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a b s t r a c t

Business process engineering and mining is a technique that allows discovery, analysis and modeling of
possible Business Processes based on information gathered from enterprise information systems. Most of
currently available business process engineering and mining techniques either focus on machine learning
techniques to mine, discover and model any possible Business Processes from raw data, or use semanti-
cally-enabled process models and service descriptions to construct and represent complex Business Pro-
cesses. However, in real-life scenario, all the required services are not always available and hence exact
matching of the services in order to construct Business Process is not possible. In this paper, we present
our approach of using fuzzy Web Service discovery to construct and represent Business Processes. It helps
in relaxing the matching criteria of Web Services, and allows service consumers to specify business
requirements in a more fuzzy way, and hence increases the possibility of finding required Web Services
that could construct Business Processes. The paper presents the proposed solution then reports and dis-
cusses the evaluation.

� 2013 Elsevier B.V. All rights reserved.

1. Introduction

Process engineering and mining [1] is about discovery and mod-
eling of possible Business Processes from event logs. Event logs [2]
are created in the processing of logging during an application exe-
cutes. It allows applications to produce an execution log which is
then used to monitor the execution and to debug as well as track
any log events during the application execution. Event logs are
the information about a system performing and executing activi-
ties and exchanging messages. It aims at analyzing operational
processes that are repeatable. For example, travel booking (includ-
ing flight booking, hotel booking and car rental), customer orders,
opening an account, manufacturing in a factory, etc. Such kinds of
processes are mostly invisible, as most information systems pro-
vide views for particular steps or stages of a Business Process.

Most information systems keep information about different
steps and stages of the Business Processes as event logs. This in-
cludes different kinds of enterprise resource planning systems,
customer retention management systems, enterprise middleware
solutions (like IBM WebSphere middleware) and other information
systems of organizations (like universities, companies, hospitals
and other related organizations). Well-known standards, like busi-

ness process execution language (BPEL) [3], specify actions within
Business Processes with Web Services. Information from Web Ser-
vice interfaces is imported and it is used to define processes in
BPEL. Business Process engineering requires modeling Business
Processes as Web Service interactions [4]. In most cases, a limited
number of Web Services are available out of which relevant Web
Services are sought in order to construct the required Business Pro-
cesses. It requires an effective and dynamic matchmaking of Web
Services based on given requirements in order to fulfill the re-
quired interactions within Business Processes. Lack of semantics
in Web Services has been found as a major obstacle in Business
Process formation, management and engineering [29]. It is essen-
tial for applications to have automation of processes and opera-
tions so that execution of repetitive and similar transactions
could be made automated. Semantic Web Services (SWS) [9] try
to bridge the gap by trying to automate the process of discovery,
selection/ranking, composition, mediation and invocation of Web
Services and provide means for the representation of executable
artifacts that are accessible to intelligent user based queries as well
as reasoning mechanisms. We propose to take into account discov-
ery, selection/ranking, composition, mediation and invocation of
Web Services to enable efficient Business Process Engineering
and Management. If the process of Web Services execution could
be made dynamic, it will be easier for Business Process Engineering
and Management procedure to dynamically find Web Services for
business transactions that are executed repeatedly, or the business
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transactions that are similar to previously executed business
transactions.

Automated discovery, selection/ranking, composition, media-
tion and invocation of Web Services have received considerable
attention in the last decade. Several approaches for service discov-
ery have been proposed, implemented and evaluated; these in-
clude usage of semantics and data mining based heuristic
techniques for the matchmaking of service consumers with service
providers [5]. A significant number of Web Services have been of-
fered by various service providers over the Web. Semantic Web
based approaches have been applied to semantically annotated
Web Services [6] to allow automated discovery and ranking, fol-
lowed by mediation and invocation [7]. Rich semantic descriptions
allow service providers to model their services in a more expres-
sive way that makes it easier for service consumers to search for
the required service using semantic reasoning and querying ap-
proaches [8]. This has turned Universal Description Discovery
and Integration (UDDI) [28] and other traditional registry based
solutions obsolete. Web ontology language for Web Services
(OWL-S) allows specifying a set of ontologies based on OWL in or-
der to describe different aspects of Semantic Web Services [9].
Three aspects are considered: service profile, service model and
grounding which describe ‘‘what a service does’’, ‘‘how a service
works’’ and ‘‘how to access it’’, respectively. The Web Service mod-
eling framework (WSMF) [10] is another approach that allows
modeling semantic Web Services. It includes a meta-ontology
WSMO [7], description language – Web Service Modeling Language
(WSML) [11], and an execution environment WSMX [6]. The
Semantic Web Services framework (SWSF) [12] is a specification
produced by the SWSL committee of the Semantic Web Service Ini-
tiative (SWSI) [12]; it has its own conceptual model and modeling
language called Semantic Web Service Ontology (SWSO) and
Semantic Web Service Language (SWSL), respectively. Web Service
Description Language-Semantics (WSDL-S) is another approach
that augments WSDL with semantics [13].

Business Process engineering and mining happens to be service
driven and requires dynamic matchmaking of Web Services based
on the given requirements for a Business Process in order to achieve
a business goal [30]. Most of the discovery approaches for Web Ser-
vices are based on strict and precise matchmaking algorithms and
hence require the services to match exactly with the required goal.
This is impossible because of the limited information available for
describing Web Services. The descriptions for Web Services are lim-
ited and are based only on syntactic information and have several
limitations on expressing the information about Web Services pre-
cisely. Existing approaches for Business Process Engineering are
dependent on the discovery and usage of services which are based
on static and pre-known information of services. Therefore, it causes
limitations for user-applications to use newly available services, or
current services with further updates.

In this paper, we propose to use partial semantics (non-
functional properties) of Web Services and map the fuzzy matching
theory [14] on the Web Service discovery problem in order to allow
for flexibility in performing the matchmaking of Web Services for
Business Processes. Fuzzy theory based matchmaking is a technique
that allows matches that may be less than 100% perfect. When an ex-
act match cannot be found from the available Web Services, the fuz-
zy matchmaking based approach allows to search for a match that is
less than exact, based on some threshold of the fuzzy match to a per-
centage value less than 100%, and the discovery will have results that
will match corresponding to that percentage. The primary objective
of having the fuzzy theory based matchmaking is to relax the search
criteria in case Web Services with required match are not available.
We propose that the system should then search for Web Services
that match approximately with the requirements from service con-
sumers that are also prescribed in fuzzy terms. This approximation

will give flexibility to perform matchmaking of Web Services based
on the needs of Business Processes.

Fig. 1 depicts the overall scenario of Business Process manage-
ment using Web Services. Our solution serves as a middleware be-
tween service consumers and service providers. Business Processes
are constructed based on the requirements from service consum-
ers. Business Processes have a set of activities that are to be ful-
filled. Service consumers set the criteria as non-functional
properties based on what matching is to be performed on the given
Web Services. In order to allow for fuzzy matchmaking, a set of
performance ratings of Web Services with respect to criterion as
non-sfunctional properties are described by service consumers.
The threshold is specified using the triangular fuzzy membership
function (TFM) [15]. The fuzzification then allows for the mapping
of crisp/concrete criteria to fuzzy criteria.

The rest of this paper is structured as follows. Section 2 de-
scribes related work and discusses the comparative analysis of
the existing related approaches. Section 3 outlines the proposed
solution of fuzzy theory based Web Service discovery that takes
the problem of matchmaking of Web Services and maps it to the
theory of fuzzy matching. Section 4 describes the experiments
and discusses the evaluation and results. Section 5 is conclusions.

2. Related work

A significant amount of work has been done related to Business
Process engineering using Web Service discovery, selection or
composition using different matchmaking methods. Such methods
range from syntactic matchmaking, data mining based approaches,
to heavy weight semantic matchmaking approaches. Below we de-
scribe and analyze the related work.

Ranking of Semantic Web Services [19] uses the ontological rep-
resentations of non-functional properties, and considers the non-
functional properties as multi-criteria mechanism that takes the
multiple non-functional properties as different possible dimen-
sions for ranking. The proposed algorithm takes into account asso-
ciated importance for non-functional properties from perspective
users. Each of the discovered services is checked to discover if
the requested non-functional properties specified in the goal are
available in the service description or not. If a match is found, logic
rules are extracted and evaluated using a reasoning technique sup-
ported by WSML. The approach is certainly valuable and enhances
the discovery process, but requires users to model and pre-specify
the importance of non-functional properties.

Another approach uses non-functional properties as well as
users input for ranking Web Services [16]. It considers all the avail-
able non-functional properties of the available Web Services, but
gives importance to the most preferred properties, while giving
equal importance to the remaining properties, using the weight
sum approach.

Web Service relevancy function (WsRF) [17] are used for mea-
suring the relevancy and ranking of a particular Web Service based
on the preferences of users and the corresponding Quality of Ser-
vice (QoS) metrics. QoS parameters are response time, throughput,
availability, accessibility, interoperability analysis, as well as cost
to invoke the service. QoS parameters can be specified by clients
manually using a GUI, and are taking into account computing the
relevance of known Web Services or discovering Web Services over
the Web [18].

In [20], the authors present a moderated fuzzy Web Service dis-
covery approach to model subjective and fuzzy opinions, and to as-
sist service consumers and providers in reaching a consensus. The
method achieves a common consensus on the distinct opinions and
expectations of service consumers and providers. This process is
iterative such that further fuzzy opinions and preferences can be
added to improve the precision of Web Service discovery.
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