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Abstract

Context: Service Oriented Architectures (SOA) have emergea lmew paradigm to
develop interoperable and highly dynamic applicagio

Objective: This paper aims to identify the state of the mthie research on testing in
Service Oriented Architectures with dynamic binding

Method: A mapping study has been performed employing bahual and automatic
search in journals, conference/workshop proceedingselectronic databases.
Results: A total of 33 studies have been reviewed in otdeaxtract relevant
information regarding a previously defined setedf@arch questions. The detection of
faults and the decision making based on the infatonaathered from the tests have
been identified as the main objectives of thesdigtu To achieve these goals,
monitoring and test case generation are the mogioged techniques testing both
functional and non-functional properties. Furtherepdifferent stakeholders have been
identified as participants in the tests, which@eegormed in specific points in time
during the life cycle of the services. Finallyh#ds been observed that a relevant group
of studies have not validated their approach yet.

Conclusions: Although we have only found 33 studies that adtlths testing of SOA
where the discovery and binding of the serviceparéormed at runtime, this number
can be considered significant due to the specétane of the reviewed topic. The
results of this study have contributed to providedy of knowledge that allows
identifying current gaps in improving the qualititbe dynamic binding in SOA using
testing approaches.
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1 Introduction

Testing Service Oriented Architectures (SOA) préesaew challenges to researchers
because some traditional testing techniques nebd snitably adapted due to the
unique features of this new paradigm [1]. Canfard Bi Penta [2] identify some key
iIssues that make the task of testing service-ateaystems difficult: namely, lack of
observability of the source code, lack of contrfalhe services, the cost of testing when
services are not deployed in the tester’s infrastine and the invocations are charged
on aper-use basis (the cost derived from an exhaustive test sauld be
unmanageable) and the dynamic behaviour that altiise®vering and binding a
service at runtime. Testing this dynamic bindingne of the most challenging tasks in
SOA because the final bound services cannot be knmtil the moment of the
invocations. Hence, there have been a number ehtetudies that aim to improve the
quality of the dynamic binding and to provide ctewith more confidence in the
service provision using testing approaches.

This article focuses on identifying the state @ #nt in the research on testing SOA
with dynamic binding. The objective of this reviésto search, analyze and discuss the
different approaches that have been proposed lbgrpeng a mapping study [3]. This

is a form of systematic literature review (SLR) {d&t aims to identify and categorise
the available research on a specific topic [5]. Mapping study has been performed
following a protocol that was developed to guide $skearch, selection and synthesis of
the studies that address the testing of SOA wittadyic binding. This protocol

includes the formulation of a set of research qoest the establishment of the search
process, the decision about inclusion/exclusiceica and, finally, the development of
a quality assessment study and data extractioreues.

The main goals of the analysed studies have bassified and the system under test
has been identified. We have also categorisedethef stakeholders that take part in the
tests and the points in time when this processiifopmed. The application of both new
testing techniques and modified traditional onesligen discussed. Finally, the current
trends in standards and technologies that are heied and the types of validation of
the approaches have also been analysed.

The remainder of this article is organized as f@HoA brief overview of Service
Oriented Architectures and software testing ig fargsented in Section 2. In Section 3
the details of the review protocol are describextti®n 4 reports the results of the
mapping study. In Section 5 a discussion aboutdbelts and related work is presented.
Finally, the conclusions and recommendations fah&r research are described in the
last section.

2 Background

To provide a context for this review, in this seata brief description about the main
principles of Service Oriented Architectures anche@oncepts about software testing
are explained.

2.1 ServiceOriented Architectures

Service Oriented Architectures have become an engepgaradigm to develop
distributed applications by integrating availal@evsces over the web. Such services are
autonomous and platform-independent entities thiatoe described, published,
discovered and dynamically assembled for develompdl, low-cost, interoperable

and evolvable distributed applications [6]. Webvasss are the most used SOA based



technology and they are supported with a set of \MBAL based standards: Simple
Object Access Protocol (SOAP) [7], Web Service Bipton Language (WSDL) [8]
and Universal Description, Discovery and IntegrajoDDI) [9].

In Figure 1 the typical SOA triangle, adapted frd@i], with the roles that each
stakeholder plays and the operations that can therpeed is depicted.

Service Oriented Architectures allow the interatti@tween service providers and
clients. In this architecture, the provider pubdisithe description of the services,
generally specified in WSDL, in a registry. Thigisdry is often implemented using the
UDDI standard and it is in charge of storing sesulescriptions and acts as an
intermediary between providers and clients. After $ervices are published, a client
sends a query to the registry to find the desiezdise. The registry matches the client’s
request with the available information and retumthe client a set of service interface
descriptions that satisfy its requirements. Thentlhas to select the most suitable
service and bind with its provider performing thgacation of the service and receiving
the corresponding response.

A client can decide at design time which servicgamg to be executed so the binding
is considered as static. However, a challengintufeaf SOA is the possibility to

select and invoke a service at runtime. Therevaoestenarios where this binding can
be considered as dynamic. In the first scenarsgtaf potential candidate services is
available at design time although the client dagsknow exactly which one is going to
be invoked until the moment of the binding. In #eeond, the discovery, selection and
invocation can be performed at runtime using astegiln this case, until the discovery,
the client has no knowledge about the potentialises that can be invoked. Hence, all
the studies that have been reviewed in this warktaiimprove the quality of the
binding in these two scenarios.

2.2 Softwaretesting

The concept of software testing has been useddifffrent meanings in the literature.
According to the ISO/IEC 24765 (Software and Systéingineering Vocabulary) [11],
testing is “an activity in which a system is exexliinder specified conditions, the
results are observed or recorded, and an evaluatimade of some aspect of the
system”. In this paper, said definition has beesdwmnd, thus, testing means executing
the software in order to observe these executindgyave a verdict on them. For
example, such information can allow detecting fairtthe system under test or
evaluating the Quality of Service (QoS) of differeanplementations in order to select
the most suitable. Hence, applying this definitionhe SOA scope, we have also
considered those studies that execute servicasler o gather metrics about the QoS.
A currently emerging approach in software testmithe passive observation of real
time executions with the aim of detecting any deerafrom the expected behaviour of
the system during its operation [12]. This condegd been defined as on-line testing by
Bertolino in [13] and it is also known as monit@yinWe have included in this review
such works that monitor services executions orivedgaformation about clients’
invocations in order to detect faults or make asiec on the basis of this information.
The studies included in this review test both fioral and non-functional properties of
the system. Functional testing involves evaluatirgcompliance of a system with the
logic of the specification while testing non-furostal properties aims to check the



behaviour of the system with respect to some olbdés\attributes, such as reliability or
efficiency.

There are different stakeholders that may playcinarole in the testing process.
Because each role has different requirements asdiffarent aptitudes for performing
specific testing tasks [2], it is usual to find seal different roles taking part in the
testing process. For example, one stakeholder may tharge of generating and
storing the test cases whereas another stakehuhlebe in charge of executing the
tests.

3 Review method

The review protocol of the mapping study has bemarelbped following the guidelines
for performing SLRs provided in [14] and later upsthin [4] by Kitchenham. These
guidelines have been used because the methodaimhsgg for the primary studies,
taking a decision about the inclusion or exclugba study and performing the quality
studio assessment is very similar between an SldRaanapping study. The main
difference between them is the formulation of tbgearch questions and the analysis of
the available information [3]. Among the most conmiactors to undertake a
systematic review, our aim is to identify any gagurrent research in order to suggest
areas for further investigation and to provide ekigagound to appropriately position

new research activities.

3.1 Research questions

All the activities of this study are driven by thesearch questions as they will identify

the scope of the selected publications [15]. Tkeaech questions (RQ) for this review
are listed hereafter and all of them are relatatiécscope of testing SOA with dynamic
binding.

RQ1. What is the main objective of the research?

RQ2. Which testing techniques and methods are used?

RQ3. Which of the different stakeholders take pathe testing processes?
RQ4. When are the tests performed?

RQS5. Which are the most common technologies anmatiatds being researched?
RQ6. What method is being used to validate thearek@

These are the main questions to be answered afterghundertaken the mapping
study, but other questions which do not conceithéaesearch topic may be relevant.
We have also addressed two additional questionsecoimg the number of studies and
where they were published:

RQ7. How much activity about dynamic binding SOAtieg research has there been
during recent years?
RQ8. Where have the researches been published?

Some of the aforementioned research questionsadirect relation with the different
dimensions common to software testing proposed3h [n that paper, Bertolino
specifies different views or aspects that are edla the execution and observation of
the tests using questions. Our RQ1 refers to tlestoqpn WHY because the objectives



of the different approaches are identified. RQlated to the question HOW because
we identify the testing techniques that are empddye testing purposes. RQ3 is related
to the question WHERE because the identificatiothefstakeholder that participates in
the tests allows distinguishing where the testgparormed. The point in time when
this process is carried out is identified in RQ#&hwegard to the question WHEN. RQ5
is related to WHAT is being researched. Finally,/R@entifies HOW MUCH effort is
being dedicated to test SOA with dynamic binding.

3.2 Search process

The search process is the set of tasks that hawe performed in order to decide what
literature sources will be searched and how thasceis going to be carried out. This
process includes the selection of the search tandghe establishment of the search
strategy.

Selection of the search terms

First of all, the most suitable words, synonymspagms or alternative spelling within
the research field have been identified accordinté three viewpoints recommended
by Kitchenham [4] (population, intervention and@ames). In this mapping study we
have considered the scope of SOA and, specifidhibse applications where the
discovery, selection and binding of the servicesparformed at runtime. Thus, the
population terms have been selected from two comgteary points of view. The first
criterion involves terms that are related to theltelogies and standards which are
being researched in the context of SOA while tlo®sé criterion includes the specific
terms that are related to the dynamic binding ib service compositions. Hence, the
population terms are a sum of these two criteria:

Population = Pop. Criterionl AND Pop. Criterion2
The population terms are the following:
Pop. Criterionl: web services, service oriented, composition, ausiip web services,
compose, SOA, SOAP, WSDL, UDDI, SLA, WSLA, WS-Agneent, OWL-S, BPEL,
WS-BPEL, BPEL4AWS, BPMN.
Pop. Criterion2: discovery, selection, binding, dynamic, linkisglf-healing, self-
adapting, adaptive, adaptation, interoperabilimpatibility, capability, broker,

matching, matchmaking, runtime.

With respect to the intervention point of view, Buerms that are mostly used in testing
aware studies have been selected. These are ¢dingeintion terms:

Intervention: testing, test cases, monitoring, monitor, chegkualidation, verification,
quality.

In this scope, the outcomes should be the feathegsare going to be tested, i.e.
functional properties, performance, availabilitic.dHowever, no constraint has been



set concerning the outcomes of each study. Thexgiothis review, no terms have
been selected from the outcomes point of view.

Once the search terms have been chosen, we conthemadising the following logic
formula in order to perform the search:

Population AND Intervention

A Boolean OR has been used among the terms invgagapoint. Although some of the
chosen terms are very generic (i.e. selectionjmetcapability, etc.) and seem to
generate a great number of results within the ke#incs does not cause a major
problem because these terms are used in conjur(@&amiean AND) with specific
terms in the scope of SOA and software testingrdfbee, it can be assured that the
majority of the found studies will deal with a topf interest for this review.

Establishment of the search strategy

A three-phased strategy has been selected as stepnoper way to perform the search.
This strategy is shown in Figure 2.

In the first phase, a manual search has been d@amiethrough the set of the most
representative and specific journals, conferenndsarkshops that have previously
published studies related with the research fiBlekse sources are listed in Table 1. The
selection of these sources has been performedraitamg reviewed the Impact Factor

of the journals that are included in the Journ&h@in Reports (JCR) of the ISI

(Institute for Scientific Information) and the COR&nkings of conferences and
workshops. We have also included other sourcesfofmation, based on our
experience, where a great number of studies retatdte paradigm of SOA and
software testing have been published.

In order to perform this manual search, the diditetbry DBLP (Digital Bibliography

& Library Project) [16] has been used, where mdshe publications of these
proceedings are listed, and also the web pagesstieas of these sources. For each
(journal, conference and workshop), we have stantedgearch in 2000, when the first
specification of the Web Service Description Larggi@VSDL) and Universal
Description, Discovery and Integration (UDDI) wasbpished by the World Wide Web
Consortium (W3C). A Service Oriented Architectusduilt on the specifications of
SOAP, WSDL and UDDI so we have considered that hablication year is a
reasonable starting point from which to carry it $earch. However, at the time of
performing this search, a significant set of jolr@umes and conference proceedings
in 2010 had still not been published so we haveeyto finish our search in 2009. This
means that the time span for this review is betwbkeryears 2000 and 2009.

During the second phase, the search through tht@hc databases that are listed in
Table 2 has been performed using the previouslgtoaercted search string. These



databases have been selected because they are tnoower most of the relevant
journals and conference/workshop proceedings.

Finally, a new search during the third phase ofrévéew has been performed to
complete the set of studies found during the fsst phases. In this stage, the sources
of the search have been the web pages of the cbseswho wrote all the primary
studies found during previous phases and the referksts that are included in the
studies found during the first two phases. Finallg,have also contacted all the
corresponding authors of the selected primary studsking for their expert opinion in
order to identify other published studies that hb@en a useful contribution to the
development of this mapping study.

3.3 Study selection criteria

During the search stage, some studies which daduress the research topic will be
found. Hence, some criteria have been identifiearder to include or exclude studies
from the set of found ones according to our regetopic. It has been decided to
exclude:

C1: The studies that do not address the paradigaOd¥.
C2: The studies that do not address software testin
C3: The studies that do not aim to test the dyndmmding.

The strategy for the selection of the final studseas follows (Figure 3):

First of all, we have searched and stored all theiss found during the manual search
within journals, conferences and workshops (fitsige) and the automatic search
through the databases listed in Table 2 (seconsephAfter each search, those studies
that were found by more than one search source lbeete considered as duplicates and
removed. In addition to this, we have agreed natd¢tude in this review more than one
study that belongs to the same research line.dsetlcases when the authors of these
studies have periodically improved or completedrtiverk in different sources, we

have asked the authors for their most represestatiwdy, considering the previous
studies as duplicates.

At a second stage, after having removed the dupBc¢ariteria C1 and C2 (only for
studies found during the automatic search) hava bpplied to the title and abstract in
order to exclude those studies that address nestitware testing nor service oriented
paradigm.

The following step involves joining the studiestthave been found during the first
phase with the set of studies, found within eleutralatabases, which have passed the
title and abstract filter (C1 and C2). After thide final criterion (C3) has been applied
to the full text of the resultant set of studie®rder to remove those that are not related
to specific testing methods or techniques thattailrmprove the trustworthiness of the
applications where the discovery, selection andibopof the services are performed at
runtime.



Finally, the selection strategy concludes with anuah search across the list of
references of the previously found primary studied the personal web pages of the
authors in order to find representative studieshl&e not been discovered in the first
two phases. We have also gathered those publisatiah have been recommended by
experts in the field of software testing in SOAgIsas the authors of the primary
studies. As we stopped the search in the year a08%ome of these received studies
[22, 23, 24] were published during the first monthshe year 2010, we have agreed not
to include them as primary studies in this reviéWof the studies found during the
third phase of the search have been filtered (€8)der to add the final primary studies
for this review. In those cases where the detaitdection criteria were not so clear to
decide whether a study should be removed or nainaensus has been reached among
the researchers.

Before applying our inclusion and exclusion craefve found 392 papers. Almost 37%
(145) of the studies were identified as duplicatiéer removing these duplicate studies,
criteria C1 and C2 were applied to those studiaswtere found during the second
phase. Of the 125 non-duplicate studies found dutie aforementioned phase, only 28
passed both C1 and C2 and 97 studies were exc{dddibo). After this process,
criterion C3 was applied to 150 studies (101 fromfirst phase, 28 from the second
phase and 21 from the third phase). A total of (ZBPb) of these studies did not pass
this criterion, so 33 primary studies were seleciés value represents 8.41% of the
total of studies found and 13.36% of the total @fitaluplicate studies.

3.4 Study quality assessment and data extraction

In addition to the detailed inclusion/exclusiorteria, some issues have been
considered in order to assess the quality of thegry studies. Each of the studies that
passed all the filters applied during the selecsimategy has been judged according to
the following criteria. Some of them have beenaoted from the quality criteria
described in [4, 15, 25, 26].

* QALl: Is the reader able to understand the aimefélearch?

*  QAZ2: Does the paper include a discussion of reledsdarch?

* QAS3: Is there a review about the related work efpnoblem?

* QA4: Is there a description of the testing methoteohnique used in the
research?

* QAb: Has the approach been validated?

e QAG6: Do the conclusions relate to the aim and psepaf research defined?

e QAY: Does the study recommend further research?

Each of these criteria has been graded on a dicttate (“Yes” or “No”) scale [15, 26,]
whether the primary studies covered them or nablel'd shows the results of applying
the quality criteria to each primary study.

Two of the criteria (QA4 and QADS) are related te tescription of the testing
technique and the validation of the approach. Theéysof these two criteria is
performed through the research questions RQ2 ar@ld®@iscussion is to be found in
Section 4 whereas in this quality assessment, we daly checked whether the
primary studies fulfil the criteria or not.

Although some of the studies do not fulfil all bktquality criteria, we have decided to
include all the studies within this review. Thist#on has been taken bearing in mind



that testing SOA with dynamic binding is a recasaarch topic so there are not many
studies that address it. Hence we have tried noiige any source of information.
Furthermore, some of these studies have been pabliecently so it is very difficult to
foresee their impact in the future in the scop8OA testing.

After having applied the quality assessment catesie have extracted the most relevant
information from the set of finally selected primatudies. To enable this task and
reduce the potential bias, a data extraction foasdiso been designed within the
review protocol. This form is shown in Table 4.

4 Results

In this section the results obtained from the getkprimary studies are described
according to the aforementioned research questitarh subsection provides
information to answer these questions regardingktjective of the studies, the testing
technigue applied, the execution time and the idiffestakeholders that take part in the
testing process, the validation methods, the tdolgines and, finally, the distribution of
studies per year and publication source. Througtiositsection, different tables are
shown to represent the results of this review. astnof them, some studies are
represented in more than one category in each. tabtanstance, these studies may
propose to use more than one testing techniqueabdtfferent stakeholders take part in
the testing process.

First of all, a brief summary of the selected priynstudies is presented in Table 5. In
the first column, the authors and the referencedamtified while the second column
contains a short description of the approach preghas each study.

4.1 Objectiveof thetesting

All of the 33 primary studies have been selectathbse they propose the use of testing
techniques or methods in order to improve the waghiness of the dynamic binding in
SOA. The objective of these tests is to detect$anl obtain information to be used in
future decision making. Hereafter, the main goaaxth study (regarding the research
question RQ1: What is the main objective of theagsh?) is represented in Table 6.
The primary studies are represented in each raweofable. In the columns, the
objective of each study and the system that isggturbe tested are represented.
Regarding the objective, we have identified if sedy aims to detect faults in SOA
with dynamic binding (fault detection) or to telsetservice executions in order to make
a decision (decision making). In each of these @gugres, the kind of properties that the
study tests have been identified: functional ang-fumctional. If the testing is related

to non-functional properties, we have also listegléxplicit QoS attributes or metrics
that are mentioned. Finally, in the last two colgnofthe table, we report the type of
software that is going to be tested (system ureltr+ SUT).



Regarding the objective, most of the studies (i@)ta detect faults. As can be seen in
the table, twelve of these studies test functipnaperties and the same number of
studies deals with non-functional properties. Witthis set of studies, there are five
([30, 32, 38, 52, 53]) that propose to test boticfional and non-functional properties.
In contrast, there are fourteen studies that srsices in order to make a decision based
on the extracted information. Almost all of thetgdges (13) test services with respect
to non-functional properties and only three testfional properties. Here again, there
are two studies ([35, 48]) that address the tesifrigpth functional and non-functional
properties.

The results represented in Table 6 show that afftndluere are a relevant number of
studies (12) that test functional properties tedetaults, there is a lack of studies that
make a decision about the dynamic binding basati@nesults of the functional tests
(only three studies). Furthermore, most of thessvgvstudies do not specify the type
of functional properties that they are going td.tEsr example, one of the few studies
that mention a specific functional attribute is][3#here the objective is to test the
interoperability between the set of services thatpablished in the registry and the new
incoming services.

Twenty-five studies test a variety of different Almmctional QoS attributes in the
context of both fault detection (12 studies) anciglen making (13 studies). As can be
seen in Table 6, although nine studies did nottitiea specific attribute, 16 studies
identified individual QoS attributes. The most fueqtly noted attributes were response
time (15) and availability (12) while cost (6),ieddility (6), throughput (6), successful
execution rate (4), reputation (4) and accuracyv@re also mentioned. We have
identified that the primary studies do not presgignment with any standard model,
apart from [47] which is aligned with ISO/IEC 9136ndard Quality Model [60].
Despite not having been aligned, most of the aiteib that have been identified in the
primary studies can be mapped to the same chastittethat are specified in this
standard.

Apart from the main goal of each primary study, ék&racted information about the
type of software that is going to be tested is sihowthe last two columns of Table 6.
More than three quarters (26) of the primary statist individual services, so more
emphasis is being dedicated to testing atomic ees\as opposed to service
compositions. Several actions are commonly perfdrmi¢h the results of these tests.
For example, the publication of the services inrdggstry can be forbidden if the test
execution is not successful [41, 53] or the sesvitan be deleted from the registry if
they have failed tests [30, 54]. These actionsidesome confidence to clients because
it is assured that services published in the nggisive been forced to pass some tests.
In addition, information gathered from the testeutithe QoS of each service can be
stored and made publically available to the cli¢d?s 39]. As is shown in the table,
almost in a half of the approaches (16), a semareposition is the system under test.
In these studies, the most common goal involvesitmiamg the service composition to
detect any fault or violation in the Service Ledgireement (SLA) in order to perform
self-healing actions, for example, the dynamicireimg to a different service [32, 33,
36, 38, 45, 56]. Here again, the sum (26 + 16hes$¢ classified studies is greater than
the total of primary studies (33) because therenare studies that allow testing both
atomic services and service compositions.



4.2 Testing technique

Regarding the research question RQ2 (Which testiclgniques and methods are
used?), we have extracted the specific testinghtqak which is applied in each one of
the primary studies. This information is represdnteTable 7 where the number of
studies that use such techniques is also shown.

Two thirds of the primary studies (23) propose nmnmg-based techniques. Almost
80% of these studies (18) use online monitoring §@lthe system can trigger adaptive
action to recover from a faulty situation. In castr;, eight studies utilise offline
monitoring because they gather data while the serxecutes but use the data later. In
addition to this, four of these studies ([35, 39, 42]) perform a technique known as
feedback based monitoring. In these four studiesitoring is based on client feedback
because the client monitors his executions andss@formation about them to a
registry or a broker. As this information is stosetl used in the future, this specific
technique is included in the offline testing apmfuas. A combination of both online
and offline monitoring is proposed in [39] and [42]

In spite of the fact that the generation of tesesas proposed in ten studies within this
review, only four of them ([43, 48, 54, 41]) deberia specific technique to derive these
test cases. In the first two, traditional partitiesting is used to derive test cases from
the WSDL and a document where the behaviour oktlsesvices are specified using
Graph Transformation Rules. In the third, a techaigamed Swiss Cheese, which is
described in [62], analyzes the specification amegates the test cases. This technique
allows both positive and negative testing in otdererify the required functionality

and assure the robustness of the services. latiee, lthe Stream X-machines Testing
Method is proposed. This method is a generalizaifdhe W-Method [63] and allows
the generation of test cases from the specificaifdhe services using Stream X-
machines [64]. In the remaining six studies no gpaechnique is mentioned although
some approaches propose different artefacts thabeaised to derive the test cases: the
WSDL document [29, 52], a BPEL or OWL-S specifioat{29] and UML 2.0

diagrams [34]. Furthermore, there are studiesalialv using an already existing test
case generation technique or even ad-hoc testitigout specifying the testing
technique.

A couple of studies propose a technique named GFesping that allows testing

groups of web services which share the same fumadity and ranking these services
according to the test results and different ranisingtegies.

Finally, there are three studies that use testirgyder to supply a quality driven
selection mechanism. In these studies, web seraigesxecuted to gather QoS
attributes values although these approaches afgasetl on a specific testing
technique.

4.3 Stakeholdersand pointsin time

The responsibility of testing in SOA is shared agtre different stakeholders that
interoperate through the Internet to use or prosel®ices [65]. The common SOA
architecture (Figure 1) includes providers (resgadador delivering the services),
registries (responsible for storing, browsing agigieving services) and clients (final
users of the services). In addition to this, a ti@vd-party entity named broker takes



part in the SOA testing process. Brokers act aspaddent and objective entities that
aim to provide more confidence in the results eftésts.

In the context of software testing, the needs, athges and drawbacks of these and
other stakeholders (developer, provider, integrdbmrd party and client) have been
identified by Canfora and Di Penta in [2]. Regagdihese testing perspectives, we have
united the developer, provider and integrator 8t ppne entity as all the primary studies
selected in this review refer to them as a gergoeider. According to this
classification, the third party would include bdtie registry and the broker but we have
considered the registry as an independent entdsuse there are a relevant number of
papers that explicitly mention it. Hence, the brogdays the role of the third-party
certifier in this review.

In Figure 4 the typical SOA triangle is extendedwthe role of the broker that
participates in testing. Furthermore, the diffeqgoints in time when the tests are
performed (from t1 to t4) are also represented.ofdiag to the information extracted
from the primary studies, the service registrapoocess is considered to be the first
point in time to test the new services (t1). Wisiggvices are published in the registry,
such services stand deployed in the provider itriragire and both the registry and
clients may not be informed when changes occunerdeployed services. For example,
the implementation of the service may be modified service may become
unavailable. So this is the second point in tin2¢ identified as suitable to perform the
tests. Once the services are published, a clickesiss request to the registry in order
to find a set of services that fulfil its requiremt& Hence, the client has to make a
decision about the selection of one of the retdeservices to bind it. This is the third
point in time (t3) when dynamic binding testingpexformed. Finally, the last point in
time that has been identified (t4) as suitablextcate tests is during the execution of
the services performed by the clients.

Stakeholders

Both the stakeholders and the points in time goeesented in Table 8. For each
primary study represented in a row, we have idiectiih columns which stakeholders
take part in the tests (regarding RQ3: Which ofdifierent stakeholders take part in
the testing processes?) and the points in time \these tests are performed (regarding
RQ4: When are the tests performed?).

As it can be seen in Table 8, 12 studies consideertinan one stakeholder role to be
involved in testing. The client is the most frequenited stakeholder appearing in
almost three quarters (24) of the primary studidgereas the registry role is cited in
more than a third of the studies (12). The UDDhdtad for web services registry does
not actually support specific testing capabilitiesnly provides storage, browsing and
retrieval features. To support testing, some studrepose to extend UDDI registries
with additional capabilities, for instance, exttarage to keep QoS information or a
new discovery algorithm to browse and retrieve ises/according to a QoS model.
Regarding the other two stakeholders, a third efstiudies (11) propose using a broker
in the testing process, to provide independentréssilts to the client. Finally only four
studies suggest that the service provider shouldme tests directly related to
improving the dynamic binding.

Pointsin time



Regarding the test points in time, twenty-one efstudies propose to test the services
during their execution (t4) whereas other pointsre (t1, t2 and t3) are proposed in
far fewer studies.

Nine studies propose testing the services befaie plublication in the registry. Seven
of these studies, which are represented in theltirm, execute tests as a requirement
to publish the services supplied by the providdheregistry while the other two
studies perform tests in order to obtain QoS attelvalues and store this information
in the registry.

Seven studies propose executing tests periodiadiile services are published in the
registry (t2). These studies identify differentgeas for such testing. It may be to
eliminate from the registry those services thahdbprovide the expected test results
and to help the client to select the most valuableice (4 studies). Alternatively the
tests can gather information about the qualityeo¥ice (QoS) levels in order to store it
in the registry (3 studies). This information canused by the client when selecting
among a group of services which provide the sametionality. Although QoS values
can be supplied by the service provider, it is nreti@able to obtain the information by
testing the services. A third of the studies (gceite tests and gather information in
order to select the best service from a set ofniatiecandidates. This set of studies is
represented in the t3 column.

Finally, all of the twenty-three studies from tHecblumn use monitoring based testing
techniques to detect faults during the executiothefservice based system or to gather
information such as QoS attribute values. A commwigjective is that the system can
perform corrective action (self-healing) to recofrem any misbehaviour during the
execution or to gather QoS metrics that will halping the decision making. These
monitoring tasks are commonly performed by thentla the application so it can be
seen that the values of the t4 column are prabtiasdubset of the values of the client’s
column.

Participation of each stakeholder in the pointsin time

In each of the aforementioned points in time @113 and t4), different stakeholders are
proposed to take part in the testing processisanteresting to identify which of the
stakeholders participates in the tests in eacht potrme. This information is shown in
Table 9, where the stakeholders are representedviand the points in time when the
tests are performed in columns. The referenceeptimary study is represented in a
cell if the stakeholder in that row participateghe tests during the point in time
specified in that column.

Before the registration of the services (t1), kib#hprovider and the registry and even
an independent broker may participate in the t€dtsiously, a client cannot execute
tests in this point in time because he does nowkihe binding information until the
service has been published in the registry. Asbeaseen in the t1 column, this task can
be carried out by an enhanced registry with testagpbilities (eight studies).
Regarding the point in time when the services atdighed in the registry (t2), no study
in this review proposes that the service providercates tests in this point in time.



Both the registry (five studies) and the brokerdéhstudies) are in charge of executing
tests of the services that are published. Thetsestithese tests allow the deletion of
services from the registry when a problem is detkdor example, when a service has
become unavailable. Furthermore, QoS data are rgakiierough the tests and stored
publicly in the registry so clients can check itemtthe decision making has to be
performed, for instance in [27].

All the eleven studies that propose executing fjestsbefore the binding (t3) share the
same objective: provide additional information thalps the client in the decision
making. At this point in time, the provider doed take part in the testing process
because it has previously published its servicélarregistry and it is unaware who is
going to invoke these services. Hence, the cellrgf@esents the union of the provider
and the t3 point in time in the table is empty.héligh both the registry and the broker
are also proposed to perform tests within this poitime, in most of the studies that
are represented in the t3 column (9), it is thentlivho performs the tests in order to
obtain relevant information that allows him to stléghe best service.

All studies that are represented within the t4 owiwf the table propose to monitor
service execution. In seventeen of these studidg,ome stakeholder takes part in
monitoring task: the client (13 studies), a broftbree studies) or a registry (one study).
However, there are six studies where there is riinae only one stakeholder
participating in the testing process. A paradigmakample of these approaches is [42]
where a registry stores QoS information which thges from the service provider,
monitored data from a third party and feedback fthenclient’s execution. As can be
seen, during service execution, the client is tostrirequently cited stakeholder (19
studies). This represents that in more than hati@ijprimary studies, the client is
proposed to perform tests during the service ei@tuising monitoring techniques.

4.4 Technologies

The set of technologies and standards that arewiieit the testing processes in SOA
with dynamic binding (regarding the research qo@sRQ5: Which are the most
common technologies and standards being reseancheditlentified and listed in

Table 10. We have organized them in a hierarchgrdatg to their objective. First of

all, we have identified such languages that ard tselescribe the atomic services and
the behaviour of the composite services. Furtheentbere are almost twenty primary
studies that use a registry to publish the sensoese have identified how these
registries are specified. Finally, it has been mered relevant to identify the different
languages that are used to describe the termsdagedween the provider and the client
in an SLA. This hierarchy of both technologies atehdards is represented in Table 10.

Though the description of the atomic services lesispecified in different languages
within the set of primary studies, most of thesglgs use WSDL for this specification.
For example, three works generate test cases basi@ web services description
specified in WSDL language [29, 52, 53] while amthtudy extend this WSDL
description with QoS attributes [39]. In additianthis, three studies use semantic
technologies such as OWL-S (Ontology Web Languag®feb Services) [66] and
SAWSDL (Semantic Annotation for WSDL) [67] to deiber service behaviour. The
latter study uses a Stream-X machines model tlwaiges the description and it is
attached to the service using the SAWSDL document.



Another of the main features of SOA is the chawnceompose different services to
provide certain functionality. The BPEL languag8][Bas been standardised by OASIS
and it is broadly used to specify web service casitppms. In eight of the studies, the
SUT is a service composition specified in BPEL laage. Furthermore, in one study
OWL-S is used to represent the service composironess model. Regarding the rest
of the studies where the system under test (SUBgtis an atomic service and a service
composition (Table 6), the language used to desstifch services is not specified
because it is not relevant for testing purposes.

Eighteen studies propose publishing services aggsiry. This number is higher than
the one represented in Table 8 because there e stadies where the registry plays a
passive role in testing, only storing and retrigvihe services. On the other hand, there
are scenarios where the registry is extended wiita €apabilities that allow it to play
an active role in the testing process. Althoughtmebdshe studies (13) use UDDI as a
standard language, five studies that discussedfuseegistry did not specify any
standard language.

Many studies test services to detect if therevimktion in the SLA established
between the service provider and the client. Algio8LAs are mentioned in seven
studies, only in [38], [40] and [50] a languagespecify them is identified. In the first
two cases, WSLA is the language used to descridadheements whilst in the third
WS-Policy is used to specify policy assertions altbe quality of the services. Another
language that is being currently used in softwas#g to specify service level
agreements [69, 70] is WS-Agreement [71] but it iatsbeen used in any of the
selected primary studies.

In each of the first three categories shown in &4dlfl, there is one technology that is
used by a majority of studies: the atomic serviescdption is commonly specified
using WSDL, the behaviour of the composite servisedten described by means of
BPEL language and the functionalities of the regiate specified using UDDI.
However, for specification of the SLAs there isstandard language.

45 Validation

Researchers use different methods to demonstiatéhiir approaches are valid.
Regarding the research question RQ6 (What methieliigy used to validate the
research?), we have identified the method thabkas used to validate each approach
in all the primary studies, using the five differeategories that Shaw proposes in [72]:
analysis (for example, carefully designing experiteavith statistically significant
results), experience based on real-world scena@duation using feasibility studies or
pilot projects, realistic or standard examples peicuasion. We have considered
opinion as a validation method in the same categsmyersuasion. In addition to this,
most of the studies supply examples to descrikie dpproach or evaluate if the
proposal is a valid one. Hence, the types of exasilat are being used have also been
identified. In Table 11 each primary study is reygreed in rows while all of the
validation methods and types of examples are list@edlumns.

We found only two studies where an extensive amalgperformed. In the first one
[36], service compositions are executed using differe-binding techniques in order to
analyze the variation of QoS of the system whesdhechniques are applied. The other



study [44] performs an empirical assessment abeeicfiteria that aim to select the
best web service.

Regarding the validation method, it is also relévhat experience has only been used
in two studies. In the first of these studies, &aal. have applied their approach in the
Hard X-ray Modulation Telescope (HXMT) Project [3They have implemented their
monitoring infrastructure in a satellite grand aqgion project where the data centre
receives and processes a huge amount of inform&mmice interfaces have been
instrumented with sensors and monitoring agentsiegpéoyed on different hosts to
gather the information. In the second study, Behnktaet al. [33] have implemented
and monitored a real WS-based complex applicatiothe French grid Grid500 in
order to provide self-healing strategies.

On the other hand, fourteen studies extract soraatdative information from the
execution of their approaches in order to evaltlseaesults of the tests. According to
its definition in [72], evaluation is consideredthe method applied to validate these
studies. All of these studies perform this evabratfter having gathered information
through the execution of examples. However, thezesix studies that propose an
example in order to illustrate their approach keithrer analysis nor evaluation is
performed. These studies are represented in thejga column of Table 11.

Finally, there is a significant group of studie} tt®at do not describe their validation
method. These studies are represented in the @@itecsuasion column of Table 11. A
possible reason for this lack of validation carbbeause of the early state of the
research so some original ideas or approaches@pesed but the technique has not
been implemented or tested yet.

Regarding the types of examples that are being s primary studies, in more than
half of the cases (15), these examples are desgphédc and they are not reused from
any previous work so it is impossible to compaeerdgsults with different testing
approaches. On the other hand, there is one si®]yHat reuses a travel planning
application that has later been used by differes¢archers in other contexts [73]. Also,
the example proposed in [32] has later been usgbinin addition to this, there is a
group of studies (6) that use public services deoto test and evaluate their
approaches. Finally, real scenarios are used irstugties to validate their approaches
[30, 33] and an example extracted from the BPEhdsded specification has been used
in one study [35].

Considering the results, evaluation is the most msethod to validate the works
proposed in the primary studies while analysis exygerience have been used in a
reduced number of studies. Furthermore, a thitthefe works do not present any type
of validation. Bearing in mind the examples, itegevant to mention that only one of
the studies has used an example described in desthspecification and two studies
have applied their approach to realistic examphgh the use of complex and realistic
standard examples, it would be possible to comgiffierent studies with the same
objective and evaluate whether the new approaatesept better results than the older
ones.

4.6 Distribution of studies

In addition to the specific analysis of the primatydies about testing features which
has been presented in the previous sections, weerlgEcted both the date and the
source where each study was published. With tliagrimation, it should be possible to
assess whether there are trends that imply thexessitin research on testing SOA with
dynamic binding is increasing and whether enougirtdiias been dedicated to it during



recent years (regarding RQ7: How much activity alsymamic binding SOA testing
research has there been during recent years?hefudre, it is also interesting to
analyze where these studies have been publishetygh of study (journal article,
conference/workshop paper or book chapter) anddbece (regarding RQ8: Where
have the researches been published?). In Tabledhformation is summarized for
each primary study. In the first column, the prignstudy is identified while the
publication year is listed in the second columnre Tast two columns of the table
represent the type of publication and the souespeactively.

Table 13 reports the number of primary studiesiphbd per year between 2003 and
20009.

Although for this review we have considered studied have been published since the
year 2000, no primary study was found until threarg later (2003). This may be
because SOA were only beginning to be investigatdide early 2000s and the need for
testing techniques capabilities such as dynamidibgnhad not yet been recognized.
During the next few years a similar number of stgdvere found ranging between three
and six works per year. It is in 2008 where we Hawad a relevant increase in the
number of approaches (12 studies). This fact indgcthat testing SOA with dynamic
binding is a recent area of research and morete$ftaeing dedicated to adapt classic
techniques or propose new approaches in this ti&devever, during 2009 only three
have been found related to the research topic. ¢Jenwould be necessary to observe
whether this trend is maintained during the newt years and the testing of SOA with
dynamic binding will still be a challenging and prising task or, on the other hand,
whether the peak in the number of studies fourzD8 was an exceptional situation.

Table 14 represents the number of primary stuth@shave been selected according to
their publication source.

The first row of Table 14 indicates that six primatudies were published as journal
articles. Journal of Systems and Software (JSS)tesenly journal that published
more than one primary study (2) while the resheke primary studies were published
in different journals. As can be seen in the seqomg more than half of the primary
studies (21) have been published in conferencesprings. Seven of these twenty-one
studies were presented in the IEEE Computer Saoétaad Applications Conference
(COMPSAC). Furthermore, the IEEE International Goehce on Web Services
(ICWS) and the International World Wide Web Conferes (WWW) published five
and three studies respectively. Workshops havebaen the source of four primary
studies of this review. Two of these workshopsspecifically focused on testing
research: Web Service: Modelling and Testing (WSI¥Aand Monitoring,

Adaptation and Beyond (MONA+). Finally, two of thwerks that have been selected as
primary studies were published as a book chaptes.cbntent of one of these books
[74] addresses specific approaches related to S#piication and validation.



Taking this data into account, it can be said thete are not many studies that address
the problem of testing Service Oriented Architeetiwhere the discovery and selection
of services are performed at runtime. However, ahave focused on a novel and
specialized research topic, the number of primtaurglies can be considered significant.
On the other hand, none of the primary studiesbleas published in either journals or
conferences that focus on testing topics, for exantpe Software Testing, Verification
and Reliability journal (STVR), the Internationaberence on Software Testing
(ICST) or the International Symposium on Softwaesfing and Analysis (ISSTA).

5 Discussion

5.1 Summary of reviewed studies

As a result of this review, the objectives of tegtare grouped into two categories:
studies that aim to detect faults in the servicended application (57.57%) or studies
that make a decision about the service to be invbkesed on the test results (42.42%).
The proposed testing approaches focus more onurartibnal characteristics rather
than on functional.

Regarding the applied testing techniques, the tesiikhis review show that, currently,
two thirds of the studies apply monitoring appraescto improve the dynamic binding.
These approaches check properties of the execsystgm in order to perform an
adaptive action (for example, rebind to anothevisej when a deviation from the
expected behaviour is detected. These propertigdomaoth functional and non-
functional. In addition, there are ten studies teterate and execute test cases with the
aim of detecting problems or gathering data to neakecision about the binding.
Although there are different stakeholders thatipgste in the testing process, it is the
client who plays the most active role with 24 o 88 studies proposing that the client
takes part in the tests. The registry and a bralser represent stakeholders that are
often proposed to take part in the tests. Howewdy, four studies suggested that the
service providers should participate in the dynamgeling testing process.

This review has identified four points in time whiée execution of tests may improve
the dynamic binding of the services. Service exenus the most frequently
recommended point in time to perform tests usingitoang techniques. The points in
time before the publication of the services ingisty, during the time they are
published and just before their binding are alswsatered as suitable times to test
services.

The description of the atomic services and sersrepositions that represent the
system under test is almost always specified uai&dpL for the former and BPEL for
the latter, although there are a reduced numbexainples that use semantic
technologies such as OWL-S or SAWSDL. In such sigihere a registry is in charge
of storing the services, the UDDI standard is thiy smentioned specification.
However, in the context of testing SOA with dynarieding, there is no standard
language for representing the terms agreed in @& SL

The validation methods used in the primary stutlase several limitations. Firstly,
almost a third of these studies do not presentygwgy of validation of the proposed
approach. In addition, the most frequently usedlaéibn method is evaluation, with
very few studies performing a rigorous analysitheir results and only two studies
applying the approach to a real scenario. Moshefeixamples used in the studies were
designed ad hoc and in only one case has the egdraph extracted from a standard
specification.



5.2 Reated work

Testing the dynamic binding in SOA is a very sgedipic and, to the best of our
knowledge, this is the first article which idergsiand classifies the available research
on testing service-based software with dynamicibimdn [1] Canfora and Di Penta
present a survey of testing Service Oriented Aechiitres. They analyze, as we do,
recent research from the viewpoints of differeakeholders and classify it into four
testing levels: functional, regression, integratiord non-functional. Although they
cover particular characteristics of these systéhey, do not specifically focus on any,
whereas we address dynamic binding. Bozkurt ¢78].present a survey that extends
[1], classifying research according to the testemhniques used, as also identified on
our research, and including areas not covered lbjyo€aand Di Penta’s survey.

A systematic review about formal approaches todestice-based software is provided
by Endo and Simao in [76]. They focus on speciierfal methods to test both atomic
services and service compositions and they analyeee and when these studies have
been published, as we also consider in this revidw.main difference with our study
is that their review is restricted by the testiaghnique applied (formal methods)
whereas our review aims at identifying researchdlddresses the improvement of the
dynamic binding using any testing approach. A nspecific study is [77], where
Zakaria et al. perform a systematic review abastirig web service compositions
specified in BPEL language from a unit testing leireour review, we consider both
web service compositions and atomic services. Eurtbre, we have not established
constraints based on the technology or specificdinguage to perform the search.
Finally, a systematic review about QoS in SOA systés performed by Oriol in [78].
This study focuses on quality attributes for wetvises and they review approaches
that use monitoring techniques to obtain the valubese attributes at runtime.

5.3 Limitationsof thisreview

This mapping study has been performed systematittdlbwing a protocol that has
been developed to avoid bias within the searchsatettion process. However, there
are a number of limitations due to different fastdrirst of all, a review protocol that
contains the research questions has been develbpeske questions guide the selection
of the search terms that enable to identify theteag literature. These search terms and
keywords are selected before starting the seartiese is a risk that new relevant
terms can be identified during the review procé&ssrder to mitigate this risk, the
protocol has been modified and refined during twew process. Furthermore, a
significant group of information sources has besleted to perform the search,
including electronic databases and the most retgeamals, conferences and
workshops proceedings that publish studies in¢bpe of SOA testing. However, it is
possible that relevant studies, according to tlpsof this review, may have been
omitted if they were published in sources not geldin the protocol.

With respect to assessing the quality of primangists, some of the quality criteria
could only be assessed subjectively, potentiatiyiceng the accuracy of the quality
assessment.

In the context of data extraction some detailedrmiation was missing. The main
problems were found in the descriptions of thengsiechniques applied and the
validation methods used by each study. Hence, @@ predefined extraction form
has been previously designed (Table 4), the tegdicignique and the correctness of the
validation methods cannot be precisely identifieahf the reading of the studies.



Our decision to include only one study for the saesearch line may mean another
limitation of this review. This situation has ocreed when more than one study has
been published improving or completing a previoaskw\We have tried to mitigate this
limitation asking the authors of the primary stgdier their opinion. In such cases, the
most complete and representative study has bekmdatin the set of primary studies
of this review. Hence, the results concerning thal inumber of studies and the
distribution of such studies per publication sowand year could have been slightly
different.

6 Conclusions and further work

A systematic mapping study has been performedi¢atsend evaluate the available
research in the scope of testing Service Orientetiifectures where the discovery and
binding of the services are performed at runtimaméanic binding). From an initial set
of 392 studies, 33 have been selected as primadyest Due to the specialized nature
of the topic of this review, this can be considessd significant number of studies. The
sources of information have been electronic daggsurnal articles and
conference/workshop proceedings as well as exparntam, list of references and
authors’ web pages.

A review protocol has been designed to ensurethieagselection process was unbiased.
The selection of the studies has been performeatdiog to a search process that
includes the identification of the most suitablerts and the establishment of a search
strategy. From each final primary study, a studialfly assessment has been performed
and information has been extracted in order to ansiwe set of previously defined
research questions. The synthesis of the resustallaved identifying the objective

and the testing techniques applied in each apprdacthermore, the stakeholders that
participate in the tests and the points in time s process is carried out have been
described. We have also discussed the most comenbndlogies and standards used in
this field as well as the validation methods oftesiuidy. Statistical information about
the source and the publication year of each stadyalso been provided.

The results of this mapping study may offer addaianformation to researchers who
are interested in improving the quality of the dymabinding in SOA using testing
approaches and may contribute to provide a bodyowledge that allows identifying
current gaps in this research topic. First ofvaél,have outlined that most of the studies
reviewed in this work propose the use of monitotechniques [79] that check the
behaviour of the system during execution. Theseeaetive approaches because they
detect faults in a service oriented applicationryits operation in order to trigger
adaptive actions, so the faults are discovered hageyin the life cycle. However, it is
not adequate to deploy an application in the proda@nvironment without having
previously performed a set of tests that assurenamam level of quality in both
functional and non-functional properties. Hencepild be useful to develop proactive
approaches [80] to design test requirements for &@#ications with dynamic

binding, and execute tests before their operatidaployment. Also after deployment,
the test requirements may facilitate the identtfamaof singular conditions that are not
exercised during the usual invocations of the tfiefhese conditions could go
undetected by monitoring approaches, but may reptgmtential problems in future
executions.

According to the results of the review, the cliemthe most active stakeholder
monitoring the services during their executionswideer, it is the provider who is in
charge of assuring that he is capable of provithegunctionality and the quality of
service agreed with the client. This quality assoeamay be performed through the



design and execution of tests before the publinatidhe services in a registry and also
executing regression tests while the services aoéghed in such registry. For
example, in [53] the provider can obtain from thgistry a set of test cases designed by
clients or other service providers in order to asshat such services meet the
requirements and they are ready to be dynamicallyd by the clients. However, these
approaches have not yet received enough efforbrditg to the results of this mapping
study.

A common problem that may derive in a dynamic medlyig of the service arises when
the client detects a violation in the terms spediin the SLA with the provider.
Although there are studies that use monitoringetiect violations in the SLA [81],

there are very few studies, for example Di Pentl.482], where the generation and
execution of test cases allow the detection of lerab that may later result in SLA
violations in service compositions. In such a sceng@robabilistic approaches can be
applied to the test results with the aim of detegtr foreseeing situations that are on
the verge of causing future violations of the agrest terms. Alternatively, such
violations may be simulated during the tests whi &im of checking whether the
software triggers suitable adaptive tasks (for gdanre-binding to another service)
immediately the problems are detected.

The use of standard technologies for testing p@pbss also been analysed within the
primary studies. The results show that BPEL and U&® the most accepted standard
to orchestrate the behaviour of the service contiposi and to specify the
functionalities of the registry, respectively. Hoxge, it is worth mentioning that there
does not seem to belafacto standard language to specify the conditions @raice
level agreement so different technologies are eg@dut there is not a relevant set of
studies within this review that use the same SLéc#jation language for testing
purposes. Regarding the service description, ther@ot many studies that propose the
use of semantic technologies with the aim of desugithe features of the services. In
addition to this, UDDI registries do not suppor gearch and retrieval of services
using queries with semantic content so it is natsgae either for the client or the
registry itself to know if one service is goingpmvide the expected functionality.
Hence, it would be interesting to apply technigined allow the testing of services that
are described using standard semantic technolagies they are published in a
registry.

Although there are a relevant number of studiesdima to detect faults testing
functional properties of the system, almost allghelies that test services in order to
make a decision about the service to be invokededaged with non-functional
characteristics. Thus, it would be an interestegearch line to design methods or
techniques to test functional characteristics sadicision making will also take into
account the results of these functional tests. ldgegn, the use of semantic
technologies may be used to specify the functipngperties of the services.

Testing SOA with dynamic binding is a relativelywntpic and much research has not
been yet validated so we conclude that it is necgse dedicate more effort to the
validation process. In addition to this, it wouldabe interesting to use real scenarios
or standard examples, with the aim of being ablaaie comparisons with other
closely related studies.
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Figure 1: SOA architecture. Roles and operations
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Figure 2: Three-phase search strategy
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Figure 3: The selection of the primary studieststra
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Figure 4: SOA testing architecture
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Table 1: Journals, conferences and workshops

Acronym

Sour ce

ACM Computing Surveys ACM Computing Surveys

ACM TOSEM
ESE
IEEE Computer

ACM Transactions on Software Engineering &tethodology
Empirical Software Engineering
IEEE Computer

IEEE Internet Computing IEEE Internet Computing

|IEEE Software

IEEE Software

IEEE TSE IEEE Transactions on Software Engineering
Journals IJSEKE International Journal of Software Enginegamd Knowledge Engineering
JWSR International Journal of Web Services Research
IST Information and Software Technology
JSS Journal of Systems and Software
SIGPLAN Notices SIGPLAN Notices
SIGSOFT ACM SIGSOFT Software Engineering Notes
SQJ Software Quality Journal
STVR Software Testing, Verification & Reliability
ASE Automated Software Engineering
CAV Computer Aided Verification
COMPSAC International Computer Software and Appiaret Conference
ECOWS European Conference on Web Services
EDOC Enterprise Distributed Object Computing Confess
ESEM Empirical Software Engineering and Measurement
ESEC European Software Engineering Conference
ETAPS European Joint Conference on Theory and iBeaat Software
FORTE Formal Techniques for Networked and DistridiuBgstems
FSE Foundations of Software Engineering
ICSE International Conference on Software Engingerin
ICSOC International Conference on Service Orienteah@ding
C ICST International Conference on Software Testingyification and Validation
onferences . . .
ICWE International Conference on Web Engineering
ICWS International Conference on Web Services
IEEE Services IEEE Services
ISSTA International Symposium on Software Testind Analysis
QsIC International Conference on Quality Software
SAC Symposium on Applied Computing
SCC International Conference on Services Computing
SEKE Software Engineering and Knowledge Engineering
TAIC PART Testing: Academic & Industrial Conference - Prae#nd Research
Techniques
TAP International Conference on Tests and Proof
TestCom International Conference on Testing Commting&ystems
WWW World Wide Web Conference
A-MOST Advances in Model-Based Testing
AST Applications of Semantic Technologies
FATES International Workshop on Formal Approacle$dsting of Software
Mutation International Workshop on Mutation Analysi
SBST International Workshop on search based softteatsg
Workshops SOSE International Workshop on Service-Oriented Softwangineering /
International Workshop on Service-Oriented SystEmgineering
SPIN SPIN Workshop on Model Checking of Software
TAV-WEB Workshop on Testing, Analysis and Verificat of Web Software
WESOA International Workshop on Engineering Ser@einted Applications

WS-Testing

Web Services Testing




Table 2: Electronic databases

Electronic Databases

IEEEXplore [17]

ACM Digital Library [18]
Scopus [19]

El Compendex [20]

ISI Web of Science (WoS) [21]
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Table 4: Data Extraction Form

ID Field Description gﬁ:gﬁ
Internal Information
1 | Identifier Unique Identifier for the primary std
2 | Reviewer Name of the researcher who reviews tiay st
3 | Date Date of the data extraction
Reference Infor mation
4 | Title Title of the study
5 | Authors Authors of the study
6 | Year Publication Year RQ7
Where has the study been published? (Options: dbArticle,
7| Type of study Conference/\Norksh)(/)p papgr, Book Ch;pt%r...) RQ8
8 Name of the Name of the journal, conference, workshop, bogkere the RQ8
journal/conf./works./book | study has been published
9 | Reference Rest of the reference information: Volusanber, Pages...
Content Information
10 | Abstract Abstract of the study (copied verbatim)
11 | Objectives What are the objectives of the study? RQ1
12 | System Under Test What is the system whichiisgg be tested?
13 | Technologies & Standards Which are technolagiesstandards being researched? RQ
14 | Testing Technique Which is the testing techniajglied to the system? RQ2
Who executes the tests? (Options: Provider, ClRagistry,
15 | Test Executer Third Party Certifier, Other) RQ4
When are the tests executed? (Options: Before tistration,
16 | Execution Moment While the services are published, Just before iy, RQ3
During the execution...)
17 | Validation Method Which is method is used tadate the study? RQ6
18 | Examples If examples are used to validate tidystist of the examples
19 | Conclusions Conclusions of the article (copiedatm)
20 | Additional Notes Space to write additional naibsut the study




Table 5: Primary studies

Reference

Description

Al-Masri and Mahmoud [27]

Bai et al. [28]
Bai et al. [29]

Bai et al. [30]

Balke and Diederich. [31]
Baresi et al. [32]

Ben Halima et al. [33]
Bertolino and Polini [34]
Bianculli et al. [35]
Canfora et al. [36]

Ernst and Lencevicious [37]

Erradi et al. [38]
Gorbenko et al. [39]

Jurca et al. [40]

Kourtesis et al. [41]

Liu et al. [42]

Lohmann et al. [43]
Mendonca et al. [44]
Moser et al. [45]
Mosincat and Binder [46]
Oriol et al. [47]

Park et al. [48]

Ran [49]

Seo et al. [50]

Szydlo and Zielinski [51]

Tosi et al. [52]
Tsai et al. [53]

Tsai et al. [54]
Verheecke et al. [55]
Wu et al. [56]

Xia [57]
Yoon et al. [58]
Zeng et al. [59]

Broker to test public watrvices and gather QoS attributes values
Framework to generate test casethfoservices published in the UDDI registry
Framework to perform dynamic recgofiable testing of SOA
Framework to test services before their publicatioa registry and monitor the
executions
Algorithm to perform maming of the executions and replacement of webisesv
Framework to monitor BPEL proessand perform self-healing actions
Framework to monitor QoS deas and perform self-healing actions
Framework to test web $egg interoperability
Infrastructure to perform fdetk based monitoring and pro-active service select
Framework to monitor QoS feaduoebind or rebind web services in a composition
Algorithm to test welndces detecting substitutability and composapbilit
Middleware to monitor web semscand execute adaptive strategies
Extension of UDDI registry with monitoring capabiis to publish dependability
parameters
Mechanism to perform feedback based monitoring @@bnomic incentives of web
services
Mechanism to detect mismatches between specificatiol implementation in the
registry
Framework to monitor web servicegeution and receive client’s feedback
Extension of UDDI registry tergerate test cases using graph transformation rules
Empirical assessment to ewalfie services selection criteria
System to monitor BPEL processes perform the replacement of services
Infrastructure to enhan&EB processes with self-tuning behaviour
SOA system to monitor QoS featuire order to detect SLA violations
Approach to perform black-box itegtbased discovery of web services
Extension of UDDI registry to test the go®r's QoS claims about the services
Architecture to monitor QoS in artieselect a service
Mechanism to monitor Qe&tures and detect SLA violations
Methodology to generate test cases for web seraicdgerform adaptation
strategies
Extension of UDDI registry to generate and exetes¢ cases performing check-in
and check-out mechanisms
Technique to generate test cases, create the aratleank web services and test
cases
Mechanism to perform aspaset monitoring and selection of web services
Extension to BPEL to support aspect based mongafrBPEL processes and
execution of adaptive actions
Architecture to test QoS features in ortteselect services to be composed
Extension of UDDI registry with Qdesting capabilities
Middleware to test QoS featured select services to be composed




Table 6: Distribution of studies per testing obipet
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Kourtesis et al. [41]

Liu et al. [42]

Lohmann et al. [43]

Mendonca et al. [44]

Moser et al. [45]

Mosincat and Binder [46]

Oriol et al. [47]

Park et al. [48]

Ran [49]

Seo et al. [50]

><><><><><><><><><><§><

Szydlo and Zielinski [51]

Tosi et al. [52]

Tsai et al. [53]

Tsai et al. [54]

XXX

Verheecke et al. [55]

§x><><

Wu et al. [56]

Xia [57]

Yoon et al. [58]

Zeng et al. [59]

XXX

Total

12

(&)]

N B3

12

(&3]
by B Bad B

19

14

26

16




Table 7: Distribution of studies per testing tecjua / method

Testing Technique/ M ethod

M onitoring

Test Case
Generation

Online
Offline

Partition Testing

Group
Testing

Stream X-mach.
Testing M ethod

Swiss Cheese
Not Specified

Not Specified

Al-Masri and Mahmoud [27]

Bai et al. [28]

Bai et al. [29]

XX

Bai et al. [30]

Balke and Diederich. [31]

Baresi et al. [32]

Ben Halima et al. [33]

Bertolino and Polini [34]

Bianculli et al. [35]

Canfora et al. [36]

Ernst and Lencevicious [37]

Erradi et al. [38]

Gorbenko et al. [39]

Jurca et al. [40]

Kourtesis et al. [41]

Liu et al. [42]

Lohmann et al. [43]

Mendonca et al. [44]

Moser et al. [45]

Mosincat and Binder [46]

><><><

Oriol et al. [47]

Park et al. [48]

Ran [49]

Seo et al. [50]

Szydlo and Zielinski [51]

Tosi et al. [52]

X x|

Tsai et al. [53]

Tsai et al. [54]

Verheecke et al. [55]

Wu et al. [56]

Xia [57]

Yoon et al. [58]

Zeng et al. [59]

Total

18 7

23

10




Table 8: Distribution of studies per stakeholderd points in time

Stakeholders | Pointsin time
)
<
slgl2| -
R
| |1812|5]s
g Tlolc|S
2 gl s|2|3
JEIFEE
-~ o|lo| Y| o
2 0|38 o
s 28 |12]18]8|%
A E R
9 |l c|l= [} < 2] >
flx|F|O|la|2|3|a
Al-Masri and Mahmoud [27 X XX
Bai et al. [28] X X | X
Bai et al. [29] X| X X
Bai et al. [30] X| X XXX X
Balke and Diederich. [31] X X
Baresi et al. [32] X X
Ben Halima et al. [33] X X | X X
Bertolino and Polini [34] X X
Bianculli et al. [35] X X X
Canfora et al. [36] X X | X
Ernst and Lencevicious [37 K X | X
Erradi et al. [38] X X
Gorbenko et al. [39] AX | X X X
Jurca et al. [40] X X X
Kourtesis et al. [41] AX | X|X X
Liu et al. [42] X| X X X
Lohmann et al. [43] X X X
Mendonca et al. [44] XX
Moser et al. [45] X X
Mosincat and Binder [46] X | X
Oriol et al. [47] X X
Park et al. [48] X X X
Ran [49] X X
Seo et al. [50] X X X
Szydlo and Zielinski [51] A X
Tosi et al. [52] X X | X
Tsai et al. [53] X| X X | X X
Tsai et al. [54] X XX [X[X
Verheecke et al. [55] X
Wu et al. [56] X X
Xia [57] X XX
Yoon et al. [58] X X
Zeng et al. [59] X X
Total 4112(11124]1 9 | 7 |11]23




Table 9: Distribution of studies combining part&ips and points in time

Beforethe While servicesare Just beforethe : .
Stakeholder / . . . A During the execution
Pointintime | "S0FTSO" P e (t4)
Provider [53) : . [30I33][42]
Registry | [30a ooty | [271(28]130)38](54 [58] [30][35]142][43]
ThrdPartyl | fa1)jag) [29][39][50] [48][57] [31][33][40](50][57]59]
[BOI31][32][33][35][36][37][38]
Client [29]39] : 4&?&[8?]’[7;[2‘}[15]23;‘5] | [3e]l40]42I[44]ias]ae]

[47][51][52][55][56]




Table 10: Distribution of studies per technologyandard

Atomic Service Registr Service Level
Service Composition Specei?ic aI)i/on Agreement
Description Behaviour (SLA)

WSDL

OWL-S
SAWSDL

BPEL

OWL-S

uDDI

Not Specified
WSLA
WS-Agreement
WS-Policy

Not Specified

Al-Masri and Mahmoud [27]

Bai et al. [28]

X
><><><

Bai et al. [29] X X

Bai et al. [30] X X

Balke and Diederich. [31]

Baresi et al. [32] X

Ben Halima et al. [33] X X

Bertolino and Polini [34]

x|

Bianculli et al. [35] X

Canfora et al. [36]

Ernst and Lencevicious [37]

Erradi et al. [38] X X

Gorbenko et al. [39] X X

Jurca et al. [40] X X

Kourtesis et al. [41] X X

Liu et al. [42] X

Lohmann et al. [43] X

Mendonca et al. [44] X

Moser et al. [45] X X

Mosincat and Binder [46] X

Oriol et al. [47]

Park et al. [48] X

Ran [49]

x| X

Seo et al. [50]

Szydlo and Zielinski [51]

Tosi et al. [52] X

Tsai et al. [53] X

Tsai et al. [54] X X

Verheecke et al. [55]

Wu et al. [56] X

Xia [57]

Yoon et al. [58]

Zeng et al. [59]

00><><><

Total I 2 1 8 1 1




Table 11: Distribution of studies per validationthred

Validation M ethod Type of examples

Analysis

Experience
Evaluation

Example

Persuasion / Opinion
Ad-hoc

Existing Example
From Standards
Public Services

Real Scenarios

Al-Masri and Mahmoud [27 X X

X

Bai et al. [28]

Bai et al. [29] X X

Bai et al. [30] X X

Balke and Diederich. [31] X

x|

Baresi et al. [32] X

Ben Halima et al. [33] X

Bertolino and Polini [34] X

Bianculli et al. [35] X X| X

Canfora et al. [36] X X

Ernst and Lencevicious [37 X

Erradi et al. [38] X X

Gorbenko et al. [39] h

Jurca et al. [40] X X

Kourtesis et al. [41] X X

Liu et al. [42] X X

Lohmann et al. [43] X X

Mendonca et al. [44] X

Moser et al. [45]

| X
x| X

Mosincat and Binder [46]

Oriol et al. [47] X

Park et al. [48] X X

Ran [49]

| X

Seo et al. [50]

Szydlo and Zielinski [51] X

X%

Tosi et al. [52] X

Tsai et al. [53] X

Tsai et al. [54] X

Verheecke et al. [55] X

><><><

Wu et al. [56] X

Xia [57] X

Yoon et al. [58] X

Zeng et al. [59] X X

Total 2121416 |9]15(2]|1]6]2




Table 12: Distribution of studies per year and seur

Primary Study Y ear Type Sour ce
Al-Masri and Mahmoud [27] 2008 Journal Article ITofessional
Bai et al. [28] 2007 Conference Paper COMPSAC
Bai et al. [29] 2007 Conference Paper COMPSAC
Bai et al. [30] 2008 Conference Paper COMPSAC
Balke and Diederich. [31] 2006 Conference Paper ICWS
Baresi et al. [32] 2007 Workshop Paper ESSPE
Ben Halima et al. [33] 2008 Conference Paper ICWS
Bertolino and Polini [34] 2005 Conference Paper EucomSSAEW
Bianculli et al. [35] 2008 Conference Paper ICWS
Canfora et al. [36] 2008 Journal Article JSS
Ernst and Lencevicious [37] 2006 Workshop Paper MSFE
Erradi et al. [38] 2007 Conference Paper ECOWS
Gorbenko et al. [39] 2008 Conference Paper COMPSAC
Jurca et al. [40] 2007 Conference Paper WWwWWwW
Kourtesis et al. [41] 2008 Book Chapter Pervasivedbaliative Networks
Liu et al. [42] 2004 Conference Paper www
Lohmann et al. [43] 2007 Book Chapter Test and AnsilyEWeb Services
Mendonca et al. [44] 2008 Journal Article JSS
Moser et al. [45] 2008 Conference Paper Www
Mosincat and Binder [46] 2009 Conference Paper SOCA
Oriol et al. [47] 2008 Workshop Paper MONA+
Park et al. [48] 2009 Conference Paper COMPSAC
Ran [49] 2003 Journal Article ACM SIGecom Exchanges
Seo et al. [50] 2004 Conference Paper ICESS
Szydlo and Zielinski [51] 2008 Conference Paper ICCS
Tosi et al. [52] 2009 Journal Article I. J. of Ammmmic Computing
Tsai et al. [53] 2003 Workshop Paper WORDS
Tsai et al. [54] 2005 Conference Paper COMPSAC
Verheecke et al. [55] 2004 Conference Paper ECOWS
Wu et al. [56] 2008 Conference Paper ICWS
Xia [57] 2006 Conference Paper COMPSAC
Yoon et al. [58] 2004 Conference Paper ICWS
Zeng et al. [59] 2004 Journal Article IEEE TSE




Table 13: Distribution of studies per year

Publication Y ear

Number of primary studies

%

2003
2004
2005
2006
2007
2008
2009

2

wlowna

6.06
15.15
6.06
9.09
18.18
36.36
9.09




Table 14: Distribution of studies per source

Typeof publication ~ Number of primary studies

%

Journal Article 6
Conference Paper 21
Workshop Paper 4

Book Chapter 2

18.18
63.63
12.12
6.06






