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Context: Recent years have witnessed growing interests in semantic web and its related technologies.
While various frameworks have been proposed for designing semantic web services (SWS), few of them
aim at testing.

Objective: This paper investigates into the technologies for automatically deriving test cases from seman-
tic web service descriptions based on the Web Service Modeling Ontology (WSMO) framework.

Method: WSMO goal specifications were translated into B abstract machines. Test cases were generated
via model checking with calculated trap properties from coverage criteria. Furthermore, we employed
mutation analysis to evaluate the test suite. In this approach, the model-based test case generation and
code-based evaluation techniques are independent of each other, which provides much more accurate
measures of the testing results.

Results: We applied our approach to a real-world case study of the Amazon E-Commerce Service (ECS).
The experimental results have validated the effectiveness of the proposed solution.

Conclusion: It is concluded that our approach is capable of automatically generating an effective set of
test cases from the WSMO goal descriptions for SWS testing. The quality of test cases was measured
in terms of their abilities to discover the injected faults at the code level. We implemented a tool to
automate the steps for the mutation-based evaluation.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

The past decade has witnessed a rapid progress in Web Services
(WS), which provide an open platform with a set of XML-based
standards. However, due to the fact that XML is only a syntax-
based notation, it can not be used to document complicated con-
textual relationships among the web entities and be fully under-
stood by software tools. To this extend, semantic web services
(SWS) add meta data and semantics to the present WS technolo-
gies using the ontology description languages. Since the ontology
associates the strict meaning of terms, it is easier for software tools
to understand and more accurately process SWS.

While various frameworks have been proposed for the design
and development of SWS, few of them aim at SWS testing. In this
paper, we study the issue from an end user’s perspective. Tradi-
tionally, a web service is written and provided by a web service
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provider, together with the corresponding web service specifica-
tion, e.g., the WSDL or OWL-S description. The web service speci-
fication is used by the web service tester for designing test cases.
The test cases are then executed on the web service and the test
result report is generated. One could observe that during the whole
process of web service testing, the end user does not have an in-
put in any phase. The reason why there is no place for the end
user during testing is that web service specification and end user
goal are not distinguished from the very beginning in the design
of traditional web service architecture. As a consequence, the web
service tester is checking if the web service meets the provider’s
own specification, rather than the user requirements. Apparently,
since a provider’s web service specification only describes the be-
havior of web services from his/her own point of view, it may not
necessarily coincide with the end user’s understanding/expectation
of that web service. Thus, the testing of web services based solely
on the provider’s specification is unable to ensure the correctness
of web services from the end user’s perspective. The term correct-
ness here means that it will fulfil all of the user requests and thus,
satisfy the user requirements completely. In any software testing
approach, the objective is to ensure the correctness of the soft-
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Fig. 1. A high level overview of the proposed solution.

ware for the end users who use it. However, since the present ap-
proaches of web service testing are mainly based on the provider’s
specification, they may not ensure correctness for the end users.

In 2005, the Web Service Modeling Ontology (WSMO) was in-
troduced as a conceptual framework for semantically describing all
relevant aspects of SWS in order to facilitate the automation of ser-
vices over the Web [4]. In particular, WSMO explicitly separates
web service specifications from the user requirements with the
help of the top level element, called the WSMO goal, in its concep-
tual framework. Thus, in the scenario of WSMO based SWS testing,
we do have a chance to check if the web service really meets the
user requirements.

In this paper, we focus on two parts of goal based SWS testing:
test case generation and evaluation. Specifically, we apply model
checking to derive test cases for SWS from goal specifications.
Since the quantity of test cases does not necessarily add value
to the testing, it is important to measure their quality. Therefore,
to make the subsequent test case evaluation independent of the
model-based generation approach, we proposed a mutation-based
solution for such a purpose. Furthermore, to make this approach
scalable and practical, we implement a tool to automate all the
evaluation steps. Finally, we applied our approaches to the well-
known Amazon E-Commerce Service, a web service that exposes
Amazon’s product data and E-Commerce functionality. The case
study validated the effectiveness of the proposed solution and the
usefulness of the implemented tool.

To realize goal based testing of SWS, we use the WSMO frame-
work. Fig. 1 gives the overview of the proposed solution. In order
to understand how it works, we need to understand the three dif-
ferent roles involved: the web service tester, the domain expert or
an ontology engineer, and a web service user. The web service tester
is responsible for web service testing and quality assurance. This
is done by generating concrete test cases and executing them on
the semantic web services. A domain expert or an ontology engi-
neer is a person who has knowledge of the domain related to the
user’s requirements and masters expertise to model user require-
ments using a WSMO goal specification and WSMO ontology lan-
guage, i.e., WSML. Finally, a user or a web service user uses GUI-
based tools that the WSMO framework provides to instantiate the
generic goal specification and define his or her own concrete goal
requests. Thus, the users are only expected to specify their con-
crete requests with the help of tools, but they are not expected to
specify or write the generic WSMO goal specification of their own.

In detail, the whole system proceeds the following way. The
goal specification is designed and published on a public repository
by an ontology engineer that represents the generic user require-
ments that can be fulfilled by a set of semantic web services. For
example, a goal Book A Flight represents the generic user require-
ments for booking a flight and can be fulfilled by several web ser-
vices. Such a goal specification is used by web service testers to
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Fig. 3. SWS testing based on the proposed approach.

generate a set of test cases, which is then executed on the selected
web services and the test reports are recorded. A web service user
finds the appropriate goal to meet his or her requirements and in-
stantiates it using the GUI tools to define his concrete requests.
The user submits the concrete request for achieving the goal. The
semantic web service execution environment may select a partic-
ular web service that fulfills the user requirements. This selection
can be based on the test result reports, if no other selection pa-
rameters are specified by the user. The user uses the selected web
service to execute his/her request and gets the required response.

In the proposed solution, we can see that the SWS tester is now
really testing the selected web service from the user perspective.
On one hand, as shown in Fig. 2, all these user requests are in-
stantiated from a generic goal specification and each instance rep-
resents a concrete user request. For instance, it is possible that,
by mistake, a user can instantiate a request with an invalid flight
date. On the other hand, as shown in Fig. 3, since the SWS tester
uses the same goal specification to generate the test suite, he can
perfectly imitate the users to simulate user requests, including
those critical ones. Thus, if a web service passes the comprehen-
sive enough test suite generated by the tester, we are confident
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