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1. INTRODUCTION

Niklaus Wirth ever wrote down in his book a famous phi-
losophy about computer programs, that is, Algorithms +
Data Structures = Programs [7]. To date, the represen-
tation of data structures has evolved from functional lan-
guages, object-oriented programming, relational database,
semi-structured data(XML) etc to Semantic Web [5]. Se-
mantic Web is a web of data. By representing information
as linked data and making them referable, Semantic Web
provides a unique interface to access heterogeneous and dis-
tributed data sources from all over the world.

On the other hand, the implementation of algorithms has
also been shifted from basic building blocks in functional
languages to more well encapsulated object-oriented classes
and components. Nowadays, the service-oriented architec-
ture (SOA) is a new software engineering paradigm to de-
sign, implement and publish reusable software components
as Web services [3]. By composing together suitable Web
services from third-parties, service consumers can quickly
develop distributed Internet applications across different or-
ganizations.

In this position paper, we extend Wirth’s philosophy with
a new interpretation about Internet applications based on
the combination of Semantic Web and SOA technologies,
that is, Services + Semantic Web = Internet Applications.
Different from traditional programs where data structures
and algorithms are built local to programs, the Semantic
Web and SOA technologies allow the data and services to be
shared among customers through standard interfaces (e.g.,
RDF [4] and WSDL [6]), respectively. Therefore, users (cus-
tomers) are allowed to customize their own applications by
consuming well selected services and data over the Internet.

This new vision enriches the development and usage pat-
terns for Web applications. In particular, with respect to
Personal Web applications, end-users (customers) can pub-
lish their personal information (e.g., comments on a movie,
online shopping of particular products etc) as linked data on
their personal web and share the data to their friends (e.g.,
the social network in Facebook [1]). By subscribing to the
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update of linked data of interest, end-users can get notified
of their friends’ interesting activities. On the other hand,
end-users may not be restricted to get the notification of
linked data update only. They may subscribe to some ser-
vices to manipulate the updated linked data when the data
is ready. For example, users may subscribe to the recom-
mended movie information from their friends in the social
network website. They may also subscribe to the online box
office service to book the tickets based on their online cal-
endar data. When a movie is recommended, the subscribed
online box office service will be invoked to book the tickets
for the users automatically.

The challenges of this new paradigm for Personal Web ap-
plications lie in how to glue the Semantic Web and SOA tech-
nologies to develop customized applications for customers.
On the one hand, since the Semantic Web and SOA adopt
different standards and protocols to share and exchange data,
the interoperability between both technologies is a challenge.
On the other hand, the data and services usually belong to
different organizations that are beyond the control of cus-
tomers, how to coordinate the data and services is another
challenge.

In the rest of this paper, we present our solution to address
the aforementioned challenges.

2. OVERVIEW OF METHODOLOGY

As mentioned in Section 1, the challenges of our proposal
lie in the interoperability between Semantic Web and SOA
technologies and the coordination of data and services that
are not under the control of customers. In this section, we
briefly introduce our solutions to address the challenges.

In order to interoperate between the Semantic Web and
SOA, we extend our previous work [8] to allow services access
the data from the Semantic Web based on event interfaces.
An event interface declares what kinds of events a service
wants to expose and what kinds of events it wants to sub-
scribe. An event is defined as a state change. For example, if
some linked data in the Semantic Web is updated, an event
can be generated and propagated to the services that use
the linked data. On being notified of the subscribed events,
the services can update the copies of the linked data inside
the services. On the other hand, if a service updates the
copies of some linked data, then events will be raised and
exposed. The exposed events are then used to update the
corresponding linked data in the Semantic Web. Therefore,
as illustrated in Fig. 1, we provide our Polaris framework [9]
to bridge the gap between the linked data in Semantic Web
and SOA services. By declaring the state changes related to
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Figure 1: Overview of methodology.

the linked data of interest, services can access and synchro-
nize with the linked data.

Another issue is to invoke the subscribed services when
the subscribed linked data is ready. To do so, the Po-
laris event exposure platform allows users to design some
Event-Condition-Action(ECA) rules. When an event is no-
tified, the corresponding matched ECA rules are triggered
to invoke the subscribed services transparently and asyn-
chronously.

Since the linked data is distributed over the Web, an event
related to the changes of linked data needs to propagated
from the event producer to the event subscribers. There-
fore, we use padres [2], a content-based pub/sub middleware
to propagate events. Padres allows users to advertise and
subscribe events based on their contents. When an event is
published, it will be automatically delivered to all the sub-
scribers whose subscriptions match the content of the event.
With respect to Personal Web applications, users can sub-
scribe to linked data from their friends by specifying the
subscription with the social network information. As illus-
trated in Fig. 1, the Semantic Web built on top of the padres
pub/sub network is allowed to route the changes of linked
data to the subscribers transparently with social network
information.

Therefore, by adopting the Padres pub/sub network and
Polaris event exposure platforms to bridge the gaps between
the Semantic Web and SOA services, our solution allow per-
sonal web users to customize their applications based on
subscribed Semantic Web data and SOA services.

3. FUTURE WORK

The current work presented in this paper provides some
preliminary functionality to prove the concept of service sub-
scription for Personal Web applications based on our Polaris
and Padres framework. In the future, we plan to comple-
ment the current work with the following features:

e Service Subscription Language. In our current
work, users specify which services are invoked to han-
dle the subscribed linked data using the ECA rules.
This imposes difficulty for end-users to design cus-
tomized applications. We plan to provide a service
subscription language for end users to easily specify
what services they need. The service subscription lan-
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guage should also be able to specify some non-functional
requirements (e.g., a user may want to subscribe the

services used by their friends). In this way, users do

not have to find the services and link them to the Se-

mantic Web data by themselves.

e Service Discovery and Matching. With given ser-
vice subscription, we plan to develop solutions to dis-
cover and match the subscribed services. Different
from the subscription of linked data, the service sub-
scription may include the behavior description of ser-
vices. This requires to extend traditional content-based
matching algorithm to support behavioral matching.
In addition, the matching algorithm may also need to
rank and filter the services based on the social network
information (e.g., candidate services recommended by
friends are marked with higher priority).

e Service Wrapper. In order to make use of the linked
data, services need to provide an event interface to
describe how the data internal to a service and the
linked data outside the service are exchanged. This
task however is tedious and error-prone. Therefore, in
our future work, we plan to provide a tool for services
to generate wrappers automatically to map the data
between services and the Semantic Web with event in-
terfaces.

e Linked Data Advertisement and Subscription.
In the Semantic Web, data from different locations is
linked. The linking relationship between data forms
linked data graphs. In some applications, if one data
is changed, some other data linked to the changed data
may also be needed. For example, if a user updates the
linked data about his/her favorite movies, the informa-
tion about the new movies are usually also needed by
users. Therefore, we plan to explore the linked data
graph to generate the related advertisements and sub-
scriptions automatically. In this way, users can get the
notification of related data transparently.
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Future Work

Service Subscription Language

— Describe what services are needed

— Behavioral perspective

Service Discovery and Matching

— Advertisement and Behavior Matching
Service Wrapper

— Automatically generate the event Interfaces to map
the linked data and services’ local data

Linked Data Advertisement and Subscription
— Correlation of linked data
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