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Abstract—Building a composite application based on Web
services has become a real challenge regarding the large and
diverse service space nowadays. Especially when considering
the various functional and non-functional capabilities that Web
services may afford and users may require.

In this paper, we propose an approach for facilitating
Web service selection according to user requirements. These
requirements specify the needed functionality and expected
QoS, as well as the composability between each pair of services.
The originality of our approach is embodied in the use of
Relational Concept Analysis (RCA), an extension of Formal
Concept Analysis (FCA). Using RCA, we classify services by
their calculated QoS levels and composability modes. We use
a real case study of901 services to show how to accomplish
an ef cient selection of services satisfying a specied set of
functional and non-functional requirements.

KeywordsWeb service selection; Web service composition;
Formal Concept Analysis (FCA); Relational Concept Analysis
(RCA); User requirements; QoS.

I. INTRODUCTION

Service-Oriented Computing (SOC)

a service's composability, or the degree to which a

service can be composed with another, considering the
needed adaptations;

the last issue is how can we achieve a compromise for
service selection in the light of the previous issues.

Discovering and selecting services that closely t users'
functional and non-functional requirements is an important
issue highly studied in the literature as in [5], [6], [7]-
Functional requirements de ne functionalities provided by
Web services and non-functional requirements de ne Qual-
ity of Service (QoS) criteria such as availability, response
time, and throughput [8]. However, discovering and selecting
relevant composable services is another important issue that
still need to be investigated, since few approaches focused on
service composability problem [9], [10], [11]. Relevant com-
posable services represent services that minimize the amount
of adaptation among them while best tting requirements.

In this paper, we propose an approach for the iden-
ti cation of services that best t QoS and composition

IS an emerglr]grequirements. This approach is based on Relational Concept

paradigm for developing low-cost, exible, and scalable diS'AnaIysis (RCA) [12], a variant of Formal Concept Analysis

tributed applipati_ons based on services [1]. Web services re ECA) [13], [14]. FCA has been successfully used as a for-
resent a realization of SOC. They are autonomous, reusabl al framework for service substitution [15], [16], [17], [18],

and independent software units that can be accessed throu ]. The approach also integrates a query mechanism that

the internet. SOC is becoming broadly adopted and in pary,q g sers to specify their required QoS and composability

ticular by.orgamzau_ons, which are more and more willing O jevels. Thereafter, the generated lattices help in identifying
open their information systems to their clients and partnersy . services that match the speci ed queries

over the Internet. The reason comes from the fact that SOC The paper is organized as follows: Section Il gives an

offers the ability to build ef ciently and effectively added- e of the ECA and RCA classi cation techniques.

value service-based applications by composing ready-ma ection Il describes our approach. Section IV describes the

services. Web_servjce composition addresses the Situatio&periments performed on a real case study for validating
when the functionality required by users (developers) cannof approach. The paper ends with the related work in
be satis ed by any available Web service, but by assemblingsection V and the conclusion in Section VI

suitably existing services [2]. When building Web service-
based applications, we have to face several issues such as: [l. BACKGROUND

Web service retrieval from the large number of ex- In this section, we give the basic de nitions of FCA and
isting services, and the lack of efcient indexing RCA, along with a simple example of exploiting them.
mechanisms. Current solutions are embodied in search )

engines, like: Seekda [3] and Service-Finder [4]; A. Formal Concept Analysis (FCA)

a service's ability to meet the user's functional and We base our approach on FCA [13], [14] which is a
non-functional requirements; classi cation method that permits the identi cation of groups



of objects having common attributes. It takes a data set repres input two types of contexts: (non-relational) ones that
sented as an nm table (formal context) with objects as rows are previously used with FCA to classify objects by at-
and attributes as columns. A crdss " in this table means tributes, and inter-context (relational) ones that represent
that the corresponding object has the corresponding attributéhe relations between the objects. RCA generates lattices
An example of a formal context is shown in Table I, for a setsimilar to the ones generated by FCA, but enriched with

of objectsO= 1,2,3,4,5,6,7,8,9,10 gand asetof at- the information about the relation between the objects. We
tributes A=f odd,even,prime,composite,square g. take as an example two sets of numbdi$,2,3,45 ¢
Table I: A formal context for object® and attributesA. andf 11’12’13’14’15’16’17’13’1.9'20 9 We build
two non-relational contexts similar to the one in Table I. We
odd | even | prime | composite | square consider a relation calle®ivides between the rst and

second sets of numbers, and we build the relational context
in Table Il. RCA takes the two non-relational contexts

Table Il: The relational contexDivides

Divides 11 | 12 13 | 14 15 16 | 17 18 19 | 20

B ©| | ~| oof | & ol N[ |

gl AW N =

From a formal context, FCA extracts the set of all the for-
mal concepts. A formal concept is a maximal set of objects
(called extent) sharing a maximal set of attributes (called in{numbers attributes), and the relational contedivides
tent). For example, in Table 8=(4,6,8,10 g, feven, then generates the two lattices in Figure 2.
composite g) is a formal concept because the ob-
jects 4, 6, 8, and 10 share exactly the attributesven
and composite  (and vice-versa). On the other hand,
(f6g, feven, composite @) is not a formal concept
because the extefibg is not maximal: other objects share
the same set of attributes.
FCA reveals the inheritance relations (super-concept and
sub-concept) between the extracted concepts and organizes
them into a partially ordered structure known as Galois
lattice or concept lattice. The resulting concept lattice is

illustrated in Figure 1(L). Figure 2: The enriched lattices generated by RCA.

These lattices are similar to FCA lattices, but one of
them is enriched with the relatiodivides. For exam-
ple: by regarding the concemt=( f2g, f prime,even,
Divides:c7,Divides:c3 g) in lattice (L), we notice
that numbers of its extent can divide numbers of the extents
of the concepts7 and 3 in lattice (R). In the general
) ) ) case, where relations form directed cycles between objects,
Figure 1: Formal concept lattice for the context in Table Igca applies iteratively. During this iteration, several scaling
(L); focus on the concepb (R). Lattices are built with  herai0rs can be used. Here we use the existential one

Concept Explorer (ConExp) tool [20]. (see [12] for more details).
This lattice reveals phenomena that may not be rec- I1l. A PPROACH

ognized intuitively. For example, in Figure 1(R) appears Using our approach, a user can specify an abstract process

the concepb=( f4g, f composite,even,square g) as described as a set of functional and non-functional require-

a sub-concept of the concept It inherits a's attributes  ments. The functional requirements describe the needed

composite andeven, and extends it by thequare . tasks, while the non-functional requirements describe the
) ) expected QoS and mode of composition for these tasks. The

B. Relational Concept Analysis (RCA) approach retrieves sets of Web services, Iters and analyzes

RCA [12] is an extension of FCA that takes into con- their data according to the user requirements. Then, it clas-
sideration the relations between the objects. Thus, it takesi es them in concept lattices based on RCA classi cation



technique (11-B). This latter enables a simpli ed selection of by the remaining components as described below.

Web services that best match the speci ed requirements an _ _ )

thus, allows the realization of a desired process with less™ Web Service Retriever:

time and effort. The requirements analyzer sends to this component the
We explain our approach in view of Figure 3, which keywords provided for the parameter names input/out-

illustrates the different components and their course of actiofut for each taskf InParamNameKeys, OutParam-

that lead to service selection. NameKeysg. In our example, the retriever searches and

We describe these components respectively along witfietrieves a set of service®WSl.i, WS2.j, and WS3.k,

an example of an abstract process of three task§orresponding respectively to each of the three tasks. It also

f Taskl,Task2,Task3 g, as follows: gathers the QoS values (the supported attributes) for each

. retriev rvi A Jd,etc.
A. User Requirements Analyzer: etrieved Servicgqos x.i,qos y.i,etc.)

The approach starts by analyzing the requirements speci=- WSDL Parser:
ed by the user via a description le (see Figure 4), which  Each set of the retrieved services is passed to this com-
is composed of the following elements: ponent, in order to extract for each service its operations
1) Functional requirements: this part is described bywith their input/output parameters.
a set of tasks. Each task is described by its input Using the information extracted from the parsed services,
and output parameters via their names and typesve can check a service's compatibility.
For each paramete_r, a user species a set of re_leb_ Compatibility Checker:
vant keywords for its name, and another set for its ) ) )
type. For exampleTaskl has one input parame- Thls component (_:hecks whether a service provides an op-
ter, which is de ned byfInParamNameKeys1, eration that can sansfy the correspondmg task. An operation
InParamTypeKeys1 g. We enabled the user of pro- satis es a task when it conta]ns the. requestgd input/output
viding more than one keyword, in order to retrieve Parameters names. We veried this by using the Jaro-
more relevant services. For example: if a user needs Winkler string distance measure [21]. By doing so, we
"date" parameter, he/she may specify the possiblediscovered three possible cases:

keywords for its name dsdate g and types (primitive compatible, there exists one operation at least that
or complex) ad string, date 0. satis es the corresponding task and has the same
2) Non-functional requirements: this part is composed of parameters types; or it may become:

two other parts. adaptable compatible, meaning that none of the satis-
QoS speci cation, which speci es the requested fying operations has the same parameter types (either
QoS level for each task according to the sup- for input, or output, or t_)oth), thus type adaptations
ported QoS attributeos ,,qos y.etc.) . _need to b_e done; othermse: _
Composition speci cation, which speci es the incompatible, the service does not satisfy the corre-
mode of composition (links) between each sponding task.
two consecutive tasks, for exampl€askl ! The compatibility checker reduces the number of the re-

Task2 . The mode of composition describes trieved services, by omitting the incompatibles onéS(.i

whether Taskl (source) covers all the input becomesWSL.i' ). Thus, it keeps a detailed list of the

of Task2 (target) or not. This notion is better compatible services together with their satisfying operations.

described below. Once we identi ed the compatible services, we can mea-
sure the mode of composition and the QoS levels using the
two following components.

Functional: NonFunctional:
e O ribute: qost E. Composability Evaluator:
?%‘;V:O?l’s Kl Jask taskL Composing two Web services is nding two operations
Output: (one of each) that can be linked. Two operations can be
Co[ri‘rﬁ’lgsm"“: linked when the output parameters of the rst (source) can
Source: taskl cover the input parameters of the second (target). We can
Target: task2 de ne two composition modes according to the coverage of

Mode: FC R . . "
. the input parameters of a target operation, in addition to

_ _ two other modes according to the needed adaptations that
Figure 4: An excerpt of the user's requirements le.  are discovered by the compatibility checker. They are:

The analyzer extracts the information related to these
functional and non-functional requirements, which is used !Available online: http://www.lirmm.fr/ azmeh/tools/WsdIParser.html



Figure 3: An overview of the approach's components in their course of action.

Fully-Composable (FC) , when a source opera- is an extension of the original boxplot [23] technique.
tion covers by its outputs all of the expected inputs oflt takes as input a given set of numerical values, and
a target operation; produces one to seven corresponding levels of values:
Partially-Composable (PC) , when one or L = fBadOutlier,VeryBad,Bad,Medium,Good,

more input parameters of a target operation are noVeryGood,GoodOutlier g®. The technique is applied
covered; on each QoS attribute. Then, it generates for each set of
Adaptable-Fully-Composable (AFC) , when  services a non-relational context (Section 1l-A) having all

the source and target operations havé-@mode, but  of its QoS attributes levels. These contexts are exploited
need some type adaptations either for the output of thafterwards by RCA classier, in order to classify the
source or the input of the target, or both of them; andservices according to these different QoS levels.
Adaptable-Partially-Composable (APC) , G. RCA Classi er:

similar to AFC but when having &C mode. . . . . .
i . gl This component takes into consideration the relational
Thus, having the compositichaskl ! Task2 , the cOm-  ontexts of composition modes and the non-relational con-
posability evaluator determines the mode of composition foﬁexts of QoS levels. It also uses the non-functional re-
all the services IWSL.i" with all the services iWWS2.J quirements provided in the user requirements le. These
Then, it generates four relational contexts (Section 11-B)eqyirements are considered as queries that are added to the
betweenWSL.i" andWS2j according to the four pre- 4, types of contexts as follows:

viously de ned modes of composition. These contexts arérpe oS speci cations for each task are integrated to the
exploited by the RCA classi er to clarify which services can corresponding non-relational context as a new row. The

be composed and following which mode. This is '"“Stratedcomposition speci cations are also integrated to the corre-

in the experiments section IV. sponding relational context in the same way.
_ Finally, the RCA classi er [24] generates all the cor-
F. QoS Levels Calculator: responding service lattices and passes them to the nal

This component takes into consideration thecomponent. This component is further detailed in [25].
QoS values for all the sets of compatible servicesy | attice Interpreter:
(gos x.i\gos «.',gos x.Ketc.) . It extracts

; . By integrating the non-functional queries into the con-
these values from the ones returned by the service retneve,[réxtS thev appear inside the concebts of the correspondin
according to the list returned by the compatibility checker. » (€Y app P P 9

Web services have many QoS attributes and differenkattlces' This enables this component of locating the services

. . hat satisfy the queries and to navigate between the different
ranges of numerical values for each one of these attributes. ;" )

: Solutions. These services are present at the sub-concepts of
In order to have a better overview of these values, w

apply a statistical technique called BoxPlot++ [22] to he queries concepts. This is better illustrated in section IV.

cluster the convergent values together. The BoxPlot++ 2Available online: http://www.lirmm.fr/ azmeh/tools/BoxPlot.html



IV. EXPERIMENTS Table V: Number of services per composition mode.

We applied our approach on an abstract process, which R — Wsllz-" WS§-J' stgk'
is supposed to provide the weather information for a #PC services 7 89 Z
given ip address. It is described by a user requirements # AFC services 2 1 11

# APCservices 0 3 2

le (Section Ill) using three tasks: Taskl, Task2, and
Task3. Taskl takes as input gn address  and provides
Task2 with the correspondingity name . Task2 takes Step and integrates the QoS queries. The queries that we
the city name and returns to Task3 the correspond-choose in this case study are specied to®eod A and
ing zipcode . Finally, Task3 returns the corresponding Good RT levels for each task in the process. We also re-
weather information . From this le, the experiments quire anFC composition mode for bot(iTask1,Task2)
are conducted on four Steps as follows: and(TaSkz,TaSk?)) . The generated lattices are illustrated

1. Collecting Services:We use the set of keywords in Figure 5.
describing each task to search and retrieve sets of These lattices are nally interpreted by the lattice inter-
corresponding Web services. We make use of the Servicdreter (lll-H), considering two rules:

Finder Web service search engine [4] to collect a set of in each lattice, the services satisfying the correspond-
corresponding endpoints (WSDL addresses). This engine  ing query (QoS and composition) appear in the sub-
also provides us with values of two QoS attributes: concepts of the concept where the query appears. Ex-
availability (A) and response tim¢RT) . We download ample: the services io0 (WS1.i) satisfyQuery1 ;

the corresponding WSDL les after omitting repeated and the services located closer to the bottom of a lattice
invalid endpoints. We show in Table Il each task with its offer better QoS levels than the farther ones, for
keywords as well as the number of obtained endpoints, the example: in the lattic§WS2.j) , the servicaS2.8
number of retrieved WSDL les, and the sets identi ers. is better than servicaNS2.198 because it has a

In this step, we make use of the requirements analyzer VeryGood A (an inherited attribute). On the other
components (llI-A) and the service retriever (IlI-B). hand, the services located in a same concept have

convergent QoS levels.

Table llI- Summary of the retrieved services. Following the precedent rules, the lattice interpreter ex-

Task| Keywords #Endpoints | #Services| SetlD tracts the following services to be the best choice regarding
D, 94 s WS the speci ed requirements:
2 | fcity,cityNamay, 768 760 WS2j fWS1.59,WS1.5,WS1.3 g for Taskl because they all
. I;:Ei:gggggggzi:ggzg:ggg - . appear in the same concefm0) ; fWS2.8g for Task2
f weather,weatherlnfo,forecast, because it is better thafiWS2.198¢; and f WS3.23g for
weatherForecast,weatherRegor Task3 because it is better thaWS3.1g. If we verify the

I . . actual services, we get the information in Table VI.
2. Filtering the Services:In this step, we parse the

WSDL les using the WSDL parser (llI-C) and remove tapje v|: Information about the services satisfying the
the invalid ones (Filterl). Then we calculate the compatlblequerieS with the selected ones (highlighted).
ones (Filter2) using the Compatibility checker (llI-D).

: [ WS Name Operation [A(%) [ RT(ms)
In Tfible IV, we can see the resulting number of Itered ' p2LocationWebSerice| TP2Location R
services for each set. (in) IP:string
(out) CITY:string,..
Table 1V: The number of Itered services for each set. ' 1° GeoCoder IPAddressLookup 100777328

’ (in) ipAddress:string ‘ ‘

WSLi | WS2] | WS3k (out) City:string,..
Filter1 (Valid) 94 748 37 L IP2Geo (Ffrf)sﬁj";\‘z'gressstrmg 100 ~ 798
Filter2 (Compatible) 17 96 21 (out) City:string,..
2.198] MediCareSupplier GetSupplierByCity 85 304
(in) Cit_y:stri_ng
3. Composability and QoSIn this step, we calculate the _ __| (out) Zip:string,..
. . . 2.8 | ZipcodeLookupService| CityToLatLong 100 439
composition modes for the compatible sets of services (Ta- (in) city:string
ble V) as well as their QoS levels. We use the Composabilit (out) Zip:string,..
3.1 USWeather GetWeatherReport 85 384
evaluator (Ill-E) and the QoS level calculator (llI-F). (in) ZipCode:string
The resulting composition modes and QoS levels are or-323 — (Goutt(): WeFatheergo;:;mng S
. . . . b t
ganized into non-relational and relational contexts (see [26]), — i Z',tg:;;;;;‘;as ’
and are used to classify the services in the next step. W (out) ForecastReturn:comple ‘

4. RCA-Based Classi cationDuring this step, the RCA
classi er (IlI-G) takes the contexts formed in the previous These service lattices offer a browsing mechanism that



Figure 5: The concept lattices for the compatible sets of services®@othd A, Good RT queries, and=C mode.

facilitates services selection according to user requirementshe services meeting our requirements. Using our approach,
In each lattice, services are classi ed by their QoS levelswe ef ciently identi ed out of 901 endpoints a set of ve
as well as their composition modes with services in aservices that best match our requirements (VI). The total
following lattice. A lattice reveals two relations between time required to extract these services is equdldd sec,
the services regarding Qo%asSimilarQoSwvhen services starting from theVSDL Parser (componenC) till the end.
are located in a same concept ahdsBetterQoSwhen
a service is a descendant of another service(s). Services
having ahasSimilarQoSor hasBetterQoSelations with a We list the related work according to three categories:
selected service, are considered to be its alternatives. User \Web Service ComposabilityThe Web service Compos-
requirements (queries) can be expressed as new servicesadility problem have been addressed by many works [10],
be classi ed in the corresponding lattices. This locates thd27], [28], [9], [11]. Ernstet al. [10] present an approach
part of the lattice that meets the user requirements and thugased on syntactic descriptions of Web services. This ap-
represent an ef cient lattice navigation mechanism. In theproach detects the matching between Web service's op-
case where no services could be found for the speciecerations by analyzing the results obtained after multiple
requirements, the query mechanism enables the user {gvocations of these services. The input and output pa-
identify the next best service selection. This service willlameter values are compared syntactically and matchings
have lesser QoS than the requested and it represents thEe deduced. Contrarily to our approach, which focuses
direct ascendant of the query concept. For example: in thén the syntactic, semantic, and QoS descriptions of Web
third lattice of Figure 5, we could take/S3.2 or WS3.3  services, this work is based on the experimental usage of
in conceptc3 to be the next best selection. They have aWeb services, and is perfectly complementary to ours. In this
Medium RT and aGood A research area, much work has been done also on semantic
Web services [27], [28], [9], [11]. In [27], Sycarat al.

In this experiment, we had several functional and ”On'present DAML-S, an ontology for semantic Web service

functional requirements needed to build a simple procesgegcription. They show the use of this ontology for service
of three tasks as described previously. The Service-Finder

enabled us to nd a total 0BO1 (Table Ill) Web service 3Calculated byNetBeans (6.9.1)
addresses, among which we have to identify and retrievel.80GHz) and aRAMof (2.00 GB) .

V. RELATED WORK

using Intel Core 2 Duo



discovery, interaction, and composition. Two implementa- Web Service Classi cation Using Concept Lattices
tions are proposed: the DAML-S/UDDI Matchmaker that Many works in the literature like [15], [16], [17], [18], [29],
provides semantic capability matching and the DAML-S[19], [30] have addressed the classi cation of Web services
Virtual Machine that manages the interaction with Webusing concept lattices. Pergg al. [15] present an approach
services. Contrarily to our approach, this work do not deako classify and select services. They build lattices upon
with QoS properties to compose Web services. In [28]contexts where individuals are Web services and properties
and [9], Medjaheckt al. present a model for checking the represent the operations of these services. The approach
composability of semantic Web services at different levelsallows similar services clustering by applying similarity
syntactic, semantic, and QoS. Two kinds of composabilitysearch techniques that compare operation descriptions and
are de ned: horizontal (normal composability) and vertical input/output messages data type. Aversanal. [15] use
(substitutability). This work deals with three QoS properties:FCA, to understand relationships between services, as well
fees, security, and privacy. In our approach, we may considexs between operations of a complex service, by analyzing
any QoS property. We used availability and response timaervice interfaces and documentation. Concept lattices are
provided by Service-Finder. In [11],dcueet al. present a built upon a context obtained from keywords extracted
method which combines semantic and static analysis of megrom service descriptions or operation parameters. They
sages in semantic Web services. Data types (XML schemas)uster similar services, highlight hierarchical relationships,
and semantic description (domain ontologies and SA-WSDLlcommonalities, and differences between services. Azeteh
speci cations) of parameters are used to deduce mappingsl. [17] present a similar approach to classify and select
These mappings are then transformed into adapters (XS&ervices using the FCA. They propose WSPAB tool that
documents). In this work, the focus is on the generation opermits the discovery, the automatic classi cation, and the
adapters of Web service data ows. This enhances greatlgelection of Web services. Classi cation is accomplished by
the composability of Web services which are not directlyde ning a binary relation between services and operation
composable. In our work, we concentrated on the selectiosignatures. In [18], Azmebkt al. uses FCA to classify Web
of services that best t the user's QoS and composabilityservices by keywords extracted from their WSDL description
requirements. The two approaches are complementary. les, to identify relevant services and their substitutes. Fenza
and Senatore [29] describes a system for supporting the
QoS-Based Web Service SelectioMany approaches user in the discovery of semantic Web services that best t
like [5], [6], [7] have been proposed to solve the problem ofpersonal requirements and preferences. Through a concept-
QoS-based Web service selection. In [5], Zet@l. present  based navigation mechanism, the user discovers conceptual
a middle ware platform that enables the quality-driven com-terminology associated to the Web services and uses it to
position of Web services. In this platform, the QoS is evalu-generate an appropriate service request which syntactical
ated by means of an extensible multidimensional model, andchatches the names of input/output speci cations. The ap-
the selection of Web services is performed in such a wayroach exploits the fuzzy FCA for modelling concepts and
as to optimize the composite service's Qo0S. Aggaretl relative relationships elicited from Web services. After the
al. [6] present a constraint driven Web services compositiormrequest formulation and submission, the system returns the
tool that enables the selection and the composition of Wellist of semantic Web services that match the user query.
services considering QoS constraints. Like Zeb@l.[5], a  Contrarily to our approach, these works [15], [16], [17],
linear integer programming approach is proposed for solving18], [29] do not deal with QoS properties to classify Web
the optimization problem. In [7], Yet al. propose heuristic services. In [19], Chollegt al. propose an approach based
algorithms to nd a near-to-optimal solution more ef ciently on FCA to organize the services registry at runtime and
than exact solutions. They model the QoS-based servic® allow the best service selection among heterogeneous
selection and composition problem in two different ways:and secured services. The services registry is viewed as a
a combinatorial model and a graph model. A heuristicformal context where the services are the individuals and the
algorithm is introduced for each model. The QoS-basedervices types, functional, and non-functional characteristics
service selection problem is viewed by all the works detailedsecurity characteristics) are properties. In [30], Dassl.
above [5], [6], [7] as an optimization problem that aims to propose a requirement-centric approach to Web services,
nd the service that best t QoS requirements from the set ofmodelling, discovery, and selection. They consider formal
candidate services. The advantage of our approach comparedntexts with services as individuals and QoS characteristics
to these works is that FCA provides equivalence classeas properties. The obtained lattices are used to check out
of services (the extents formal concepts provide classes oElevant (that best t functional requirements) and high QoS
services that share the same characteristics). If a service Web services. All the works detailed above [15], [16], [17],
an application fails, one of the other services in the clas$18], [29], [19], [30] are based on FCA, and not on RCA.
can replace it. This provides considerable enhancement fdn addition, they do not deal with service composition since
the dynamic composition since it reduces the reaction timethey propose to classify and select only individual services.



VI. CONCLUSION

In this paper, we presented an approach for facilitating
Web service selection according to user functional and nont4]
functional requirements. This approach is based on four
principal steps; service collecting, validity and compatibility
Itration, Qo0S levels calculating, and RCA classi cation.
The resulting lattices group services that have common QoS
and composition levels. User requirements are expressed

as new services and are classied in the correspondiné16

[13] B. Ganter and R. WilleFormal Concept Analysis: Mathe-

matical Foundations Springer-Verlag, Inc., 1999.

R. Wille, “Restructuring lattice theory: an approach based on
hierarchies of conceptsQrdered Setsvol. 83, pp. 445-470,
Sep. 1982.

] D.Peng, S. Huang, X. Wang, and A. Zhou, “Management and

lattices. This locates the part of the lattice that meets the
user requirements. We validated our approach on a set

901 real-world Web services obtained by querying Service*

i

Finder. Experimental results show that our approach allows
an efcient selection of services satisfying the specied
functional and non-functional requirements.

Future work includes: (i) enhancing the composability[

retrieval of web services based on formal concept analysis,”
in Proc. of CIT'05 pp. 269-275, 2005.

] L. Aversano, M. Bruno, G. Canfora, M. Di Penta, and D. Dis-

tante, “Using concept lattices to support service selection,”
Int. J. of Web Serv. Resvol. 3, no. 4, pp. 32-51, 2006.

Z. Azmeh, M. Huchard, C. Tibermacine, C. Urtado, and
S. Vauttier, “Wspab: A tool for automatic classi cation and
selection of web services using formal concept analysis,” in
Proc. of ECOWS'082008.

18] Z. Azmeh, M. Huchard, C. Tibermacine, C. Urtado, and

evaluator component by considering advanced semantic and
syntactic similarity techniques; (ii) proposing keywords to
the user to help her/him in specifying the needed task$19]
more ef ciently; and (iii) performing experiments on more
complex compositions.
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