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ABSTRACT
The end user service development known as the user-centric SOA emerged as a new approach that allows
giving the end user the ability to create on the fly his own applications that meet a situational need. In fact,
the classical SOA was designed for developers and is characterized by a heavy technical stack which is out
of reach of end users. The user-centric SOA approach brings great added value taking advantage from the
creativity and the participation of end users; furthermore, it is becoming a key factor of competitiveness
within enterprises and is influencing other disciplines. The Cloud Computing and the Enterprise
Architecture are two fields that captured growing attention in recent years and that can gain maturity and
efficiency from adopting and embracing the user-centric SOA approach. In this paper, we present the usercentric SOA approach and we give an overview of our solution for an efficient user-centric services
creation. Then we study the impact of the user-centric SOA on the Cloud Computing and Enterprise
Architecture fields.
Keywords: SOA, End User Development, Integration Patterns, Cloud Computing, Enterprise Architecture.

1.

INTRODUCTION

1.1 The New Era of End User Services
Development.
The End User Development (EUD) approach
puts the user at the front and gives him the ability to
create on the fly its own applications that meet a
situational need. [1] affirms that the new trend for
the next few years will be to make systems easy to
develop and create new environments that allow
non technical users to develop applications. We cite
the EUD definition given by [1]: ”End-User
Development can be defined as a set of methods,
techniques, and tools that allow users of software
systems, who are acting as non-professional
software developers, at some point to create,
modify or extend a software artefact”.
[2] predicts that the number of end-user developed
applications will far exceed the number of
professionally developed applications (integration,
composition,
automatic
generation
or
infrastructure): 55M performers in end-user
programming against 2.75 M professional
developers.

The rest of this paper is organized as follow:
sections 1.2, 1.3 and 1.4 give a definition of the end
user and the user-centric SOA, and show an
example scenario of the user-centric SOA. Section
2 presents an overview of our contribution to an
efficient user-centric SOA. Sections 3 and 4 discuss
the impacts of the user-centric SOA approach on
the Cloud Computing and the Enterprise
Architecture fields.
1.2 End User Definition
A software end user is a person who interacts
with information systems solely as a final
information consumer. It’s a user with minimal
technical knowledge, and who uses the software in
the context of daily life or daily work for personal
(business or leisure) purposes, without having any
intentions to produce other systems. He is not
interested in computers per se, and do not worry
about system technologies as long as he can get
what he needs quickly [3] [4].
End users have many requirements that should
be respected by system designers and developers in
order to deliver systems that satisfy end users.
Based on the work of [5] and [6], we have grouped
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• Empowerment of the end user: Easy and
flexible composition on the fly of services
by all end users.
• Openness of the Information System to the
public: the democratization of SOA and
the installation of the global SOA or the
Internet of Services [9].
• More independence of SOA: the adoption
of a variety of interoperable technologies
in order to meet the great variety of the
web.
• Lightweight SOA technologies: the
support of SOA technologies by all mobile
devices. According to [10], traditional
SOA is lacking mobility; in fact, SOA
implementation
and
integration
technologies are very heavy for devices
with limited capabilities. WSDL and
SOAP are instances of complicated XML
documents, which makes the WS* services
very demanding in terms of computing
power, bandwidth and storage.

into four criteria the end users requirements, which
are listed in table 1.
Table 1. End User Requirements
Description
Problem
of
criteria lacking
Functional
Features
Limited set of
richness
requested to offered features.
execute
different
tasks.
Usability
& User
Lack
of
intuitiveness
interfaces,
visibility,
interaction
feedback,
and dialogue consistency,
mode.
non-destructive
operations,
discoverability,
scalability,
reliability [7].
Efficiency,
Difficulties
Lack
of
reliability,
that do not documentation,
refer directly performance,
maintainability
and portability to
system security,
(ERMP)
features.
supportability.
Personalizability Capability of Useless systems
, customizability end user to that lack many
tailor
important
themselves
features.
their systems.
Criteria

Why a User-Centric SOA?
According to Gartner analysis [8], there are
several key factors that changed the picture of
services supply to end users:
• Users are more technologically savvy and
have very different expectations of
technology.
• The Internet and social media have
empowered end users by offering them the
opportunity to develop their skills.
• The rise of powerful, affordable mobile
devices has improved the accessibility,
reachability
and
availability
of
technologies for end users of all types.
• End users have become innovators and
participate in the creation of added value
in the internet or within enterprises.
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1.3

These new facts led to think of a new generation
of services development: the end user services
creation. Hence, we define the user-centric SOA as
the expectation of end users, their future hope, and
the promise for better information systems (figure
1). A user-centric SOA offers:

Figure 1: User-Centric SOA Concept

Our Objective consists of formalizing and
enhancing the user-centric services composition by:
• Introducing a new rich integration
language,
• Proposing new intuitive & selfexplanatory semantic methodology for
end user services composition.
1.4

User-Centric SOA Scenario: Public
Health Use Case
As an example of an end user service creation,
let us describe a public health field use case that
can be used by any end user. Our end user, Mark,
got diabetes with kidney complications. Mark lives
in a small city, so he wants to plan a medical
consultation with a lower cost by comparing costs
in three different neighboring cities. Then Mark
would like to search for kidney doctor addresses in
the city with the lower cost, and display the
addresses on a map. In order to watch his diet,
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Mark would like also to have a list of diabetes
products that are sold in the supermarkets of the
city with the lower medical consultation cost, so he
could both visit a doctor and buy the diet products
(figure 2).
While the web does not offer a solution to
Mark, but several separate services that Mark has to
compose, there is a need for an environment that
offer intuitive user interfaces, intuitive and rich
constructs, intuitive & semantic data mapping and
helpful & interactive environment.

Figure 2: User-Centric SOA Scenario

2.

OUR NEW USER-CENTRIC APPROACH
In this section, we present in a brief our
approach for a user-centric services composition.
More details on our approach, the implementation
results and the related work can be found in [11]
[12].

2.1 Richness via the Enterprise Integration
Patterns
Enterprise Integration Patterns (EIPs) [13]
consists of sixty five (six groups) patterns that
propose common solution to integration problems.
EIPs are used by sophisticated mediation buses
such as Camel, Mule and Apache in order to
achieve very complex integration scenario.
In order to meet the first end user satisfaction
criteria (functional richness), we have developed a
user-centric composition language based on these
Enterprise Integration Patterns. The different basic
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elements that form our new EIPs-based language
are listed in table 2.
Table 2. Constructs Of Our New Eips-Based Language
Construct
Description
Task
is the goal of the end user performing the
integration. Each task can have a
frequency of execution.
Tag
key words used to describe a task
Mashup
A Mashup application represents the
realization of a task and includes a set of
integration taking place between several
resources.
Process
Is the composition process of the Mashp
application resources and consists of
parallel or sequential integration flows.
Step
Is a step in the integration process and
consists of a link between two or several
components.
Component
Is the integration process node: resource,
input of the end user, router or translator.
EndUser
Represents the interaction with end users
during the integration process.
Resource
Represents the applications to integrate
by the Mashup. A resource is described
by its type, address and exchange format.
Expose
Represents an exposed resource with
Resource
input and output variables. The same
resource can be exposed many times
within the integration process.
Channel
Allows communication between two
components and supports the single
atomic integration step.
Message
is the entity transferring in a channel
between two components.
Router
Is a node forwarding messages between
resources, end user fields or translators.
Translator
Is the messages translation node.
System
Each Mashup application can have one or
Manager
several managers to improve reliability
and maintainability.
Transaction
End users may want to synchronize
actions of components to realize a
transaction.

2.2 Intuitiveness via Semi-Automatic Services
Composition
The
user-centric
development
has
revolutionized the development world by
introducing new concepts. In fact, there is no need
to master a programming language to be able to
create a new application. A new era of development
environments emerged to enable everyone to create
new applications. To create intuitive, easy to use
and self-explanatory development environment, we
have put forward and implemented new concepts:

525

Journal of Theoretical and Applied Information Technology
31st August 2013. Vol. 54 No.3
© 2005 - 2013 JATIT & LLS. All rights reserved.

ISSN: 1992-8645

www.jatit.org

1)

Goal composition: The end user point of
view
End users compose services based on the enduser knowledge: objective of the goal, final result,
frequency, degree of importance, duration.
When creating new applications, end users try
to achieve a new goal by composing existing subgoals (figure 3). Each sub-goal is represented by a
service. In this way, when composing services, end
users try to resolve a problem whose solution does
not exist yet on the web. In fact, the answer exists
in the form of many subparts – services – dispersed
on the web.
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The system will utilize the goals patterns
database to suggest to the end user links and
components in order to build new applications. In
fact, end users will be guided in the process of
services composition through the database of goals
patterns that contains the possible links between the
various goals/services.

Figure 4: Goal Patterns Examples

Figure 3: Goal Composition vs Service Composition

2) Goal Patterns-based suggestions
When compositing goals/services in response to
a new goal, the inexperienced end user faces many
challenges (ex. determine the types of resources,
find resources that meet the end user criteria
(quality, price, etc.), determine necessary actions
for the use of interfaces (selection problems),
determine how to arrange and coordinate resources
(integration), etc).
The system has the role of helping end user to
answer these different questions, by suggesting
resources, providing guidelines for the coordination
of resources and providing feedback and
documentation for each selected action.
Goals patterns represent common and repetitive
use cases, and can also be called end users
experience patterns since they are driven from the
end users experience. They provide answers to
questions like "How to automate the execution of
two consecutive tasks - eg. Turn on the light on the
entrance of the house and turn on the heating - in
response to a triggered event? - ex. presence of a
person detected by the sensor.
Figure 4 shows two examples of goals patterns:
‘Health Care’ and ‘Smart Home’.
While software design patterns are derived from
the experience of the software developers, goals
patterns are created, improved and enriched by end
users themselves.

Our suggestion model is similar to e-mail
interfaces - ex. Gmail. When writing a new
message, and when the first recipient address is
entered by the user, other addresses are proposed
and suggested at the basis of the previous messages
sent by this user.
3) Semantic & Form-based data mapping
In order to compose goals/services, end users
use their knowledge consisting on the objective of
the goal, the final result, the frequency, the degree
of importance, the duration, etc. This end-user
knowledge represents the semantic which, alone,
should be involved in the interaction between the
end user and the user-centric SOA platform.
Indeed, the service-to-service interaction, which is
based on the syntax, is not valid at the interface
level. The interface provides graphical display of
services (called gadget) that represent sub-goals,
which is an abstraction of services; therefore, the
interaction and communication way at the interface
level should also be an abstraction of the
communication way between services.
In addition, using forms is the easiest way for
end users to interact with interfaces. In fact, [14]
[15] define five primary style of user interaction
design, among which the forms that provide simple
data entry and are easy to learn.
No prior knowledge of the entire
composition design: Dynamic results
visualization using a tree.
The static services composition used by existing
end user services composition frameworks does not

526

4)

Journal of Theoretical and Applied Information Technology
31st August 2013. Vol. 54 No.3
© 2005 - 2013 JATIT & LLS. All rights reserved.

ISSN: 1992-8645

www.jatit.org

meet end users needs. In fact, in some situations,
end users do not have a clear understanding of how
to design the entire composite application. A treelike and step by step displaying of results helps end
users to determine the future actions.

E-ISSN: 1817-3195

their applications and services using the provider
tools, and 3- Infrastructure-as-a-Service (IaaS) that
provides processing power and storage. A good
Cloud Computing services taxonomy can be found
in [18].

Figure 5 shows the interface of our new
framework, which implements the four user centric
concepts described above.

3.2 Towards a User-Centric Cloud Computing:
Clouds on the Cloud
The Cloud Computing is a rich research filed
1- Semantic & Form- and is subject to constant flow of innovative ideas
Based Data Mapping as it affects several area (hardware, software
3- Dynamic Tree-like
2- Goal Patternsdevelopment, software security, etc). The uservisualization of results Based Suggestions
centric development is one of these area that can
bring a big added value to the Cloud Computing. In
fact, considering the Cloud in its current conception
(non user-centric), the end user has a large but
limited choice of services. The end user can benefit
from all the Cloud resources, but he does not have
the power to change it in order to meet his new
needs. [19] highlights this problem and says that the
end user have to use isolated services that he must
separately configure. Example is complementary
services that cannot share contact lists or other user
personal data.
According to [20], a private Cloud is an
infrastructure operating solely for an organization
and managed by the organization itself or by a third
4- Visualization of graphical
party. This means that private Clouds reflect the
data (Ex. addresses)
need of organizations, not individuals. This leads us
Figure 5: Intelligent interface with suggestions
to say that a private Cloud is different from the new
user-centric Cloud concept.
On the other hand, personal Clouds
3. THE IMPACTS OF THE USER-CENTRIC (public/personal or private/personal Clouds) consist
SOA ON THE CLOUD COMPUTING
of a move of users’ data and services from the
According to [16], the Cloud Computing is an personal devices to Clouds. Hence, personal Clouds
emerging paradigm that is based on compute and are about the physical location of data and services,
storage virtualization to deliver reliable services to while user-centric Clouds are about empowering
customers. Customers can access data and end users to create new services.
By introducing the new concept of end user
applications anywhere in the world on demand.
development
into the Cloud Computing, we bring a
In recent years, the Cloud Computing emerged
new
breath
that
could lead to a powerful new Cloud
as one of the most important area and gained
Computing
generation.
In fact, empowering end
interest in both academic and industrial world. In
users
to
create
easily
new
services can lead to a
fact, the Cloud Computing promises reliability,
profusion
of
services.
Every
end user will have the
efficiency and availability of services.
possibility to create his own new Cloud that he
decides to make private or to share to become part
3.1 The Cloud Computing and the SOA
The Service Oriented Architecture is among the of the public Cloud. This way, several new end user
most important key Cloud Computing concepts. In Clouds will be born to enrich the public Cloud and
fact, Web Services technology and SOA allow lead to what we call “Clouds on the Cloud” (figure
managing Cloud services and distributed storage 6).
[19] speaks in this context about personal
for backup and world-wide data access [17]. Three
Clouds
in the context of an “activity sphere”. [21]
service models exist: 1-Software-as-a-Service
(SaaS) that represents web-based applications such speaks about the personalization in the Cloud
as web-based email, 2- Platform-as-a-Service Computing and evoke usability and user issues.
(PaaS) that allows customers to build and deploy
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Moreover, the user-centric development
environments can themselves rely on the Cloud
Computing services to provide basic infrastructure
services and to give rich constructs to the end users.
For example, Enterprise Service Buses could be
used for their routing and translation capabilities,
BPEL engines could be used for their orchestration
capability and the CRUD services offer different
services such as identity management, persistent
storage, resources access, routing and translation
(figure 7). This way, customers do not have to use
the environment integration services if they find
better services in the cloud.
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Figure 7:Cloud-Based User-Centric SOA Platform

4.

The Old Cloud

THE IMPACTS OF THE USER-CENTRIC
SOA
ON
THE
ENTERPRISE
ARCHITECTURE

According to [22], Enterprise Architecture (EA)
is “the set of descriptive representations (i.e.
models) that are relevant for describing an
Enterprise such that it can be produced to
management’s
requirement
(quality)
and
maintained over the period of its useful life
(change)”. In other words, EA allows the alignment
between business and IT.
In recent years, enterprise architecture has captured
growing attention as a means to align business and
IT artefacts in order to provide holistic decision
support [23].
The New Cloud

Figure 6:User-Centric Cloud Computing

4.1 The EA and the SOA
[24] highlights the strong relationship between
the Service Oriented Architecture and the
Enterprise Architecture and states that the SOA
supports EA in many facets. In fact, EA provides
answers to allow linking processes to performance
measures, while SOA offers IT solutions and robust
platform upon which the business can apply their
applications [24] [25]. [26] asserts that SOA is part
of EA and that there should be a synergy between
the EA and the SOA world to bring the needed
enterprise capabilities.
Enterprise Integration (or system integration) is
the capability to integrate a variety of different
system functionalities (business processes and
data)[27]. Enterprise Integration is an important
component of enterprise architecture. In fact, in the
‘New Enterprise’ [28][29], the faculty to connect
applications quickly is becoming a necessity and a
competitive advantage. Moreover, with the
explosion of endpoints (Application Programming
Interfaces or APIs) and data, the development
model shifts from writing lots of code to composing
and integrating APIs together [30].
[31] states that sustainable Enterprise
Architecture can be achieved through Enterprise
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Application Integration that provides integration
not only on a technical level but on a business
process level too.
The Service Oriented Architecture provides
application integration through sophisticated
Enterprise Service Bus, which uses the famous
Enterprise Integration Patterns that we used in our
contribution (section 2.1 of this paper).
4.2 Toward
a
User-Centric
Enterprise
Architecture
With the new era of internet (open, mobile and
big data, explosion of applications, data sources and
open APIs, social internet, etc), system integration
is becoming equal to a competitive advantage [30].
In fact, in order to bring more added value, the
enterprise information system has to be open to the
public (customers and partners). This brings new
constraints and challenges to enterprises; the next
generation of integration has to be:
• Fast: enterprises need instant response to
any new need for integration in order to
create more added value from existing
hundreds of applications.
• Lightweight: the number of customer
mobile devices is increasing; thus
enterprises need to use adequate and
lightweight – integration - methods and
technologies in order to incorporate these
devices.
• Powerful: to be able to provide adequate
response to any new need, enterprises
should utilize powerful and strong
integration methods – patterns - and
technologies that provide a solution to any
integration problem.
• User-centric: the end user dimension has
to be taken into account to involve
customers and partners in the production
of added value.
[30] talks in this context about a new wave of
application architecture based on the introduction
of API (Application Programming Interface) and
“Integration” components.
According to the definition that we gave in
section 1.3, the user-centric SOA offers openness of
the information system, lightweight technologies
and empowerment of the end user. The use of a
user-centric SOA into enterprises, known as
enterprises 2.0 [32][33], will generate a great added
value as it fosters and eases the creation on the fly
of new services, and alleviates the IT department
burden. In addition, using a user-centric SOA by
enterprises allows customers and partners to create
services that meet their needs, which is known as
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“co-creation” [34], thus establishing close and solid
relationships between each part, and improving
agility and innovation of the enterprise.
The mobility is an important dimension in the
enterprise world. With the new lightweight usercentric
SOA
consisting
on
lightweight
implementation and integration technologies,
mobile devices will be easily integrated within the
overall scope of the enterprise.
4.3 Challenges in User-Centric Enterprise
Architecture
There are some risks in adopting Enterprise 2.0
and especially a user centric SOA in enterprises. In
fact, enterprises should tackle many challenges
such as security, governance, administration,
repository management, user support and quality of
service. [35] published also an Enterprise 2.0
Adoption Survey and listed a numbers of barriers to
adoption of enterprises 2.0 technologies. Among
the faced challenges, the culture or resistance to
change, difficulty in measuring ROI (Return On
Investment), integration with existing technologies,
security concerns, and budget. [36] makes it clear
that the user-centric environment must be supported
by a solid and robust infrastructure. [35] says that a
major obstacle is that Enterprise 2.0 requires
management to give up control. In fact, the
proposed approach of a user-centric SOA will
foster the creation of new services, thus giving birth
to a large number of new functionalities that could
manipulate critical data in enterprises. Privacy of
data is also an important issue that the user-centric
SOA environment should tackle, and that raises
when end users integrate data in real life and more
importantly life hostile problems [37][38].
To overcome the security and privacy problems,
it is very important to focus on the enterprises
governance; enterprises managers must have a clear
policy towards the use of new technologies and
create a strategy allowing the secure and successful
adoption of a user-centric SOA. The strategies
adopted should take place within the “Enterprise
Infrastructure”; [38] propose a declarative approach
to automatically combine data taking into
consideration the data privacy constraints deduced
from privacy policies, which determine the services
that could be created by each role.
5.

CONCLUSION

In this paper, we presented the user-centric SOA
approach by defining it and by showing its
usefulness in the daily life of end users. In fact, the
user-centric SOA approach describes the
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expectations and the future hope of end users of all
types. We presented an overview of our solution for
an efficient end user services creation, where we
highlighted new concepts that help achieving end
user satisfaction. Then, we discussed the great
impacts that the user-centric SOA approach has on
other fields such as the Cloud Computing and the
Enterprise Architecture. Our discussion ended by
pointing out some challenges in embracing the
user-centric SOA approach in the Enterprise
Architecture field.
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