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Service Selection Based on a Practical I nterface
Assessment Scheme

Abstract Service-Oriented Computing promotes building applicagidoy
consuming reusable services. Howeyer, facing the sefecticadequate ser-
vices for a specific application still is'a major challengeek with a reduced
set of candidate services, the effert on assessing caedidatuld be over-
whelming. We have defined an approach to assist developdteiselection
of services, which mainly comprises an assessment procgssefvice In-
terface Compatibility This assessment process is based on a comprehensive
structural scheme for services’ interfaces matching. Ttleeme allows de-
velopers to gain knowledge on likely services’ interacsiand their required
adaptations to achieve a successful integration. We aealithe performance
of the Interface Compatibilityanalysis with a data-set of 453 services and
two different service discovery registries. The experitaeshown an improve-
ment of upto. 17% in precision and up to 8% in the DCG usefulmassic,
with regard to the previous results obtained using onlyux(syntactical)
queries.

Keywords: Service oriented Computing, Web Services, Interface Coilmipa
ity, Web Service Discovery, Web Service Selection

1 Introduction

Service-Oriented Computing (SOC) is a paradigm that premdhe development of
rapid, low-cost, interoperable, evolvable, and massidéyributed applications through
a network of services, which-can create dynamic businessepses that span organiza-
tions and computing platforms (Papazoglou et al., 2008)C $&2s developers dynami-
cally grow application portfolios rapidly by creating comynd solutions using organiza-
tional software assets — including enterprise informatiod legacy systems (Rodriguez
et al., 2013b) — and combining them with external componeggiling in remote net-
works. From a business perspectivesexrvice-oriented applicatiommplies a business
facing solution which consumes services from one or morevigens and integrates
them into the business process (Sprott and L., 2004). Froarehitectural perspective,
it can be viewed as a component-based application that &extdoy assembling both
internal and externalcomponents, where the latter are statically or dynamidadlynd
to services.

Mostly, the software industry has adopted the SOC paradigmsing Web Service
technologies. A Web Service is a program with a well-defiirgdrface (contract) and
anid (URI), which can be located, published and invoked throughdard Web proto-
cols (Papazoglou et al., 2008). The Web Service contracst{ynepecified in WSDL)
exposes public capabilities as operations without-anyttgsroprietary communication
frameworks. The terms “Web Service” and “service” will beedsinterchangeably in
this paper.

However, a broadly use of the SOC paradigm requires effiegpptoaches to allow
service consumption from within applications (McCool, 8D0Currently, developers are
required to manually search for candidate services maixhoeing web catalogs usu-
ally showing poorly relevant information. This implies ada effort into discovering
services and analyzing the suitability of retrieved caatid. Even with a reduced set
of services, the required assessment effort could be owmihg. Exploration on can-
didate services includes envisioning the required adapstfor a correct integration
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and safe consumption of services. Without properly extmgameaningful information,
selecting the most suitable candidate service resembl&sttme-telling.

In order to ease the development of service-oriented agtjits we have defined
an approach to assist developers in sieéectionof services. This proposal is based on
a recent approach (Flores and Polo, 2012), that was igit@ddlveloped to select the
most suitable off-the-shelf (OTS) software components aslation for substitutability
of component-based systems. Since Web Services involvee@iaspcase of software
component (Kung-Kiu and Zheng, 2007), we were able to apgjuséments to such
component selection to define an approach for sersédection

Particularly, this paper is focused in an assessment pgofgsservice Interface
Compatibility, which mainly supports the selection method. This processlieen de-
fined to identify different structural aspects concernihg interfaces of candidate ser-
vices. Through a comprehensive Assessment Scheme, oesréae evaluated accord-
ing to requirements of internal components from a serviteated application. The
matchmaking process is characterized through a seriesuzfistal compatibility cases.
This _conveys not only the usual programming standards, (eeration names and
parameters), but also differentiating strong and potesimailarity cases. Our previ-
ous work (Flores and Polo, 2012) had a reduced underlyingeintmdcover just few
matching cases, what made it unable to outline a likely smiufior mismatching cases.
Currently, the approach is implemented for the widely addpiava platford In this
context, Java interfaces are automatically derived fromises’ WSDL specifications

— through the Apache Axis2 framewdkThis encourages regular Java developers to

adopt the SOC paradigm without a deep expertise in servidetdogies.

In this work, the Assessment Scheme has been divided into mam parts:
automatic-strong matchings and semiautomatic-potemigthings. The former involves
similarity cases directly recognized from Java interfasesandidate services. The latter
involves cases that could be solved trough a semi-autorassistance. The whole infor-
mation package gathered from this process provides an tamtdnsight about candidate
services and their required adaptations for integration.

In addition, the process-to yield such information can berseea white-box model
that provides an explicit view of intermediate results froarried out evaluations. Con-
versely, other approaches usually provide just a highti@esv of the final results (e.g.,
a synthesized numeric value), without a clear view of theeulythg rationale. This
avoids developers to gain knowledge about the reasons fm®péng/rejecting can-
didate services, which eventually may help to improve deskills for architecting a
system that might be filled up with third-party Web Services.

To sum up, the main contributions-of this paper are:

< A comprehensive Assessment Scheme for serinterface Compatibilityianalysis.
* A semi-automatic assistance to fix service interface irgatibilities.

« A white box model to improve design skills for architectiagservice-oriented
system.

« An early view of candidate services adaptation effort faegration.

In addition, performance of thénterface Compatibilityanalysis has been validated
by running different experiment settings with a data-sett®8 services. Two different

8http://www.java.com/
bhttp://axis.apache.org/axis2/
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service discovery registries were populated and querigst, fising only textual (syn-
tactic) information. Then, executing thaterface Compatibilityanalysis with structural
queries. Theprecision-at-nin the first positions of the retrieved lists of candidate- ser
vices has shown an improvement of up to 17%.

The rest of the paper is organized as follows. Section 2 pteselated work. Sec-
tion 3 gives details ofnterface Compatibilityanalysis, also introducing a case study to
illustrate the assessment process. Section 4 describexpleeimental evaluation of the
Interface Compatibilityianalysis. Conclusions and future work are presented adtelsy

2 Related Work

First, two surveys of service discovery approaches ar@duoited. Then, current ap-
proaches are presented. Finally, a summary of the relatekl iwautlined.

The surveys in (Kokash, 2006, Crasso et al., 2011) providenaparative analysis
of existing approaches to improve Web Services discovelnys 15 closely related to
service selection, since an improved discovery methodpad a partial preliminary se-
lection among candidates. Particularly, Information Re#l (IR) techniques have been
used on several approaches as an effort to increase preos\eb Service discovery
without involving any additional level of semantic markugthough such approaches
report concrete improvements, they seem to be insuffica@raitomatic retrieval if they
are applied without using-any complementary technique.ré&teqgy for a semantic basis
consists of formal ontology-based methods, which yet wwa@ high cost making ser-
vice designers be alienated from their use in practice (Kbk2006). One of the main
differences is what such approaches consider/require rR&csedescriptions. Seman-
tic approaches depend on shared ontologies and annota@arces, whereas IR-based
ones depend on textual descriptions. Although those sedigcovery systems strive to
solve the same problem, they may be appropriate in a patiemvironment but not in
others (Crasso et al., 2011).

The approach in (Stroulia and Wang, 2005) is focused in thgpat of program-
matic service discovery. The authors have developed a siiiteethods to assess the
similarity between two WSDL specifications based on thecstme of their data types
and operations, and the semantics of their natural langdageriptions and identifiers.
Given only a textual description of the desired service, matic IR method can be
used to identify and rank the most relevant WSDL specificetidf a (potentially partial)
specification of the desired service behavior is also avigiathis set of likely candi-
dates can be further refined by a semantic structure-matdiep. The structural and
semantic similarity of the retrieved services are sumnearithrough a similarity score.
However, this score is not intended to represent the unidgrlgdaptation effort after
selecting certain candidate service. In our approach, sisessment process is mainly
concerned on addressing adaptation factors, which fostges interaction with other
services to deliver truthful business processes.

The approach in (Wu and Wu, 2005) presents a service disg@recess in which
a Web Service Conceptual Model must be built-up and regdtéito a UDDI-based
registry. The conceptual model consists of four categopdesmon properties, special
properties, interface and quality of service (QoS). Commuaoperties include service
name, key, description, owner and URI. Special propertiekide domain knowledge.
Interfaces consists of sets of operations, described byatpe names and input/output
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parameters. QoS refers to the measurement of Web Servisalslity, reliability and
fidelity. These categories are built by parsing services’'DVSlocuments when stored
into the registry. Necessarily, this approach relies omiserproviders that develop Web

Services in acontract-firstmanner, a method that encourages designers to first derive

a service’s WSDL document to then supply an implementatamhjeving better and
highly discoverable services. However, the most used a@gpreo build Web Services

by the industry iscode-first(Rodriguez et al., 2013b). This means that a developer

first implements a service and then generates the corresgpMdSDL document by
using language-specific tools that automatically derive ititerface from the service
code. Then, WSDL documents are not directly created by hernbah are instead au-
tomatically derived via language-dependent tools. Comsetly, the resulting WSDL
documents may manifesinti-patterns a set of indicators of poor quality service in-
terfaces (O. Coscia et al., 2013). Our approach, instedidsrenly in service contract
information that can be gathered from a WSDL specificatiomegated either in aode-
first or in-a contract-firstmanner.

In(M. Nezhad et al., 2010) authors distinguish between tyyes of service mis-
matches: interface-level and protocol-level. Mismatchethe interface-level character-
ize heterogeneities related to operation definition in WSbterfaces. This level in-
cludes message signature (different name and/or data)fymessage split/merge and
missing/extra messages’' (M. Nezhad et al., 2007). Intenfdisenatches are addressed
through a matching component implemented on top of the COM#ool® (Aumueller
et al., 2005). COMA++ is'a matching tool that uniformly supisoschemes and on-
tologies — e.g., XML Schema and OWL. Thereby, interfacellenismatches are iden-
tified primarily by assessing service’'s XML schemes. As a gi@ment, contextual in-
formation of message types (input/output) is gathered ftoemWSDL specifications.
The message-level matching implies a high overhead byngaisie number of required
matchings up to the Cartesian product of number of messagée itwo analyzed inter-
faces. Considering multiple candidate services (e.g.,ralow of 10 candidates as the
experiment in Section 4), this strategy ‘may not be appleablpractice. In our work,
essential matching information-is _gathered from WSDL doents, since they usually
declare most of the service’s functionality-wise (M. Nedlet al., 2007).

Likewise, Web Service similarity is addressed in (Tibermacet al., 2013), as a
key solution for service interoperability, mainly to findleeant substitutes for failing
Web Services. This approach is parameterized (customizgdyeighted scores and a
set of similarity metrics, which are measured by analyzin§D\ specifications. The
measurement process encompasses calculating (at the wae)eldxical and seman-
tic similarity between identifiers — comprising service renoperations, input/output
messages, parameters, and documentation. To comparegamesssctures and complex
XML schema types, authors make use of schema matching thrasimilarity flooding
algorithm, representing complex types as- labeled oriegtaghs. As we stated earlier,
an initial comparison of complex type similarity can be penfied without dealing with
the complexity of a XML schema. In our approach, the analp$i$VSDL documents
allows addressing complex data types while aiming a ligighteproposal.

The work in (Ouederni, 2011) is based on formal comparisbnsugh a generic
flooding-based technique for measuring the compatibilégrde of service protocols.
A generic framework is proposed, where the interfaces cobifiy degree can be au-
tomatically measured according to different compatipitibtions. A formal model has

Chttp://dbs.uni-leipzig.de/de/Research/coma.html
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been defined for describing service interfaces with intéacprotocols. A global and
unique compatibility degree is calculated from the dethileeasures to help in rank-
ing and selecting some services from many possible caredidahis proposal seems
to be more appropriate for critical systems, such as thenzatige or aerospace in-
dustries where a formal basis may become crucial. Our apprean be considered
as a programmatic-oriented model, more suitable for soéwdzvelopers engaged with
business-centered requirements without a high-risk facto

The work in (Ait-Bachir, 2008) presents a similarity measilometween behavioral
interfaces of Web Services by simulation. The authors wiffdate among services’
structural and behavioral aspects. The former impliesigesl/operations and messages’
schema expressed by WSDL specifications. The latter is defiyethe control flow
and interdependencies of the involved operations. In asati@nal services, such be-
havioral interfaces can be described using BPEL, for itstaNevertheless, Finite State
Machines is the formal model adapted in this work to desdoileavioral interfaces. In
particular, such structural aspect is related to our gddisugh, the authors express that
their work does not include neither detecting nor fixingustaral) complex incompati-
bilities between compared services’ interfaces.

In-(De Antonellis and Melchiori, 2003) a comparison of seed” structure based
on a semantic markup is presented. This comparison is peefibthrough a tool named
ARTEMIS, which calculates a set of similarity coefficientsdaclusters the services
to evaluate their level of compatibility. In this work, thesessment is accomplished
between an abstract service and a concrete service insfeoroea certain category.
Instead, we compare-a required interface against the auerdf a candidate service.
Our work is structurally oriented, including an aspect whig usually neglected, related
to failed function executions represented by exceptiosanantioned in (Crasso et al.,
2010). This aspect is even important on service protocdéctig expected execution
sequences.

Finally, there is a competing architectural style for buitfd Web Services besides
the WS-* standards (SOAPRESTfulservices. REST is an alternative approach to
SOC which uses basic HTTP methods (PUT, POST, GET, and DE)EpRlying
their intended semantics to access a resource (Fieldif@))2@ resource is any in-
formation that could be referenced by an URI such as a docyraanmage, a tweet
or a weather forecdstIn (Richardson and Ruby, 2008) authors identify four syste
properties of RESTful services: uniform interface, adsabdity, statelessness, and con-
nectedness, that are embodied in resources. On the coniv&y services exhibit all
but the first property. A uniform interface shared by all $egg plus non-standardized
documentation make the automatic discovery of RESTfulisesvvery hard in pub-
lic repositories (Adamczyk et al., 2011). Besides, RESTWeb Services currently
do not use a standardized format for representing resowoes., XML messages.
Given their lack of formally described interfaces; they atso cumbersome to com-
pose (Pautasso et al., 2008). In terms of architecturaktiples, conceptual decisions
and technological decisions, the authors in (Pautasso.,e2@0D8) recommend using
REST for ad-hoc integration and using WS-* for enterpriseel application integra-
tion where transactions, reliability, and message-leeelusty are critical. Recent ef-
forts in large-scale legacy system migration to SOA haveatestrated the suitability of
WS-* technologies and standards (Rodriguez et al., 2013b).

de.g., http://lwww.weather.gov/forecasts/xml/rest.php
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Summary of related work.

First, some proposals rely on semantic descriptions ofices\Di Martino, 2009) that
generally are not available, since publishers must putaestfort into describing ser-
vices by means of semantic meta-data (Crasso et al., 20%13tated in (Brogi, 2011),
a true spread of semantic services will only start when théeveld advantages become
of clear interest for the market. Second, there is an evideht of meaningful informa-
tion in WSDL documents due to the proliferation of code-fWgtb Services (Mateos
et al., 2011) that decreases precision of service discaegjigtries. Finally, services are
usually assessed to be integrated in business processascting with other services
and components. This creates the need of seadgtation which is addressed mostly
at protocol level (M. Nezhad et al., 2007). However, it isoalsecessary to support
interface level adaptation as a non-trivial activity.

For these reasons, we propose a practical service selgogtimod, which assesses
services mainly through their WSDL specifications that asaally available. Through
gathering available structural information from codetfifsr contract-first) Web Ser-
vice contracts, our approach has shown an improvement cigowa w.r.t. initial results
from service discovery registries. The assessment prasasainly concerned on com-
prehensively addressing interface adaptation, achievarty and meaningful amending
information. Thereby, this can be seen as an adaptabilignted approach.

3 Interface Compatibility Analysis

During development of a service-oriented application,c#fmeparts of a system may
be implemented in the form of in-house components. Besitase of the comprising
software pieces could be fulfilled by the connection to WebviBes. In this case, a list
of candidate Web Services could be obtained by making usenypfsarvice discovery
registry. Nevertheless, even with a wieldy candidates, bsdeveloper must be skill-
ful enough to determine the most appropriate service forcinesumer’s application.
Therefore, a reliable and practical supportis required &kenthose decisions. In this

approach, thenterface Compatibilityanalysis is the main assessment process to select

the most appropriate candidate service. We assume for tlailysis the availability of
the documentation artifacts describing the expected soéwrchitecture (as knowledge
sources). From these documents, useful information isnaadtlto avoid early discard-
ing a candidate service upon simple mismatches, also piegeinom a unmanageable
incompatibility. In addition, the adaptation effort of anchdate may take shape for a
successful integration into the consumer application.

This section provide details of thiterface Compatibilityanalysis. First, a case
study is presented to illustrate the comprising steps-ofi sumalysis.

3.1 Proof-of-Concept

A simple case study has been outlined aeasonal Communication ApplicatidiPCA)
being developed under the Java platform. The main requiegddéature is aChat too/
which allows creating a user and a chat session (in a synobhsoway) with any instant
messaging client. This feature will be fulfilled by a thirdffy Web Service. Figure 1
shows a concrete structure for tR€A’s required interfacelg), namelyChat | F. By
searching on web-cataloges, a list of candidate servicedban built-up, as presented

r:e
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in Table 1. Notice that although the correspondloBI for each candidate’s WSDL
specification is shown, due to a common volatility factor obtptype Web Services
suchURIs may change or even become unavailable after some time.

«interface»

= ChatlF

«dataType»

4§ createUser( String, String, String, String, String, String, String, long, long, long ) : Boolean Content

& login( String, String ) : Boolean
& logout(String, String ) : Boolean

& receiveMessage( String, String ) : Content

¥ sendMessageTo( String, String, String, Content ) : Boolean

<imports> | =] source : String
(=) date : String
(5 text : String

Figure 1: Required Interface foPCA’'s main feature

Table 1 Candidate Services fathat feature of PCA

Required Candidate URI | Candidate URI
Interface”| Service Service

| OMS www.nims:nl/soap/oms.wsdl | OMS2_simple www.nims.nl/soap/oms2_simple.wsdl
ChatlF

OMS2 www.hims.nl/soap/oms2.wsd| O

nlineMessengér127.0.0.1:8080/TestWebServices/
services/OnlineMessenger?wsdl

Tdeployed locally

In order to clearly illustrate thénterface Compatibilityanalysis, the candidate ser-
vice OMB2 is taken from Table 1, whose interface comprises a set of 38atipns

using some complex types suchMsssage. The evaluation of the remaining candidate

services is presented-in Section 3.5.

3.2 Assessment Scheme

The main asset of thimterface Compatibilitianalysis is a practical Assessment Scheme

that covers a comprehensive range of matching cases, froithveh developer may
easily understand causes of compatibility results. Theersehhas been divided into
two parts: automatic matching cases and semi-automatsnpat matchings. Both parts
characterize structural similarity cases into-four confgiléty levels (namedexact, near-
exact, soft, near-soft This allows comprehensively describing similarity casepre-
senting structural constraints for pairs of operationpr(€ Ir,0ps € Is), wherelgr is a
required interface andks is the interface of a candidate servi€e Particularly, those
constraints are based on individual conditions for eacimetd comprising operations

signature: theReturn type(R), the operation NamégN), the Parameters list(P), and the

Exceptions lis{E). Table 2 summarizes the set of operation matching comditio

Table 2 Structural Operation Matching Conditions forterface Compatibility

o
T

Return RO: Not compatible R1: Equal return type
Type R2: Equivalent retumn type (subtyping, Strings r3. Not equivalent complex types or lost precisio
or Complex types)
Operation | [ N1: Equal operation name |
Name [ N2: Equivalent operation name (substring) | N3: Operation name ignored |
P0O: Not compatible P1: Equal-amount, type and order for parameters
farame P2: Equal amount and type for parameters P3: Equal amount and type at least equivalent (s
ers typing, Strings or Complex types) for some
P4: Not equivalent complex types or lost pr¢- parameters into the list
cision
) EO: Not compatible E1: Equal amount and type, and also order for ex-
Exceptions ceptions
E2: Equal amount and type for exceptions E3: If non-empty original’s exception list, then non
empty candidate’s list (no _matter the type)

r:e
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conditions. Following is presented the first part of the sohavhich can automatically
recognize direct matching cases. Then, the second paré afctiheme applied for solving

Table 3 presents the Assessment Scheme that is able to reed®8 cases folnter-
face Compatibility divided in two parts of 54 cases, from the combination ofvitial

mismatching cases is detailed.

Table 3 Assessment Scheme: Automatic and Semi-Automatic Matching

Leved [ Part

Constraints |

M Exact | Automatic
Match | (1 case)

Two operations must have identical signatures (four idahticonditions):

[R1,N1,P1,E1]. This implies an equivalence value of 4 (by adding the value

1 of each condition)

Automatic
Near- | (13 cases)

Three or two identical conditions. The remaining might benditions
(R2/N2/P2/E2). Exceptional cases: three identical conditions with aai@mng
third condition (N3/P3/E3), implying equivalence values between 5 and 6.

Exact

Match | Example: operatiort ogout of Chat | F has anear-exactequivalence withOVB2_Logout
of OMB2 by three identical conditions and a substring equivalermettie operation name

[R1,N2,P1,E1]
Semi- Three identical conditions with the return that may have aequivalent com-
Automatic | plex type'or lost precision:R3,N1,P1,E1]. This implies an equivalence valug
1 case) of 6.
Automatic_| Similar to the previous level, but only two identical comafits. Previous ex-
(26 cases)| ceptional cases may occur with lower equivalence conditicfhis implies
equivalence values between 7 and 8.
Soft Semi- . Two identical conditions, similar to automatic scheme h&itreturn or param-
Match AlLétomatlc eter (not both) with a nonequivalent complex type or lostcigsien (R3/P4).
(13 cases) This also implies equivalence values between 7 and 8
Example:  operation. sendMessageTo of ChatlF could match operation

OVB2_Post Message., However, the first operation includes a complex parameéter
(Cont ent) without an automatic match. This can be re-evaluated densig that the
wildcard type St ring might contain a concatenation of fields from the complex type
i.e. asoft equivalence R1,N2,P4,E1]

Automatic
B Near- | (14 cases)

There -cannot be two identical conditions, i.e. all conditiocan be relaxed
simultaneously. This implies equivalence values betweean® 11.

Semi-
Match Automatic

(40 cases)

Either two identical conditions with the condition P4 oraehg all conditions
simultaneously. This implies equivalence values betwean® 13.

Assesment Scheme: Automatic Matching

This first part of the Assessment Scheme has been defined veigt af specific con-
straints describing highly meaningful matching cases betwoperations fronir and
Is. The four compatibility levels are outlined from-such ceastts, by different combi-
nations of structural conditions for an operation signatdraccording to Table 2.

The automatic part of the Assessment Scheme comprisesrtrgesst constraints,

to clearly identify direct matching cases. A criterion ofo“mclusion” was defined in-

volving two low compatibility conditions from Table &3 andP4. These conditions are

evaluated in the first part of the scheme as incompatitslitieR0 and PO respectively.

For R3, either the return type of operati@mpr is a complex type without equivalence

to the return type of operatioops, or the return type obps implies losing precision
w.r.t. the return type obpr — e.g., the candidate has ant type but adoubl e type

is required. ForP4, either some parameter ofpr is defined through a complex type
without equivalence to any parameter irdgps, or a pair of corresponding parameters

implies losing precision. This occurs between operatiomsdMessageTo of Chat | f
andOvs2_Post Message, as shown in the example of Table 3.

r:e
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Assessment Scheme: Solving Mismatches

In general, when certain mismatch cases are detected fantédacelr, a developer
may outline a likely solution with the support of contextanfation from the applica-
tion’s business domain. We have identified specific caseshichwa concrete compat-
ibility can be set up by providing a semi-automatic mechanie ease this procedure.
Thus, a given operationpr € Ir can be linked to a specific operatiaps € Is (of a
candidate Web Servicg), with which initially there was no correspondence throtigé
automatic interface assessment.

The second part of the Assessment Scheme shown in Table 3baglbfined upon
the 4 compatibility levels as well. Theo-inclusion criterionapplied to identify incom-
patibilities during the automatic assessment processmbesmow the base to recognize
potential cases to save a candidate ser@it®m being early discarded. Therefore, con-

ditions R3 (return) andP4 (parameters) from Table 2, are considered for combinations

with other-conditions for signature elements. This partle Assessment Scheme is
comprised of 54 additional cases making the whole schenetalrecognize 108 cases
for-Interface Compatibility

In addition, the goal of this second part is not only to assistsolving mismatch
cases, but also to “prioritize” certain correspondenceseaevhen an automatic match
has been previously identified. In this case, a developer coagider that for a spe-
cific operationopr € Ig, there is another correspondence that better fits for thécapp
tion's context. Such correspondence may be considereddirstdapting candidate ser-
vice operations for integration in a service-oriented mapilon. For example, operation
SendMessage from Chat | F could match operatio@vs2_SendMessageToChat . How-
ever, a developer may outline-a likely matching with operatbVs2_Post Message
that is prioritized for adapting candidate service operesi

The set of structural-conditions summarized in Table 2 atailee in the following
section to identify equivalence on operations’ signatures

3.3 Assessment Scheme: Structural Equivalence Conditions

Let Ir be an interface of a required functionality for a client apgtion andls the
interface of a candidate Web Servi€eFor every pair of operation® pr,0ps), where

opr € Ir andops € Is, a likely equivalence between those operations is based®n t

structural conditions for each element of an operatiorgaaiure presented in Table 2.
Notice that signature elements are named according to tlsetdaminology, rather
than using the WSDL convention for Web Service contract® fidason is that assess-
ments are performed upon Java interfaces, previously etbrikom WSDL specifica-
tions. Thus, in case akesponseand fault from a messagelefinition, termsreturn and
exceptionare used instead respectively.
Main aspects concerning the set of structural conditioasdatailed below.

Data Type Equivalence — Subtyping

ConditionsR2 andP3 concern data type equivalence according to Table 2. Thidueg
the subsumeselationship or subtyping (writter::), which implies adirect subtyping
(written <1) in case of built-in types in the Java language (Gosling et2005), as
shown in Table 4. Thus, subtyping relations are consideoedperations’ signatures
as shown in Table 5, where it is expected that types on opesatiromIs have at

r:e
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least as much precision as types lgn For example, if operationpg includes an nt
type, then a corresponding operatiops cannot have a lower precision likéhort or
byt e (among numerical types). There is a special case witlsthé ng type, which is
considered as awildcard’ type since it is generally used in practice to allocateatiit
kinds of data. This practice is defined in (Pasley, 2006) aiskafactor in the attempt
to make Web Services’ interfaces extensible. As a negatde affect, this increases
complexity and results in ambiguous interface definitioBBice this practice is still
commonly used, in this approach tBeri ng type is considered as a supertype for all
numerical types.

Table 4 Built-in Direct

Subtyping Table 5 Subtyping Equivalence for Operations
1% Type 29 Type Type onopr  Type onops
char Strin
byte =1 short byte short? int, long, float, or double, or String
short <1 int short int, long, floaf, or double, or String
) int long, float, or double, or String
int <1 long If?ng Ijloatbl or dogbl_e, or String
oat ouble, or Strin
long <1 float double String 9
float <1 double

Complex Data Types

Complex data types require a special treatment in whictethrarst be a correspondence
for each field of a complex type from an operatiops to a counterpart complex type
of an operatiorops. For conditions R2, P3), if operationopg includes a complex type
in return or parameters, there must be an equivalent cquartecomplex type into op-
erationops. This means, they must coincide on number and order of fields-{o-one)
inside the corresponding complex data types. For condit{gs, P4), if operationopr
includes a complex type-in return or-parameters, there nmisinbequivalent counterpart
complex type into operationps, wherethe order of fields’ types is relaxed.

Example Operationrecei veMessage of Chat | F returns a complex typeCont ent ),
and operationOVB_Recei veMessage of the OVB2 service also returns a complex
type (vessage). Both complex types are equivalent because their field leauiva-
lent types R2). Therefore, operatiomecei veMessage has anear-exactequivalence
with OM5_Recei veMessage, since they coincide on parameters-and exceptions with an
equivalent operation name — i.eR2[N2,P1,E1].

Operation Name Equivalence

ConditionN2 implies that an operatioops includes an equivalent operation name with
regard to operatiolmpr. Name equivalence concerns identifying a substring siityla
by considering the current naming conventions, as predentdable 6. In general, de-
velopers combine a verb and a noun for denoting-an operatiorensuch aget Quot e

or get _quot e, from where the name can be decomposed into wgedsand quot e,
and a likely string coincidence could be found.

Table 6 Rules for decomposing an Operation Name

Notation Rule Source Result
Java Beans Split when changing text case etZipCode ?et aige C
Hungarian Split when changing text case ulAccountNum  ulolict Num

Special Symbols plit when either “_” or “-” occurs  get_Qaiot get Quote
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Analyzing Exceptions

In general, a functionality enclosed into an operation ieguinput and output data rep-
resented by the operation’s parameters and return regplgctiowever, a complete and
more adequate design of any operation’s functionality kheonsider exceptions (i.e.,
faultsin WSDL terminology). In fact, in the context of Web Servicésults definitions
have not become a common practice. This phenomenon is ddfinédrasso et al.,
2010) as an anti-pattern for well-defined WSDL interfacesnad ‘Undercover fault in-
formation within standard messagewhere output messages are used to notice about a
service’s operation error. Therefore, developers shoalgrevented from handling such
hidden faults in an incorrect manner. Hence, by assumintyvacé development best
practices, exceptions or faults must be analyzed accdyding

In the Assessment Scheme, certain aspects are considemd amalyzing excep-
tions. First, any operationpr € Ir may define a default type exception — i.e., named
“Exception” — or ad-hoc exceptions. Also, an operatams (of a candidate servicg),
may define gault as a message that includes a specific attribute, which adteasx-
ception name. In the Assessment Scheme, for conditierendE2 each exception type
declared into operationpgr must have an identical corresponding exception type into
ops. In addition, the size of both exception’s lists must cadieci For conditiong3, if
there is at least one exception type declaredpr there must be at least one exception
type (not necessarily alike) iaps.

3.4 Assessment Scheme: Compatibility Gap Value

The final outcome of thénterface Compatibilityanalysis is a matching list, where each
correspondence is characterized according to the foulsleighe Assessment Scheme,
namedInterface Matchinglist. This outcome makes the whole procedure a white-box
model providing an explicit view of carried out evaluatipns understand reasons for
accepting/rejecting candidate services. For each operatr € Ir, a list of compatible
operations fromis is shaped. For example, let bewith three operationepg;, 1 <i <3,
andls with five operation®psj, 1 <j <5. After the procedure, thimterface Matching

list might result as follows:

{ (opr1, {opst, 0Pss}), (OpPr2, {OPs2, OPsa}), (Oprs, {OPs3}) }

An additional aspect can be highlighted from the AssessiBeheme. Each of the
four levels of compatibility aggregates different equarate cases, which also allows
generating additional information concerning a specificnatic equivalence value for
those cases. For example, the valueerpdctequivalence R1,N1,P1,E1] is 4 as a result
from adding the value 1 of each condition. Therefore, from Ititerface Matchindist,

a totalized equivalence value could be calculated, na@eahpatibility Gap(formula
1), which allows to synthesize the achieved degreétdrface Compatibilityfor a can-
didate interfacds (from a serviceS) w.r.t. a required interfacéz. Only the strongest
equivalence degree (lower value) from tikerface Matchindist is considered for each
operation inlg.

sN Min(opri,CompMapglg,ls))
N x4

compGaplr,ls) = -1 (1)

where N is the size of interfacdér, and CompMapare the values for the compatibility cases
found for operatiornopg;.
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In case that all operations in theterface Matchindist present arexactequivalence,
the Compatibility Gapbetweenlg and s is zero. Although this might seem a perfect
interface match, this initially only means thit is included intols, while the size of
interfacels may be larger, including additional operations. The suc@#sthe precision

achieved during thénterface Compatibilityanalysis is essential to reduce the subsequent

adaptation effort when integrating a candidate service mtSOC-based application.
This is the main reason for the definition of the whole AssesgnScheme, in which
different design and programming heuristics have beenieghpinostly from a practical
perspective.

3.5 Results of the Case Study

This section presents the results of th#erface Compatibilityanalysis for the case
study about thé?ersonal Communication Applicatiqi*CA) presented in Section 3.1.
The required feature foPCA was described as a simpt&hat Too/ from where the

required interfacechat | F was built-up. A set of candidate services was also presented

in Section 3.1.
After-assessing the candidate services, the best (loweching value per operation

is available. Thus, theompatibility gapcan be calculated, as shown in Table 7 — except

for the OVS service marked amot-applicable(N/A), since its interface does not contain
an operation to match thieogout operation ofChat | F. In the case ofChat | F and
the OVB2 service thecompatibility gapcan be calculated as 220— 1= 0.45 according
to formula (1). Because the lower value is the better, theyssigd candidate to fulfill
the requiredChatfunctionality would be thedvS2 service. The complete set of corre-
spondences betwedthat | F and theOVS2 service is shown in Table 8, with the best
(lower) associated equivalence degrees, conditions alueés/a

Table 7 Summary-of Interface Compatibility foChat | F and candidate services

Candidate Service | Total Equivalence’ | Compatibility Gap

OoMS N/A N/A
OoMS2 . 29 0.45
OMS2_Simple 36 0.8
OnlineMessenger 30 0.5

* Total best value 20 (based orChat | F size)

Table 8 Final Interface Compatibility betwee@hat | F and theOV52 service

ChatlF | OMS2 Degree Conditions Value
createUser | OMS_CreateUser near-exact R1, N2, P1, E1 5
sendMessage | OMS_PostMessage soft R1, N2, P4, E1 8
receiveMessaggd OMS_ReceiveMessage - near-exact R2, N2, P1, E1l 6
logout | OMS2_Logout near-exact R1, N2, P1, E1 5
login | OMS_Login near-exact~ R1, N2, P1, E1 5
ChatlF size 5 ] Total Equivalence 29

At this point, a selected candidate service is availablettfierChatfeature of the
(PCA) application. Candidate services were assessed withgukraowledge from their
underlying model and logic rules, but only analyzing theioyided interfacesservice
contrac). After carrying out this simple case study, it is glimpsexivha developer may
gain specific and valuable knowledge about an applicatioorgext by the support of
the Assessment Scheme upon th&erface Compatibilityanalysis. Moreover, an exper-
imental evaluation of the process is presented in the fafigvgection.

r:e
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4 Experimental Evaluation

To evaluate thénterface Compatibilityignalysis, we used a data-set to populate two ser-

vice registries with both relevant and irrelevant servid@slevant services were taken
from the data-set in (Mateos et al., 2011). Such serviceedaom real-life projects im-
plementing either Web Services or servified EJBs (Entezplava Beans). The projects
were gathered from Google Code, Exemplar (Grechanik eR@l0) and Merobaée

A set of syntactic queries was automatically generated ftioendata-set and used
to query the service discovery registries. The results éstain subsets of queries were
post-processed converting the retrieved WSDL documeniava interfaces through the

Apache Axis2 WSDL2Ja¥atool. Then, the queries were expanded to add structural

information by different combinations of operation’s sigure elements (return types,
parameters). This allows representing each structuralycase a fully-described single-
operation required interfacég]. Finally, the Interface Compatibilityanalysis was per-

formed with the Java interfacek;) of the candidate services and the expanded structural

queries as required interfacdg)(

Indeed, most Web Service discovery registries consist oatalag-style browsing
basedon keywords matching. Hence, a structural-basettsagsessment process can
beused to identify and to rank the most relevant WSDL spetifins (Stroulia and
Wang, 2005). Thereby, the goal of this experiment is to amealvhether performing
the Interface Compatibilityanalysis after querying a service discovery registry, d¢oul
increase the probability of 'selecting a more suitable aiatdiservice.

4.1 Experiment configuration
Data-set Preprocessing.

The considered data-set consisted in 60 relevant servieggioned above, plus 393
noisy WSDL specifications extracted from the data-set infyldeal., 2004). The result-
ing data-set of 453 services was used to populate two sediscevery registries:

« EasySOC(Rodriguez et al., 2013a) service registry, which maps iqaesind ser-
vices onto vectors in the Vector Space Model and uses theyguyeexample
search engine (Crasso et al., 2008).

« ApacheLucené registry, a well-known cross-platform text search engiaseal on
indexation and Information Retrieval techniques (Hatabieal., 2004). As Lucene
has been designed for indexing any kind of textual documeeserved words of
WSDL may introduce noise to the search engine. For this rease used a WSDL-
aware Lucene version (Rodriguez et al, 2010).

These service discovery registries implement distinctalisry ‘mechanisms with
different performance, which mainly depends on the usediegi@nd data-set. Using
two service discovery registries allows us to carry out abiased experiment.

Query Expansion.

An original set of 430 syntactic queries consisting only emtion names was auto-
matically generated from available service operationdhéndata-set. Then, some query

fhttp://merobase.com
Yhttp://axis.apache.org/axis2/java/core/
Phttp://lucene.apache.org/core/

r:e
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expansions were defined to include structural informatiboua the return typeand
parameters After that, each expanded query can be encapsulated asagréauired)
interface with only one operation.

Initially, three different expansions were defined to perfecervicelnterface Com-
patibility analysis, as follows:

e Query Expansion 0 (QEQ). A default query expansion, tryiagcapture the se-
mantics of the original syntactic query which comprisedyathle operation name.
Queries are expanded with i d return type, no parameters and no excep-
tions — e.g. if the syntactic query wagt User, applying QEO results invoi d
get User () . This expansion is always included, as a representatioheobtiginal
queries.

e Query Expansion 1 (QE1). Awildcard query expansion, including &tring
parameter and return type, and no exceptions. As pointediro@ection 3.3,
the String type is generally used in practice to allocate differentdkinof
data — e.g., for the syntactic quegget User, applying QE1 results inStri ng
get User (String x1).

Query Expansion 2 (QE2). An ad-hoc query expansion. Whaityaimg the WSDL

documents of the data-set, we noticed that many of them dke&iomplex types to
encapsulate either return data or parameters. Regardigbsiostructure (fields),
those complex-types are in general named as the operatidimgathe suffix “Re-

sponse” for return types. Thereby, QE2 captures this fagingdan ad-hoc complex
type for the parameters and another ad-hoc complex typehéordturn — e.g., the
get User query is expanded aset User Response get User ( Get User x1).

Although each-query expansion was instantiated in a centainfor this experiment,
the provided guidelines could lead to-the definition of dif& instantiations. When as-
sessing another set of structural features in servicesifiaions, the query expansions
could be parametrized in a distinct way.

Query Replacement.

To decide which of the 430 syntactic queries will be replageith structural queries),
we analyzed the results of textually querying both serviggcavery registries —
EasySOGandLucene- from a developer’s perspective. In this context, findingeaded
Web Service in a registry involves two-steps. First, rankiN§DL specifications ac-
cording to a given syntactic query, automatically perfadntierough-the discovery step.
Then, inspecting the top results, which is'usually done by developers manually. When
relevant WSDL specifications are not retrieved at the togrpositions — e.g., among
the first three or four positions — it would be worthy to courithwa mechanism that au-
tomatically rearranges (improving) service discoverylhss To do this, we have defined
two differentcutoff-pointcriteria for query replacement:

« Cutoff-at-4 The syntactic queries where the relevant service appedtedthe 4"
position in the result list are replaced by expanded queries

« Cutoff-at-5 The syntactic queries where the relevant service appedtedthe &
position in the result list are replaced by expanded queries

r:e
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Interface Compatibility Execution.

To execute thenterface Compatibilityanalysis in the context of this experiment, we
defined two query expansion schemes, by combining the qugrgnsions (QEO, QE1,
QE2). On one side, QEO + QEL1, including the default query esjoam and thevildcard
one, aiming generality. On the other side, QEO + QE2, inclgdihe default query
expansion and thad-hocone, aiming specialization.

Then, two experimentabcenarioswere defined bringing together the service reg-
istries, query expansions schemes and query replacemtaft points. In Scenario 1
services were published in tlieasySOQGegistry. Considering the criteria defined above,
the experiment configuration implies the execution Inferface Compatibilityusing
QEO+QE1 and QEO+QE2 expansion schemes wittoff-at-4and cutoff-at-5

For Scenario 2services were indexed in theuceneregistry and the experiment
configuration -implies the execution dhterface Compatibilityusing QEO+QE1 and
QEO+QE2 expansion schemes withcatoff-at-5 criterion. For this scenario, we have
decided to only apply theutoff-at-5criterion. This is based on preliminary experiments,
the Scenario 1 results, and the Lucene results using thmakigyntactic queriesCutoff-
at-4 would not bring substantial improvements in Scenario 2 = iearranging relevant
services to better positions in candidate lists.

In both scenarios, an initial ranked list of the first 10 mtad candidate services per
syntactic query were considered. When the relevant seddes not appear in the first
10 results, the window is extended until that service is thwso its Java interface can
be generated. Then, tlieterface Compatibilityanalysis is performed when the relevant
service is not retrieved at the list's topmost positions.

Example Let be the syntactic querget User with relevant serviceAccounti ng
Servi ce. The retrieved candidate list (ordered by position) befexecuting/nterface
Compatibility could be:

{(1, VonsAdm nService), (2, VonsTrustedAdm nService), (3, Service6. Accounts),
(4, Service7. Account s), (5,AccountService), ...}

As can be seen, the relevant service was retrieved in thepi#ition. This is be-
cause the first four services also provide-an operation najgedser, from a syntac-
tical standpoint. Services in position 1 and 2 are from thea-dat of real-life services
and the following two are noisy services.

Through thelnterface Compatibilityanalysis this list is rearranged considering struc-
tural information both from the expanded query and the sesvin-the list. Thus, the
relevant service is arranged in the first positions-of thie-ig.g., among the first three
or four positions. In this case, the rearranged list could be

{(1, AccountService), (2, VonsAdm nService), (3, VonsTrust edAdnm nService),
(4, Service6. Accounts), (5,Service7.Accounts),...}

Thus, the goal of this experiment is to show how tht&erface Compatibilitanalysis
could increase the visibility of a more suitable candidaesise to be selected.

4.2 Results

For the two experimental scenarios, we queried the correlipg registry with the syn-
tactic queries. Then, obtained results were post-prodebgeexecuting thelnterface
Compatibility analysis (with different query expansion schemes and tptmfts). Fi-

nally, we compared both results according to three wellmdéR metrics:

r:e
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 Precision-at-n. Indicates in which position are retrieved the relevanvises, at
different cut-off points. For example, if the top 5 docunweate all relevant to a
qguery and the next 5 are all non-relevant, precision-at-B)i3%, while precision-
at-10 is 50%. In this case, precisionfahas been calculated for each query with
in [1-10]. This window size was decided considering the bedabetween number
of candidates, relevant services per syntactic query ansgeability of results list.

« Recall. Formally, Recall is defined as:

Relevant

Recall= ————
Retrieved

(2)

In particular, for this experiment the numerator of the Ref@mula could be
0 or 1 — i.e., when the relevant service is included within thasults — and the
denominator (Retrieved) is always 10.

* DCG. The DCG is a measure for ranking quality and measures thiilness
(gain) of an item based on its relevance and position in tbgiged list. The higher
the DCG, the better ranked list. Formally, DCG is defined as:

pcG— 3 et 3)
iZZ|ngi

where p is the size of the candidate list, amel; indicates if the candidate
retrieved in thei" position of the list was relevant.

The DCG-values for all queries can be averaged to obtain aurea$ the average
performance of a ranking algorithm, named Normalized DCGQ®).

Those metrics-have been broadly used in the context of WelicBediscovery and
selection (F. Diaz et-al., 2006, Rodriguez et al., 2010)viSes containing the needed
operation (one per query) were arbitrarily selected andaated to the query as the
relevant one in order to evaluate the results. Finally, agraye of each metric was
generated over the total number of queries.

Scenario 1: EasySOC service registry.

In Scenario 1, the EasySOC registry was populated with the-skst and then queried
with the 430 original syntactic queries. Figure 2 depicte ttumulative average
Precision-at values corresponding to the original results, andititerface Compatibil-
ity post-processed results. Figure 2a represents precisioasvavhere syntactic queries
are replaced with theutoff-at-4criterion, expanding 26% of the ‘original queries. Fig-
ure 2b represents precision values where syntactic quargeseplaced with theutoff-
at-5 criterion, expanding 17% of the original queries. Resuftsvs that, in general, ap-
plying the Interface Compatibilityianalysis improves the Precision+abetween 7% and
14% for the first positions (when n=[1-4]). Although preoisitends to converge when
approaches to 10, the improvements in the first positionsigreficant since users tend
to select higher ranked search results, regardless of #utiral relevance (Agichtein
et al., 2006). Moreover, witltutoff-at-5— i.e., replacing and expanding 17% of the
syntactic queries — results are as good as wittoff-at-4 This implies that executinf-
terface Compatibilityianalysis over less query results still brings improveméantsrms

of precision.

r:e



This is a preprint of the article: "M. Garriga, A. Flores, C. Mateos, A. Cechich and A. Zunino: 'Service Selection Based on a Practical Interface
Assessment Scheme'. International Journal of Web and Grid Services. Vol. 9, Number 4, pp. 369-393. Inderscience. ISSN 1741-1106. 2013."

The final publication is available at http://dx.doi.org/10.1504/1JWGS.2013.057469

Service Selection Method 17

o
©

o
w

o
N

o
@

o Original

o
@

—— QueryExpansions QE0+QE1

. Original

----- QueryExpansions QE0+QE2 o o ,” —+— QueryExpansions QEO+QE1

a
kS

--a-- QueryExpansions QEO+QE2

Average Precision-at-X [%] (more is better)

o
w

Average Precision-at-X [%] (more is better)

o
N

o

N

3 4 5 6 7 8 - 10 1 3 3 4 8 9 10

5 6 7
Position in the candidate list Position in the candidate list

(a) With cutoff-at-4 (b) With cutoff-at-5

-
~

Figure 2:"Averaged Precision-at-results for Scenario 1 (EasySOC)

Table 9 summarizes the results for Precisiom-&ivith n=[1-4]), recall and normal-
ized DCG in the first scenario, with eitheutoff-at-4 or cutoff-at-5for replacing and
expanding queries. Table 9 suggests that performingritesface Compatibilityanaly-
sis only for queries where relevant services were beyondipos in the results list
slightly improves both NDCG (between 6% and 8%) and recdlb(a 4%), besides the
above discussed enhancements in precision results.

Table 9 Precision, Recall'and NDCG in Scenario 1 — EasySOC

Original Cutoff-at-4 (26% of original ~ Cutoff-at-5 (17% of original
Results queries.expanded) queries expanded)
Syntactic QEO+QE1 QEO0+QE2 QEO0+QE1 QEO0+QE2
Precision-at-1 0.27 0.34 0.36 0.31 0.33
Precision-at-2 0.63 0.75 0.77 0.72 0.74
Precision-at-3 0.74 0.85 0.88 0.83 0.85
Precision-at-4 0.82 0.89 0.89 0.91 0.93
Recall 0.91 0.91 0.91 0.95 0.95
NDCG 0.78 0.84 0.85 0.84 0.86

Scenario 2: Lucene service registry.

In Scenario 2, the Lucene registry was populated with tha-dat and then queried with
the 430 original queries. Then, the post-processing stefisetl in-Section 4.1 were
performed settling the corresponding cutoff point and gueplacement schemes for
the Interface Compatibilityexecution. In-this caseutoff-at-5implies replacing 12% of
the original queries. The chart in Table 10 depicts the cativd average Precision-at-
valuln_additione original andhterface Compatibilitypost-processed results.

Additionally, Table 10 summarizes the Precisiomdtwvith n=[1-4]), recall and nor-
malized DCG values in Scenario 2. As in the previous scen#rminterface Compat-
ibility analysis increased Precision, ranging between 5% and 8% whEL-4]. It is
worth noticing that the cumulative precision-at-3 whenlging Interface Compatibility
exceeded 90% — i.e., for 9 out of 10 queries, the relevanicgewas among the three
first results. Also, recall and NDCG slightly improved, abd®o and 6% respectively.

These results show thatbterface Compatibilityanalysis outperformed original val-
ues for precision, recall and NDCG independently of the dyae service discovery
registry that constructed the candidate services lists.
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Table 10 Precision, Recall and NDCG in Scenario 2 — Lucene

1 -

Original  Cutoff-at-5 (12% of ori-

Results  ginal queries expanded] 09 4

Syntactic QEO+QE1 QEO0+QE2

0.8

Precision-at-1 039  0.44 0.46 =

Precision-at-2  0.75 0.82 0.82 x — [ |
Precision-at-3  0.83 0.91 0.91 g . o o
Precision-at-4  0.88 0.96 0.96 3

Recall 0.92 0.96 0.96 5 e SUSEEloS G2

NDCG 0.84 0.9 0.9 s

1 2 3 4 5 6 2 8 9 10
Position in the candidate list

Concluding Remarks.

A final note-about execution time of the experiment. Costhefiiterface Compatibility
in terms-of computation time were measured and averageddhrseveral runs. Query
expansion step took an average of 125 milliseconds, peifigrtavo expansions (QEO
plus QE1 or QE2) per time. Thiterface Compatibilityanalysis (average) execution
time was 6.65 minutes with a standard deviation of 1.6 mmuihis values depended
on the number of replaced and expanded queries. For instane®f the more intensive
experiments-was Scenario 1 witlutoff-at-5and query expansions QEO + QE2. Total
queries raised to 484 after replacing, expanding and editimg duplicated queries, and
the execution time was about 9.3 minutes. In this case, soehrepresents an average
of 1.15 seconds per query.

Conclusively, the experiments show that executingltiterface Compatibilityanal-
ysis over previously discovered services (published eithéeasySOC or Lucene reg-
istries) in'oves the visibility of relevant services. 8wm improvement is expressed in
terms of-shght gains.in Precision, Recall and NDCG. It is artpnt to notice that results
can be specifics for the data-set and queries used, and da@moerely generalized to
other experimental configurations. However, considerivej the selection of candidate
services is performed after any discovery process; intrgdke visibility of most suit-
able candidates in a list of previously discovered servinag ease the development of
service-oriented applications.

5 Conclusions and Future Work

In this paper we have presented details of servigerface Compatibilityanalysis,
which allows evaluating a candidate Web Service for itsljiketegration into a service-
oriented application under development. For this, a pratAssessment Scheme is pro-
vided where a synthesis of design and programming hewgibiwe been applied, both
to improve possibilities to identify potential matchindsjt also to help developers to
gain knowledge on an application’s context for a candidaiwise. Additionally, the
compatibility gapprovides an observable value as a meaningful support fadidates
selection.

Several experiments have been performed to evaluate tierpance of thenter-
face Compatibilityanalysis. Results were measured in terms of well-knownriné

r:e
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tion Retrieval metrics — i.e., Precision-at-n, Recall araiiNalized Discount Cumulative
Gain (NDCG). We believe that our assessment process willifgigntly improve rank-
ing results obtained from many service discovery registrie

Our current work is focused on exploring Information Retaletechniques to bet-
ter analyzing concepts from interfaces. In particular,sidering terms collected from
parameters names, in which different heuristics could h@ieg under the support of
some semantic basis — e.g., taxonomies, ontologies opdaries. These improvements
are oriented to fine-tune the Assessment Scheme to gainaagciar service selection,
while increasing adaptability and integrability of SOCsbkd applications. Gained accu-
racy should be measurable in terms of precision, recall, SG@d other IR metrics.

In addition, we are currently working in Behavioral Compatibilitystep (Garriga
et al.,, 2012). This analysis is based on assessing the ap®iabehavior execution of
services. This is achieved by applying a testing framewirkyhich a compliance test
suite (TS) is generated, based on the required functignéfiiores and Polo, 2012).
Then, the TS is-executed against candidate services to woiife outcome from the
Interface Compatibilityanalysis. Besides, a wrapper (adapter) could be built mwall
the client-.component to safely call the selected serviceisTtheBehavioral Compat-
ibility -step complements thimterface Compatibilityanalysis achieving a protocol-level
assessment. This makes our proposal a comprehensive@eleethod.

Moreover, with the increasing number of Web Services withilsir or identical
functionality, the nonfunctional properties of a Web Seeviare becoming more and
more important (Blanco et al., 2012). Thereby, Quality ofv8= will be considered for
service selection.

Another concern is the composition of candidate service$ulidl functionality,
which is particularly useful when a single candidate sergennot provide the whole
required functionality. We will expand the current proceskiand models mainly based
on business process descriptions and service orchesti@eltz, 2003, Weerawarana
et al., 2005).
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