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Abstract—This paper presents a methodology and a set to contribute to the modeling and testing of Web services
of tools for the modelling, validation and testing of Web  orchestration. The objectives of this platform are mawuifol
service composition, conceived and developed within the French We define a methodology based on a high level abstraction

national project WebMov. This methodology includes several . - . .
modelling techniques, based mainly on some variations of VIEW and a SOA based logical architecture for the design

Timed Extended Finite State Machines (TEFSM) formalism, ~and composition of Web services. Based on the BPEL model
which provide a formal model of the BPEL description of Web  derived from this architecture, we derive formal modelsrfro
services composition. These models are used as a reference for which test cases are generated. The latter allow us to apply
the appllcatlon of different test generation and passive testing |4 4el-based testing techniques and to reason with a non
techniques for conformance and robustness checking. The bi del t ¢ te the test fi
whole WebMov methodology is integrated within a dedicated ampiguous moaet to au_omae € tes Casg§ generation.
framework’ Composed by a set of tools that imp|ement the These latter have to take into account the SpeCIfIC featdres o
model representation, the test generation and passive testing BPEL, all its constructs, and its data part described by XML
algorithms. This framework also permits the interaction of schemas. We also propose in this framework a monitoring
these tools to achieve specific modelling and testing activities approach based on passive testing technique which permits

in a complementary way. A case study based on a real service, - . - . .
a Travel Reservation Web Service, is presented as well as the to test the deployed Web services without interacting with

results of the application of the proposed WebMov methodology  it. To complement the conformance testing, we also first
and tools. test the Web services robustness. We address this issue by a
black box stateless Web services testing method that sends
|. INTRODUCTION to the implementation unexpected events and then a fault
SOA (Service Oriented Architecture) and Web services:cgjileucrzosn meth_od. This one, by aiming to provoke errors and
, permits to assess error recovery and fault totera

are gaining industry wide-acceptance and usage. They arr%echanisms. We have developed a tools chain covering the

very popular becausg they offgr gomplete interoperabiI.itydiﬁerem steps previously mentioned and hence the differe
_between systems. Th'S. po_pularlty implies Fhat Web Serv'.cesteps of services life cycle (modelling, orchestratiorst te
implementations grow in size and complexity, the necessity

. . P . generation and execution) as well as service operation by
for testing their reliability is becoming more and more monitoring the services
crucial. Besides knowing whether a Web service satisfies 9 '
its functional requirements, it is also important for a user . . .
to know whethe? each service behaves zppropriately when The paper is structured as follows. Next Section discusses
related work. Section Ill describes the tools chain devel-

Interoperating with other services. New services can b%pped inside the WebMov project. In Section IV we present

construqted .by composition Of. services. Thls compos_ltllon[he logical architecture and sketch one formal model used by
mechanism is called orchestration. To achieve composition he testing generation method. Section V lay out our model-

a language, the WS-BPEL (BPEL for short), has emerge ;
. ased testing approach for conformance and robustness
as a standard. In this paper, we present the framework th?t

has been developed within the national project WebMov esting. Section .V.l dgscrlbes the passive testing t.eclenlqu
and also fault injection technique. Finally, Section VII

1Research supported by the French National Agency of Reseanp:  Présents the experimentals results and Section VIIl entfs wi
/lwebmov.Iri.fr conclusions and perspectives.



Il. RELATED WORK tool to perform a unit test of individual Web servicé§'s-

AT gives a testing verdict on the conformance of the Web
of Web services composition. We can cite SOAPUI orservice .to its description provided in the WSDL 'and also
BPELUNIT [1]. However, test cases are mainly generateGCheCkS, its robustness. It checks the operations existémee,
using empirical approaches, and without automation. Thé&Xceptions manageme_nt, the type of returned vaI_ues and also
tests are handcrafted. By surveying the literature, WedounCheCkS the Web service robustness by observing whether

approaches that only address the test of services by f@usifa(:h gglera.tlon does r;ot cl:rasT or hang by calling it with the
on the services signatures, i.e. their WSDL descriptions [2] a_?ﬁr V\‘;;'SE l#?usua vs.uej ' ith the BPEL fil b
A Web service, especially composite service, described e lies combined wi N lie can be

in BPEL, provides also a behavioural description. To tesf£O"'Sid€red as inputs for t8PEL2IF tool. This tool con-

the behaviour, several works have been proposed that aféders the BPEL as the specification model and generates a

based on classical code coverage criteria and differeht tec ormal model of the comp_oseq Web service as an IF tlmed
niques have been used, white-box testing [3][5], modeldutomaton [8]. IF formalism is well adapted to describe

checking [6], [7]. Within the WebMov project, we propose communicating systems like Web services and is composed

efficient algorithms to perform model-based testing thatof active processes instances running in parallel and-inter

take into account both level of Web services description,a_Cting asynchronously through shared variables and signal

i.e. the signature level and behaviour level. By the use ot'd c_h.ann.els or by direct agdressing. Based on the formal
formal approach, we can generate automatically test Casec,gec!f!cat!on of the Web service under_ test (e.g. t he IF fd)r_ma
to establish the conformance of the implementation. Wespec!flcatlon), a set 9f test generation tqols Is conceived
also support robustness testing and provide an integrateqfd implemented during the WebMov project. These tools

framework that cover the life cycle of composite Web relie on different models (IF forTestGen-IE EIOTA for
services. To our knowledge, it do not exist such an init@tiv TGSEand STS foiSTQ and allow to automatically generate
in this domain. abstract test cases. These tests are translated to concrete

XML tests that can be interpreted by the activeBPEL tool.

I1l. DESCRIPTION OF THE TOOLS CHAIN The execution of the generated test cases can be per-
formed by usingactiveBPELtool that allows to emulate
the composed Web service and its parthAdiveBPELis a

The main objective of the WebMov project is to study BPEL engine that allows the managing of the emission and
and develop different methodologies and conceive assatiat reception of SOAP messages and the addressing of Web
software tools that allow formally designing, testing alattv  services functionalities as described in the orchestratio
idating Web Services composition. These tools are intedrat the BPEL processActiveBPELcan be easily combined with
in a dedicated framework (see Figure 1) that implementshe BPELUnit framework that allows unit testing of Web
these methods and algorithms and allows the interactionservices. In the BPELUnit framework, the composed Web
between different tools in order to achieve specific tasks. service under test is isolated from its real environmens It

In the tools chain,Modelio can be considered as the deployed in an application server (e.g. Tomcat) while the
starting block of WebMov methodology. This tool allows to client and the service partners are emulated respectively
automatically generate a composed Web service based on ity BPELUnit as a customer track and partners tracks.
logical architecture and on UML profile. Three types of filesWhen running tests, all tracks are run simultaneously as
are generated: (1) the WSDL interfaces of the main servicéndependent services.
and its Web partners, (2) the BPEL process file describing Some fault injection strategies can be applied on the Web
the composition of the Web services (3) and the data parservice to test its robustness. TWSInjecttool permits to
described in XSD format. inject both communication and interface faults and can be

These generated files can be used for two different purused to perturb communication between a client application
poses. The first purpose is the classical one and correxnd a single Web service or between services from a global
sponds to the model driven engineering (MDE) that aimscomposition.
at supporting a quick implementation and deployment of ActiveBPELandWS-Injectiools interact with Web service
designed Web services. In this case, the deployed Webnder test and stimulate it to analyze its reactigiPS
service is considered as the system under test and the othaliows to passively testing the deployed composed Web ser-
WebMov tools will rely on other inputs (e.g. the Web service vice under test (SUT) without disturbing its natural rumsi
requirements document) to be able to generate tests arfdon intrusive testing technique). It allows to check if acfe
check the correctness of the implemented Web service. properties called invariants are respected on a collecaee t

The second usage of the output files Modelio are  of the Web service (the capture of the trace can be performed
destined to testing purposes. Indeed, based on the WSDhy a classical sniffer e.g. Wireshark). The invariants aseta
description of each Web service, we can use Yi8-AT of behavioral constraints with time constraints that nesd t

It exists several tools that permit to perform unit testing

A. Tools chain Overview
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Figure 1.  WebMov tools chain.

be respected by the system under test. This may include thequired and provided interfaces services. The services
sequence order of exchanged messages, the communicatgavide operations parameterized with message types. The
data, etc. This passive technique can be combined with theessage types define the exchanged data. The behavior of
active testing and fault injection techniques in order tatem the service components is expressed in BPMN, which is
a verdict about the correctness of the deployed Web setviceslose both to the business and IT specialists. In the context
of the project, the Logical Architecture was extended with
specific model transformations targeting the Web Service
A. The logical Architecture platform. With these transformations, the message descrip
The Logical Architecture is the starting point of our tions are translated into XML Schemas and WSDL, while

approach. This one was developed by SOFTEAM [9] inthe behavioral descriptions in BPMN are translated into
the frame of Enterprise Architecture modeling approachBPEL. In addition, specific modeling language extensions
instrumenting architecture frameworks such as TOGAF [10}Vere implemented in order to introduce the test purposes at
and PRAXEME [11]. The Logical Architecture is dedicated th® SOA modeling stage. This is achieved by specific anno-
to fill the gap between the business models and the technicitions, which are attached to model elements. This allows

design models by providing a simple and flexible |anguagégeneration of skeletons for test purposes specifications.

for describing the service oriented architectures. Indeed
following the architecture frameworks, on the businessB' Formal Model
model level, the goals, requirements, business semamtits a Several formal models are proposed in this paper and
organization are described. On the technical design modelre associated to a testing method. As said in section lll,
level, UML models [12] for specific platforms are elabo- test generation tools have been developed in our project.
rated. In order to ensure the alignment between businedsach one relies on a different test approach and also uses
and IT systems, the service layer models are elaboratedifferent formal models such a& for TestGenlF, EIOTA
which allows business domain specialist and IT specidiists for TGSEandW SOTF and ST Sfor SetGen One formal
efficiently collaborate. The Logical Architecture defineet model, the TEFSM [14] (i.e., Timed Extended Finite State
service layer of the IT system: service components, sesyice Machine) can cover two timed models=( and EIOTA),
exchanged messages, components assembly and finally tbé our formal model based approaches. This formalism
components behavior with extended BPMN [13] models.is closely related to Timed Automata [15] and permits
Service components represent the main functional buildingo carry out timing constraints, clocks, state invarianis o
blocks of the system. They are linked to each other througltlocks, properties on transitions and data variables. dbk t

IV. LOGICAL ARCHITECTURE AND FORMAL MODEL



BPELtolF is able to generate from the BPEL the formalexploration strategy [17] to generate the test cases inelytim
model. We have also defined in an process algebraic wafashion. The proposed methods are implemented by a set of
the transformation of BPEL in STS [19] tools, one is devoted to the BPEL transformation approach,
and the other one to implement the test generation algorithm
by extending the IF toolset [8].

Model-based testing of Web service consists in deriving a The second approach is based on an existent tool (i.e
suite of test cases from a model representing its behaviowi. PP o

Such a model can be generated from an informal specifi- GS_E)' AS preyl_ously, we focus on unit testing of web
Rervice composition, based on black-box approach and sys-

tem requirements are also specified as test purposes [18].
’gvut in this approach, both the specification (i.e. BPEL and

V. MODEL-BASED TESTING

cation of the service and designed by software enginee
through the use of diagram manipulation tools. Moreover

Web services can express time constraints; consequently, :
engineers developing these services are confronted wit SDL) and the test purpose are translated into an EIOTA.

functional requirements with time constraints. One of the econdly, these EIOTAs are modeled as a communicating

main objectives of the WebMov project is the definition of sys_tem (CS) by declaring a set of r_ules to _synchro_n_lze _the
ctions of test purpose and the actions of its specification.

model-based testing methods to test web services compo _ . _

tion 9 P iﬂerwards, using TGSE to simulate this CS, we have an
' output XML file if a trace that satisfies the test purpose

A. Conformance Testing is found. Finally, this trace is run by BPELUnit against

For Web services composition, we can distinguish th)the orchestration implementation to give the verdict. This

types of testing: unit and integration testing [2, 3]. Unit app;_oatch complre]rgentsl t_he Workt‘“_‘ :lmlr}gtcgr:st:_amts 0:;
testing is used to find bugs on an isolated (separatque Irst approach by solving constraints refated 1o ime an

from partners) composite Web service. Integration testingﬁivmg interva!s for such constrair_ns. Such intervals can b
is used to test this composite service in combination with sed by the first approach to assign values to clocks.

its partners. In addition, conformance testing estabishe Finally an approach based on Symbolic Transition Sys-
that the implementation respects its specification. We knowems, which support data computations and exchanges,
that testing conceptually consists of three activitiest te while avoiding the state explosion problem, has been de-
case generation, test case execution and verdict assignmeieloped [19]. The proposed methodology is as follows: the
Depending the test approach, these activities can be applierchestration specification is first translated into a fdrma
in parallel or in sequential. We present here two test apmodel, namely a Symbolic Transition System (STS). In a
proachesof fline testing andonline testing. second step, a Symbolic Execution Tree (SET) is computed
1) Offline testing:The first approach is based on the unit from this STS. It supports the retrieval of the STS execu-
testing of an implementation of a Web service compositiontion semantics, without producing a state explosion in the
based on a black box approach [16]. This last means that gresence of unbounded data types, as used in full-fledged
composite Web service is tested without any information orBPEL. Given a coverage criterion, from the SET a set of
its internal structure. In this approach, system requirgsie execution paths is generated, and are finally run by a test
are specified as test purposes, which will be transforme@racle against the orchestration implementation. Contbare
on tests to be executed against the service implementationg the previous approaches, this approach is more efficient
The specification of the Web service composition is donéo handle the XML data part and can circumvent the state
using BPEL, which permits to describe the service takingspace explosion.
into account the data and flow requirements, and the WSDL
descriptions. To facilitate the test generation a formatieto 2) Online testing: Online testing is an approach that
of BPEL is proposed. With this aim, it is proposed a BPEL combines test generation and execution: only a single test
transformation into an Intermediate Format (IF) languageprimitive (input event or time delay) is generated from the
which is associated to an efficient open-source simulatomnodel at a time which is then immediately executed on the
Using this simulator, we can explore, through exhaustiveservice under test (SUT). Then the output produced by the
simulation, the state space of the model and generate teSUT as well as its time of occurrence is checked against
cases. Moreover, this language is based on communicatirthe specification [20]. At a time, a new test primitive is
timed automata extended with variables, which can handlgroduced based on values of previous events or random
the BPEL constructs. As we pointed out before, the proposedelection if there is some acceptable options and so forth
black box approach is based on test purposes and a confarntil we arrive a final state. It means that the complete
mance relation. To guide the test generation, we developetést scenario (test case suite and data) is built during test
a test generation algorithm with (timed) test purposes. Thexecution. This approach does not use test purposes. In
conformance relation is defined as a timed-traces-inalusioWebMov, this latter is also applied for unit testing of web
relation. We introduced, in the IF simulator, a Hit-or-Jump service composition [21].



B. Robustness Testing "inconclusive” means that the operation exists only and
the "fail” verdict is given when both the operation
existence and robustness are not satisfied.

« fault injection: This method is based on the injection
of faults in SOAP messages to test the stateless Web
service and BPEL process robustness. This method has
been implemented in thg/Sinjecttool. In summary,
fault injection is modeled by dedicated rules allowing
to delete messages, to augment the response delay, to
duplicate messages or to corrupt them. A Web service
is robust if despite fault injections, it is still available
The test case execution is founded on a passing testing
architecture which is described below.

Web services are distributed in nature, and can be used
by different and heterogeneous client applications. Sdy We
service trustability is ensured in condition that they also
behave correctly despite the receipt of unspecified events,
calledhazards In other words, Web services must be robust.
The Webmov project tackles to Web service robustness by
proposing two testing techniques, a black box stateless Web
service testing method and a fault injection method.

Web services dip into a peculiar environment, spawned
by SOAP. This one modifies and reduces the message
observability on account of message serialization and of
SOAP processors (first Web server component which filters

out the SOAP requests and may produce responses instead

of Web services). So, in a preliminary study, we analyzed op_call(v)

the Web service observability in the presence of hazards to .

determine those which can really reveal robustness isBues.  r=soar iauit, — T e

[22], we concluded that only the hazards "Replacing /Addinggess<>e enspoint EAVALE il L
operation names” and "Using unusual values” are relevant to ot found” or "' | |2 eine enapornt
stateless and statefull Web service testing. Any otherrdaza ey Remote Evcopion” | reference. .not found®
is blocked by SOAP processsors. From this analysis, we inconclusive  pass pass fail fail

propose the two following approaches:

. . . Figure 2. Test case schema for testing the operation exestenc
« black box Web service robustness testing: This method,

implemented in th&VSATtool (Web Service Automatic

Testing, see section lll), generates and executes test\/I
cases automatically from WSDL descriptions, in order =" " _
to test both theExistence of all service operations A. Passive testing

PASSIVE TESTING AND FAULT INJECTION TESTING

and therobustness of all Web service operatioii$is Passive testing [24] consists in observing during run
method is particularly interesting for testing statelesstime the exchange of messages (input and output events)
Web services or BPEL process partners. between distributed Web services that collaborate to gehie

For operation existence, each Operation is called witta meaningful business goal. The term passive means that the
random parameter values respecting the WSDL filetests do not disturb the natural operation of Web services
An operation exists if it returns either a response(partners) under test. The record of the observed events
type as described in the WSDL file or a SOAP faultis called a trace. This trace will be compared to a set
whose the cause is different from "Client” or and "the of properties derived from the Web services composition
endpoint reference not found”. (This first cause meanspecification. The passive testing techniques are appiied,
the operation is called with bad parameter types. Thearticular, because they are non-intrusive whereas theeact
second cause means that the operation name does nesting techniques need to stimulate the system under test
exist). and may cause its crush. In addition, passive testing can be
Then, the operation robustness is tested by observingpplied on a system in its real context (with real users).
whether each operation does not crash or hang by In the context of WebMov, TIPS tool [25] (Test of
calling it with the hazard "using unusual values”. This Invariants for Protocols and Services) is conceived and
latter is modeled, for each value type, by an XML setadapted to fit the Web services requirements. This tool aims
composed of values used in software testing which aret passively testing a deployed communicating Web sevice to
assumed to have a high bug-revealing rate when usederify if it respects a set of properties called invariard][

as inputs [23]. An operation is robust if either it returns These invariants describe the correct order of exchanged
a "classical” response (as described in WSDL file), ormessages among Web system entities with conditions on
a SOAP fault whose the cause is equal to "Remotecommunicated data and time.

Exception”. We consider that the Web service is not In order to use the TIPS, the first step consists in defining
robust if no response is observed or if another kindthe invariants. This can be done by an expert of service under
of SOAP fault, constructed by the SOAP processor, igest that understands in details the studied service campos
received. The test case schema is illustrated in figuréion. The next step consists in capturing the communication
2. "pass” means that the operation exists and is robustraces using Wireshark and analysing them using the TIPS



tool. In the case of violated invariants, involved packets a @ L .

provided to help developers to make a diagnosis of the error onilart
causes. Can be removed. N OHMQH
b irli Pick1

B. Fault injection testing technique

Fault injection is a powerful testing technique which
consists to introduce deliberate errors in a system and
observe its behavior. This technique is usually used tosasse
error recovery and fault tolerant mechanisms, to perform

some dependability measures such as availability, irttegri
and performance or simply to understand the effects of real e L

On,
faults. <> -
In the case of Web services, faults can be injected at both Orifesspoed

HasHotel TimeOut
interface and communication levels. Interface faults ciffe
operations input/output parameters and other SOAP message

;
’® @
[
L_

HasVehicle Pick2
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fields by corrupting data or assigning invalid parameter @ ,
values. On the other hand, communication faults consider
SOAP messages as black boxes. Besides corrupting carried Figure 3. Behavior of the TRS described in BPMN

data, SOAP messages are replicated, deleted or delayed.
WSiInject26] is a Web service fault injector able to inject
both interface and communication faults. In the context of The process assumes that an External Partner initiates the
WebMoy, this tool is used to study Web services robustnesgprocess by sending a message that contains a partial travel
WSilnjectis a script driven tool. Users can specify the itinerary document. The client’s travel itinerary may have
type of faults and the injection conditions using a sim-no pre-existing reservations, or a combination of pretags
ple and powerful script grammar. During the experimentsairline, vehicle and/or hotel reservations.
the injector intercepts all the SOAP messages exchanged The TRS examines the incoming client itinerary and
between service partners. Then, according to the injectioprocesses it for completion. If the client itinerary does no
script, it will inject errors only on messages fitting the contain a pre-existing airline reservation, the TRS patses
injection conditions. Faults can be injected between atlie itinerary to the ARS in order to add the airline reservation.
application and its Web service or between service partnerghe ARS passes back the modified itinerary to the TRS. The

within the same composition. TRS conducts similar logic for both vehicle and hotel reser-
vations. In each case it will delegate the actual provisigni
VII. EXPERIMENTATIONS AND RESULTS of the reservation to the VRS and HRS. Finally, the TRS

In this section, we present the experimentations performeBasses the completed itinerary back to the original client,

within the WebMov project on a real-life case study: a travelcompletmg the process.

reservation service Web service (TRS). Other experimenta- The behavior of th? TRS and the_ commymcaﬂons W'th
hg partner Web services are described using the Business

tions have been processed on other case studies but for sa% : . co
of space, we will only present those that dealt with TRS. The rocess Modeling Notation (BPMN) [13] notation in Figure

main objectives of these experimentations are to evaluat%‘
the methods and tools developped within the WebMov tooB. Experimentations and results
chain in order to demonstrate their effectiveness and their geyeral tools have been applied on the TRS in order

scalability. For this reason, the choice of the case study, check its conformance and detect potential errors or
was very important since we wanted to apply our solutionyisconfigurations in its implementation. A formal specifi-
to a complete Web services context that is able to identifycation of the TRS Web service has been derived from its
realistic requirement and test purposes. BPEL and WSDL files using BPEL2IF tool. The generated
specification has 31 processes, 109 states and 135 trassitio
(almost 3 states per IF process). These metrics demonstrate
The Travel Reservation Service (TRS) is an examplehat we are dealing with a large system composed of many
of real-life service for travel organization provided with processes dealing with small tasks. This IF specification
the Netbeans IDE 6.5.1 platform [27]. It acts as a logicalis used as a first input to TestGen-IF tool in order to
aggregator of three other Web services: Airline Resermatio automatically generate a set of test cases.
Service (ARS), Hotel Reservation Service (HRS) and Vehi- Similarly, and starting from the TRS requirements [28],
cle Reservation Service (VRS). set of 12 test objectives (TO) has been defined. These

A. Case study: a Travel Reservation Service



objectives are related to the order of the Web partnersfor some invariants and Inconclusive for the others. Some of

interactions or to data or time constraints. Here we preserthe invariants were never tested since they were not found in

a selection of 2 test objectives: the collected traces. Indeed, the collection of a trace faom

« TOL. A partial itinerary is sent to the TRS. It does not running system should be long enough to be sure to cover all

contain any previous reservation (no airline, no vehiclethe expected Web service scenarios. Otherwise, a simulatio
and no hotel). The TRS system contacts the airlineof these scenarios must proceed. For instance, to be able to
reservation service partner, then the VRS partner, thetest the 11th test objective, the hotel reservation semigst
the hotel reservation service partner, before sendingiot answer the itinerary request (or answer it 20 seconds
back the complete itinerary. after it receives the request). This kind of situation is not

« TO1l. The TRS does not receive any response fronvery frequent in a real system deployment and to test it (i.e

the HRS within 20 seconds, a request for cancelingest the invariant describing this test), we would need to
the reservation is sent to this partner. No hotel item iswait for a sufficiently long time or we can simulate the non
included in the completed reservation. answer by shutting down the hotel Web service.

These test objectives have been formalized and used in During this experiment we finally tested the invariants at
different testing tools in order to automatically generaist  least once. The obtained verdicts were all PASSED which
cases. The following table presents the number of generatedemonstrate the correctness of the Web service. And to prove
test cases and their execution results. Notice that the aumbthe efficiency of TIPS tool, we manually edited the file
of test cases changes from a tool to another depending g#pntaining traces of Travel Reservation Service. We have, f
the length of each test case (a test case can cover sevéral téstance, deleted a packet that violates the invariant eamb
purposes in the same time) and on the data used in each tdst The verdict given by the tester was FAIL: the violation
case (we can have many test cases for the test scenario usipigthe invariant has been detected (and provides the packet
different values for the same variable). Let us note that theharacteristics that violate the invariant) which indésathe
implementation that has been tested is the BPEL providedorrectness of TIPS.
by netbeans and the formal models have been produced from We also applied fault injection to the TRS application.
the BPEL generated from the logical architecture, i.e. lgy th For the moment, the fault model applied was SOAP message

Modelio tool. corruption. Faults were injected in integer fields of messag
Table | between the BPEL client and its partner services. In other
ACTIVE TESTING RESULTS OFTRS. words, integer fields, like dates, for example, were substi-
_ tuted by wrong values. In all cases the BPEL process had
Tool T Tesf Casedf Pass Fal a normal end. This indicates a lack of robustness, since the
WSOTE 50 50 0 application accepts any values as valid. For example, dates
WS-AT 200 200 | O like Null/Maxint/Minint were accepted as valid reservatio
dates.

Notice that the fail verdict obtained for TestGen-IF tool is
due to the application of the test cases to a mutant of TRS
Web service where the messages correlation were removed.In this paper we presented the research work and the
Indeed, we intentionally introduced an error in the Webexperimental results of the project WebMov, whose main
service and the execution (using ActiveBPEL engine) of tespbjective is to study different methodologies and to develo
cases generated using TestGen-IF tool was able to detect theset of tools covering all the phases of the development
inserted error. As future work, we intend to generate moregand validation cycle of Web Services composition. As
mutants of TRS Web service and test them using differenpresented in the paper, different formal techniques have
tool in the WebMov integrated framework. been developed for web services modelling, in particular,

The passive testing technique has been also applied on tileose based on different variants of Timed Extended Finite
TRS Web service using TIPS tool. Twelve invariants haveState Machines. This allowed taking into account timed
been designed based on the TRS test objectives. The tractsitures, which are crucial for characterising web serlise
of the composed Web service have been captured runningaviour. Another contribution is the design and developmen
the implementation as a black-box through the PO installeaf different test generation and passive testing techisique
in the TRS server to capture the communications with thelThese techniques have been combined with fault injection
external systems (HRS, VRS and ARS). Wireshark was useih order to perform conformance and robustness testing.
to save the traces in XML format. The main advantageThe proposed techniques for modelling and test have been
of using the selected PO is that it allows observing allintegrated in a dedicated framework, in which the tools
exchanges between the BPEL engine and its Web partnergnplement these methods and algorithms allowing the inter-

Applying TIPS to the traces was rapid (less than 1 sec. foaction between different tools to perform specific modgllin
a trace of 1000 packets). The obtained verdicts were Pasw testing activities. All the techniques have being apmplie

VIII. CONCLUSIONS ANDFUTURE WORK



to several case studies. In this paper, we presented origl] “PRAXEME methodology,” http://www.praxeme.org.
of the most representatives, the Travel Reservation Servic

(TRS), which is a real-life service provided in Netbeans

[12] OMG, Unified Modeling Languagehttp://www.uml.org.

IDE 6.5.1 platform [27]. The experimentation results show[13] OASIS, “http://www.bpmn.org/,” 2009.

that these techniques are complementary and contribute to
increase the detection of faults and robustness of webcgervi

compositions. As future work, we plan to continue our work
on service composition and testing, in particular we plan
to work on the design of new composition algorithms in

order to take into account the evolution of services. This[

implies enhancing the formal service description to inelud
user requests, information provided by the context, as well

as the evolution of service composition environments.
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