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ABSTRACT-- The core of our work is to
present a SOA-based framework of a web
operating system that makes uses of web
semantics in its underlying file system.
"SEWQOS", as it is named, moves user's
traditional operational desktop
environment into a web browser accessed
by user any time anywhere. The usage of
semantic web techniques provides better
organization, annotation, navigation and
searching capabilities. Usage data, user’s
personalized settings along with file
system ontology are all used to provide
user a desktop metaphor and an
experience that almost mimics traditional
desktop.

Index Terms: Web Operating System,
Semantic, Ontology, Service Oriented
Architecture

1. INTRODUCTION

The tremendous growth in web as a
source of information led to an increased
interest in research of applications and
trends that make use of web data trying to
reach their ultimate potential. In this
context, researchers investigated the
ability to extend the functionality of
traditional web-based applications to
enable users to interact with applications
in much the same way as they do with
desktop applications. Web operating
systems were developed to provide users
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with an environment that pretty much
resembles traditional desktop
environment through web browser. They
represent an advance in web utilities as
they aim to provide better operational
environments by moving users' working
environment within web site including
managing his/her files, install his own
applications. But, yet the bulk of the
available  systems disregarded the
underling file system and the employment
of semantic web techniques that are used
to provide a well defined structure of
resources as well as easier information
retrieval and indexing.

Web operating system can be defined
as a virtual desktop on the web, accessible
via a browser as an interface designed to
look like traditional operating system with
multiple integrated built-in applications
that allow the user to easily manage and
organize his data from any location [1].
Web operating system provides users with
traditional operating system applications
as services available for user to access
transparently ~ without  any  prior
knowledge about where service is
available, the cost or constraints [2]. In
web operating system, applications, data
files, configurations, settings and access
privileges reside remotely over network
as services accessed by web browser
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which is used for input and display
purposes [3].

As mentioned earlier, web Operating
system has become an interesting field of
research and many attempts have been
made for building web operating systems.
WOS [2-8], the first known web-based
operating system that provided a platform
that enabled wuser to benefit from
computational potential of the web. WOS
provided users with plenty of tools
through using a virtual desktop using the
notion of distributed computing by
replicating its services between multiple
interacting nodes to manipulate user
requests. WOS consists of three major
components, graphical user interface,
resource control unit which processes user
request and finally a remote resource
control unit which manages requests
passed from other nodes.

The interest in web operating systems
and their applications on academic
communities resulted in VNet which was
developed at the university of Houston
and considered an access point to campus
resources. VNet included variety of
services that support students such as
Desktop, admin management, contact
management, file management services,
calendar and scheduling services, report
generation services, ... etc [9].

based on the earlier work of WOS
WEBRES was developed. WEBRES
investigated the aspects of resource
sharing that wasn’t addresses in WOS and
presented the notion of resource set which
makes resources persistent rather that
bounded to a specific user[10].

G.H.OS.T (http://g.ho.st/ve.html),
EyeOS "www.eyeos.com" and

DesktopTwo "www.desktoptwo.com " are
examples of systems that were built based
on the trends of web operating systems.
They mimic the look, feel and
functionality of the desktop environment
of an operating system. Moreover, they
present variety of applications such as:
File management, Address book,
Calendar and text editing applications.

As mentioned earlier, taking semantics
into consideration is an ongoing research
field. Many attempts have been made to
integrate semantic techniques to enhance
traditional desktop environments [11-13].

Through annotating user files and
resources, traditional desktop
functionalities can be enhanced enabling
retrieval of resources that are semantically
related. HyperSD [14], a semantic
desktop browser that comes with
wrappers that allow importing regular
desktop objects, such as files, person
records, calendar entries, etc... into the
semantic desktop accessed through a web
browser.

Likewise, semantic techniques were
used to provide better services by web
operating systems. In this context, many
attempts were made, DBin [15,16], a
platform that integrates Semantic Web
technologies with specific task modules
and integrates a desktop service as user
interface to build “Semantic Web
communities”. DBin accommodates a
number of experimental modules to deal
with specific kind of metadata (i.e. audio
metadata  extraction and desktop
integration..etc).

The work in [17] integrated semantic
web techniques towards building a social
webtop  which is the Web-based
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counterpart to a desktop system on a
personal computer (PC), a social webtop
uses the Web for data storage and
provides specific applications and for
moving data process applications onto the
Web.

Traditional  system  development
process includes different parts that are
strongly dependent of each other. The
change of one function requires the whole
system to be rebuilt which is expensive
and time consuming causing many
necessary process improvements never to
be done. With SOA the services are
encapsulated to make them autonomous
where services can be easily changed,
deleted, or added without influencing the
whole system [18-21].

Seeing that SOA enhances the process
of web development and since semantic
web  techniques  provides  better
organization, navigation, searching and
retrieval, in developing our framework we
could never disregard these two ongoing
techniques as we believe that it will
enhance  web operating system
functionality. In our work we present the
merge of semantic web and web operating
system under the term semantic web
operating system presenting SOA-based
framework. The proposed system uses
ontology for annotating user resources as
well as employing semantic web
techniques for enhancing user personal
experience.

This paper is organized as follows; the
next section presents SEWOS
architecture.  In section 3 a detailed
description of the proposed architecture is
provided. Section 4 outlines
personalization services provided for our

system. Our conclusion and future work is
presented in section 5.

2. THE PROPOSED ARCHITECTURE

As stated earlier, Web operating
systems have the features and

functionality of traditional desktop
operating  system.  However, Web
operating systems typically transfer

applications to web server where user can
manage his resources through virtual
desktop using web browser. At the start of
our research we had three main interests
which we tried to satisfy.

1- Moving from fully personalized
familiar desktop on PC to a virtual
remote desktop, is a hard task, as
users will accept nothing less than
traditional desktop which they
have been accustomed to. Thus,
user data, preferences as well as
sessions must be maintained
ensuring that user will always has a
personal experience that resembles
his fully personalized traditional pc
environment.

2- Semantic web technology plays a
significant role in today's web as
well as desktop systems [22-23].
That's why we thought that it was
only a matter of time before
semantic web techniques thrust in
the research of web operating
system.

3- A service-oriented architecture
(SOA) is seen as the next
evolutionary step in building web-
based applications as it provides a
set of principles of governing
concepts used during phases of
systems development. As in n-tier
architectures  SOA  separates
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presentation/applications, services
and data into layers preventing
dependency between layers.

In our work, we tried to merge the
semantic web with web operating system
utilizing the notion of SOA to support our
architecture.

2.1 SEWOS ARCHITECTURE

SEWOS is SOA-based architecture
that shows the underlying semantic file

system. SEWOS consists mainly of three
layers, application layer, service layer and
data layer as depicted in Figure 1.
SEWOS architecture Application layer
contains both user interface (portal) and
application manager which in turn
includes set of applications: file manager,
word processing, spread sheets, web
search and to-do list. These applications
will be covered more details later in the
next section.

system of our semantic web operating
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Fig.1 SEWQOS Architecture

The second layer is service layer
which includes transaction manager as
well as  personalization ~ manager.
Transaction manager controls user
requests and works in correlation with
both application layer and data layer in
order to provide a virtual desktop.
Personalization manager is responsible
for generating a personalized desktop
making use of user log, preferences and

profile. Resource locator is used to locate
where resources reside. Our architecture
uses the notion of hyprid systems as it
maintains a centralized resource location
whereas  resources themselves are
decentralized. And finally, data layer
contains back end databases that stores
user profile, log file as well as user
resources that are typical user files
annotated using ontology.
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3. SEWOS DESCRIPTION

SEWOS consists mainly of application
layer which includes user interface as
well as application manager, service layer
which consists of transaction manager,
application manager and resource locator,
and the final layer is data layer which
contains resource manager.

Whenever user Logs into system using
portal, application layer transparently
passes request to transaction manager
which first authenticates and authorizes
user, then work together  with
personalization manager to regenerate
user's personalized desktop. User's
desktop will include his layout, resources,
bookmarks, applications as well as work
copies which system maintains in case of
application or connection failure.

Whenever user requests a resource,
application layer passes request to
transaction manager which initializes the
corresponding application as well as
requesting the associated resource from
resource locator which works together
with resource manager to locate and
retrieve resource. On each request,
personalization manager together with
transaction manager maintains user log,
profile and wuser session in order to
provide personalization services.

The whole processes that are
performed by SEWOS are shown in Fig.2
that shows system process diagram.

3.1 APPLICATION LAYER

This layer contains user interface
(portal) as well as a set of applications
namely: file manager, word processing,
spread sheets web search and to-do list.

This layer provides an interface to
user's files through accessible file system.
This underlying file system employs web
semantics.

As a result to our realization that
semantic web's success depends on the
availability of web pages annotated with
metadata. These metadata are relevant
keywords associated with or assigned to a
piece of information describing the item.

In order for the underlying file system
to use web semantics a set of rules has to
be considered:

1- Every file is a resource: items (email,
documents, images, etc) are converted
Into resources.

2- All resources are identified using URI.

3- Each resource is annotated based on

the underlying ontology. This
annotation makes better indexing and
retrieval of resources.
SEWOS underling semantic file
system uses file system ontology for
providing annotation besides
application ontology for application
specific data. A sample of the
proposed ontology is shown in Fig.3.
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Fig.3. The used Ontology
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3.2 SERVICE LAYER

The second layer service layer:
includes transaction manager as well as
personalization manager.

3.2.1 TRANSACTION MANAGER

Transaction manager manages user
requests and works as a controller that
coordinates the work between application
and data layer. Transaction manager is
responsible mainly for:

1- Managing user authenticating and
authorizing.

2- Initiating personalization services for
generating personalized desktop.

3- Initializing and terminating
applications.
4- Working together with resource

locator to create, update or load
resources.

5- Transaction manager as well adds
transactional capabilities that
maintains user resources and keeps
track of unsaved changes and forces
update in case of application
termination by user or even saves a
work copy of resource in case of
connection failure or application error.
These transactional capabilities are
new features that are added by our
proposed system.

3.2.2 PERSONALIZATION MANAGER

While developing SEWOS
framework, user satisfaction had to be
always in mind. As previously stated, user
will accept only a system that mimics
what he has been used to. Thus SEWOS
had to be a tailored operating system that
we present to user virtually through web
browser. This tailoring of web application

based on user's needs and preferences is
best served by employing personalization
services. Personalization manager is
responsible for maintaining user log,
profile and  preferences so that
personalized content, layout as well as
structure can be presented on user basis.
Personalization process is discussed in
details in section 4.

3.2.2 RESOURCE LOCATOR

Due to the nature of web today, web
resources may be scattered across several
servers and locations. This
decentralization of resources necessitated
the existence of a resource locator.
Resource locator is responsible for
locating  resources.  However, our
architecture tries to overcome the
everlasting problem of delay and network
traffic in distributed systems by using the
notion of hybrid systems. Resource
locator maintains a centralized record of
resource locations whereas resources are
decentralized.

Whenever Transaction manager sends
a request for a resource to resource
locator, it determines resource location
using the centralized resource location
index, then works together with resource
manager which retrieves the required
resource and sends it back to the
transaction manager.

3.3 DATA LAYER

System data layer (Backend) contains
user profile, user log file (Personal usage
data), annotated resources And finally,
file system ontology and application
ontology:
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1- User resources: as each user
directory will consist of user's
annotated resources.

2- Ontology: file system ontology as
well as application ontology.

3- User profile: contains user's
preferences and  personalized
settings.

4- User log: keeps track of user’s
usage data, sessions and data
storage.

5- Data layer includes as well a set of
work copies. As aforementioned,
SEWOS presents transactional
capabilities that help maintain
users document and provide
restoration capabilities' in case of
application or connection failure.

4. PERSONALIZATION SERVICES IN
SEWOS

In an earlier work of ours we clarified
that the move to personalization is no
longer an option, but a necessity [24,25].
Numerous challenges however confront
personalization ~ procedure to  be
successful, scalability, accuracy, evolving
user's interests, data collection and
preprocessing. As stated previously, users
will accept nothing less than an
experience that resembles their fully
personalized traditional pc desktop. This
fact required that our architecture includes
a manager that is responsible for all
personalization services. Personalization
manager makes use of wuser log,
preferences and profile in order to provide
personalization. Personalization services
that our system proposes are:

1- Memorization represented in user
salutation, personalized access
2- User bookmarking

3- Guidance services through
hyperlink recommendations
4- Customization services through

customizing both layout and
content.
SEWOS provides personalization

services in different contexts:

1- Memorization and personalized
access
After transaction manager
authorizes and authenticates user,
personalization manager maintains
user state so that it displays
salutation for user so that to
increase user loyalty.

2- Customization:
System maintains user preferences,
items, colors and resources so that
user desktop is recreated on each
access.

3- Bookmarking
This  personalization  function
includes the display information
from user's last sessions. In this
context, SEWOS uses user log file
to build ontology that specify the
top ten resources used based on
access frequency. The constructed
ontology contains resource
identification as well associated
keywords and ranking sequence in
the list to be recommended:

<TOPTEN >

<ID> resource ID </ID>
<SEQUENCE>ranking
</SEQUENCE>
<FREQUENCY> number accessed
by user </[FREQUENCY>
<KEYWORDS>extract keywords
from file annotation</KEYWORDS>
</TOPTEN>

sequence

4- Guidance
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In the work we pointed out [24,25],
web  mining  techniques  were
employed in order to provide user a
set of recommendations based on
usage data analysis. The system built
an undirected weighted graph of web
site pages in which weights are used to
formulate the correlation between each
two pages. Then system clustered
graph using a threshold value to get
clusters of related pages that can be
recommended to user based on the
requested page identifying pages
during user session which last as long
as user navigates through web site.
However, the earlier system didn’t
take into consideration temporal
attributes besides each page can only
belong to one and only one cluster. in
this work we try to address these
defects by extending the previous
system, while the proposed system
provides recommendations based on
temporal analysis of usage data
making use of web usage mining
techniques in order to generate a list of
recommendations based on the time at
which user accesses his personalized
desktop. Based on usage analysis we
perform  classification of user's
resources based on access time. We
divided access time into four classes
(Morning, Afternoon, Evening and
Night). However, a certain resource
may be accessed several times during
day, wusing typical classification
techniques will assign each resource to
one and only one class while using
Fuzzy relation allows participation of
a single resource in different temporal
classes and to different degrees.

e In this system user session lasts
only for 30 minutes during which
log file is updated. On each new
session, a new list is generated
based on the current time of user.
A weight is calculated to show the
correlation between a certain
resource and the access time based
on the following equation:

Wi’j = Ni,j / Ni

Where:

X W;i;:  weight to represent
correlation between resource |
and access time J.

X N;; : the frequency of resource |
accessed in time J.

N; : the frequency of resource |
access.

This weight is then fed to membership
function to calculate membership value
which is then wused for ranking
recommendations, the whole process is
shown in Fig.4(a)
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e Besides temporal-based analysis of
usage data, semantics-based
recommendations are presented to
user. ~ While our previous work
presented a set of ranked document
based on similarity between content
and keywords that are extracted
implicitly through observing user
through navigation. Those keywords
would be hard to extract from the
normal files. But when all resources
are already described in detail
(annotated) within Semantic Web
ontologies this task carries no burden
at all. Thus, a set of semantically
related resources can be recommended
based on the underlying ontology
(i.e. resources with the same file type,
author, keywords or even creation
date). The whole process of
personalization is shown in Fig. 4 (b).
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After all, in this work we were
motivated by the belief that employing
both service oriented architecture as well
as web semantics can enhance the
functionality of web operating system as
well as enrich user experience.

5. CONCLUSION AND FUTURE WORK
SEWOS will provide SOA-based
virtual environment and functionality of
traditional OS through a web browser
where user can interact with applications
and services in much the same way they
do in their traditional desktop. SEWOS
contains an underlying file system that
employs web semantics through applying
ontology to annotate user resources.

Thus our work is an effort towards
building a fully personalized semantically
enhanced web operating system that
resides remotely and can be accessed
through a web browser.
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