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Abstract—Service Oriented Architecture has received much of
interest from architects and decision makers trying to profit
from its different great advantages. Within SOA (Service
Oriented Architecture), applications are constructed from
reusable specialized components available on the network
named web services. Web services composition is one of the
most useful assets of this paradigm, thus it is a hot topic
receiving more and more attention in order to propose better
approaches dealing with WSC (Web Service Composition)
issues and requirements. Efforts advanced in this topic may be
classified according to the degree of automation in its creation
or the binding time (design time or runtime). However, web
services must, generally, operate in large scale business
environment that are seldom static. Despite the great number
of studies exploring the dynamic composition, few are those
taking into account and dealing with quality of service rate
which tend to be volatile. Thus, non-functional properties have
to be continuously monitored to select the best web service at
invocation time.

In this paper, we introduce a QoS (Quality Of Service) based
web service composition approach and we focus especially in a
web service discovery and selection strategy whose goal is to
have as much information as possible about available web
services and specifically up to date knowledge of current QoS
parameters values so that presently the best web service is
selected.

Keywords-SOA; Web service; WS Composition; WS Selection;
QoS monitoring.

. INTRODUCTION

Service Oriented Architecture is one of the most
significant paradigm for distributed application development
and emerges as a considerable approach for IS (Information
Systems) governance. Designed with the purpose to support
various applications connection and data changing, this
approach enables the reusability, i.e., within it applications
are constructed from reusable components called services.
SOA is more popularized with the evolution of standards
such as web services.

Web services are defined as self-describing, self-
contained, repeatable business activities or applications made
available on a network and having one or more methods that
are invoked through standard protocols, which can operate

© N&N Global Technology 2014
DOI : 01.1JSE.2014.1.5

Mahjour Langar

IT Department
National Engineering School of Tunis
Tunis, Tunisia
LIP2 laboratory
mahjoub.langar@gmail.com

with other web services in order to fulfill a more complex
task or process in widely available and easily detectable
form. This technology presents the implementation of
service oriented computing paradigm as a communication
way between applications and data servers, it allows the
invocation of various remote functions implemented on
distributed and heterogeneous systems using HTTP and
XML.

The philosophy of web services goes beyond the
technical solution to make some procedures available via the
web to present a new paradigm that affects grid computing
and the development of software systems. These loosely
coupled and interoperable software, standardized by the
Organization for the Advancement of Structured Information
Standards (abbr. OASIS) and the World Wide Web
Consortium (abbr. W3C), provide better development
opportunities and ready to use functionalities.

However, usually no single web service may completely
satisfy the end user goal, i.e., companies objectives are
generally not simple enough to be achieved using a simple
one web service so, to meet such complex needs a
mechanism for combining multiple services in a new
personalized one, richer and more interesting is adopted and
known as web service composition. This concept is the focus
of many research communities, who propose different
approaches to satisfy and deal with composition issues and
requirements. The classification of advanced efforts in this
topic is related to the degree of automation in the
composition creation or to the binding time (at design time or
at runtime).

Whether it is static or dynamic, a composition
mechanism must satisfy various issues like connectivity,
scalability, correctness, and so on. Among the most
important composition requirements, we focus on the quality
of participating web services as functional properties are no
longer sufficient to characterize a single web service or to
determine the most appropriate one to achieve desired goals.
De facto, the adoption and orientation towards the web
service technology incite available web services proliferation
and a great number of web services is accessible in the
internet, obviously there might have some functionally
similar web services. Hence, a distinction strategy is
necessary to choose a single web service to integrate into the
composition.
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Some works propose to model the desired web service
and determine the appropriate business process in a first step.
Then, once the complex goal is decomposed in elementary
functionalities, a web service is selected according to
functional goals and binding for each one and the composite
web service is created. This introduce the static composition
where the participating components are selected priory,
compiled and deployed at design phase, so even if it
considers non-functional attributes values, those are not up to
date as the selection is done at design time.

Since the service environment is a highly flexible and
dynamic one (Schahram Dustdar and Wolfgang Schreiner,
2005), the static composition is difficult to maintain and the
use of more adaptive and scalable solutions, i.e., an approach
that takes into account the available services, their
functionality and goal either before or during the execution
of web services is required. Furthermore, in such dynamic
environment quality of service (QoS) parameters tend to be
volatile, so a web service selected at design time may have a
degraded quality or even be no more available during its
invocation. So we are more interested in dynamic
composition proposals which consist in web services
coordination at runtime based on up to date information.

The contribution of this paper is to analyze web service
composition process issues and propose a novel dynamic
web service composition architecture that ensures
continuously most appropriate web service selection based
on QoS monitoring system and a WS classification strategy.
Thanks to the proposed architecture, the composition is
updated, in other words participating services are usually
replaced by the best ones feeting functional and non
functional requirements.

This paper is organized as follows. In addition to the
introductory section, section two includes some dynamic
composition approaches where researchers consider the QoS
issue. The third section is devoted to the proposed web
service composition architecture. Finally, we present works
in process, and discuss some perspectives.

Il.  RELATED WORK AND MOTIVATION

Web service composition is one of the most important
advantages of service-oriented architecture but its
optimization is still a challenging research area. A great
number of researches are advanced in this context. Static
web service composition may be too restrictive since new
services become available on a daily basis and the number of
service providers is constantly growing [1, 2], so dynamic
composition is the only means [3] to adapt to those changes.
In this section, we overview related works on dynamic web
service composition and highlight their limitations that we
target to improve in this paper.

Numerous approaches for dynamic web service composition
were proposed. Usually authors refers to other areas assets
such as network analysis [4], dependency graphs [5], discrete
calculations [6] and probabilistic [7], the genetic algorithms
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[8] and multi-agent system [9, 10], where they draw
similarities between the dynamic composition and
optimization algorithms and approaches. The best approach
is obviously the one that best satisfy the composition
requirements including the QoS optimization.

Web service quality is defined as a combination of several
parameters that have been raised in several works [14, 15,
16, and 19] and standardization work made by OASIS and
W3C consortium where authors give a complete list of well-
defined attributes.

Various works are trying to incorporate quality of service
properties in dynamic composition [11, 12, 14, and 17] so
that the selection phase of web service is based on values of
quality of service parameters. Thus the selection module is
the key point for a suitable dynamic composition. EI Masri
propose a web service broker framework to discover and
rank available web services based on functional behavior and
some non-functional properties, thus creating a dataset of
ranked services [14]. In [18], the author using the multi-
agents systems transforms the selection process in a
complexes tasks allocation problem and proposes a
decentralized selection process. In [15], the writer suggests
to add a Multicriteria Evaluation Component (MEC) whose
role is the evaluation of a set of services in order to generate
a set of recommended composite web service. Some works
focuses just in one or two parameters that are considered as
the most basic and influencing attributes, i.e., in [20]
availability and reliability are studied, and authors introduce
a way to estimate the probability of a service being up and its
failure trend in order to select the appropriate one.

In [21], the focus is mainly on response time, reliability and
composability. The team proposes a QoS model for selection
and coordination problem which supports dynamic
composition, then develop a WS-TSC algorithm to select the
services where they used the principle of linear programming
transformed QoS parameters formula in web services
composition flow into a single objective function to solve the
optimization of the selection.

These different efforts result in great number of frameworks
and architectures trying to pay attention to the non-functional
characteristics of web services. However, generally, the QoS
attributes evaluation is done in first steps in order to create a
set of web services with their functional and non-functional
descriptions with a little difference in QoS parameters
chosen in the one approach or the other, and then this created
register is used for selecting and composing new services.
Nonetheless, the volatile aspect of web services environment
imposes those values updating, the selection has to be based
on up to date knowledge about the service quality.

Moreover, despite released works and standardization trials

of quality of service parameters listing and definitions, some
of them have to be more fix, i.e., the response time must
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consider the service provider location and its of the
invocation.

In the following section we will present our novel
architecture and explain its different components as well as
their roles.

I1l.  THE PROPOSED WEB SERVICE COMPOSITION
ARCHITECTURE

Dynamic composition is very advocated by the majority of
research on service-oriented architecture and web services,
the most explicit and consistent argument is the volatility
and the instability of the environment in which they are
used. Researchers in this field are convinced by the
advantages of dynamic composition in terms of flexibility,
maintainability and failure risk reduction of composite
services, that a large number of architecture were developed
in order to better implement this composition in the sense
that it meets most requirements. In this section, we present
the proposed architecture.

As shown in Figurel, our architecture includes three major
parties: a goal decomposer, a WSSE (web service selection
engine) and a WSCE (web service composition engine).

The former component allows the end user goal
decomposition into a set of basic objectives that can be
achieved through a single web service since this goal is
generally a complex task that no single available web
service can achieve completely.

Then, the WSSE has as input those resulting elementary
functionalities and it has a dual role. In fact, for the first
execution, this engine has to loop through these basic goals
in order to discover and collect, for each one, web services
that meet the functional requirements, save its information
in the dataset and launch the QoS attributes measurement so
that the best web service able to fulfill the desired task is
selected. This optimal selection is guaranteed through a
quality management engine QoSME that provide recent
QoS information. After that, the WSSE's role is to maintain
this ideal selection by continuously monitoring considered
non-functional properties of the various web services in
order to always have updated information within the
database.

Once the selection step is achieved, the picked service is
sent to the WSCE. This later part in our architecture allows,
as its name suggests, grouping and coordinating selected
services in order to gradually achieve and create the
composite service.
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Figure 1: QoS aware dynamic web service composition
architecture

A.  Web Service Selection Engine (WSSE)

The selection module is a fundamental part in web
service composition architecture especially with the
proliferation of services offering similar functionalities
around the web which make the single service selection a
more complicated task. Functional properties are no longer
sufficient, which justifies and encourages the use of non-
functional characteristics or quality of service (QoS) as
selection criteria. The suggested selector shown in Figurel of
section 3, includes a dataset where web services information
are saved and a quality management engine to evaluate and
monitor quality of service parameters.

Web Services Dataset:

The database of web services presents an important
component in our architecture since it contains the ready to
use services and the basic information about those services.
In addition to the functional properties, the description file
and the endpoint of each service, this dataset includes
quality of service attributes values.

In order to choose the most influencing factors of web
service selection, some works were advanced in the
literature to analyze each factor. In [26], for example,
authors have conducted a study where they refers to grey
relational, the grey system theory and the grey relational
analysis that, applied to quality of service factors, it shows
that best practices, compliance, availability, successability,
reliability, latency and response time are the most
influencing parameters. Best practices and compliance are
related to the web service description and its conformance to
web services standards. So measured and monitored
attributes in our case are availability, reliability,
successability, latency and response time.

The availability has been usually defined as the ratio of
upTime to measured time which ignores and neglects the
measurement time (when is the availability test made?). The
same for latency and response time which refers to duration
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from the time of sending a request to the time of receiving a
response without considering the point of measurement
(Where is it measured?).

Moreover, those services are classified to different QoS
levels according to latest QoS information.Three classes are
distinguished: recommended, acceptable and critical
ones.The first one contains services providing best quality
value, whereas in the second category we have services with
medium and acceptable quality rate, and the last class lists
low-quality services.

This classification is very important and useful in two ways:
First, it facilitates and accelerate the selection procedure.
Then, based on the service class, the monitoring frequency
may be moderated, ie, critical-quality services which are
more risky ones are supposed to be monitored more than
others in order to detect their quality degradation and verify
if they are broken or no longer available, while
recommended services with high quality require less
control. Doing so, we have a faster optimal selection with
reduced monitoring cost.

Quality of Service Management Engine (QoSME):

The QoSME is a key element in the proposed architecture
shown in Figurel. It presents simultaneously the dataset
updater and the web services selector. Seen as the former or
the later, this component is in continuous communication
with the services dataset.

Having as input a basic functional requirement, this
component seeks to find and select the appropriate web
service. This service is considered as the best, if it ensures a
perfect result and a complete response to the received
request. In addition to functional properties, non-functional
attributes, that we have already listed above are taken into
account during the selection. The evaluation of these
parameters of quality is performed continuously with
different frequencies (depending on the class of service) in
the background. So this engine is rather a daemon process
automatically launched. For each QoS parameter a
corresponding script is written and for each services class
(recommended, acceptable, critical), a monitoring plan and
specialized settings are made.

Initially the services found and their non-functional
properties are recorded and classified in the web services
dataset, for each elementary functionality the best service is
selected for the first composition. Then monitoring and
evaluation continue to ensure up to date knowledge about
web services and maintain the optimality of the selection
and so that of the composition and the composite service.

The dataset updating includes the removal of services no
longer available, the updating of quality parameters values
and therefore the ranking and classification services.
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B. Motivating example: Online trip planning service

To highlight and show the role of each component in our
architecture, we consider as an example a user whose goal is
to plan a trip online and make the necessary reservations. No
available single service can meet this need, then it is a matter
of composing a set of web services that coordinate to achieve
the ultimate goal.

That said, a necessary first step to achieve this
composition is to identify the basic functional requirements
to make the trip planning. This task is ensured by the goal
decomposer component in our case. A brief and initial
analysis of the ultimate goal, we can already detect three
services: a plane ticket booking service, an hotel reservation
service and a credit card verification service.

Once basic functionalities are determined, we have to
find available services that fulfill those jobs and choose the
best web service for each request in order to optimize the
composite service quality and best meet the end user goal.
This phase is carried out, in our case, with the WSSE and the
WSCE. The former undertakes the discovery, quality
evaluation and the selection of appropriate services and the
later conducts the services coordination.

To explain further the selection phase, we will take as an
example the credit card validation service. Searching for
available softwares able to verify the credit card number
results in a list of web services, which makes the non
deterministic choice, why will we choose the one or the
other? This non determinism reveals again the necessity of
non-functional criteria consideration in the selection module.
So QoSME evaluates the list of available services, select the
best one to detriment of others and update the dataset with
web services information.

As to other services, the same selection procedure is
applied. Even the composition is completely achieved, the
QOSME stills running to monitor services in order to always
offer the best available service, eliminate no longer useful
services and keep the latest information and updates about
services.

C. Practical Work

In our work, we are more interested in the selection phase
of the best service currently available. So, after having
designed our overall composition architecture (Figurel), we
focused on the web service selection engine which contains
two components: the WS DataSet and the QoSME
respectively to store discovered services and monitor their
non functional properties values. We present in the rest of
this section the work done so far writing this paper.

WS DataSet:

As explained above, this component's role consists in
discovered or collected web services storage.

First, services are functionally structured on two levels, this
aiming to facilitate and reduce the appropriate service
selection time. Then, in addition to its functional properties
and its web address (URL), the considered quality attributes
values are recorded for each web service.
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Figure 2: WS DataSet

Initially, these quality values are calculated at discovery
phase, then updated continuously thanks to the QoSME
whose role is to monitor the stored web services quality
level. Depending on its overall quality value, each web
service is classified in one of the classes previously defined
in the first sub-section of Section I11.

Figure 2 shows a screenshot of the data sheet from our
database: each service is included in a specific category
according to its functionality and defined by its provider, its
web address and the response time, availability and
reliability values.

The WS DataSet is, continuously, connected and in
communication with the QoSME to update its various
records and thus ensure and provide the latest quality
information.

QOoSME:

This second part of the web service selection engine is a key
element in our approach. Indeed, it is responsible for the
freshness of quality information services at the time of their
use, thus it eliminates the risk of invoking a no longer
available service or one with degraded quality while another
more powerful coexists. So it is essential for optimizing the
selection process.

Web service to TEST

:dyne.comicreditcardverify/luhnchecker. asmx?op=CheckCC

—

Response ir

Figure 3: Response Time Test Execution
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Figure 4: Response Time and Availability Test Result

To implement this element, we have to prepare a script for
each quality parameter; those scripts will be executed at
different frequencies depending on the web service to
evaluate class.

We expose for example, the response time calculation
interface shown in Figures 3and 4 which display the time
required to get the response from a service whose URL is
passed as parameters.

IV. CONCLUSION

In this article, we introduced our research efforts; we are
interested in dynamic web service composition approaches.
We conducted extensive research in order to obtain an
overview of works done and architectures proposed in this
context. Then, we proposed dynamic web service
composition architecture composed of three major parts: a
goal decomposer, a web service selection engine and a web
service composition engine.

We focused in the optimal just in time selection of web
services; the selection is done just at invocation times which
guarantee the novelty of provided information and reduces
the composition failure risk. For this purpose we used QoS
attributes measurement and monitoring using a QoS
management engine.

Currently, we are implementing the different parts of the
proposed architecture, starting with the selection module.
We are collecting available web services informations in
order to prepare a sufficient number of services in our
database to perform our tests since the discovery phase is
out of our interest. On the other hand, we are defining the
considered QoS attributes with new formulas to reflect the
time and the point of invocation factors. We aim to create
test and evaluation scripts of different attributes according
to the new definitions and achieve the selection module
creation.

£ xner



Full Paper

Our ultimate goal but not the last is to implement

different parts of the dynamic composition architecture
proposed above and expose its strengths and advantages via
a test phase.
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