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Smart  Spaces  provide  very  promising  means  of creating  context-aware  environments.  Unfortunately,  a
lack of  information  about  users  within  Smart  Spaces  limits  their  usefulness.  We  propose  a  novel  solution
that involves  integrating  Smart  Spaces  with  social  networks  through  the  IP  Multimedia  Subsystem.  to
create  truly  context-aware  and  adaptive  spaces.  By  utilizing  the  wealth  of user  information  present  within
social  networks,  smarter  and  more  adaptive  spaces  can  be  created.  We  therefore  propose  the  design  and
implementation  of “SocioSpace”  a Smart  Spaces  framework  that  utilizes  the  social  context.  We  design  and
eywords:
mart spaces
ocial networks
P Multimedia Subsystem (IMS)
ervice delivery platform
ontext-aware architecture
ext-generation networks

implement  all components  of SocioSpace,  including  the  central  server,  the  location  management  system,
social  network  interfacing  components,  service  delivery  server  and  user  agents.  We  then  run  various
scenarios  to  test  the  reliability  of  the  system.  The  results  show  the effectiveness  of our  framework  in
successfully  creating  Smart  Spaces  that  can  truly  utilize  social  networks  to  deliver  adaptive  services  that
enhance  the  users’  experiences  and  make  the  environment  more  beneficial  to  them.

Crown Copyright  © 2012  Published  by Elsevier  B.V.  All  rights  reserved.
. Introduction

There has been a huge interest in social networks; Facebook [1],
or example, has been the second most-visited website in many
ountries [2,3] right behind Google.com. Social networks contain

 wealth of information about users’ interests, preferences, educa-
ion, careers, hobbies, and so on that can build spaces that are more
nowledgeable and smarter. By exploiting the fact that most users
arry a mobile device wherever they go, and by utilizing the reli-
ble wireless infrastructure and the wealth of information available
hrough social networking, we believe that we can design a truly
biquitous, intelligent and adaptive environment that can signifi-
antly enhance the user’s experience [4].

Although many contemporary research projects [5–8] world-
ide focus on the collection and dissemination of context

nformation in various applications, it is always assumed that con-
ext sources can be easily found, or are stored in a centralized
atabase dedicated to that context-aware system. In reality, users

re very reluctant to enter their personal preferences into appli-
ations with which they may  not be familiar. This may  simply
e due to their busy schedules, to their lack of understanding

∗ Corresponding author.
E-mail addresses: hasswa@cs.queensu.ca (A. Hasswa), hossam@cs.queensu.ca
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1 H. Hassanein is also a visiting professor at King Saud University, Saudi Arabia.

877-7503/$ – see front matter. Crown Copyright © 2012 Published by Elsevier B.V. All ri
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of the benefits of such a context-aware environment, or to their
privacy concerns. Consequently, many systems are unable to col-
lect enough context information to provide a realistically practical
and adaptive environment for the users. Additionally, due to their
non-generic designs, most existing context-aware solutions can-
not support non-specific user profiles; consequently, they cannot
offer a genuinely autonomous environment. To overcome these
constraints, we utilize social network profiles to retrieve relevant
user interests and preferences. Most, if not all, social networks pro-
vide modules and Application Programming Interfaces (APIs) that
allow developers to extract information from a user’s profile with
his or her permission [9]. The extracted information can then be
used by Service Delivery Components within Smart Spaces. The
different features can be integrated together via the IP Multime-
dia Subsystem (IMS). There are several features in IMS  that make
it an excellent candidate for Transport and Control Layer (TCL)
management. Our objective is to create a smart adaptive wire-
less environment. This environment retrieves social information
from social networks about users within its coverage area. It then
uses the aggregate of this information to provide services within
the domains of the environments that cater to the preferences and
interests of these users. The services we shall use to test the sys-
tem include an adaptive room that changes to meet its occupant’s

preferences, targeted advertising in the real world, a background
music player and other peer-to-peer services. We  coined the term
SocioSpace for our system due to the utilization of social networks
for creating smart spaces.

ghts reserved.
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users, attributes (social contexts), social networks, agents, capa-
bilities and services. These entities form the core of SocioSpace’s
84 A. Hasswa, H. Hassanein / Journal of

.1. Organization

The remainder of this paper is organized as follows: Section
 explains the benefits of using IMS  for integration of the differ-
nt SocioSpace components. In Section 3, an extensible platform
s designed. Section 4 describes the SocioSpace architecture. A
etailed discussion of the main components of the architecture

s included, as well as a discussion of data transfer amongst the
ifferent components. Section 5 describes the performance eval-
ation methods and scenarios tested. Finally, Section 6 presents
ome concluding remarks.

. Utilizing the IP Multimedia Subsystem

IMS  is used to integrate the different components of SocioSpace,
nd to manage sessions and services. In this section, we  give a quick
verview of IMS. We  then explain the benefits of using IMS  for
ntegration of SocioSpace components.

IMS  was developed by the Third Generation Partnership Project
3GPP). It provides a framework that accommodates current and
uture services in wired and wireless networks. It encompasses

obile, fixed, packet-switching, and traditional circuit-switching
ommunication systems. IMS  integrates services such as video,
oice and messaging with personal mobility, presence and terminal
obility. It also relies heavily on the Session Initiation Protocol (SIP)

o manage and control sessions. SIP is an Internet Engineering Task
orce (IETF) standard application layer protocol, which is used for
nitiating and managing an interactive user multimedia session. SIP
an setup, modify or terminate data, video conferencing or Internet
elephony sessions.

There are several features of IMS  that make it an excellent
andidate for the transport and control layers of SocioSpace. IMS
rovides a central database, the Home Subscriber Server (HSS),
hich makes it possible for all services to access the information

n an easy and standardized way. This allows service providers to
ffer a coherent set of targeted services to users, regardless of their
etworking interfaces. It also aids in creating an extensible service-
riented architecture that is independent of other variables such
s mobile devices, social networks and locations. Consequently,
ervice providers are able to develop and release services more reg-
larly by using the conventions, modules and libraries provided by

MS.
IMS  Application Servers can be openly programmed to cre-

te web services that provide access to information stored in the
atabase, such as user and space information. IMS  Application
ervers can also be used to facilitate connections to social net-
ork APIs and retrieval of relevant social network information.

he integration of social networks with Smart Spaces and mobile
evices through IMS  allows the creation of truly smart adaptive
nvironments. These environments consist of ubiquitous appli-
ations that utilize the information they have about the entities
ithin the space, including user preferences, physical locations and
resence, to deliver more relevant and beneficial services. By mak-

ng use of these, the users receive new and personalized services
uch as follow-me services, pervasive mobile games, peer-to-peer
apabilities, targeted services, rich multimedia services and more.
his context-aware and highly dynamic environment adapts to the
hanging needs of the user, thus increasing the user’s overall level
f satisfaction.

. Design of an extensible IMS  platform
In this section we design a fully extensible service-oriented
elivery platform that uses the IP Multimedia Subsystem to cre-
te personalized adaptive spaces. We  identify and define the key
Fig. 1. Core platform components.

entities needed to form the core of SocioSpace. The relationships
between different entities are then defined and the methods for
making the system scalable and extensible are explored.

3.1. Platform concept

IMS  has become an industry standard and has been adopted
by many telecom and service providers. IMS, however, 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 section, we
propose a conceptual platform and introduce the major building
blocks that go on top of IMS. We  show how these components fit
together and interact with IMS  to create device, network, social
network and service independence.

Fig. 1 shows the main components involved. Spaces are the
environments created by the system. Context-Aware services are
delivered within the spaces. Users within a space receive targeted
services that are meaningful to them. Social contexts consisting of
multiple attributes, and are used to provide the services with its
“brains”; and social networks are the sources of these social con-
texts. Agents are mobile devices carried by users, and they are used
to let the system know when users are within a space. Agents also
allow interaction between users and a space. Every agent has dif-
ferent capabilities and some services are delivered based on the
capabilities of these agents.

3.2. Core platform components

In this section we  define the following platform entities: spaces,
functionality and operate on top of IMS. We  drill down into the
details and identify the different properties of each entity. We  also
provide detailed descriptions of the behaviour and functionality of
each entity.
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.2.1. Smart social spaces
SocioSpace service areas are split into regions called “Spaces”. A

pace can be defined as an environment that integrates a number
f technologies, mobile devices and services into a single adaptive
ystem. These smart spaces recognize individuals including their
eeds and wants, as well as changes in individuals, and their needs
nd wants, and changes in the environment. Within the coverage of

 Space, users interface and interact with heterogeneous adaptive
ervices, nearby users and devices within the Space. Spaces con-
ist of large amounts of data that help give the system its context
wareness and ability to adapt and provide smart, relevant services.

A SocioSpace Space usually serves a certain physical location and
llows users and services within that region to interact with each
ther. Services are delivered to users and collaboration between
ifferent users is made possible. For instance, on campus, the Com-
uter Science building can be within the coverage area of a single
ocioSpace Space. This allows users within the building to collabo-
ate with each other. Different kinds of services can be delivered
o the people within the building and hence within the Space.
tudents can share files, exchange data through peer-to-peer com-
unication, and collaborate on schoolwork. Screens can provide

ervices relevant to the people within the vicinity, such as news
bout the department that may  be of interest to users, based on
hether they are undergraduate students, graduate students, fac-
lty, staff or guests. A multitude of other context-aware services
an be provided as well.

SocioSpace spaces are not necessarily limited to a single physi-
al location. For instance, if the Computer Science department has
ultiple buildings across campus, they can all be associated with a

ingle Space. Spaces can even be completely independent of phys-
cal location. Users can choose to connect to the Space they prefer
egardless of their current location. By default, if a user is not within
he coverage area of a particular Space, they are connected to the
Global” Space. The different possible kinds of spaces are presented
n Fig. 2.

.2.2. Users
We  define a user as an individual with a fixed or mobile device

hat has wired or wireless data transmission capabilities and access
o the Internet. Users provide information to the system in the
orm of attributes that are used to form a social context. They then
eceive context-aware services from the Space they are connected
o. The end goal of SocioSpaces is to enhance the users’ experi-
nce by delivering services that are meaningful and useful to them.
sers are considered members of the SocioSpace as soon as they
ave registered and obtained a user ID.

.2.3. Social contexts
The expression “social contexts” refers to the different user

roperties and preferences. Examples of such social contexts
nclude gender, favourite books, current job, and so on. Some perva-
ive computing projects have approached this through attempts at
ollecting user attributes by collecting user information via a basic
ser Interface. These solutions have usually failed to obtain useful
ser information, due to the users’ reluctance to volunteer informa-
ion about themselves and their interests. Most users are simply not
nterested in entering additional information, while others are too
usy. Asking the users to fill out long, tedious forms about their
obbies, interests and preferences is simply impractical and defies
he spirit of pervasive computing, which aims at building invisible
echnologies that require minimal user effort. We  are interested in
cquiring and creating genuine Social Contexts that truly describe

eople within an environment, and in order to do these things, a

arge number of quality attributes are required. Social networks
re therefore used. Social networks contain a wealth of informa-
ion about the users’ interests, preferences, educations, careers
utational Science 4 (2013) 183–198 185

and so on, and these can provide invaluable information to ser-
vice managers. Services can then use this information to build a
more adaptive and truly smart Space. By exploiting the fact that
most users carry a mobile device wherever they go, and by utiliz-
ing 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 create
truly ubiquitous, intelligent and adaptive environments.

3.2.4. Agents
We  define an agent as any device that facilitates interaction

between a user and SocioSpace. An agent usually consists of a
mobile device and its user interface. Each user is expected to
own one or more agents in order to be able to interact with
SocioSpace. Agents allow users to communicate with other parts of
the SocioSpace. These devices typically have a display screen with
a keyboard, keypad or touch screen for input. Agents play several
major roles within SocioSpace. The Graphical User Interface (GUI)
of agents allows users to interact with SocioSpace. The Client User
Agent exchanges SIP messages with the main SocioSpace servers.
It encapsulates SocioSpace-relevant information within these mes-
sages. The Client Data Agent is responsible for collecting data from
the different sensors present within a mobile device. Sensed infor-
mation could include latitude and longitude acquired from a GPS,
device orientation from an accelerometer, direction from a geo-
compass, signal strength from a network card, and noise levels
from a microphone (which can be used as a noise sensor). Differ-
ent devices have different sensors, and these keep increasing and
evolving over time. The iPhone 4, for instance, has a proximity sen-
sor and an ambient light sensor. Future devices are expected to have
an RFID reader as well.

Examples of user agents include, among others, the iPhone 4,
the Blackberry Torch, and Internet Explorer 9. Web  browsers can be
treated as agents, since SocioSpace can be accessed via SocioSpace
Online, a web-based version of the SocioSpace User Agent.

3.2.5. Capabilities
A capability is an agent-related attribute that enables an agent

to perform a specific action or to have a particular functionality. For
instance, having WiFi functionality can be considered a capability.
It is very important in SocioSpaces to identify and define capabil-
ities. Capabilities help applications to deliver relevant services to
appropriate users. For instance, if a user is using an agent that does
not have the “Front Camera” capability, then there is no point in
offering a video conferencing service to that user. Via capabilities
and services, it becomes possible for Spaces to create and impose
policies.

3.2.6. Services
Services are a standard collection of applications and features

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 for the user of that service.
SocioSpace does not enforce any particular business model. Instead,
it lets service providers charge as they think suitable. SocioSpace
provides information about the service being run by the user, and
with this information, the service provider decides whether to use
a flat rate for the service, apply time-based charging, provide ad-
supported services or perform any other type of charging.

Services receive context and presence information from dif-
ferent SocioSpace servers. They can aggregate this information

as necessary to provide adaptive and targeted services that are
meaningful to the users. For example, a background music player
service would collect music attributes for different users within the
Space, aggregate this information, and then connect to music web
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Fig. 2. Different kin

ervices such as Last.fm to decide the best songs to play. Conse-
uently, instead of playing a random song, the system will play
usic that will maximize the listening enjoyment of Space users.

.2.7. Social networks
SocioSpace allows the use of social networks to retrieve social

ontext information. SocioSpace does not, however, rely on the
ocial network. Social networks are simply used to retrieve the
ocial context.

.3. Groups and user interaction

Sociospace encourages user interaction by providing two  inter-
ction features: groups and spheres. A Sphere consists of a cluster
f users located within a single geographic location and sharing
ommon tasks or objectives. Spheres provide collaboration tools so
hat all members of a sphere can interact, share files and communi-
ate. Users can split their lives into several “spheres”. For example,

 sphere might indicate whether a person is in a work mode, at
ome, or participating in activities related to some other organi-
ation, such as a university. By using spheres, a person would be
ble to easily turn on or off certain rules that determine which
roups of people should be made aware of the person’s status. For
xample, if the person is a student at Queen’s University, she might
et the sphere to “queenscampus” and then have a rule set that
llows other Queen’s students to see her current status. Or it could

e more specific, e.g. “queenspsychology14” and have rules that
llows Queen’s Psychology students class of 2014 only to see her
resence status. Members of queenspsychology14 sphere would be
ble to share files, chat, videoconference, share presentation slides,
tc. As soon as she switches her status to something other than
queenspsychology14”, or some other sphere her fellow psychol-
gy students would lose access.
SocioSpace spaces.

3.4. Data models for extensibility

In this section we explore the use of many-to-many relation-
ships to create a platform that practical and extensible. We  present
our concepts using entity relationship diagrams. We  begin by look-
ing at user entity relationships as shown in Fig. 3.

An attribute name can simply have a value like “music prefer-
ences”. Each user has zero, one or many attributes and 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 and hence
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 Twit-
ter. In terms of services, users can be subscribed to zero, one or
more services. If a user subscribes to zero services then the space
would not adapt to them as they walk around because they are not
receiving any services from that space. In terms of the actual space,
the user can now only join one space at any given moment in time.
However the system is built to allow users to join multiple spaces
just in case a use for such functionality arises in the future. However
the current system allows each user to connect to only one space.
If the user does not specify a space they are automatically con-
nected to “Global” space. Each user can be a member of zero, one
or many spheres and groups and 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 id for both users being friends are inserted in fields’ user1 id
and user2 id.

Fig. 4 shows the data model and relationships associated with

social networks. Different social networks have different social
contexts and attributes. For instance a social network like Face-
book might have a “favourite music” attribute but not a “favourite
colour”. socialnetwork has attribute table allows a social network
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o identify zero, one or multiple attributes that it provides. Every
ocial network is also associated with zero, one or many users and
ence the many-to-many relationship between socialnetwork and
ser realized via the table user has socialnetwork.

Attributes (Fig. 5), which are individual social contexts, are stan-
ardized via the attribute table. This way services know which
ttributes are exactly available and can utilize them accordingly.
obile application developers can also know in advance what each

ttribute represents and how its data is stored and design their apps
o make use of these attributes. For instance a gender attribute

ight only allow “Male” or “Female” as values. The application
evelopers would then take that into consideration while designing
he app’s graphical user interface and programming the database
ueries. Each social network is mapped to its attributes via the
ocialnetwork has attribute table.

Looking at the attribute relationships we can see it correlates
ith the socialnetwork information described in the previous para-

raph. On top of the many-to-many relationship that attributes

ave with social networks, it has a similar relationship with users.
ach user defines zero, one or many attributes and this is realized
hrough the user has attribute table. When a user first registers
o SocioSpace they have zero attributes. As they connect to social
tionship model.

networks or fill out more information through SocioSpace’s profile
page they associate more attributes to their profile.

Fig. 6 shows service table and the relationships associated with
it. A service is created once by third parties and can be deployed
at several spaces. Therefore services and spaces have a many-to-
many relationship, which is achieved through the space has service
table. Every user can have the ability to subscribe or unsubscribe
to offered services. Every service needs specific capabilities too. For
instance a location-oriented service might need the agent to have
GPS capability. If GPS capability is not associated with the agent the
user is currently using then 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.

The space data model (Fig. 7) is associated with several other
entities including users, services, capabilities and spheres. Spaces
have policies as to what features are enabled within its coverage
and these policies are in part enforced by listing allowed capa-
bilities. Say the current space would like to enforce a no video

conference policy; video conference 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.
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Fig. 4. Social network entity-relationship model.

Fig. 5. Social network entity-relationship model.
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information and which parts they get to see. In terms of location,
the user should be able to show where they are to certain people or
Fig. 6. Service ent

Capability entity has been explained while discussing space, ser-
ice and agent entities. To recap, capabilities are used as policy
nforcers. Every service needs certain capabilities to operate. Some
gents support these capabilities while others do not. Only agents
hat support the capabilities can use that service. Not any space can
un in any space though. Only services with capabilities allowed by
he space can run in that space.

. The sociospace architecture

In this section the proposed framework, system design, architec-
ure and implementation are presented. The system’s core features
re defined and the main components that make up the system
re described in depth. The use of the underlying IMS network is
xplained, as well as the interaction between IMS  and different
ystem components. The generic user interface specifications are
utlined and guidelines for creating SocioSpace client applications
re provided.

.1. Core system features

The core system features and services that are present within
 SocioSpace system include: smart social spaces, feeds, location
ased services and user profiles. Each of these features is defined
elow:

.1.1. Feeds and Geo-Feeds

Feeds are text-based messages that are submitted by users. In

ocioSpace have a maximum length of 140 characters to allow users
o send and receive them through text messages on their cell phone
f they prefer. Users post feeds to express themselves and say what
lationship model.

is on their mind. Feed messages can also explain the current events
taking place within a space. Feeds therefore play a major role in
creating a “picture” of a space. By reading feeds left 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 a
certain location. 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 then the feed is also associated
with that location and is considered a Geo-Feed. If the feed was
posted in a location-independent space then that feed is a regular
location-independent Feed as well.

4.1.2. Location based services and presence
Location-based services are crucial for the success of SocioSpace

since they add a wealth of information that enriches the smart
spaces and helps give other services additional value. Presence ser-
vices, knowing who  the people within the space are, what their
status is and where they are located makes a space more valuable
[10].

Location information and presence are personal private infor-
mation that the user should have full control over. The user should
have control over how much of this data can be shared within the
space. They should also have full control over who sees their private
groups and hide their location from others. For presence, this means
that the user could show as online to some users while offline, away
or busy to others. This shall be managed within SocioSpace by the
Presences and Policies Server which is explained later in this paper.
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.1.3. User profiles
When a user registers with the SocioSpace a user profile is gen-

rated for them and it is stored in the IMS  database HSS. Initially
he profile has limited information, but then the system connects to
ser’s social network(s) and retrieves additional social information
nd the Social Network Manager creates a social context. This social
ontext contains information such as user name, date of birth, gen-
er, hobbies, interests, status, education, work, contact information
nd more. The user profile also contains information about user
ocation, presence, network information, preferences and a wealth
f other information that describes the user. Additionally, the pro-
le has information about user’s friends, family and relationships.
his profile information is used by different services to create a
ore intelligent environment with targeted services that cater to

ser preferences and interests.

.2. Architecture

In this section the SocioSpace architecture is presented. We
how how IMS  can be utilized to create smart social spaces that
rovide a multitude of rich services and improve user interaction

nd communication. Fig. 9 shows an abstract view of the SocioSpace
rchitecture. The core of the framework is based on IMS. Modules
ike SS-CSCF, CUA, etc. communicate by exchanging SIP messages.
he exact purpose and functionality of each module within the
ramework is explained below.

Fig. 8. SS-CSCF.
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.2.1. SS-CSCF
Since the core of a SocioSpace network consists of IMS, Call Ses-

ion Control Functions (CSCFs) are present and play a major role in
anaging the system. SocioSpace is equipped with IMS Proxy CSCF

P-CSCF) and Serving CSCF (S-CSCF).
P-CSCF protects the SocioSpace components and servers. Since

he system communication is session based between client appli-
ations, the SIP server and other servers such as the location and
resence server, they all need to interact with the P-CSCF at appli-
ation start-up. Dynamic port assignments on both sides need to
e requested and stored for later use.

P-CSCF is located within the SocioSpace network and acts as a
epresentative to the user, assisting in authorization and authenti-
ation and routing messages from the user agent to the SocioSpace
erver and vice versa. P-CSCF acts as a proxy server within the
ystem. It receives SIP messages from the user agents, analyses
hem and forwards them to the rest of the SocioSpace network
here necessary. P-CSCF does not modify the SIP and enclosed
ocioSpace-specific messages.
P-CSCF can also act as a User Agent on behalf of the actual Client

ser Agent. In that case P-CSCF can independently initiate and ter-
inate sessions. This is useful within the SocioSpace network when
architecture.

a user has a scheduled certain tasks or has setup certain preferences
and policies. When the appropriate conditions are met P-CSCF exe-
cutes these requests.

The P-CSCF therefore has multiple key roles within SocioSpace.
It acts as an entry point to the rest of the network and other
servers including the S-CSCF and SS-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 functionalities such as compression and decompression of
SIP messages.

S-CSCF server is the core server of the SocioSpace system, it
communicates with the user database and handles all registra-
tions, session setups and other SIP messages. Triggers on the S-CSCF
advice the server to forward certain messages to SS-AS on the SIP
application server.
S-CSCF is the backbone of the IMS  part of SocioSpace. Its
main functionalities include initiating, managing and terminat-
ing sessions. All aspects of a session are managed for the users
involved in that session. It is therefore necessary for S-CSCF to be
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nvolved in all user communication streams whether incoming or
utgoing.

S-CSCF coordinates between different SocioSpace entities such
s the User Agent, SS-AS and Location Awareness AS. S-CSCF han-
les most of the authentication, authorization and registration. It
an also manage all aspects of a session from initiation, monitoring,
rogression and termination. S-CSCF communicates with both the
sers and services within the SocioSpace Space. S-CSCF maintains
he session state that is needed to preserve session information
etween different SocioSpace entities.

Similar to the P-CSCF, S-CSCF can also act as a User Agent on
ehalf of the actual Client User Agent. S-CSCF can independently

nitiate and terminate sessions. S-CSCF can also act as a proxy server
nd forward messages to SocioSpace entities. According to SIP enti-
ies and triggers.

The S-CSCF therefore has multiple key roles within the
ocioSpace networks. It authenticates and registers users that enter
r join a Space. It also manages session creation, progression and
ermination. Sessions are monitored and SIP signaling flows go
hrough the S-CSCF. Furthermore, S-CSCF inspects messages and
cts as a proxy server that forwards the messages to the target
ocioSpace Application Server. S-CSCF also communicates with
he Presence and Policies Server. It also communicates with the
atabase Manager and Location Awareness Server to aid in the
rovision of context awareness and relevant information to other
ocioSpace entities.

Since P-CSCF and S-CSCF communicate with each other via
tandardized SIP and IMS  methods, they are combined within
ocioSpace to form SS-CSCF (Fig. 8). Nonetheless, they continue to
erform all the functionalities discussed.

.2.2. SS-Application Server (SS-AS)
SS-AS is a highly customized SIP Application Server that acts

s a host for the server-side of SocioSpace. SS-AS acts as the heart
f SocioSpace and is responsible for interacting with most major
ocioSpace components and coordinating all SocioSpace activi-
ies. SocioSpace interacts with the Database Manager to add, edit
r delete Database entries. It also communicates with the Loca-
ion Awareness Manager to make location-aware decisions. For
nstance, during registration SS-AS asks the Location Awareness

anager for the most suitable Space to connect a user to. SS-AS also
ommunicates with the Social Network Manager to synchronize
etween SocioSpace and a user’s Social Network(s). Social contexts
re retrieved from social networks or updated via such communica-
ion. SS-AS communicates with other components via SIP messages.
lthough SS-AS cannot directly communicate with the User Agent

t can communicate with SS-CSCF and use triggers to reach the User
gent and vice versa.

.2.3. Presence and Policies Server (PPS)
Managing presence and policies is a major requirement for pro-

iding a truly omnipresent smart social network services platform.
he Presence and Policies Server is responsible for this task. PPS is
apable of providing a multitude of different presence information
o all users and services within the SocioSpace Space. PPS detects
hanges to existing states within the SocioSpace network and prop-
gates the changes to all users subscribed to that information. PPS
lso reads, understands and interacts with services added to the
pace by third-party developers.

PPS gathers all information about a single user or service and
reates a complete picture of that user. It does the same for all
sers and services within the SocioSpace Space and hence creates
 complete presence picture of the whole Space. The server con-
rols all the information flowing through the presence framework.
t coordinates between presentities, presence user agents, service
gents and watchers. PPS also acts as a proxy server for subscription
utational Science 4 (2013) 183–198

requests. In order to communicate with User Agents, PPS forwards
the messages through the SocioSpace-AS which in turns forwards it
to the User Agent through the SS-CSCF. This maintains the integrity
and consistency of signaling within the SocioSpace network. SIP is
also the method of communication used by PPS but additional pres-
ence and contextual information are appended to the header of the
SIP messages.

4.2.4. Location Awareness Server (LAS)
Location information is essential for the operation of SocioSpace

networks and applications. SocioSpace uses the Location Aware-
ness Server (LAS) to extract information about current user location
based on the location of their device. LAS is responsible for all
location-based decisions that take place within SocioSpace. It helps
give SocioSpace 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.

4.2.5. Home Subscriber Server (HSS)
The database will hold the tables that will have data of the users

and data in there relation, in various tables; database will also have
stored procedures, views to support the web service. The HSS will
include the following tables: socialnetwork, property, user, agent,
capability, space, service, sphere and group.

4.2.6. Client User Agent (CUA)
The phone client application is developed for mobile devices

and is based on SIP. Devices support many different types of access
networks so the applications can use any of the standard wire-
less technologies 3G, EDGE, WiFi or WiMax  to access the IMS  core
(Fig. 10). Devices can range from smart phones, PDAs, tablet PCs to
laptops and even desktop computers. We will use the Apple iPhone
and iPad for tests performance evaluation tests.

4.2.7. Social network manager
In order to make use of the data provided by social networks

it is crucial to be able to somehow identify users and their per-
sonal profiles and then import their social content into SocioSpace
in some sort of standardized format. By providing a reliable porta-
bility module, SocioSpace can utilize this information to provide
smarter and more adaptive services. However, not all users join
the same social networking websites. There is a variety of different
social networks and users will join different ones based on their
age groups, or simply requirements and preferences. Furthermore,
it is not out of the ordinary for a user to have multiple profiles
on multiple social networks. A mechanism is therefore necessary
to extract data from heterogeneous social networks and also 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 from across multiple
Social Networking websites and then convert that data into stan-
dardized semantic information that can be further interpreted and
converted into meaningful information by other entities within
SocioSpace. Nonetheless, to create such modules there are signif-
icant challenges. The main problem with information extraction
from different heterogeneous social networking sources is 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 un-matching data formats without having some
common vocabulary. There must be some kind of mediator format
that allows easier interoperability, integration and computations
to be performed.
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XML  Manager is responsible for authenticating XML messages,
parsing them and translating the info into syntax that can be inter-
preted by the Database Manager (Fig. 11).
Fig. 10.

It is better to use an agreed upon semantic representation format
uch as XML. XML  is a general-purpose specification for creating
ustom markup languages. In particular the Resource Description
ramework (RDF) could be used. RDF is a family of World Wide Web
onsortium (W3C) specifications, originally designed as a meta-
ata data model, which has come to be used as a general method of
odeling information through a variety of syntax formats. RDF can

e combined with other technologies to describe people, objects,
nd the relationships between them in an abstract manner. Social
etworking websites can become rich data sources that are inter-
reted by the semantic RDF module running within SocioSpace.
his information now becomes machine readable and can be used
o provide an enhanced view and rich set of information about the
mart Space. How the standardized data is then interlinked and
ggregated to form a meaningful picture is beyond the scope of
his paper. This module focuses on retrieving the information from

 heterogeneity of social networks, identifying a single user’s profile
n multiple networks and translating the profile data into a unified
anguage.

The syntactic vocabulary to be used to describe the profile data
xtracted is FOAF (Friend of a Friend). FOAF is a decentralized
emantic web technology, and has been designed to allow for inte-
ration of data across a variety of applications, web sites, services,
nd software systems. FOAF syntax is written in XML  syntax, and
dopts the conventions of RDF. By using FOAF syntax, modules
ithin SocioSpace will be able to exchange and represent social
etwork data in a unified and machine readable manner since FOAF
pecifies ontology for representing people, objects and the relation-
hips that they share.

.2.8. Service manager and service control
The service manager and all modules associated with it are used

or service delivery.

. Sociospace application server

The SocioSpace-AS (SS-AS) and SS-CSCF communicate with each
ther continuously. The SS-CSCF decides on which messages from
he MH  are forwarded to the SocioSpace-AS and which messages
rom the SS-AS are forwarded to the MH.  The SS-CSCF is constantly
eceiving SIP messages from different entities that are also des-
ined to other different entities within the system. It is therefore
ecessary to have a way of filtering messages at the SS-CSCF to

dentify whether the message needs to be forwarded to the SS-AS or
nother entity within the system. This is done via Triggers and Trig-
er Points, which are strings, used as identifiers. When a message is
eceived by the SS-CSCF it compares the header of the SIP message
ith the available Trigger Points and forwards the messages onto

he matching entity for more processing.

SocioSpace’s SS-CSCF forwards any SIP message with

SocioSpace” Trigger Point in the header to the system’s main
IP-AS: SocioSpace-AS. SocioSpace-AS is responsible for processing
ny SocioSpace related SIP messages and SDP data. SocioSpace-AS
 agent.

is also responsible for managing user sessions, data flow within
the system, interaction with the MySQL database, XML  parsing,
Social Network interfacing and much more. SocioSpace-AS XML
module creates the SocioSpace XML  Data (SSXD) messages that
are responsible for communicating with the database and other
components of the system. SocioSpace-AS acts as a SIP proxy server
and SIP User Agent depending on the service being requested.
SocioSpace-AS functionalities will be discussed in detail in the
following sections.

SIP Manager within SocioSpace-AS is responsible for interact-
ing 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 such as REGISTER, ACK, INVITE and
MESSAGE. Methods are implemented for all the possible SIP mes-
sages. Any custom messages are also implemented in different
methods.

Within SocioSpace-AS also exists the SDP Manager. SDP Man-
ager interacts with the MH  and parses SDP Payloads. SIP messages
like INVITE are parsed. Connection information is extracted from
the INVITE message and passed onto the SIP Manager which han-
dles the rest of the SIP communication request.

SIP Manager is also responsible for parsing data and creating
SSXD messages which are then concatenated to the payload of SIP
messages.
Fig. 11. SocioSpace application server SS-AS.
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.1. Connecting to a space and initiating a session

Once the application has loaded and before the user can con-
ect onto the SocioSpace network they need to have access to the

P Connectivity Access Network such as a 3G network, WiFi, WiMax
r any connection that provides access to the Internet. By doing so
n IP Address is assigned to the MH which is a prerequisite for con-
ecting to the SocioSpace network. The user also needs to already
ave an account with SocioSpace. If they have never registered for
n account they would need to do so first and agree to the terms
f service. Once these prerequisites have been fulfilled the MH  can
onnect to the Space. The IP address of the SS-CSCF with which
he mobile device will communicate is returned to the MH.  This
tep is necessary to allow the MH  to communicate with the differ-
nt entities of the Space, maintain presence, connect to other users
ithin the space and much more. When the SS-CSCF discovery is

ompleted the MH  will be able to exchange SIP messages with the
S-CSCF. This connection is permanent for the duration of the time
he user remains within the Space. Data transfer for connecting to
he newly discovered space is shown in Fig. 12.

Once connectivity with the SS-CSCF has been established the
ser agent sends out a SIP registration to the SocioSpace network.
his is simply a basic SIP registration. This step must be carried
ut before any other SIP messages are exchanged. In this step
ocioSpace authenticates and authorizes the MH to use the net-
ork and connect to a Space. A SIP REGISTER request is sent from

he MH  to the SS-CSCF. This request contains the IP address and
ome other MH  properties. SS-CSCF responds back with an UNAU-
HORIZED message that represents an authentication request to
he MH.  The MH  responds back with a second REGISTER message
hat contains authentication information. When SS-CSCF receives
he second REGISTER request with the authentication information
t requests the user’s authentication info from the Database Man-
ger in SocioSpace-AS and compares both versions. If they match
he user is logged into the system and a 200OK is sent back to the

H’S user agent.
As soon as the MH  gets the 200OK acknowledgment it initiates

he procedure to connect to an SocioSpace Space. The user’s location
longitude and latitude) and WiFi networks within reach and their
ignal strengths are included in the payload of a SIP SUBSCRIBE
essage. This message is then sent to the SS-CSCF. The SS-CSCF

nterprets the message and forwards it to LAS, which uses the pro-
ided information to choose the most suitable Space to connect the
ser to. It does so by communicating with the Database Manager to
etrieve the current list of available Spaces and their coordinates.
he MH  is connected to a Space that is within their reach. If there are
o Spaces within the vicinity of the MH they are connected to the
lobal Space. After Space connectivity is processed and a Space is
ssigned to the user, the Presence server sends a 200OK message to
he user agent that contains the Space information. This is followed
y the Presence server’s first NOTIFY message that contains a list of
ll users within the Space as well as Contacts. Once the user agent
eceives the message and processes everything within the message
t sends a 200OK back to the Presence server. The MH  then sends
he Presence server a PUBLISH message with its current PRESENCE
nformation attached to the PUBLISH message payload. As soon as
he Presence server receives the 200OK message it processes the

essages, extracts the presence information and notifies all enti-
ies related to that MH  with its new status. The Presence server
hen sends a 200OK message to the MH.

Now that the MH  is connected to a space and registered with a
resence server it is time to notify SocioSpace-AS of the presence of
 new user to initiate a new session for that user to communicate
ith the server. The MH’s user agent sends a SIP INVITE request
essage to the SS-CSCF. The SS-CSCF reads the SIP message eval-

ates the filter criteria within the message. The filter criteria state
utational Science 4 (2013) 183–198

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 ongoing attempt to initiate a ses-
sion. When SS-AS receives the INVITE request it initiates a new
session and contacts the Database Manager to update the user’s
status and store session information such as the MH’s current IP
address and port. SS-AS then acknowledges the request with a
200OK response to finalize the session setup. The 200OK 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 signaling and data messages directly to the MH’s
User Agent. SocioSpace system now considers this session active
and saves all connectivity and session information for that user.

Now the user is fully registered to 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 com-
municate with other MHs, the space and services within the space.
It can retrieve maps, contacts, space feeds and much more.

5.2. SocioSpace application data flow examples

SSXD is an 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 inter-
facing with the Database Manager and sending database read/write
commands based on SSXD.

SSXDWriter: 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 infor-
mation provided within the parameters of the method and return
an XML  based SSXD message that contains all the relevant informa-
tion. This SSXD message is added to the payload of the SIP message
and sent to SocioSpace-AS.

SSXDReader: As soon as the message is received by the Emerja-
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 pars-
eSSXD parses the rest of the SSXD message to extract the FOAF
social context. It then forwards the info to the Database Manager
which in turn updates the user’s social context info 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 a
FOAF string. This is encapsulated into an SSXD message and 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
which 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 parse-
FOAF to extract the social context and make use of it in any way it
desires.

5.3. 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 bi-directional.
All features that require updates to the database but do not expect
any SSXD response are considered uni-directional. A few examples
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Fig. 12. Dat

f uni-directional SSXD message transfers include updating a user’s
ocial context, sending a private message to another user, writing

 visitor message on another user’s profile, writing a new feed and
pdating a user’s preferences, privacy and policies.

If a user would like to update their policies (Fig. 12) they use
heir MH  UI to setup their new policy preferences. When they save
heir new preferences the User Agent calls writSSXD and includes
he new preferences as parameters. SIP Manager then encapsulates
he newly generated SSXD messages within the payload of the SIP

essage. It also includes the command setPolicies. This way the
ocioSpace-AS will be able to know what it needs to do. The SIP
essage is sent from the User Agent to the SS-CSCF. SS-CSCF reads

he header of the SIP message, recognizes that it is destined for
he SocioSpace-AS and forwards it there. SocioSpace-AS parses the
SXD message and reads the setPolicies command. It therefore con-
inues parsing the rest of the SSXD message to extract the actual
olicies. The policies are then sent to the Database Manager in

 setPolicies method call and the Database Manager updates the
atabase with the new policy information. If the process was  suc-
essful SocioSpace-AS sends a 200OK SIP message to the SS-CSCF
hich in turn forwards it to the MH User Agent. Data transfer for

etrieving social context is shown in Fig. 13.

. Scenarios and performance evaluation

Validation and performance evaluation of our Smart Social
paces framework will be carried out by full implementation of
he system. We  will develop the different components required to
est the system including the full IMS-based server, the Social Net-
orking interface, clients (including their user agents), the service
elivery environment and the actual services. We  will propose use
ases and then test their performance. These use-cases will create
ifferent realistic scenarios. We  will then run a set of experiments
o test the performance of the system under different scenarios.

he framework will also be tested under different loads includ-
ng varying the number of overlay users, varying the mobility of
sers, varying churn (both joining and departing), varying traf-
c demands. Each component of the system will also be tested
 example 1.

individually to ensure it produces the correct output given a specific
input.

6.1. Test setup

The complete system architecture including the different com-
ponents is developed to create a real and accurate representation
of the proposed framework and design. Different platforms and
programming languages are used for different parts of the sys-
tem. The core components are 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 are devel-
oped using objective C and Cocoa on the Apple iOS version 4.2 [11].
The IMS-based SIP user agent used is Asterix. The database uses
mySQL and phpmyadmin is used for management of the database.
Fig. 14 shows the overall test setup.

6.2. Application scenarios

In this section, different application and service scenarios that
benefit from the creation of SocioSpace are presented. These sce-
narios include contextising (a term we have coined to contextual
advertising), adaptive room, background music player, space-
tagging and user-to-user communications. A few of these scenarios
are presented in Fig. 15.

6.2.1. Contextising
Contextising is a term we coin to targeted advertising within the

Smart Social Spaces. The smart space retrieves the social context
of all the users within the space and then uses this information
to deliver relevant ads that are more likely to be of interest to the
users within the space. These ads can be delivered via different tools
including Jumbotrons, TV screens, speakers, on the user’s mobile
device, etc.

6.2.2. Adaptive room

In this scenario a room acting as a smart space adapts to the

user occupying the room. This could be a hotel room for exam-
ple where the occupants of the room change over time. As soon as
the new occupant enters the room the room environment changes
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o become more appealing to its new occupant. The wallpaper
hanges, the lighting colours change to adapt to the user’s colour
references and current mood. The TV displays a menu of the per-

on’s favourite shows and the user can play any episode on demand.
ther entities and objects within the room would also change to
rovide the occupant with the best possible experience while stay-

ng in that hotel.

Fig. 14. SocioSpac
 example 2.

6.2.3. Background music player
In most retail stores the music playing in the background is

based on predicting the music that store’s customers would enjoy.

This is nothing more than predictions that can sometimes be true
and in many cases are not. With the background music player our
objective is to play music that tries to satisfy the largest number of
people in the store (or any smart space) at any given moment in

e test setup.



A. Hasswa, H. Hassanein / Journal of Computational Science 4 (2013) 183–198 197

licatio

t
o
c
b
t
s

6

w
a
a
i

6

i
m
i

7

i
l
a
w
fi
w
S

f
m
t
p
v
s

[

[

management and services, mobile communications, and
contextaware computing.
Fig. 15. App

ime. This is achieved by acquiring the social context information
f the people in the store and then connecting with music APIs and
reating algorithms that try playing music that would be enjoyed
y many people currently in the store. By playing enjoyable music
he customers are more likely to stay longer in the store and hence
hop and spend more money at that store.

.2.4. Space-tagging
In this scenario the users use feeds to post what is on their mind

hile they are within the space. Over time these feeds help build
 picture of the space and events going on within that space. Feeds
re publicly visible and can hence be read by other people who  are
nterested in knowing what’s going on within a space.

.2.5. User-to-user communication
This consists of a series of test cases that include communicat-

ng with other users within the space. This communication includes
aking friends with a user, seeing a user’s profile, voice conferenc-

ng and private messaging.

. Conclusion

There is a wealth of information within social networks, which
f exploited properly and combined with rules and policies, can
ead to a whole new level of smart contextual services. We  propose

 social network oriented smart spaces framework. This system
ould extract data from heterogeneous social networks, link pro-
les across different networks and aggregate the data obtained. It
ould then use the available information to create smart spaces.

mart spaces would deliver targeted and adaptive services.
We designed and implemented “SocioSpace” a Smart Spaces

ramework that utilizes the Social context. We  design and imple-
ent of all components of SocioSpace including the central server,
he location management system, social network interfacing com-
onents, service delivery server and user agents. We  then run
arious scenarios to test the reliability of the system. The results
how the effectiveness of our framework in successfully creating
n scenarios.

smart spaces that can truly utilize social networks to deliver adap-
tive services that enhance the users’ experiences and make the
environment more beneficial to them.
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