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ABSTRACT
Ranking and optimization of web service compositions are
some of the most interesting challenges at present. Since web
services can be enhanced with formal semantic descriptions,
forming the ”semantic web services”, it becomes conceivable
to exploit the quality of semantic links between services (of
any composition) as one of the optimization criteria. For this
we propose to use the semantic similarities between output
and input parameters of web services. Coupling this with
other criteria such as quality of service (QoS) allow us to
rank and optimize compositions achieving the same goal.
We present the Composition Optimizer tool, using an inno-
vative and extensible optimization model designed to bal-
ance semantic fit (or functional quality) with non-functional
QoS metrics, in order to optimize service composition. To
allow the use of this model in the context of a large number
of services as foreseen by the EC-funded project SOA4All
we propose and test the use of Genetic Algorithms.
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1. INTRODUCTION
The Composition Optimizer prototype1 [5] focuses on op-
timizing web service composition, where services are com-
posed on the basis of the semantic similarities between input
and output parameters as indicators of service functionality.
To measure semantic similarity, we use the concept of (func-
tional) semantic link [7], defined as a semantic connection
(i.e., part of data flow) between an output and an input
parameter of two services. Web service compositions could
thus be estimated and ranked not only along well known non
functional parameters such as Quality of Services (QoS) [2]
but also along the dimension of semantic similarity as indi-
cator of functional fit [6]. In this work the Composition Op-
timizer tool computes the composition by optimising both
the non functional QoS and the quality of semantic fit along
non-trivial data flow, where the information required and
provided by services does not match perfectly in every data
flow, using semantic-based description of services. By ad-
dressing non trivial data flow in composition, we aimed at
limiting the costs of (semantic heterogeneity) data integra-
tion between services by considering appropriate quality of
semantic links.
∗Foundation Project: Supported by European Commission
VII Framework IP Project Soa4All.
1http://tinyurl.com/ndaqdz

2. OUR APPROACH
The Composition Optimizer maximizes the quality of ser-
vice composition by resolving a multi-objective optimization
problem with constraints on quality of services and semantic
links (which is known to be NP-hard). Most approaches ad-
dressing optimization in web service composition are based
on Integer linear Programming (IP) e.g., [8]. However, IP
approaches have been shown to have poor scalability [2] in
terms of time taken to compute optimal compositions when
the size of the initial set of services grows. Such a case
can arise in the future semantic web, where a large num-
ber of services will be accessible globally. This is the vision
of SOA4All, a strategic EC-funded project. Rapid compu-
tation of optimal compositions is especially important for
interactive systems providing service composition facilities
for end users, where long delays may be unacceptable.

Here we demonstrate that the optimisation problem can be
automated in a more scalable manner using Genetic Algo-
rithms (GAs), and propose an approach to tackle QoS-aware
semantic web service composition. In more details we reuse
the notion of semantic link (and their common descriptions)
between web services. Therefore our prototype focuses on
the quality criteria for QoS-aware semantic web service com-
position. To this end, GA-based evolutionary approach has
been suggested, including the strategies of the crossover, mu-
tation and fitness function.

3. CONTEXT AND IMPLEMENTATION
Semantic web services are defined by their semantic descrip-
tions using an ALE ontology (formally defined by 1100 con-
cepts and 390 properties, 1753 individuals) in Telecommu-
nication Domain, provided by a commercial partner. We
have incorporated random values for Qos parameters (price
and response time). Common description rate and match-
ing quality, as quality criteria of semantic links, have been
computed according to an on-line DL (Description Logic)
reasoning process.

The common description rate is calculated by computing
the Extra Description [6], the Least Common Subsumer [1],
and the size ([4] p.17) of DL-based concepts. These DL in-
ferences and the matching types have been achieved by a
DL reasoning process i.e., an adaptation of Fact++ [3] for
considering DL difference. Our GA is implemented in Java,
extending a GPL library2. The optimal compositions are

2http://jgap.sourceforge.net/



computed by using an elitist GA where the best 2 compo-
sitions were kept alive across generations, with a crossover
probability of 0.7, a mutation probability of 0.1, a popula-
tion of 200 compositions. The roulette wheel selection has
been adopted as selection mechanism. We consider a sim-
ple stopping criterion i.e., up to 400 generations. We con-
ducted experiments on Intel(R) Core(TM)2 CPU, 2.4GHz
with 2GB RAM.

4. EXPERIMENTAL RESULTS
Besides computing the optimal composition, we analyze our
approach by i) evaluating performance after decoupling the
GA and the (on-line) DL reasoning processes, and ii) com-
paring the convergence of our approach with [2].

4.1 GA Process vs. DL Reasoning
Since our approach is mainly depending on DL reasoning
(i.e., Subsumption, Difference and lcs for semantic links
quality) and the GA-based optimization process, we decou-
ple and detail the computation costs of our approach regard-
ing compositions of with up to 30 tasks and 35 candidates
per task (352 candidate semantic links between 2 tasks).
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Figure 1: DL and GA Processes in our Approach.

DL reasoning is the most time consuming process in op-
timisation of QoS-aware semantic web service composition
wherein the number of tasks and candidate services are greater
than 10 and 35. This is caused by the critical complexity of
qcd computation through DL Difference (even in ALE DL).

4.2 Convergence of GA-Based Approaches
We compare the convergence of our approach with the main
alternative at present [2]. To this end the functional criteria
of our approach are disregarded in order to focus only on
the GA-driven aspects of the optimisation process. Accord-
ing to Table 1, the advantage of our approach is twofold.
Firstly we obtain better fitness values for the optimal com-
position than the approach of [2]. Secondly, our approach
converges faster than the approach of [2]. In addition our
function avoids getting trapped by local optimums by i) fur-
ther penalizing compositions that disobey constraints and
ii) suggesting a dynamic penalty, i.e., a penalty having a
weight that increases with the number of generations.

These results support the adoption of our model in the cases
where a large number of tasks and services are considered.

5. RELATED TOOLS
Review of existing tools to optimize web service composi-
tions reveals that no tool has specifically addressed optimi-
sation of service composition using both QoS and semantic

similarities dimensions in a context of significant scale. In-
deed main tools focus on either QoS [2, 8] or on functional
criteria such as semantic similarities [6] between output and
input parameters of web services for optimising web service
composition. In contrast, we present an innovative model
that addresses both types of quality criteria as a trade-off
between data flow and non functional quality for optimizing
web service composition.

Tasks
Approach

Max. Generation Time
Num. Fitness (%) Num. (ms)

10
Our Model 99 120 1012

[2] 97 156 1356

20
Our Model 97 280 1650

[2] 94 425 2896

30
Our Model 95 360 3142

[2] 85 596 6590

Table 1: Comparing GA-based Approaches (Popu-
lation size of 200).

We follow [2] and suggest the use of GAs to achieve op-
timization in web service composition, yet we also extend
their model by i) using semantic links to consider data flow
in composition, ii) considering not only QoS but also se-
mantic quality (and constraints) of composition, iii) revisit-
ing the fitness function to avoid local optimal solution (i.e.,
compositions disobeying constraints are considered).

6. CONCLUSION
We have presented Composition Optimizer i.e., a tool that
supports QoS -aware semantic web service composition in a
context of significant scale. On the one hand the benefits of a
significant domain such as the Web is clear e.g., supporting a
large number of services providers, considering large number
of services that have same goals. On the other hand, the
benefits of combining semantic links between services and
QoS are the optimisation of data flow quality and the non
functional quality of compositions.
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