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Abstract. Discovering and composing individual Web Services into more com-
plex yet new and more useful Web Processes is an important challenge. In this
paper, we present three techniques for (semi) automatically composing Web
Services into Web Processes by using their ontological descriptions and rela-
tionships to other services. In Interface-Matching Automatic composition
technique, the possible compositions are obtained by checking semantic simi-
larities between interfaces of individual services. Then these compositions are
ranked considering their Quality of Services (QoS) and an optimum composi-
tion is selected. In Human-Assisted composition the user selects a service from
a ranked list at certain stages. We also address automatic compositions in a
Peer-to-Peer network.
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1. Introduction

In recent years, a large number of Web Services (WSs) have emerged with the
rapid development of the Internet. The Web is now evolving into a distributed
device of computation from a collection of information resources [Fensel02a].
Furthermore, the need for composing existing WSs into more complex ser-
vices is also increasing, mainly because new and more useful solutions can be
achieved. In general, this is a result of complex and increasing user demands
and inability of a single WS to achieve a user’s goals by itself. For example, a
traveler who wants to make a hotel reservation and find a French restaurant
less than three miles from the hotel may either utilize some services that s/he
already knows or try to find the services by looking them up in a keyword-
based search engine (e.g., expedia.com or google.com) or in a WSs registry
(e.g., a UDDI (Universal Description, Discovery and Integration) registry).
Also, composition of discovered services and enabling data-flow among them
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(e.g., the hotel address is needed as input to a restaurant locator service) are
usually done manually, which is highly inconvenient, especially for very
complex compositions.

The problem lies with the fundamental abstractions used to model WSs and
methods to compose these services using these abstractions. In more complex
examples of scientific data exploration through service compositions, even
tens or hundreds of data collection services can be involved in a composition
(e.g., a search involving gene banks). In that case an automatic composition
can help in reducing query formulation and execution time enormously.

In general, there are four different dimensions for a service composition
(Figure 1): (i) degree of user involvement in a composition specification, (ii)
whether the composition is based on templates, (iii) dynamicity (i.e., adapta-
tion) of the composition, and again, (iv) degree of user involvement in the
adaptation of the composition [Cardoso03 & Srivastava03]. In the first dimen-
sion, a composition can be defined fully by a user by including control and
data-flow information besides the individual services making the composite
service. In contrast, in an automatic composition, the user is not involved but
instead the application generates control and data-flow. This is very challeng-
ing due to the difficulty of mapping user needs to a collection of correlated
services where their interim outputs can satisfy one another’s input require-
ments and final deliverable meets the user demands. Besides, in both user-
defined and automatic composition techniques, either actual service instances
or service templates can be used. In the latter, the individual service instances
are searched and integrated automatically at execution time for a given plan
[Chandrasekaran03]. In a dynamic composition, the composition itself can be
adapted mainly because of Quality of Services (QoS) requirements at run-
time. Also, a composition may not be defined at design-time but can be as-
sembled dynamically at execution time. Finally, some hybrid methods such as
semi-automatic compositions and semi-automatic adaptations are also possi-
ble.

This work aims for reducing the complexity and time needed to generate,
and execute a composition and improve its efficiency by selecting the best
possible services available using automatic Interface—Matching Automatic
(IMA) and Human-Assisted (HA) composition techniques. IMA composition
has no predefined template and the user is not involved in the composition
specification. In contrast, the user is greatly involved in the HA composition
specification and adaptation based on predefined templates.
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Figure 1: A Classification of Web Service Composition Techniques

1.1 Contributions

We developed a collection of ontology-driven Web services composition
techniques. In IMA composition technique, the possible compositions are
obtained by checking semantic similarities between interfaces of individual
services with neither any predefined template nor user involvement in specifi-
cation and adaptation. An optimum composition which can best satisfy the
user’s needs considering quality (or other attributes that the user may be con-
cerned about) is selected. However, our experiments show that without func-
tionality constraints, IMA technique is more appropriate for information-
retrieval services (i.e., not world-altering services). That is, services that al-
ways return relatively simple results based on the user-supplied inputs
[Zhang03 & Arpinar04]. This is mainly due to the fact that Web services with
the same interface could perform different functions. There are also many
earlier efforts in composition of software components using pipe-filter meth-
ods [Mao01]. Our contribution is that we developed a shortest-path algorithm
to address a more complicated problem in which the services might have mul-
tiple I/O (input and output) parameters. This technique also takes Quality of
Service (QoS) of WSs into account to find a best quality composition (e.g.,
with minimum cost) as described later. Furthermore, using the ontological
techniques, we can successfully compose services even when their interfaces
are not exactly matched syntactically.

However, complex services can not be located precisely and composed se-
quentially merely considering the interfaces. For example, flight booking and
hotel reservation services, where the user’s request is based on not only the
inputs and outputs, but also on the QoS (e.g., service quality rate in DAML-S
[DAML-S Coalition02]), functionality, service name, geographic regions, etc.
As the number of various services increases, the task of selection of an ade-
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