter 6 proposed a new way of managing social context within a service delivery system.
There are many challenges surrounding this topic, including the dissemination of correct contexts
to the correct entities and maintaining presence. In addressing these challenges, we proposed a
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novel ontology that allows PPS to coordinate not only between the different users within
SocioSpace, but also between users and services. This is a brand new concept that significantly
enhances the effectiveness and capabilities of PPS.
We carried out a validation and performance evaluation of the smart social spaces framework by
fully implementing the system. We developed all of the components required to test the system,
including the full IMS-based server, the social networking interface, clients (including their user
agents), the service delivery environment, and the actual services. We then devised use cases that
were similar to possible real-life events and tested SocioSpace's performance. We also ran a set of
experiments to test the performance of the SocioSpace system under different scenarios and
situations. SocioSpace was tested under different loads: we varied the number of overlay users,
traffic demands, and servers. Our results showed that SocioSpace is scalable and fault-tolerant. In
terms of user satisfaction, SocioSpace is capable of delivering personalized and targeted services
that can truly increase user satisfaction. This was shown via the different use cases that we
presented.
SocioSpace was developed into a fully functioning product, and was demonstrated at the Sixth
Annual Ontario Centres of Excellence (OCE) Discovery 2011 Conference in Toronto. There, it
was exhaustively used and tested by hundreds of conference attendees, and it performed as
expected, delivering personalized smart services to its users. SocioSpace received an
overwhelmingly positive reaction from testers, and many people expressed their interest in seeing
this product make it to the market.

7.2 Achieved Objectives
In this thesis:
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•

We

designed

a

fully

extensible

service-oriented

delivery

platform

that

offers

multidimensional extensibility. We identified the main components of the platform and the
reasons they need to be extensible, and then designed data models for each component. In
combining the different data models, we formed a clear picture of the data management
aspect of the platform. We then looked at network independence and convergence. IMS was
extended to allow for interworking with different networks. WLANs were used as an
example, but the interworking framework was designed to support any kind of networking
interface. We carried out several experiments on SocioSpace, and found that the system was
scalable: a single server was capable of supporting more than 700 concurrent users.
•

We utilized SIP as the main protocol used within the user agent to ensure its extensibility
across multiple devices. We also created specifications for designing a user interface for the
user agent. Furthermore, SocioSpace was tested via two interfaces: an iPhone app and the
web interface. Through the use of SIP and IMS, the architecture supports next generation
services such as rich multimedia services, voice calls and video conferencing, and it provides
a means to manage services and sessions and ensure their continuity.

•

We presented a novel concept for managing presence, which allows user-service
communication and presence management. We also presented a presence server design that
offers more than simple user presence management, and it can manage user policies. We also
customized FOAF to ensure that the social context data was standardized throughout the
system. The system proved its ability to interwork with social networks such as Facebook,
but could also act as an independent social network. We created an ontology-based solution
that allows full specification of user policies, presence and preferences.
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•

We developed the service components of SocioSpace architecture in a way that allows for
services to be developed on top. These services can be developed by anyone, as long as they
work with the programming interface provided by SocioSpace. PPS ensures that the services
only receive the information they are authorized to see.

•

We built a system prototype that was fully operational and developed a few services to run on
top of the prototype. We then conceptualized user cases and used them to test system
performance. The experimental results showed that the system performed as expected and
met our requirements in terms of scalability, extensibility, efficiency, and fault tolerance.

•

We designed a very simple and intuitive graphical user interface. This interface was tested at
the OCE Discovery 2011 Convention. Users were handed an iPhone running the SocioSpace
app and asked to try using it. It was found that users had a very low learning curve 100% of
the time. We designed the system with a large set of social network functionalities that
included friend lists, groups, user profiles, instant messaging, and more.

7.3 Future Directions
In this thesis, we focused on the retrieval and use of social contexts as the main source of
contextual information. In the future, it could be beneficial to expand on this concept to allow for
the use of heterogeneous contexts. A new interface could be created that allows sensors to be
plugged into the system. These sensors could be used to collect more information about the
environment and feed it into SocioSpace. For instance, a temperature sensor can provide
information about the current temperature in a space. This physical context could be fed into the
system and offered to services. Services that require this additional information could use it to
provide even more adaptive and smarter services.
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In our proposed architecture privacy was discussed briefly. Nonetheless, privacy is an integral
part of a successful deployment of SocioSpace. It is therefore necessary to develop a
comprehensive privacy solution. This solution should take privacy considerations on every aspect
of the system.
In terms of Socio Ontology, a way of carrying out a comprehensive evaluation of the ontology is
necessary. An ontology that would provide extensbility while maintaining a high level of privacy
options needs to be studied further. Soctiospace needs the following features in the ontology:
•

Support for heterogeneous contexts, users, spaces, etc.

•

Ontology extensibility

•

Privacy options

Socio ontology was mainly concenred with the support for heterogeneity and ontology
extensibility and only handles privacy to a certain extent.
In our current proposed system, only the users, services, spaces, and social networks
communicate with each other. Other entities and objects within the space, such as tables, chairs,
air conditioning, refrigerators, microwaves, and lamps are not involved in the communication.
The system’s intelligence and effectiveness could be significantly enhanced if other devices such
as those listed above were also allowed to communicate with the users, services, and space. A
paradigm that could be integrated with SocioSpace is the Internet of Things. The Internet of
Things refers to uniquely identifiable objects (things) and their virtual representations in an
Internet-like structure.
The current system uses basic schemes such as Wi-Fi signal strength to detect if a user is in a
space. This method suffers from a few major problems: periodically scanning for wireless
networks consumes much power and quickly depletes a mobile device’s battery. Additionally,
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Wi-Fi networks are unreliable, and signal strength does not always provide an accurate indication
of the proximity of the access point. Also, wireless signals can be blocked by objects and
sometimes suffer from interference. Incorporating more state-of-the-art technology that can more
reliably detect the exact instant a user enters the space would be desirable and would enable
instantaneous delivery of services to the user. One possible way to achieve this is via Near Field
communication. Many smart phones currently on the market already contain embedded NFC
chips that can send encrypted data a short distance (Near Field") to a reader located somewhere in
a room. Other options include using pre-existing technologies that are suitable for each
environment. For instance, in a hotel room, card keys could be used to detect the presence of
users in the room. On campuses where iButtons exist, they could be utilized for location
detection. More research needs to be carried out to design a more effective and highly responsive
location management solution.
As part of SocioSpace, a simple web interface was developed. Possible future work would
involve creating a more social network-oriented web-based system. Users would have the ability
to login, register, browse through different services, enter their preferences, connect with other
users, and carry out other social network-related activities. Research into extending IMS to
support web-based services and sessions is required. IMS was not intended to support web
interfaces. A middleware module might be necessary to make this possible.
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Appendix A
Extending IMS to WLANs
The IP Multimedia Subsystem (IMS) provides a framework that accommodates current and future
services in wired and wireless networks. However, IMS does not handle non-3G elements such as
wireless local area networks (WLANs). In order to provide interconnection at the service layer
between 3G and WLANs, interworking between IMS and WLAN is necessary. Extending IMS
beyond 3G to WLANs is a crucial step towards the evolution of a seamless universal next
generation wireless network, commonly known as 4G. This paper presents a novel architecture
for service layer interworking between WLAN and 3G. The architecture takes into consideration
the interaction of WLAN application SIP servers with the IMS Call Session Control Functions
(CSCFs) and the extensibility of application servers (ASs) beyond the core IMS network. A
WLAN-AS is introduced into the IMS network and a SIP server into the WLAN. These act as
interworking arbitrators, and communicate with each other to provide service and session
continuity. The main advantage of this architecture is its feasibility within the standard. It is also
non-intrusive to the IMS core or the WLAN.

Interworking
In order to develop a successful IMS/WLAN interworking solution, major goals have to be
clearly identified: WLAN Authentication, Authorization, and Accounting (AAA) should be
carried out through the core IMS network. This ensures that a single entity is responsible for
AAA, thus avoiding any conflict and enabling the IMS terminal to connect to any available
WLAN. Furthermore, direct Internet access from WLAN should still be possible and not crippled
in any way. In other words, the interworking solution should have a minimal impact on the
existing WLAN network.
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According to the 3GPP TS 23.234 [18], several requirements should be satisfied by the WLAN
3GPP interworking function with regard to the WLAN itself. The two major requirements that are
emphasized in this paper are:
§

Minimal impact on existing WLAN networks

§

Minimal need for operators to administer and maintain WLAN user equipment software

As for the 3GPP IMS network, the main requirement is that no changes are made to the core
network. Following all of the above-mentioned requirements is of significant importance in order
to build a successful and practical interworking system that is easy to deploy. The solution
proposed in this paper follows these requirements.

Platform
An IMS network usually consists of several application servers (ASs), each performing a unique
service. Nonetheless, all ASs communicate with the S-CSCF via a SIP interface known as the
IMS Service Control (ISC). ASs can be programmed in Java or in any other suitable
programming language. Furthermore, any AS can implement other protocols such as HTTP and
SSH to configure service details. With a standardized interface between ASs and S-CSCFs, which
in this case acts as a gateway to the rest of the IMS network, IMS becomes a truly extensible
platform with the possibility of providing an infinite number of new services.
Examples of services that ASs can host and execute include instant messaging, presence service,
voicemail, announcements and call-related services. There are three main types of ASs: SIP-AS,
OSA-SCS, and IM-SSF. SIP-AS is the native IMS-AS and is used to execute most services
developed exclusively for the IMS platform. OSA-SCS stands for Open Service Access - Service
Capability Server, and it simply interfaces with OSA-ASs using Parlay. IM-SSF stands for IP
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Multimedia Service Switching Function and it interfaces with the Customized Applications for
Mobile Network Enhanced Logic (CAMEL) ASs.

IMS

Application Servers
SIP AS

IM SSF

OCA SCS

Application Layer

HSS
I-CSCF
P-CSCF
Session

S-CSCF

Layer

Figure A.1 Application Servers

By default, IMS was designed to provide backward compatibility to several legacy service
networks. For instance, IM-SSF provides a gateway to CAMEL, which is services-standard
designed for GSM networks. IM-SSF interfaces with GSM and CAMEL modules beyond the
boundaries of the core IMS network. From the S-CSCF’s point of view, IM-SSF is nothing more
than an AS with SIP capabilities. Figure A.1 shows the AS’s positioning within the IMS network.
The above makes clear that if the IMS-ASs are capable of providing backward compatibility with
legacy systems, they could, in effect, be utilized to provide forward compatibility with WLANs,
to provide WLAN-3G interworking. This is the basic premise of our work.
The IMS architecture consists of many nodes that are required for delivering core
telecommunication functions such as mobility, billing, interworking, and quality of service. This
3G-WLAN interworking solution, however, principally requires modifying two IMS nodes: the
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AS and the user agent (UA). Other core IMS nodes, such as the S-CSCF and HSS are involved,
but without modification. The UA could be either a SIP phone or module acting on behalf of the
SIP phone. SIP signalling is routed independently of the media. The media runs directly between
the UA and MRF over the Real-Time Transport Protocol (RTP). The AS is responsible for call
control (that is, SIP signalling manipulation) and application management functions. We consider
the WLAN-AS to consist of multiple modules, with the ability to support the HTTP protocol.
HTTP is chosen as a simple means of communication. Nonetheless, other protocols can possibly
be used as well. Figure A.2 presents a simplified layered architecture of the proposed model.

Figure A.2 3G-WLAN Interworking in the Signalling and Media Planes
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The first step of session management in 3G-WLAN interworking is to set up an IP connection for
the SIP and other data services. In performing the SIP registration, initially the mobile host is
oblivious to the P-SCSF IP address. Therefore, the connection should be completed in two steps
by using the Packet Data Protocol (PDP) context activation message sequences. The activation of
a PDP context assigns an IP address for the mobile host. The context activation associates the
SGSN and the GGSN in order to establish a route. This route is vital for carrying SIP-related
signalling messages to the P-CSCF through the GGSN. With the activation of the PDP context,
the mobile host is able to discover the P-CSCF needed for registration with the IMS network. If
the mobile host is within the WLAN network, a basic connection to that network is necessary.
DHCP allows the device to request and obtain an IP address from a server that has a list of
addresses available for assignment.
Once the mobile host has acquired an IP address, it can connect to the SIP server at the WLAN,
which in turn will act as a gateway to the IMS network. There are several ways to acquire the IP
address of the SIP server in the WLAN. The method through which this is done is left open. It is
possible, for example, for the IMS network to provide periodic updates to the mobile host of all
the SIP servers it supports. Another possibility is the WLAN announcing the SIP server’s IP
address. This, however, would entail unnecessary modifications to the WLAN. A further
possibility involves the mobile host contacting a certain server that replies back with a list of
available SIP servers and their locations.
Before setting up a SIP session, the mobile host should perform service registration to let the IMS
know its current location. The mobile host acts as an SIP client and sends an SIP registration
message to its home system. If the user is in the WLAN, the message is sent from the mobile host
to the SIP server. The SIP server forwards the message onto the WLAN-AS at the user’s home
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IMS network. The WLAN-AS acts as a P-CSCF. The steps for an SIP service registration can be
summarized as follows. Initially, the mobile host’s HSS is informed of its current location for the
HSS to update the subscriber profile accordingly. Next, the HSS checks to determine whether or
not the mobile host is allowed to register in the network, based on the subscriber profile and
operator limitations, and, where appropriate, grants authorization. Once authorization has been
granted, a matching S-CSCF is assigned to the mobile host and its subscriber profile is sent to the
assigned S-CSCF. The communication between the mobile host in the WLAN and the home
network takes place through the SIP server in the WLAN and the WLAN-AS.

Figure A.3 Signalling Through the 3G-WLAN Architecture
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Following the activation of the PDP context and the service registration, the mobile host is ready
to establish a session. The WLAN-AS effectively “hijacks” the session and the user never
receives the SIP message. A UA has sent an INVITE request that is received at the I-CSCF. The
I-CSCF forwards the INVITE request to an AS. The WLAN-AS acts as a specialized AS and
treats the request appropriately. The AS acts as a UA. It answers with a 200 OK response. The
response is sent back to the requesting UA via the S-CSCF and I-CSCF.
So far, the WLAN-AS has played several roles in the interworking architecture: it forwarded the
SIP messages from the SIP proxy to the S-CSCF and vice versa. It took on the role of the UA in
the sense of handling messages at the end points. We will see that the AS also acts as an SIP
proxy, effectively replacing the P-CSCF as well as providing services to the user. The AS
forwards the request through an IP network to the SIP server located in the WLAN. When the SIP
proxy in the WLAN receives the request, it forwards it to the I-CSCF of the home network
through the IP network. The INVITE request is received at an I-CSCF. The I-CSCF forwards the
INVITE request to the S-CSCF that is handling the user. The S-CSCF decides to involve an AS
that may provide a service, so it forwards the INVITE request to the AS. The S-CSCF inserts in
the INVITE request a route header field that points to the WLAN-AS in the first place and to the
S-CSCF in the second place. This is to allow the AS to forward the request back to the same SCSCF. Furthermore, the S-CSCF needs to insert some sort of state information into its own SIP
URI in the router header field. This allows the S-CSCF to determine whether the SIP request has
already been received from the calling IMS network and sent once to that AS.
The AS takes different decisions and actions depending on the actual service provided to the user.
It also acts as a mediator between the WLAN and 3G IMS network. The AS needs to decide
whether it wants to remain in the signalling path for subsequent SIP signalling related to this
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session. The AS inserts its own SIP URI in the value of the record-route header field. The SCSCF will not forward the remaining SIP requests that belong to the same SIP dialog if the AS
does not record its own route. The AS executes the request, modifies some headers in the SIP
request in compliance with SIP rules (which state header fields must be modified by a proxy), and
then forwards the INVITE request back to the S-CSCF, due to the presence of a route header field
pointing to the S-CSCF. The S-CSCF forwards the INVITE request to the IMS terminal via the
SIP server in the WLAN. The responses will traverse the same set of proxies in the reverse
direction. Signalling through the 3G-WLAN architecture is shown in Figure A.3. Message flows
during registration are shown in Figures A.4 and A.5 respectively.

Deployment Issues
The architectural model designed in Section 4.6.2 is capable of running SIP-IMS CSCFs and
interacting with the simulated WLAN. Furthermore, it has the ability to track all of the involved
SIP messages and their flow among the intermediaries. We take a similar analysis approach to
that used in [10], where the capability of our interworking architecture is assessed against the
scenarios defined by the 3GPP TR 22.934 [16]. Under this framework, proposed by the 3GPP, six
common interworking scenarios have been identified. The first scenario, which is the simplest,
provides only common billing and customer care to the subscriber, but no real interworking
between WLAN and IMS core. The second scenario provides the IMS subscriber with a basic IP
network connection through a WLAN, and includes no other services. The third level extends the
IMS services to the WLAN, although it is an implementation matter as to whether all services or
just a subset of them are provided. This scenario lacks service continuity, so the user has to reestablish the session in the new access network. The fourth level introduces service continuity,
while the fifth level provides seamless continuity. The sixth level has only recently been
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proposed, and it provides access to 3GPP CS based services as well as to IP services. A summary
of the six levels is shown in Table 1.
Scenario 1: Common Billing and Customer Care
In this scenario the objective is to have shared billing between the IMS and WLAN. Since the
WLAN uses a SIP server and WLAN-AS to route the SIP messages through the home network,
the IMS billing modules monitor both users within the 3GPP network and users within the
WLAN.
Our system is capable of supporting this interworking level. Suppose Bob is an IMS wireless
customer. In this scenario, Bob can manually choose to connect to a 3G network or to a WLAN
managed by the same service provider. At the end of every month, Bob receives a bill and is
charged for both networks together.
Scenario 2: 3GPP System-based Access Control and Charging
The objective of this scenario is to provide unified authentication and authorization. The key
factor behind achieving system-based access control and charging is necessity of being able to
access the HSS, whether in a direct or indirect manner. A user connected to a WLAN can be
authenticated and authorized through the 3GPP system by routing REGISTER messages through
the SIP server, which in turn forwards it to the WLAN-AS. From there on, the messages follow
the traditional IMS authentication route with the main difference being the lack of P-CSCF
involvement and the interaction of the WLAN-AS instead.
This scenario can be achieved using the system architecture described in Section 4.6.2. WSIP
communicates with the WLAN-AS in the IMS network, and SIP messages are exchanged.
Suppose Bob is at a university campus and has access to a WLAN only, but would like to connect
to his IMS network to access information stored on his profile, such as friends or family contacts.
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Bob sends a request to WSIP, which sends a connection request through the WLAN’s Internet
connection to Bob’s home IMS network. After a set of message exchanges, Bob will be registered
to his IMS home network and will have access to all resources. However, Bob will not have
access to the packet switching services provided by IMS. An abstract message flow diagram of
this scenario is shown in Figure A.4.

Figure A.4 Message Flow in Scenario 2

In this scenario, our objective was to set up, maintain, and terminate an IMS session from within
the WLAN. It is necessary to satisfy the requirements in Scenarios one and two, and also to have
the ability to exchange SIP messages through the interrogating nodes, to send and receive session
requests and exchange messages until a session is complete.
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This scenario can be feasibly implemented through our interworking system design. WSIP is
capable of exchanging SIP messages with the WLAN-AS in the IMS network and maintaining a
SIP session. Message flow in this scenario is shown in Figure A.5.

Figure A.5 Message Flow in Scenario 3

In this scenario, in addition to having access to his profile and contacts list, Bob will also have
access to packet switching services. For instance, suppose that Bob is currently connected to the
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WLAN and does not have direct access to the IMS 3GPP network. He would like to contact
Jennifer, so he sends an INVITE message. The message propagates through WSIP, WLAN-AS
and S-CSCF, which forwards it to Jennifer’s home IMS network. The message exchange
continues on this path until a session has been initiated. The data exchange then takes place
directly between Bob, who is connected to a WLAN, and Jennifer, who may be connected to
either 3GPP or a WLAN. .
In this scenario, our objective was to set up, maintain and terminate an IMS session from within
the WLAN as well as hand off from one network to another. It is necessary to satisfy the
requirements in Scenarios one, two, and three, but further, to have the ability to vertically hand
off between the WLAN and IMS 3G. Handoff delay is not a concern in this case.
In order to support vertical handoff and mobility across a heterogeneous network, it is necessary
to expand the architectural design proposed in Section 4.6.2. A handoff executor is required to
manage connectivity and handoff between the different available networks. A handoff executor
can reside in the application, transport, or network layer and does not require any changes to the
core IMS network. A protocol like Mobile IP can be used at the network layer, for instance. At
the transport layer, a protocol that supports multihoming, such as mobile SCTP [19], is another
option.
Figure A.6 presents the data flow in the presence of a handoff executor. Initially, registration is
carried out through the 3GPP network. Although the user equipment exchanges data through the
3G network only, the network interface is connected to both 3G and WLAN AP. This can be
made possible by, for instance, using mobile SCTP, setting the 3GPP as the Primary network, and
including the WLAN as the secondary network. If the user decides to connect to the WLAN
instead, the handoff executor sets the WLAN’s IP address as the primary address. The data
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exchange route changes and goes through the WSIP, which forwards it to the WLAN-AS. The
WLAN-AS updates the user's location and IP address by connecting to the HSS. It then forwards
the SIP message to the S-CSCF. This change in connectivity is seamless to the S-CSCF and it
continues to operate normally. In this way, the IMS is able to maintain sessions and achieve its
goal of service continuity.
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user
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P-CSCF

AS-WLAN

3G

WLAN

GGSN
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WLAN AP
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Figure A.6 Signalling through the 3G-WLAN Architecture
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Being able to hand off from one wireless network interface to another provides numerous
advantages to the user. Suppose that on his way back home from work, Bob’s device detects the
availability of 3GPP coverage and connects to this network. Any calls or session initiations will
reach Bob through the 3GPP network. As Bob enters his house, the device detects the availability
of a WLAN. Bob has set preferences to WLAN when he is at home. Therefore, the device hands
off Bob from 3GPP to WLAN.
Scenario 5: Seamless Services
The objective of this scenario is to provide continuity. As users roam from the coverage of one
network interface to the next, they should not notice or feel the transition. The handoff ought to
be seamless, with low delay and latency.
In order to support seamless vertical mobility, on top of the modules suggested in scenario 4, a
handoff decision-maker is necessary. The handoff decision-maker can collect various types of
information, including network conditions, user preferences and operator policies, and make a
handoff decision accordingly. The handoff latency has to be low enough to avoid the dropping of
an on-going call. Suppose that Bob receives a call on his way back home. He accepts the call and
as he walks into his house the handoff decision-maker decides that handing off to the WLAN is
favourable, since it has more resources. The handoff executor then carries out the handoff and
ensures low delay to avoid dropping the call. Because the handoff process was transparent, Bob
does not notice any delay. To Bob, this whole handoff process was seamless. Figure A.7 presents
an abstract architecture for providing handoffs and mobility.
Scenario 6: Access to 3GPP Circuit-switched Services
This scenario allows access to services provided by the entities of the 3GPP Circuit-switched
Core Network over WLAN. This scenario does not require any circuit-switched type of
174

characteristics to be included into WLAN. This scenario is the most complex of all six scenarios
and requires tight coupling between the 3GPP IMS network and the WLAN. This might
necessitate the modification of core WLAN components, which is beyond the scope of this thesis.

Figure A.7 Handoff Decision Maker

175

Appendix B
Socio Ontology Described using W3C RDF Schema
In Chapter 5 we analyzed elements and building blocks needed to create the Socio Ontology. In
this appendix we describe the Socio Ontology using W3C RDF Scheme as shown in Figure B.1.
Note that this is an incomplete schema. Some parts have been removed due to space limitations.

<xs:element name="uri" type="xs:anyURI"/>
<xs:element name="userid" type="xs:integer"/>
<xs:element name="userid" type="xs:integer"/>

<xs:element name="status">
<xs:annotation>
<xs:documentation>
Designates the current state and role that the person plays.
</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:choice minOccurs="0">
<xs:element name="online" type="empty" />
<xs:element name="offline" type="empty" />
<xs:any namespace="other" maxOccurs="unbounded"
processContents="lax"/>
</xs:choice>
</xs:complexType>
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</xs:element>

<xs:element name="displayn_name" type="xs:string"/>
<xs:element name="display_picture" type="xs:string"/>
<xs:element name="location" type="xs:string"/>

<xs:element name="sphere">
<xs:annotation>
<xs:documentation>
Designates the current state and role that the person plays.
</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:choice minOccurs="0">
<xs:element name="home" type="empty" />
<xs:element name="work" type="empty" />
<xs:element name="unknown" type="empty" />
<xs:any namespace="other" maxOccurs="unbounded"
processContents="lax"/>
</xs:choice>
</xs:complexType>
</xs:element>

<xs:element name="whocanfind">
<xs:annotation>
<xs:documentation>
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Designates the current state and role that the person plays.
</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:choice minOccurs="0">
<xs:element name="contacts" type="empty" />
<xs:element name="sphere" type="empty" />
<xs:element name="sphereandcontacts" type="empty" />
<xs:element name="everyone" type="empty" />
<xs:element name="noone" type="empty" />
<xs:any namespace="custom" maxOccurs="unbounded"
processContents="lax"/>
</xs:choice>
</xs:complexType>
</xs:element>

<xs:element name="servicescanfind">
<xs:annotation>
<xs:documentation>
Designates the current state and role that the person plays.
</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:choice minOccurs="0">
<xs:element name="registeredservices" type="empty" />
<xs:element name="sphereservices" type="empty" />
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<xs:element name="registeredandsphereservices" type="empty" />
<xs:element name="everyone" type="empty" />
<xs:element name="anonymous" type="empty" />
<xs:element name="noone" type="empty" />
<xs:any namespace="custom" maxOccurs="unbounded"
processContents="lax"/>
</xs:choice>
</xs:complexType>
</xs:element>

Figure B.1 Socio Ontology description using W3C RDF Scheme
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Appendix C
SocioSpace Implementation and Demonstration
In this Appendix we discuss imlementation details and give a demonstration of SocioSpace in
action. Figure D.1 shows the components of SocioSpace that were implemented in full.

Figure C.1 SocioSpace implemented components
Various platforms and programming languages were used to implement different parts of the
system. The core components were developed using the Java 2 Standard Development Kit (J2SE
SDK) on a Ubuntu Linux version 10.10 (but compatible with other operating systems). The
clients were developed using objective C and Cocoa on the Apple iOS version 4.2. The IMS180

based SIP user agent used is a custom C-based implementation. The database uses MySQL, and
phpMyAdmin is used for managing the database.
Jane Smith just downloaded the SocioSpace app to her iPhone. Figure C.2 shows the screen she
gets on her app as soon as she launches SocioSpace. Since she has launched the app for the first
time, so she does not yet have a user name or password. Therefore, she selects “Register”.

Figure C.2 Login Page
Jane is taken to the registration screen. Here, she enters:
1. her name or username
2. a password of her choice that she creates
3. the same password again for confirmation
4. her email address (whichever email address she wants to link to the SocioSpace app)
Jane’s registration is successful, so she receives a registration completion and welcome message.
The SocioSpace registration and registration confirmation pages are shown in Figure C.3.

181

Figure C.3 Registration

Figure C.4 Space Selection Page
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Figure C.5 Main Menu
Jane is now prompted to select the SocioSpace smart space where she would like to connect with
other users as shown in Figure C.4. “Global” is the default space that Jane would be connected to
if she is not within the vicinity of any space or if she does not want to connect to a specific space
at the moment. For now, Jane selects the Starlet Hotel space since that is where she is currently
located.
After selecting the Starlet Hotel space, Jane is brought to a menu of options. This main menu is
shown in Figure C.5. Two views are shown in Figure C.5 to represent full screen views of all
options after scrolling through the entire menu. Here, she can view messages from other users
connected to the Starlet Hotel space, photos of herself, family, friends, and happenings associated
with the Starlet Hotel. She can also see space details of the hotel that she is staying in and the
services this smart space has to offer. Jane can also socialize by sending text messages to people
within the Starlet Hotel space. She can also connect to her profile or settings and make changes to
those. Jane can also check requests to see if anyone has requested to connect with her or add her
183

as a friend. Finally, she can connect to Facebook or other social networks in order to give the
SocioSpace app permission to access her preferences and interests, so that she can receive
SocioSpace customized services to enhance her stay at the Starlet Hotel.
Jane chooses to connect to Facebook, a natural first step for new SocioSpace mobile app users.
She also chooses to download the Facebook Mobile app, so she enters her Facebook-linked email
and password. To do so, SocioSpace’s social manager connects to the Facebook API. Facebook is
simply used as a proof of concept, but the system is capable of connecting to any social network
API. The process of connecting to Facebook Connect API is shown in Figure C.6.

Figure C.6 Facebook Connect Login Page

Jane is now logged in to Facebook, but before SocioSpace can continue linking her profile to the
system and retrieving her profile information, Facebook asks her permission to do so as shown in
Figure C.7.
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Figure C.7 Request for Permission Page

Figure C.8 Social Network Profile Page
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By selecting “Allow” Jane gives SocioSpace permission to access her Facebook profile (Figure
C.8) and retrieve her social context.

Figure C.9 Profile Page on User Agent

Now Jane sees her personal information from her Facebook profile as it has been imported to the
SocioSpace app, including her Facebook profile photo. Her profile information is shown in
Figure C.9. Two screens shown in Figure C.9 represent full views of all fields after scrolling
through the entire menu. This is the same information that was in her Facebook profile.
SocioSpace will use this information to deliver her customized services when she occupies a
smart space.
Jane chooses the “Edit” feature as shown in Figure C.10. Here, she can change any of her
personal information. She can even add more basic profile information about herself that doesn’t
exist in Facebook and thus, was not imported to the SocioSpace app.
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Figure C.10 Edit Profile

Figure C.11 Add New Properties/Preferences
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Jane selects “Add Field” and now sees more options to further customize her profile for the
SocioSpace app. She selects the colour optionand can now select her favourite colour. The colour
she selects will enable the SocioSpace system, through her SocioSpace app, to adjust space
features (e.g., lighting and ambiance) according to her favourite colour. This process is shown in
the application screenshots in Figure C.11.

Figure C.12 Albums and Photos Pages

She then selects the “Back” button several times and makes her way to the SocioSpace app main
menu, where she selects “Photos.” Now, she sees the photos that have been imported from
Facebook into her SocioSpace app. With just a touch to a photo thumbnail, Jane selects one photo
in the line-up to view full screen. These app pages are shown in Figure C.12. These photos can be
used to display personalized images on digital picture frames in a room. By doing so, users can
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see pictures of themselves, family and friends, and feel like they are at home away from home.
The digital picture frame service is described later in this section.

Figure C.13 Socialize Page

Then Jane goes back to the main menu, where she selects “Socialize.” The socialize screen is
displayed in Figure C.13. Here, she can choose to see “Everyone,” which will show her everyone
who belongs to all the spaces she has selected to be a part of (e.g. Starlet Hotel and Sparkles Mall
spaces), whether those users are currently physically located in the hotel or mall, or not. She can
also choose to see “Space,” which means she can see all the SocioSpace users who are currently
in the same space she is in, which in this case is Starlet Hotel. In either of these two options, she
can see people she does not yet know. Finally, she can also select “Friends” to see all the people
who are both her friends (people she already knows) as well as SocioSpace users. She will not see
friends who are not also SocioSpace users.
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At the “Space” screen Jane sees Sarah, a current Starlet Hotel space occupant, who also happens
to be a classmate at their university. Jane selects Sarah’s profile with a touch of the screen. This
profile is shown in Figure C.14. If Jane didn’t know Sarah, she would see that Sarah is the same
age as Jane with similar interests, and as such, may have attempted to start a chat session with
Sarah to get to know her, or even request to add her as a friend on her SocioSpace app.

Figure C.14 Other User’s Profile Page

Jane now makes her way back to the “Settings” screen from the main menu as shown in Figure
C.14. On this screen, she changes her “Share with Facebook” setting to “ON” so that whatever
she posts on her SocioSpace app will automatically appear on her Facebook wall and feed. From
this screen, Jane can also change other settings to suit her preferences. For example, she can
change “Automatic Space Selection” to “ON,” in which case, SocioSpace’s location awareness
Manager will use location information to try to automatically connect her to the most appropriate
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space. Jane can also change her user and service policies. This information is used by the
presence and policies server as shown in Chapter 6.

Figure C.15 Settings

Figure C.16 Policies
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Jane then chooses “User Policy Settings,” where she is taken to a new menu, shown in Figure
C.15. This menu allows her to setup her policies as shown in Figure C.16. Here, she selects her
preferences to allow “Everyone” to be able to find and contact her while she is located in a smart
space.
Similar policy options are available for services. These options follow the element options
described in Chapters 4 and 5.

Figure C.17 Space Feeds

Jane decides to initiate a feed to the other Starlet Hotel space occupants to see if anyone at the
hotel knows any good places to eat for lunch.
Days later and back on campus, where Jane and Sarah are members of the SocioSpace “Walter
Light Hall” university group, Jane posts a feed to the group about an upcoming test. Sarah picks
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up Jane’s feed on her SocioSpace mobile device app and responds. Space feeds are shown in
Figure C.17.
Now that Jane is comfortably using the SocioSpace app, we show how the available services in
the space she is in adapt to her. The services we develop and test are: music player, TV, digital
picture frame, and colour ambiance. Music player plays music that should appeal to Jane. TV has
a personalized menu with movie and TV show listings that Jane would be interested in watching.

Figure C.18 Music Player: Empty Space

Figure C.18 shows how the SocioSpace music player display screen looks as it awaits the arrival
of a SocioSpace user in a smart space such as a retail store or bar/lounge. Merchants may choose
to display the music player screens if they are equipped with TV monitors in the space.
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Figure C.19 Music Player: Personalized Music

Figure C.20 Music Player: Previously Played Tracks
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Jane Smith enters the space, carrying her smart phone in her purse. Instantaneously, the music
player’s sensors detect the presence of Jane and “Edge of Glory” by Lady Gaga begins playing as
shown in Figure C.19. This is a track that the SocioSpace system has determined Jane will enjoy
based on her known favourite music artists. And if the space is equipped with TV monitors, users
like Jane will receive the added service of being able to watch the track’s music video. The
SocioSpace music player display screen can also show a list of previously played tracks as shown
in Figure C.20. The music played is based on the user’s social context and the music genres and
artists they had specified as their favourite. For instance if the user had listed pop as their
favourite music, the player will retreive current popular pop songs and stream them. If instead the
user had listed artists then the genre for each artist is retreived and a common genre is found
amongst all artists and once again popular music in that genre is played.
Back at the Starlet Hotel, where Jane has just checked-in, her in-room TV display appears turned
off as shown in Figure C.21. Since she is on her way up to her room, but has not yet entered, the
TV awaits her arrival in “sleep mode.”
At her door, Jane swipes her smart hotel key card, which was mapped to her SocioSpace account
at check-in. With this single swipe of her card, her room becomes personalized to her preferences
through her TV, a digital picture frame, and lighting devices all waiting to dazzle her with their
capabilities to suit her preferences.
Once inside, the first thing she does is power on her TV, which gives her options to watch TV
programs being broadcast now, or on-demand movies or TV shows, as shown in Figure C.22. In
the top right corner of her display screen, the green icon and “Starlet Hotel” are indications that
her TV is powered on and that she is within the Starlet Hotel space. At the bottom of her screen,
Jane can also see a line-up of other SocioSpace users who are currently occupying the hotel.
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Figure C.21 TV: Empty Space

Figure C.22 TV: Main Menu
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Figure C.23 TV: Movies Menu

Figure C.24 TV: TV Shows Menu
197

Figure C.25 TV: Episode Listing

Using the TV remote control, Jane selects “movies” and begins to scroll through the personalized
list of movies that SocioSpace knows she will enjoy. An example of this personalized movies
menu is shown in Figure C.23. Though she has never seen it before, she is intrigued by the way
the movie Pulp Fiction looks and considers watching it.
However, Jane moves on to browse through on-demand TV shows and considers watching a Lost
episode as shown in Figure C.24. She selects Lost with her remote, scrolls down to Season 2 and
selects it. The Season 2 episodes shown in Figure C.25 appear on her screen.
Now, she goes back to the TV show menu and selects Dexter. However, at this time, there are no
Dexter episodes available and she gets the message shown in Figure C.26.
Jane remembers seeing House on the list of TV show options, so she goes back and selects it,
choosing one of her favourites: Season 7, Episode 4. The episode starts playing as shown in
Figure C.27 and she has an enjoyable time watching a TV show she enjoys.
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Figure C.26 TV: No Episodes Available

Figure C.27 TV: Video Streaming of Show
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Figure C.28 Personalized Digital Picture Frame
House continues playing in the background as Jane begins to unpack her things and settle into her
comfy room. As she does, she notices a purple wall–her favourite colour. On it, she sees a digital
picture frame displaying one of her favourite photos from her social network account as shown in
Figure C.28 and suddenly she feels even more at home in Starlet Hotel.
As was shown in this comprehensive test scenario, SocioSpace smart spaces instantaneously learn
about and deliver their occupants personalized services for more enjoyable experiences. Using a
hotel as an example, SocioSpace can provide user guests personalized in-room TV entertainment
options sure to please them: digital picture frames displaying their favourite personal photos and
ambient lighting to suit their preferences. SocioSpace also allows users to conveniently
communicate with hotel personnel to request specific bedding, bath, and other personalized
amenities prior to their stay to make it more enjoyable. On top of it all, SocioSpace delivers an
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innovative and revolutionary social networking service allowing guests to easily learn about and
connect with others around them–whether friends or people yet to become friends. A complete
picture of the environment Jane has experienced is illustrated in Figure C.29.

Figure C.29 Adaptive Room
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