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Abstract

The Service-Oriented Computing (SOC) paradigm has gait@éattention in the software in-
dustry since SOC represents a novel way of architectingluliséd applications. SOC is mostly
materialized via Web Services, which allow developers foose their application as building
blocks for other applications by defining a clear and pullieriface. Although conceptually and
technologically mature, SOC still lacks adequate devekmrsupport from a methodological
point of view. We present the EasySOC project: a catalog wfedimes to build service-oriented
applications and services. This catalog synthesizes @6t &velopment practices that arise
as a result of several years of research in fundamental ®@@d topics, namely WSDL-based
technical specification, Web Service discovery and Web i8emutsourcing. In addition, we
describe a plug-in for the Eclipse IDE that has been impleateto simplify the utilization of
the guidelines. We believe that the practical nature of thidajines, the empirical evidence that
supports them, and the availability of IDE-integrated sablat enforces them will help software
practitioners to rapidly exploit our ideas for building F&0C applications.

Keywords: SERVICE-ORIENTED COMPUTING, SERVICE-ORIENTED DEVELOPNH GUIDELINES, WEB SERVICES,
WSDL ANTI-PATTERNS, WEB SERVICE DISCOVERY, WEB SERVICE CGBUMPTION

1 Introduction

Service-Oriented Computing (SOC) [1] is a relatively newnpaiting paradigm that has radically changed the way apjgitsiare
architected, designed and implemented. SOC has mainlyey@lom component-based software engineering by intrioducnew
kind of building block calledservice which represents functionality that is described, disted and remotely consumed by using
standard protocols. Service-oriented software systeantestas a more flexible and cost-effective alternative &wmetbping Web-
based applications, but their usage eventually spreadvie lgjeth to a wave of contemporary infrastructures and mstiocluding
Service-Oriented Grids and Software-As-A-Service [2].

The common technological choice for materializing the S@€gdigm is Web Services, i.e. programs with well-definedrint
faces that can be published, discovered and consumed bysrofabiquitous Web protocols [1] (e.g. Simple Object Acdesstocol
(SOAP) [3]). The canonical model underpinning Web Servieesompasses three basic elements: service providergeeon-
sumers and service registries (see Figure 1). A servicagen\such as a business or an organization, provides na¢tafar each
service, including a description of its technical contiadeb Service Description Language (WSDL) [4]. WSDL is an Kidased
language that allows providers to describe the functityafitheir services as a set of abstract operations withtsyand outputs,
and to specify the associated binding information so thasaemers can actually consume the offered operations.

To make their WSDL documents publicly available, providensploy a specification for service registries, called Ursaé
Description, Discovery and Integration (UDDI), whose cahpurpose is the representation of meta-data about Welic8sr Apart
from a meta-data model, UDDI defines an inquiry Applicatisad?amming Interface (API), in terms of the WSDL, for diseowng
services. Consumers use the inquiry API to find servicestlasth their functional needs, select one, and then condsmopérations

*This paper is an extended version of the paper presented XiXtX International Conference of the Chilean Computereice Society - SCCC/JCC'10
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by interpreting the corresponding WSDL description. Bdth inodel and the API are built on Web Service technologietheaaim

of the WSDL and UDDI is to offer standards to enable interapéity among applications and services across the Web. As a
consequence, for example, an application implemented hogr@mming language can talk to a Web Service developedathan
language. Ideally, such interoperability levels wouldallconsumers to switch among different providers of the sametionality,
according to non functional requirements such as cost peiceeconsumption, response time or availability, withoddifying the
applications involved.
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Figure 1: The Web Services model.

Unfortunately, the promises of Web Services of guarantgleiose coupling among applications and services, progidgility
to respond to changes in requirements, offering transpdigmibuted computing and lowering ongoing investmengssdill eclipsed
by the high costs of outsourcing Web Services of current@gugres for service-enabling applications as well as tHéeictereness
of Web Service publication systems. On one hand, unles®ppptely specified by providers, service meta-data carobaterpro-
ductive because a low-quality WSDL document tends to olesitie purpose of a service, thus hindering its adoption. kamele,
a WSDL document without much comment of its operations cakenthe associated Web Service difficult to be discovered and
understood. On the other hand, service consumers oftentbameest much effort into providing code to invoke discaeiVeb
Services afterward. Moreover, the outcome of the secokdgaoftware containing service-aware code. Thereforstitware is
more difficult to test and to modify during its maintenancegh especially if the service consumer wants to replacevicedor
another functional-equivalent service.

In this paper, we describe EasySOC that is a set of providércansumer guidelines for avoiding these problems. Roughly
these guidelines represent a compilation of best practmesimplifying the activities illustrated in the arcs ofdtire 1, while
improving the quality of the artifacts implementing sees@nd consumers’ applications. EasySOC is based on ouopseesearch
in WSDL-based technical contract design and specificaipn\Web Service discovery [6] and service-oriented develept and
programming [7, 8].

Complementary, the contribution of this paper is to proadeniform, conceptualized and synthesized view of thesénfiyscto
provide clear and precise hints of how to adequately exeitSOC paradigm and its related technologies regardlegsubage
context, i.e. when implementing services or applicatioAsthe same time, another contribution is a concrete mdizatzon of
these hints into a software tool so as to enforce the prommastipractices. With respect to the latter, we have builug-oh for
the popular Eclipse IDE and the Java language, thus we lealievideas can be readily employed in the software induSiryThe
software can be downloaded frdrnt p: / / si t es. googl e. coni si t e/ easysoc.

The rest of the paper is structured as follows. The next@edéticuses on discussing the aforementioned guidelingshasizing
on clarifying their scope and the development scenariodiicinthey are applicable. Later, Section 3 presents theEagyEclipse
plug-in and its modules. Then, Section 4 surveys relevdatae efforts. Finally, Section 5 concludes the paper.

2 TheEasySOC project

Even when Web Service technologies are far more mature diathlesthan they were years ago, the definition of guidelifoes
developing service-oriented software is still an incipiesearch topic. Thus, the following paragraphs preseataday of identified
best practices for SOC development, which are related todles and activities that are commonly performed by dewaiopf
both services and consumers’ applications. Schematjealbording to the model of Figure 1, two distinctive roles astablished:
providers and consumers. Providers are responsible foingakpiece of software publicly available as a Web Servickilev
ensuring that such a service can be discovered and undénrsyothird-parties. Consumers are responsible for distogeand
incorporating external services into their applicatiarsfrom now onclient applications Sometimes the same actors can play both
roles, as occurs when developing services that need of séieices to accomplish the functionality they expose.

Depending on the role(s) played by a SOC developer, thetthigge possible different development scenarios. Tabktdwhich
of the EasySOC guidelines should be followed in each scenari
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Table 1: SOC usage scenarios and the EasySOC guidelines.

Scenario/Guidelines Guidelines for Guidelines for Guidelines for service
service publication service discovery consumption
Developer only exposes a functionality as a service Yes No No
Developer only consumes services No Yes Yes
Developer exposes as a service a functionality that Yes Yes Yes

consumes other services

2.1 Guidelinesfor service publication

Broadly, service publication is an activity that comes aétgarticular service has been developed, or in other wehdsnterface
and the implementation of the service have been built. Miglagically, and depending on the order in which interfaaad
implementations are derived, services can be construdtieer dased orcontract-firstor code-first Contract-first is a method
that encourages publishers to first derive the WSDL contriatservice and then supply an implementation for it. Alédively,
with code-first, a publisher first implements a Web Servicg tien generates the corresponding service contract bynatitally
extracting and deriving the interface from the implemerntede. This means that WSDL documents are not directly aidage
humans but are instead automatically generated via praghagianguage-dependent tools.

Regardless of the approach employed to build services, adiges might manifest themselves in the resulting WSDt-do
uments. With contract-first Web Services, this usuallyegrias a consequence of poorly described WSDL documentsesijoyl
developers [5]. Moreover, with code-first Web Serviceshquactices result from poor implementation decisions dicant WSDL
generation tools. Precisely, Sections 2.1.1 and 2.1.2@xfie EasySOC guidelines for avoiding these bad practibes dealing
with contract-first or code-first services, respectively.

2.1.1 Guidelines for contract-first WSDL construction

Many of the problems related to the efficiency of standanayaleant approaches to service discovery stem from the fadtthe
WSDL specification is incorrectly or partially exploited lpyoviders. The WSDL specification allows providers to discthe
service functionality as a set @ort-types A port-type arranges differemperationswhose invocation is based on exchanging
messagesone message with input data, other with the result, ancha@netith error information, optionally. Port-types, optvas

and messages must be named with unique names. Messages ofjpitsthat are arranged according to specific data-types defined
using the XML Schema Definition (XSD) language. XSD offerastuctors for defining simple types (e.qg., integer anagjriand
more elaborate mechanisms for defining complex elements-pe definitions can be putinto a WSDL document or intgeasate

file and imported from any WSDL document afterward. The gramaf the WSDL can be summarized as follows:

<documentation .... [>?
<types>?
<documentation .... [>?
<schema .... />*
</types>
<message name="nmt oken">*
<documentation .... [>?
<part name="nmtoken" element="qgname"? type="gname"?/ >*
</ message>
<portType name="nm oken" >*
<documentation .... [>?
<operation name="nmt oken">*
<documentation .... [>?
<input name="nmtoken"? message="qgname" >?
<documentation .... [>?
</input >
<out put name="nmtoken"? message="qgname" >?
<documentation .... [>?
</ out put >
<fault name="nnmtoken" message="qname" >*
<documentation .... [>?
</fault>

</ operation>
</ portType>

Although the intuitive importance of properly describiregaces, some practices that attempt against serviceswdisability and
understandability, such as poorly commenting offered ajp@mns or using unintelligible naming conventions, arejérently found
in publicly available WSDL documents. No silver bullet camagantee that potential consumers of a Web Service wilctdy

INote that “?" means optional and “*” means none or many.
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discover, understand and access it. However, we have @alpirshown that a WSDL document can be improved to simutiasky
address these issues by following six steps [10]:

1. Separating the schema —i.e. XSD code- from the definitbtise offered operations.
. Removing repeated WSDL and XSD code.

. Putting error information within Fault messages and aolyveying operation results within Output ones.

2
3
4. Replacing WSDL element names with self-explanatory rsaifrteey are cryptic.
5. Moving non-cohesive operations from their port-typea teew port-type.

6

. Properly commenting the operations.

The first step means moving complex data-type definitions anseparate XSD document, and adding the correspondingtimpo
sentence into the WSDL document. However, when data-tyigesa going to be reused or are very simple, they can be p#neof
WSDL document to make it self-contained.

The second step deals with redundant code in both the WSDundet and the schema. Repeated WSDL code usually stems
from port-types tied to a specific invocation protocol, wédees redundant XSD is commonly a result of data definitionsied to
a particular operation. Therefore, repeated WSDL code earetmoved by defining a protocol-independent port-type.il&ity,
to eliminate redundant XSD code, repeated data-types dhmubbstracted into a single one. Both changes requireingdate
references in the WSDL document to the new defined elemeattsaplace the redundant elements.

The third step is to separate error information from outpfdrimation or service invocation results. To do this, emdormation
should be removed from Output messages and placed on Fadt arspecial construct provided by WSDL to specify errods an
exceptions. Moreover, as many Fault messages as kindsoo$ exist should be defined for the operations of the Web &ervi

The fourth step aims to improve the representativeness @dM&ement names by renaming non-explanatory ones. Grammat
cally, the name of an operation should be in the form <veri>Roun>, because an operation is essentially an actiorth&umore,
message, message part and data-type names should be a reomowr phrase because they represent the objects on which the
operation executes. Additionally, the names should bdewriaccording to common notations, and their length shoalddiween
3-15 characters because this facilitates both automadilysie and human reading, respectively. With respect téaimer hint, the
name “theelementname” should be rewritten for exampleteEtementName” (camel casing).

The fifth step is to place operations in different port-typased in their cohesion. To do this, the original port-tyipewtd be
divided into smaller and more cohesive port-types. Thig stould be repeated while the new port-types are not cahesivugh.

Finally, all operations must be well commented. An operaigcsaid to be well commented when it has a concise and explgna
comment, which describes the semantics of the offered ifumality. Moreover, as WSDL allows developers to commelchagaart
of a service description separately, then a very good medito place every <documentation> tag in the most reisieimbit. For
instance, if the comment refers to a specific operationatikhbe placed in that operation.

It is worth noting that, except for steps 4 and 6, the othgrssteight require to modify service implementations. Moeoas a
result of applying these guidelines, there will be two vemsiof a revised service description. Despite being outestope of this
paper, some version support technique is necessary to sdéioxice consumers that use the old service version to a@ntiring the
service until they migrate to the new version.

2.1.2 Guidelines for code-first WSDL generation

As explained in the previous Section, by having control & YWSDL document representing a service, its provider carsixse
specific steps to improve the discoverability and undedsthitity of the published service. On the other hand, wheluimg code-
first services, such control is partial because WSDL docusae automatically derived from (manually-implemenssdyice codes
by using generation tools. Formally, a typical code-first fgerforms a mapping :

T:C—W, Q)

Mapping T from C = {M(lo,Ro),..,Mn(In,Rn)} or the main module implementing a service generates a WSRurdent
W = {Op(lo,Ro),..,On(In,Rn)} or the software artifact describing the service. Furtheen contains gort-typefor the service
implementation clas€, having as mangperations Cas public methods are defined in the class. Moreover, eagerationof W
will be associated with one inpatessage &nd another returmessage Rvhile eachmessageonveys an XSD type that stands for
the parameters of the corresponding class method. Exawiptesle-first tools are WSDL.exe, Axis’ Java2WSDL and gSOAH [
which generate WSDL documents from C#, Java and C++ soutws oespectively. Naturally, each tool implemehis a particular
manner mostly because of the different characteristicBefrtvolved programming languages.
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Although in this context generation tools control WSDL gfieation, we found that providers can indirectly avoid oduee the
impact of the abovementioned WSDL-level bad practices lfigang certain programming guidelines at service impleta¢ion
time. It is worth noting that the guidelines are essentiallped at Java, which is the language at which our researalriertly
scoped. Below we list these guidelines:

1. Replacing main class and method parameter names witlgakinatory names if they are cryptic.
2. Moving non-cohesive methods from their classes to a nasscl

3. Properly commenting the purpose of main classes, metudimethod parameters.

4. Replace data-types declaredgect with a concrete data-type whenever possible.

Similarly to the case of the guidelines for publishing cantfirst services, the first step indirectly helps in impngmhe representa-
tiveness of WSDL element names, which are derived from nmasses and method parameters. To this end, the same at¢tmrid s
be taken, i.e. revising the grammar of such identifiers.

The second step, on the other hand, allows developers t@uapine functional cohesion of the resulting WSDL desavimsiby
first checking the functional cohesion of their implemeiotatlasses. Note that refactoring a class for better cohesight imply
splitting it into several classes, which in turn dependinglte generation tool being used either leads to a single W&izument
with several port-types or several WSDL documents eachigeisingle port-type.

Moreover, the third step encourages developers to provéderigptive comments for service implementations. LikeW@DL
standard, which allows developers to comment the diffgvarts of the interface of a contract-first service, Javaides/the Javadoc
tool, a standard language facility that includes tags fonmenting program elements.

Finally, the fourth step means simply to specify data-tyfrasstly method parameters) in a precise way. Developers mus
avoid the use obbject and instead rely on concrete data-types. In addition, ggias such a¥ector, List, Hashtable, etc., should
be replaced with their generic-aware counterparts,\feetor<X>, List<Y >, Hashtable<K,V>. Likewise, the generics must be
instantiated with the most restrictive class/interfaceval, i.e. usingvector<Object> will produce the same negative effect in the
WSDL document as simply usingctor.

2.2 Guidelinesfor service discovery

Queries play an important part in the process of serviceodesty since service consumers greatly benefit from gemeratear and
explanatory descriptions of their needs. This is becauseriderpinnings of UDDI-based registries rely upon the digeeness of
the keywords conveyed in both publicly available serviderifaces and queries.

We have empirically proved that the source code artifactslieht applications usually carry relevant informatioroabthe
functional descriptions of the potential services thatloanliscovered and, in turn, consumed from within applicegii®]. The idea
is that developers should be focused on building the logtbeif applications, while using automatic heuristics td put keywords
standing for queries of the required services from the cog#ementing such applications. In this line, best prastice building
an application that contains useful information about #r@ises the application needs comprise [6]:

1. Defining the expected interface of every application congmt that is planned not to be implemented, but outsouccadfeb
Service.

2. Reuvising the functional cohesion between the implentefite. internal) components that directly invoke, and teetiepend
on the interfaces of, the components defined in step 1.

3. Naming and commenting each defined interface and intearaponent by using self-explanatory names and comments,
respectively.

The first step encourages developers to think of a thirdysamvice as any other regular component providing a clearface to
its operations. The idea of defining a functional interfaeéobe knowing the actual exposed interface of a serviceftlifits an
expected functionality aligns with th@uery-by-Examplapproach to create queries. This approach allows a diseote@search
for an entire piece of information based on an example indhe of a selected part of that information. This concept sstgthat
because of the structure inherent to client applicatioms\aab Service descriptions in WSDL, the expected interfacele seen
as an example of what a consumer is looking for. This is builthe fact that, via WSDL, publishers can describe theirisesvas
object-oriented interfaces with methods and argumenteréfare, in the context of client applications, the defingdrfaces stand
for examples

The second step bases on an approach for automatically atigméhe quantity of relevant information within queriesled
Query Expansionwhich relies on the expansion of extracted examples byegaidy information from the source code represent-
ing internal components that directly interact with theeifaces representing external services. The reasoninguipgaorts this
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mechanism is that expanding queries based upon componintstiengly-related and highly-cohesive operations sthoot only
preserve, but also improve, the meaning of the originalyjuBnerefore, the second step deals with ensuring that dkiiimierfaces
are strongly-related and highly-cohesive with those comepés that depend on them.

The above two steps deal with identifying the source codesmdran application that are likely to contain relevant imfiation
for generating queries and discovering Web Services aftetwAlso, a third step exists for checking that the iderdiiede parts
actually have relevant information for that purpose. Siag®matic query generation heuristics gather keywords foperation
names and comments present in source codes, developetd bitmw conventional best practices for naming and comtimgn
their code.

2.3 Guidelinesfor service consumption

Maintaining client applications can be a cumbersome tas&nathey are tied to specific providers and WSDL documents. The
common approach to call a Web Service from within an appbecas by interpreting its associated WSDL document withtikgp
of invocation frameworks such as WSIF, CXF [12], or the .NE€bBABervices Description Language Tool (WSDL.éxeJhese
frameworks succeed in hiding the details for invoking seesj but they still fail at isolating internal componentsfrthe interfaces
of the services. Consequently, applications result in a afigure logic and sentences for consuming Web Services #yzerdl
on their operation signatures and data-types. This apprieacis to client applications that are subordinated taltharty service
interfaces and must be modified and/or re-tested every tip@wader introduces changes. In addition, this also hisdervice
replaceability, which means how easily a service could ptaped with another functionality equivalent service.

In this sense, we have shown that the maintenance of sewvierted applications can be facilitated by following e@rtpro-
gramming practices when outsourcing services [8]:

1. Defining the expected interface of every component thalisned to be outsourced.

2. Adapting the actual interface of a selected service tarttezface that was originally expected, i.e. the one definetthe
previous step.

3. Seamlessly injecting adaptation code into each intewralponent that depends on the expected interface.

Step 1 provides a mean of shielding the internal componédrar application from details related to invoking third-fyaservices.

To do this, a functionality that is planned to be implemertigda third-party service should be programmatically désatias an
abstract interface. Note that this is the same requirensahefirst step of Section 2.2. Accordingly, internal apgtiien components
depending on such an abstractly-described functionadiigame the methods exposed by its associated interfade, adhiering to

operation names and input/out data-types declared in it.

The second step takes place after a service has been seleatéty this step, developers should provide the logicaosform
the operation signatures of the actual interface of thecgsdeservice to expected the interface defined previoudly.irfStance,
if a service operation returns a list of integers, but therfisice defined at step 1 returns an array of floats, the desesbpuld
code a service adapter that performs the type conversiompr&yerly accomplishing steps 1 and 2, client componentsrmtgpn
neither specific service implementations nor interfacér&fore, from the perspective of the application logicyises that provide
equivalent functionality can be transparently interclesige at the expense of building specific adapters.

Finally, the third step is for separating the functionalead an application from configuration aspects related tdibima client
component that depends on an interface with the adapteraoempin charge of adapting it into a selected service. Aabigtform of
doing this, in terms of source code quality, involves delieggto a software layer or container the administrativé Efsassembling
interfaces, internal components and services together.

In the following section we describe a software tool, impégrted as a plug-in for the Eclipse IDE, which enforces theemfen-
tioned guidelines for developing SOC applications and WedviSes written in Java.

3 TheEasySOC Eclipse plug-in

The EasySOC Eclipse plug-in comprises four modules, eaelassociated to the set of guidelines explained beforeicdec3.1
through 3.4 discuss the design and implementation of theskiles. Although EasySOC guidelines are valid for any WetviGe
capable platform, it is important to notice that the EasySExipse plug-in is a software tool aimed only to the Javafptat.
Hence, some of the implementation details are platform cleget. However, it would be possible to implement thesesttmlother
development platforms, such as .Net.

2 NET WSDL.exehtt p:// msdn. mi crosof t. conf en- us/ | i brary/ 7h3yst b6( v=VS. 71) . aspx
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3.1 TheWSDL discoverability Anti-Patterns Detector

The Anti-patterns’ Detector is the EasySOC module for awatiically checking whether the WSDL document depicting a Web
Service technical contract conforms to the guidelines @ti8e 2.1.1. The module bases on the fact that the goal ofd@e2tl.1
guidelines is to avoid the occurrence of the WSDL documestalierability anti-patterns introduced in [10] within ¢@ct-first
service descriptions. Besides measuring the impact of@atttpattern on service discovery, this study [10] assk#seimplications

of anti-patterns on developers’ ability to make sense of W8Dcuments. The catalog consists of eight anti-patterdspaovides

a name, a problem description, and a sound refactoring guoedor each anti-pattern. Although the results of the \studtivate
anti-patterns refactoring, manually looking for an arditprn in WSDL documents might be a time consuming and contpkk.
Thus, the Anti-patterns’ Detector comprises heuristicauttmmatically detect the anti-patterns in the aforemeeticcatalog.

Since these heuristics are based on the anti-pattern éwfirttiey can be classified according to the analysis redtirdetect the
anti-patterns. In this sense, a taxonomy comprising typastépatterns was derived [10]. Basically, anti-pattecan be divided into
two categories: those that can be detected by analyzingtbelgtructure of a WSDL document, and anti-patterns whotetien
requires a semantic analysis of the names and comments\M3id. document.

The heuristics to detect the first kind of anti-patterns anpke rules based on the commonest anti-pattern occurfente The
problems related to these anti-patterns are redundant Xddke éor defining both data-types and port-types, data-tgpgsedded in
a WSDL document, non-commented operations, and data-tigpeallow transferring data of any typé/fatever typem EasySOC
terminology).

Firstly, the rule that detects redundant port-types veritiat any pair of port-types has the same number of opesatiod that
they are equally named. In this case, the heuristic doesaridy¥he similarity between the messages of the port-tyjpesiuse they
are likely to change in accord with the underlying bindingtpcol. Furthermore, the problem of embedded data-typdstected
by checking that no external XSD document(s) are referefroed within a WSDL document. To detect lacking comments, the
associated heuristic simply verifies that all the operatioave a non-empgdocunent at i on> tag. Finally, detecting th&/hatever
typesanti-pattern involves detecting its two forms. One form isew a data type tag is defined with the primitive type “anyType
indicating that any type is a valid contain for the typed falge other form of this anti-pattern is when a data-type didimincludes
an<any> tag, which means that any valid XML is valid at that point. Téfere, if an<any> tag is present or some tag have “anyType”
as a value of its “type” property, this anti-pattern is saidbé present in the WSDL document.

As it was previously mentioned, detecting the remaining-patterns requires analyzing the semantics of names amdhemts.
Basically, there are three problems that are detected byshmciated heuristics: two naming issues, operationgfefeit domains
in the same port-type, and fault information within stambantput messages. Firstly, our heuristic deals with nareegtioo short
or too long, using a rule to check that each name has a lengtlebe 3-30 characters is provided. In addition, our hdargsincerns
name structure, i.e. message part names should be nounsimphoases, while operations should be named with a verbaplus
noun. This is verified by using a probabilistic context freargmar parser [13]. For example, Figure 2 depicts the paisaes of
different message part names generated by the parser. $harfit second names do not present problems, whereas thadhie
does because it starts with a verb.

ROOT
Simple declarative clause
ROOT ROOT
Noun phrase Verb phrase
(N‘P) K (v‘P) N‘P
Noun Adjetive Verb 3rd ps. sing.
(NN) (@) NN (VBZ) NN
name first name uses cache
name firstName usesCache

Figure 2: Parsing trees of message part names.

Secondly, our heuristic for determining whether two ogers belong to the same domain is based on a text classificatio
technique, because the only “semantic” information aboubperation are its names (operation name and message nache) a
comments. In particular, the Rocchio’s TF-IDF classifies haen selected because empirical studies have shownahgpérforms
other classifiers in the Web Services area [8]. Rocchio’sOFrepresents textual information as vectors, in whicthedimension
stands for a term and its magnitude is the weight of the tetata@ with the text. Having represented all the textualimfation of
a domain as vectors, the average vector, called centrolmlilisfor representing the domain. Then, the domain of arraipen is
deduced by representing it as a vector and comparing it to @amain centroid. Lastly, the domain associated with thetrsinilar
average vector is returned as the domain of that operation.
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Finally, our heuristic for detecting error information hiih output messages checks whether an operation has naorfasfiage
defined, and the comments or some name related with the aadptains one of the following words, which are commonly tedia
with error conditions while executing a serviagror, fault, fail, exception, overflow, mistakadmisplay

These heuristics have been experimentally validated withreal-world data-sets. The first validation was intenaedrmpiri-
cally prove that the heuristics can effectively detect thé-patterns. Therefore, we used the original WSDL dateesgployed to
assess the impact of service descriptions containingpattierns on service discovery [10]. The second experimastdesigned
to determine (if any) what is the correlation between oui-patterns and the metrics proposed in [14], which wereiobthusing
two benchmarking tools, namely ParaSoft SOATest and WSetdperability Testing Tools; to perform this experimem, used the
WSDL document data-set presented in [15].

The first validation showed that the heuristics have an aoywsf 985%, on average. The methodology followed in the evaluation
involved manually analyzing each WSDL document to iderttify anti-patterns it has, peer-reviewing manual resules\aérd (at
least three different people reviewed each WSDL documentmatically analyzing WSDL documents based on the pexbos
heuristics, and finally comparing both manual and autonrasalts. Achieved results are shown in Table 2 by using ausiorf
matrix. Each row of the matrix represents the number of WSbtumnents that were automatically classified using the kgairi
associated with a particular anti-pattern. In additior,¢blumns of the matrix show the results obtained manualyttie number of
WSDL documents that actually had each anti-pattern. Reav# organized per anti-pattern, and if a WSDL document hast-
pattern it is classified as “Positive”, otherwise it is clfied as “Negative”. When the manual classification for a WSIalcument is
equal to the automatic one, it means that the heuristic at&lyroperates for that WSDL document.

Table 2: Anti-pattern detection: Confusion matrixes.

Manual

detection
Automatic detection results

per anti-pattern results

Negative Positive

Negati 116 6
Enclosed data model cgaive

Positive 0 270

Negative 161 4
Redundant port-types

Positive 0 227

Negative 221 2
Redundant data models <

Positive 3 166

Negative 339 0
Whatever types

Positive 3 50

Negative 135 0
Lack of comments

Positive 0 257
Low cohesive operations in Negative 272 10
the same port-type Posive 78 32

) Negative 67 0

Ambiguous names

Positive 9 316
Undercover fault information =~ Negative 351 3
within standard messages POSItNe 4 34

In this experiment, we used a data-set of 392 WSDL documg@is@nce each heuristic was applied on this data-set, Wethei
confusion matrixes. Then, we assessed the accuracy aagfad#tive/negative rates for each matrix. The accuracwyc deuristic
was computed as the number of classifications matching bedotal of analyzed WSDL documents. For instance, the acgwof
the Redundant data modbkuristic was,;227-35¢ <. = 0.987. The heuristic for detectirigow cohesive operations within the same
port-typeanti-pattern achieved the lowest accuracy?7®. One hypothesis that could explain this value relatgmtential errors
introduced by the classifier, thus more experiments arginducted. Nevertheless, as mentioned before, the a&vacagracy for
all the heuristics was.058.

The false positive rate is the proportion of WSDL documehig &in heuristic has wrongly labeled as having the corretipgn
anti-pattern. In opposition, the false negative rate igpeentage of WSDL documents that an heuristic has wroagkiéd as not

having the corresponding anti-pattern. A false negatite eguals to 1.0 means that a detection heuristic has mifisetigoattern
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occurrences. Therefore, the lower the achieved value<titerithe detection effectiveness. The average falseymsite was 036,
and the average false negative rate w&s8, which we believe are encouraging.
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Figure 3: Correlation among Anti-patterns and the Al-Masid Mahmoud’s quality metrics.

In the second validation, we have calculated the correldigtween anti-pattern occurrences and the Al-Masri andnhbaial’s
quality metrics [14] and data-set [15]. This data-set catssif 1822 Web Services that exist on the Web, and proviéésabsociated
WSDL documents and collected quality metrics. The methadius calculate this correlation was the Pearson productend
correlation coefficient because we expected to find a diedationship between Al-Masri and Mahmoud’s quality mestrand the
anti-patterns. The results showed that some of the Al-MawliMahmoud’s quality metrics have a significant correfatigth the
anti-patterns, but others have not. However, when we aedlffzese results, the metrics that had no correlation wepmnse time,
availability, throughput, successability, reliabilitgtency, WsRF and service classification (a discrete vara fl. to 4 representing
service offering qualities). Since these are technicatiogtinrelated to WSDL document quality, it is reasonabéd they have no
correlation with the anti-patterns. Furthermore, the rogtrelated to WSDL document quality proposed in [14] are:

e Compliance: The degree to which a WSDL document gramm@ticahforms to the WSDL specification.
e Best Practices: The degree to which a Web service complibs\Wis-1 profile guidelines.
e Documentation: The amount of textual documentation in djgen tags including service, ports, and operations.

Figure 3 shows the correlation between anti-pattern oecgas and measures taken according to the Al-Masri and Madiieno
quality metrics. In Al-Masri and Mahmoud’s quality metriéaw values stand for low quality, and high values stand fghlguality.
While, the anti-patterns’ variable are zero for not preset one for present in the WSDL document. A correlation vhlgker than
zero means that when one variable rises, the other variahle tends also to rise. While, a correlation value lowen trero means
that when one variable rises, the other variable value tendscrease. It is important to notice that correlation eslare neither too
high nor too low because we are correlating a discrete-dalaeiable (anti-pattern occurrences) that cannot haveeatirelation
to a continue value. Finally, a correlation value near zeeamns that the values of the variables are independentang-pattern
occurrences and Al-Masri and Mahmoud’s quality metricsrarterelated.

When the Compliance metric value is high, WSDL documents tet to be affected by most of the anti-patterns. The exoepti
of this is theEnclosed data-model anti-patterfor which correlation is near zero, and tl@ppropriate or lacking commengnti-
pattern, which is a highly correlated anti-pattern. The fissception is sound because both options, having enclasdndodel or
importing them from an XSD file, are WSDL compliant. Whileethroblems with documentation might be related to the faatt th
when documentation is added to a WSDL document the devedtyoeid manually modify it, which is an error-prone task.

The Best Practices metric is similar to the Compliance rodteicause most of the anti-patterns are negatively coerklaith
it. The only exceptions aré/hatever typeandInappropriate or lacking commentmnti-patterns. In this case both correlations are
near zero, meaning that this metric and these anti-pattatigrences are statistically independent. This is prgldadcause Best
Practices metric is related to WS-I guidelines that inteniniprove the technical interoperability, but not the ulgbof a Web
Service; and these anti-patterns are precisely connext®$SDL document readability and understandability.

The Documentation metric, which represents the percertbgkements in a WSDL document that contain comments, is only
correlated negatively to thimappropriate or lacking commen@nti-pattern. This is expected because if a developerdotes
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comments to a WSDL document, they are intended to be readoffiee anti-patterns are either not correlated or have dip®si
correlation. The positive correlation might stem from tthegt developer must manually modify the WSDL document to ompithe
comments, and modifying a WSDL document is an error-prosie ta

3.2 The Service mplementation Watcher

The EasySOC Watcher module is intended for checking wheibge-first service implementations comply with the guitesi of
Section 2.1.2. This module enforce good coding practicasrdsults in better generated WSDL documents. The codéyisal
measured using well-known Object-Oriented (OO) classtimetrics, such as the Chidamber and Kemerer's metricazafab] and
some of our own, on a service co@gfor allowing a provider to have an estimation of how the Hisg WSDL documenwV will

be like in terms of WSDL discoverability anti-pattern ocamces. The reader should recall that WSDL generation teblson a
mappingT that relatesC with W. The approach to perform this estimation is based on atitatignalysis that shows a significant
correlation among the Weighted Methods Per Class (WMC) plog Between Objects (CBO), and Abstract Type Count (ATC)
metrics and some anti-patterns. This correlation was éxgatally confirmed by using a real-world Web Service data-s

The WMC [16] metric counts the methods of a class. The expErtmhave empirically confirmed that a greater number of
methods within a service implementation main class in@gé#se probability that any pair of them are unrelated, iavirlg weak
cohesion. Sincd-based code-first tools map each method onto an operatiocigharitWMC might increase the possibility that
resulting WSDL documents have low cohesive operations.

CBO [16] counts how many methods or instance variables dibtigether classes are accessed by a given class. Codedisst to
based orT include in resulting WSDL documents as many XSD definitiom®bjects are exchanged by service classes’ methods.
The experiments have empirically shown that increasingititaber of external objects that are accessed by servicgeslasight
increase the likelihood of data-type definitions within WIS@locuments.

Finally, ATC is a metric of our own that computes the numbemethod parameters that do not use concrete data-typese or us
Java generics with type variables instantiated with nomeoete data-types. We have defined the ATC metric after gdtiat some
T-based code-first tools map abstract data-types and bafithedegyenerics onto xsd:any constructors, which have besniifebd as
root causes for th&/hatever typeanti-pattern [10, 17].

Returning to the experiment settings, the data-set censisiround 90 different real services whose implementatias col-
lected via two code search engines, namely the Merobasearwenpfinderlft t p: / / mer obase. com) and the Exemplar engine [18].
Merobase allows users to harvest software components fiitieavariety of sources (e.g. Apache, SourceForge, andristyand
has the unique feature of supporting interface-drivenctess, i.e. searches based on the abstract interface thatmooent should
offer, apart from that of based on the text in its source c@ethe other hand, Exemplar relies on a hybrid approach tevduer
based search that combines the benefits of textual progessaintrinsic qualities of code to mine repositories andseguently
returns complete projects. Complementary, we collectefpts from Google Code.

Some of the retrieved projects actually implemented Welvi€es, whereas other projects contained granular softeane
ponents such as EJBs, which were “servified” to further geldhe data-set. After collecting the components and pis)jece
uniformed the associated services by explicitly providingava interface in order to facade their implementatioreschBAVSDL
document was obtained by feeding the Java2WSDL tool witlttineesponding interface. All in all, the data-set provitleelmeans
to perform a significant evaluation in the sense that thedifit Web Service implementations came from real-life igers.

Table 3: Correlation among Anti-patterns and the employ@&dnetrics.

WMC CBO ATC

Ambiguous names 086 042 0.25

Enclosed data model 041 098 0.12

Low cohesive operations in the same port-type 0.61  0.38 0.12

Redundant data models 0.79 0.33 0.15

Whatever types 050 0.35 0.60

For the correlation analysis, we calculated the Spearmaniscorrelation coefficient to establish the existingtielzs between
the two kind of variables of our model, i.e. the OO metricdd@pendent variables) and the anti-patterns (dependeiabies).
The list of anti-pattern occurrence per WSDL document waainbd by using the WSDL discoverability Anti-Patterns'tBetor
presented in the previous Section. Table 3 depicts thelatime factors among the studied OO metrics. The cell valudé®ld are
those coefficients which are statistically significant & 596 level, i.e. p-value: 0.05, which is a common choice when performing
statistical studies [19]. These correlation factors dfesinow that the metrics studied are not statistically irefegent and, thereby,

10
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capture redundant information. In other words, if a groupasfables in a data-set are strongly correlated, thesahlas are likely
to measure the same underlying dimension (i.e. cohesiomplexity, coupling, etc.).

The correlation among the WMC, CBO, and ATC metrics and thematterns, which were found to be statistically signifita
for the analyzed Web Service data-set, suggests that aamieeit/decrement of the metric values taken on the code obaSAkvice
directly affects anti-pattern occurrence in its code-figsherated WSDL document. Then, the Watcher module reletésuthese
metrics for service implementation classes every time ssathanges. Once these metrics are calculated, if mettievaicrease,
the module assumes that the risk of generating a WSDL docuhang an anti-pattern has increased as well. In this dase,
Watcher suggests developers to refactor their servicesimghtation according to the steps listed in Section 2.1.2.

120 T
Original Data-set
Refactored Data-set mmm—

100

80 -

60 -

Anti-pattern occurrences

40 |

20 |

0 I | I
Redundant  Low cohesive operations Whatever types
data models in the same port-type

Figure 4: Anti-patterns that were mitigated by refactorsegvice implementations.

We performed some source code refactorings driven by th€sen@trics on our data-set so as to quantify the effect on anti-
pattern occurrence. For the sake of representativeness)oddied the services that presented all anti-patternseasdme time,
which accounted for a 30% of the entire data-set. Howevanesoode-first tools do not allow avoiding every anti-pattefor
instance, théenclosed data modelnti-pattern cannot be removed from code-first WSDL docuseten using Java2WSDL or
WSDL.exe.

Figure 4 shows the three anti-patterns that were reducedrafactoring. In a first round of refactoring, we focusedeaucing
WMC by splitting the services having too much operations imio or more services so that on average the metric in thetoetad
services represented a 70% of the original value. This tefi;g), on average, reduced in 47.26% the occurrencéswfcohesive
operations in the same port-ty@ati-pattern. At first sight, this refactoring appeared &véna collateral effect: the fall in the
occurrences of thRedundant data modedsnti-pattern. However, this improvement was caused by #adfion of the Anti-Pattern
Detector that does not count as an anti-pattern occurrdrecease when two services define the same data-type. In sprifra
a service has 2 operations both using the defined data-tyipe,tthe Detector counts 2 anti-pattern occurrences. Heweter
refactoring, if the service is divided in 2 new services vdtte operation having the same data-type each, the Detextembt count
the anti-pattern.

In a second refactoring round, we focused on the ATC metritcvcomputes the number of parameters in a class that are
declared a®bject or data structures —i.e. collections— that do not use Javergs. Basically, the applied refactoring was to replace
arguments declared &@bject with a concrete data-type whenever possible. In additithpagh replacing parameters declared as
Vector, List, Hashtable, etc., with their generic-aware counterparts, Vector<X>, List<Y >, Hashtable<K,V > and so on would
in theory be another sound refactoring, we decided to repille former with array structures due to limitations of th&D\L
generation tool used. Overall, by applying these modificetive were able to decrease the number of occurrences Wftihtever
typesanti-pattern. Aside from these benefits for WSDL documeality this refactor is also recommended for any Java cof@g [2

3.3 TheQuery Builder

The EasySOC Query Builder module gathers information ttdtsérvice queries from the source code of client applicatidr his
module provides a graphical tool that guides consumeragiirdhe generation of the queries. When a consumer seleictd “F
services for...” by clicking on an interface that standsanrexternal service to be outsourced (see Figure 5 step Iyaadndialog
starts. The wizard uses the Eclipse JDT Search ERdoreautomatically discovering the client-side classed thgpend on the
interface and presents them to the user. Then, the usetssetatiscard the resulting classes (Figure 5 step 2). Siyithe wizard

SEclipse Java Development Tools (JDW)f p: / / waw. ecl i pse. or g/ j dt
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presents a list of argument classes. This list is autoniBtibailt by analyzing the interface to retrieve the classnes associated
with each argument. If an argument is neither primitive .(eirgf, long, double, etc.) nor provided within a built-invaalibrary
package (e.g., Vector, ArrayList, String, etc.), it is inéd in the list of argument classes. Finally, those mapselected classes
along with the Java interface are used as input for the téming process depicted in the center of Figure 5. The modidevs
users to customize queries and test the retrieval effews®when using different classes as input, making quelgibgiinteractive
or semi-automatic. Alternatively, by clicking on the “Fshi” button, the wizard selects all target classes on belfiéifsoconsumer,
making query expansion fully automatic.

Extract
comments

Extract class &
operation names,

Fun in Background] | Cancel Detalls >>
o Ask the registry

P e [ e O e o

e Expand the query

F’_

o Select the "example"

9] Candidte senvices £3., Fl Tsk it el

Jawsc/dataset/business/service48.Specialist.wsdl

Split combined words

1.Accounts.wsdl
14, I ss.wsdl |
awsc/dataset/finder/service10.Accounts.wsdl
e77.Miscellaneous.wsdl

Remove stop-words

DeveloperTools.wsdl
wsc/dataset/developers/service35. Utilitywsdl - : —
e4.Database.wsdl =
/service20.valueMar wsdl
Bwsc/dataset/finder/servicesl. Specialist.wsdl = } -

e Show the results

Reduce words to stems

Consumer
e"CIean" the generated query

Figure 5: Wizard for generating service queries.

We evaluated the retrieval effectiveness of the Query Ruiloly using the previous collection of 392 WSDL documents to
feed a service registry [6]. Moreover, undergraduate sttgdglayed the role of service consumers in the context of Sieevice-
Oriented Computing” course of the Systems Engineering BSc. program at the Faafultxact Sciences (Department of Computer
Science) of the UNICEN. The students were assigned an egeronsisting on deriving 30 queries, in which each queryprsad
a Java interface describing the functional capabilitiea pbtential service. The header and the operations of e&etisioe were
commented. For those operations with non-primitive dgpees as arguments, their corresponding classes were alsmeoted.
Then, for each query, the students implemented and comohémeeinternal components that depended on the interfacés Th
methodology allowed us to separately evaluate five comibinsbf different sources of terms associated wittegample namely
its “Interface”, “Documentation”, “Arguments” and “Depdants”. Finally, a fifth alternative was used by combiningla¢se four
sources. In this context, documentation does not refertta egftware artifacts but to textual comments embeddddnihe classes.

To evaluate the discovery performance resulted from enipdaye different sources of terms, we used the Precisianfaecall-
at-n, R-precision and Normalized Recall (NR) information retdemetrics. In this sense, the goal was to evaluate our Queitglds
in terms of the proportion of relevant services in the reeklist and their positions relative to non-relevant ond’s. applied each
metric for the 30 queries by individually using each one eftbmbination of sources (a total of 150 experiments per utegsand
then we averaged the results over the 30 queries. As somes# thetrics require knowing the set of all services in thiectibn that
are relevant to a given query, we exhaustively analyzed dtee-set to determine the relevant services for each querymportant
characteristic regarding the evaluation is the definitibfind”, i.e. when a returned WSDL document is actually relatto the user.
We judged a WSDL document as being a hit or not depending oth&higs operations fulfilled the expectations previouglgafied
in the Java code. For example, if the consumer required a \Wehc® for converting from Euros to Dollars, then a retridWgeb
Service for converting from Yens to Dollars was not consderelevant, even though these services were strongledeldn this
particular case, only Web Services for converting from Bum Dollars were relevant. Note that this definition of hitkes the
validation of our discovery mechanism very strict. Additadly, it is worth noting that for any query there are, at m@stelevant
services within the data-set. Besides, there are 10 qubaéblave associated only one relevant service.

Each bar in Figure 6 stands for the averaged metric reswdtsvibre achieved using a particular query expansion aligena
Achieved results pointed out that by following the convenél Query-By-Example approach to build queries (the édtéve named

“http: // www. exa. uni cen. edu. ar/ ~cnmat eos/ cos
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Figure 6: EasySOC Query Builder: Retrieval effectiveness.

“Interface”) query-specific results were ranked first. Whismg more general, elaborated queries via the Query Eigraagproach
(e.g. the “All” alternative), the chance of including a n&at service at the top of the list decreased as the posigibitif including

it before the 14" positions increased. All in all, for this experiment our @QuBuilder alleviated discovery by concentrating relevant
services within a window of 10 candidates.

3.4 The Service Adapter

The Service Adapter module has been created to automwptpeatiorm the steps 2 and 3 for the guidelines of Section 21%cea
consumer has selected a candidate service, this moduteparthree different tasks to adapt service interfaces ssehable internal
components to it. The first task builds a proxy for the serv@escond, the module builds adapterto map the interface of the proxy
onto the abstract interface internal components expedtd;Tthe module indicates a container how to assemble iateomponents
and adapters, which is done through Dependency Injectifnd@opular pattern for seamlessly wiring software congraatogether
that is employed by many development frameworks. Figuranhsarizes the steps that are needed to proxy, adapt, antisejgaces
into applications or another service implementation.

Automatic generation of | Semi-automatic generation of Automatic generation of
a proxy to the service a service adapter DI container-specific configuration
2] 2] g1
c' C' c
Internal Asgj Injected Business
components z] =1 @ X component | logic layer
o c o
5 o o e o o / e
As compgnent As adapter
layer
Z]| Aproxy to £] =] Service
Ps thep ser&ice Ps Ps invocation
layer
: >
Timeline

Figure 7: EasySOC steps for outsourcing services.

The current implementation of the Service Adapter moduéstise Axis2 Web Service library for building service prexiand
Spring as the container supporting DI. Building a proxy witkis2 involves giving as input the interface descriptiontioé target
service (a WSDL document) to a command line tool. To setutheontainer, the names of dependant components and sgrvice

must be written in an XML file. For adapting external servigteifaces to the expected ones, we have designed an atgdrésed
on the work published in [21].
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Our algorithm takes two Java interfaces as input, one is thb Bérvice interface and the other is the interface thatlteetc
application expects, and returns the Java code of a serdagger. To do this, it starts by detecting to which operatiofithe Web
Service interface should be mapped the operations offgrédeébother. The algorithm assesses operation similaritydmparing
operation names, comments, data-types and argument nddags-type similarity is based on a pre-defined similarityléathat
assigns similarity values to pairs of simple data-typese Similarity between two complex data-types is calculated recursive
way. Once a pair of operations has been determined, serdag@er code is generated. The algorithm adapts simpletglag¢s-by
taking advantage of type hierarchies and performing eglaversions, i.e. castings. Complex data-types ardwedoecursively
as well. Clearly, not all available mismatches can be calbsethe algorithm. Therefore, developers should revisegtreerated
code.

In order to quantify the source code quality resulting frampéoying our plug-in, we conducted a comparison with the enor
traditional way of consuming Web Services, in which codimg &pplication logic comes after discovering and knowiregdéscrip-
tion of the external services to be consumed. Basically, sexluhese two alternatives for developing a simple, petsmgenda
by outsourcing services from a given data-set comprisingrsg services offering similar functionality but expodeg different
providers.

After implementing the two variants, we randomly picked @eevice already included in the applications and we chaitged
provider. Then, we took metrics on the resulting source saddave an assessment of the benefits of the EasySOC gagi&din
software maintenance with respect to the traditional apgho To this end, we employed the well-known Source Lines @deC
(SLOC), Efferent Coupling (Ce), Coupling Between Obje€@BQ) and Response For Class (RFC) software engineeringosetr

Table 4: Personal agenda: Source code metrics.

Variant ld SLOC Ce CBO RFC

Initial Web Service  Traditional Ty 242 7 4.50 30.00
providers

EasySOC E; 309 7 1.70 7.20

Alternative Web Traditional T, 246 10 4.67 22.67
Service providers

EasySOC E; 327 10 2.00 7.45

Table 4 shows the resulting metrics values for the four immgletations of the personal agenda: traditional, EasyS@€Cvao
additional variants in which another provider for a serwi@s chosen from the Web Service data-set. For convenierckbeled
each implementation with an identified (column), which will be used through the rest of the paragsaghhis section. To perform
a fair comparison, a uniform formatting standard for allm@urcodes was employed, Java import statements within datiopi units
were optimized, and the same tool to generate the undeNyetgService proxies was used.

From Table 4, it can be seen that the variants using the sanod service providers resulted in equivalent Ce values:r7Tfo
andE;, and 10 forT, andE,. This means that the variants generated via our pludsih @id not incur in extra efferent couplings
with respect to the traditional variantg). Moreover, if we do not consider the corresponding seratapters, Ce for the EasySOC
variants drops down to zero, because relying on EasySOCtietty push the code that depends on service descriptionsfdhe
application logic. Interestingly, the lower the Ce valuglie less the dependency between the application code aMigh Service
descriptions is, which simplifies service replacement.

Figure 8 shows the resulting SLOC. Changing the provideafandom service caused the modified versions of the apiplicat
to incur in a little code overhead with respect to the origirsions. The non-adapter classes implementel;byere not altered
by E; at all, whereas in the case of the traditional approachnberporation of the new service provider caused the motiiicaf
17 lines fromT; (more than 7% of its code).

The variants coded under EasySOC had an SLOC greater thaofttiee traditional variants. However, this difference was
caused by the code implementing service adapters. In faehan-adapter code was smaller, cleaner and more compzmides
unlike its traditional counterpart, it did not include statents for importing/instantiating proxy classes and hagdVeb Service--
specific exceptions. Additionally, there are positive @speoncerning service adapters and SLOC. A large percenfabe service
adapter code was generated automatically, which meansgmnoging effort was not required. Besides, changing theigesfor
the target service triggered the automatic generation adva adapter skeleton, kept the application logic unmodifeed| more
importantly, allowed the programmer to focus on supportitegalternative service description only in the newly gatest adapter
class. Conversely, replacing the same servic& imvolved the modification of the classes from which the ssrwvas accessed
(i.e. statements calling methods or data-types defineckis¢hvice interface), thus forcing the programmer to mouaifye code. In
addition, this practice might have introduced more bugstiné already built and tested application.

CBO and RFC metrics were also computed (Figure 9). Partiguligh CBO is undesirable, because it negatively affects
modularity and prevents reuse. The larger the coupling éetvelasses, the higher the sensitivity of a single changéir parts
of the application, and therefore maintenance is more difficHence, inter-class coupling, and specially couplitg&lasses
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Figure 8: Source Lines of Code of the different applications

representing (change-prone) service descriptions, dimeikept to a minimum. Similarly, low RFC implies better &slity and
debuggability. In concordance with Ce, which resulted ieager values for the modified variants of the applicationQdBr both
the traditional approach and EasySOC exhibited increasleés when changing the provider for a service. RFC, on ther ¢tand,
presented a less uniform behavior.
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(Initial Web Service (Initial Web Service  (Alternative Web (Alternative Web (Initial Web Service (Initial Web Service  (Alternative Web (Alternative Web
providers) providers) Service providers)  Service providers) providers) providers) Service providers)  Service providers)
Variant Variant
(a) CBO (b) RFC

Figure 9: Coupling Between Objects and Response For Clabe dfifferent applications.

As quantified by Ce, EasySOC did not reduce the amount ofegfferouplings from the package implementing the applicatio
logic. Naturally, the reason of this is that the service dpsions to whichEy adhere are exactly the same®&s However, the
EasySOC applications reduced the CBO with respect to tlgitraal implementations, because the access to the \asewices
utilized by the application, and therefore their assodiatata-types, is performed within several cohesive cortipilaunits (i.e.
adapters) rather than within few, more generic classes ihiurn improves reusability and testability since apatiien logic classes
do not directly depend on services.

As depicted in Figure 9 (b), this separation also helped liesting better average RFC. Moreover, although the plain sithe
RFC values of th&, were greater compared 19, the total RFC of the classes implementing applicationdgge. without taking
into account adapter classes) were both smaller. This stgtiet the pure application logic Bf andE; is easier to understand. In
large projects, we reasonably argue that much of the sooeaf EasySOC applications will be application logic iastef service
adapters. Therefore, preserving the understandabilityi@kind of code is crucial.
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4 Related work

This work is somehow related to a number of preliminary methogies that have emerged to address the demand for process
guidance for SOC. These methodologies build upon exisBogrtiques, such as EA and BPM, but also agile processesasuch
XP and RUP [22]. The most exhaustive and complete survey proaphes to SOC-based development is the work by Kohlborn
and his colleagues [23], which in turn builds upon similagypous works [22, 24]. The authors have reviewed and conipz®e
service engineering methods according to several dimessiocludingSOA (Service-Oriented Architecture) conce. whether
business-level and IT-level services are suppolifdcycle coverageor the amount of development phases that are supported, and
accessibility and validityi.e. whether such efforts are well-documented and engllyiwalidated, respectively. A business-level
service is a set of actions that are performed by and refle@dtual operations of an organization. While IT-level 8= represent
parts of a software system which can be consumed separattguaport the execution of business services.

Although the reviewed methods are mostly aimed at providiuigelines at the development process level, and our woek do
not represent a development methodology per se, the guédefiroposed in this paper are somehow related to these dasatho
various respects. With regard to the SOA concept dimengiohlborn et al. conclude that up to 27 approaches providpatifor
IT-level or software services, only 8 methods are propesiguinented or publicly available, and the common approawhlidation
is through examples and case studies. Instead, we provatEgactices for implementing loosely-coupled applicadiand software
services. Therefore, unlike efforts such as [25, 26], weataaddress materialization of business services.

With respect to the life-cycle coverage dimension, as ourkvprescribes well-defined steps for designing servicesapid
plications, it complements the existing methods. Spetificave offer some proven guidelines for deriving undersiane and
search-effective Web Service descriptions during theisemesign phase. In addition, we provide guidelines foramdy discov-
ering a suitable service, but also decoupling the apptiodtr the particular service that it is consuming, whichilfeates service
replacement. Thus, the guidelines cover the developmehtr@intenance phases of the applications.

Moreover, with respect to the accessibility dimension, e at making our best practices fully available in order towalthe
SOC community and the software industry to exploit the psagicatalog of best practices, and to provide a tool set ftgnatizing
it. The tool set is publicly available for download at the jed’'s Web sitelft t p: // si t es. googl e. coni si t e/ easysoc).

Regarding the validity dimension, it is worth remarkingtttiee proposed guidelines have been followed to produce B&xed
software by playing both consumer and provider roles, thetiee collected empirical evidence supports that the pgegguidelines
are indeed best practices. This aspect also makes our witgkfdbm the WS-1 Basic Profile [27], an industrial efforbfin the Web
Services Interoperability Organization that comprisesiglines for structuring SOAP messages and WSDL documenctsding
to well-defined rules. Besides, the WS-I Basic Profile putplessis on interoperability of Web Services and applicatiavhile
EasySOC focuses on improving discoverability and maiataility. Therefore, our guidelines and WS-1 Basic Profilghtibe seen
as complementary guidelines for Web Service design andeim@htation. Additionally, another point of differencevseén our
work and efforts like [26] is that, at least to the best of omowledge, EasySOC is the first attempt towards a tool-astkgutby-step
guide for materializing both Web Services and client agians.

5 Conclusions

The software industry is embracing the SOC paradigm as #wipr approach for achieving integration as well as interapility
in heterogeneous, distributed computing environmentsvéder, SOC presents many intrinsic challenges that both 8¢éxhice
providers and consumers must unavoidable face.

Historically, catalogs of best practices have been widetpgnized as a very valuable and helpful mean for softwaetitioners
to deal with common problems in many different contexts. hiis sense, this paper presented a set of concrete, proveeliges
for avoiding recurrent problems when developing Web Sewssand client applications. The proposed catalog is a segoidlines
comprising 16 steps. One guideline is intended for allowpogential consumers to effectively discover, understamdl @ccess
them. This guideline has two sub-guidelines. Firstly, onb-guideline covers 6 steps that service providers shakid into
consideration when exposing their services using the aotfirst method. Secondly, another sub-guideline presésteps to be
followed when using code-first. The other two guidelinesezaaspects that service consumers should consider wheovdigtg
and consuming services. Regarding discovery, the propgsieline consists of 3 steps that should be followed tolyeasiild
effective queries, which alleviates consumers’ task byaveing down the number of candidate services. With respesetvice
consumption, following the 3 steps of the associated gindeksults in more maintainable code within client appiass, but also
in those services that invoke other services to accompiisin tasks.

The practical implications of each guideline have beenalmrated experimentally, which suggests that the guidslitan
be conceived as being best practices and can be readily gatbio the software industry. In particular, we have asskdise
impact of removing WSDL discoverability anti-patternsifriVeb Service descriptions, by employing three registifasisaneously
supporting service discovery and human consumers, whdledohal word on which service is more appropriate. Resutig/sid that
improved descriptions are easier to understand than treir’“counterpart [10]. Similarly, the positive effect omgee discovery
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of the guideline for generating and expanding queries has BEso measured [6]. Also, the implications on clients'mteiance of
the corresponding guidelines have been formally and exqaarially shown in [7] and [8] respectively.

Clearly, building truly loose coupled client applicatiarsing the corresponding guidelines imposes a radicalistttie way such
applications are developed. This means that a companywiiti employ EasySOC to start producing service-orientptiadions
would have to invest much time in training its developmeatiewhich results in a costly start-up curve. The impact cfyiS®OC
on the software development process itself from an engimgeoint of view has been empirically assessed in [9]. Cetaty, we
performed further experiments to test the following hygsik that understanding pervasive design patterns (i.eptéd and DI)
and the "first build your application and then servify it" loisiophy are the only required intellectual activities tarstleveloping
service-oriented applications with EasySOC, which sheblfpen the associated learning curve. The hypothesigkasbnfirmed
with 45 postgraduate and undergraduate students of ther8ysEngineering program at the UNICEN during 2009. Reshtts/ed
that they perceived that the proposed approach is convieamereasily to adopt.

In the near future, we will conduct experiments with othedsints and real development teams to further validate aimsl
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