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Web Service Composition (WSC) is a process thgishid save much programming and cost effort byimgusxisting com-
ponents — web services. This process consistsmhtajor stages — Web Service Discovery and Sele(iSD, WSS). This
paper presents an overview of current state-ofth&/SD and WSS methods. It also provides an aisadysl highlighting of
major problems like lack of support of the synteatidescription in fuzzy logic algorithms in WSDdanomplex approach
shortage in WSS problem. Moreover WSC approachsidAware WSC System are presented.

Introduction tem is shown in Section 4. Conclusion and futurekwo

Currently, many companies offer their services of® SPecified in Section 5.
the Internet. This creates a demand for tools téopa
WSC in particular WSD and WSS.

WSD may be defined as the process of finding a Discovery
machine-processable specification of a web setthiae
meets certain functional criteria. In this papee, offer A WS discovery stage can be basically defined as a
a survey of Semantic Web service discovery appmsmchmatch-making process. Match-making is the procéss o
and define the main problems that should be soivedfinding an appropriate service provider for a smrve-
existing approaches in order to be used in realdiar- quester through a middle agent. It consists ofetimain
tomatic WSC system. steps - advertising of web-service specificatiomiddle

WSS is the next step in performing WSC. Overaftigent (e.g. UDDI registry [3]); requesting a midefgent
goal of WSC is to provide end-user with fully warki for a service provider with best matching serviapabili-
application, composite web service, which satisfiess ties; matching against the stored WS specificaio re-
needs. Thus, an important aspect is to ensurethigat turning a resulting set of stored specifications.
composite web service does not violate any non- Definition of Comparative Evaluation Criteria
functional properties i.e. QoS parameters. Parasiete Growing number of web services and ways to speci-
such as response time, availability, robustnedigbie  fy their functionality makes their discovery morada
ity and many others form user's experience and-feeghore difficult. A lot of algorithms and approachesre
back indicating WSC efficiency. proposed to solve this discovery issue. In thisptdra

However, despite much research effort, state-ekthe criteria, allowing evaluating and comparing themg a
methods of Web service selection with QoS paramsetantroduced.
taken into consideration cannot solve problem ofS/fS Criteria were divided in three main groups - quanti
complex, focusing only on narrow tasks. Such tasks tative criteria, matching criteria and technologypgort
improving speed of composition [1] or focusing el criteria.
preferences[2] are important aspects, but solvirgtask Quantitative criteria are:
and neglecting others is a problem which needseto b 1. Response Time. Defines, how long it takes to
solved. In this paper an approach that overcomeseab process a web service discovery query.
mentioned problems, as well as WSC System that per-2. Performance. The WS discovery stage may be
forms QoS-aware web service selection are presented considered as a special Information Retrieval (iR)-

The remainder of this paper is structured as fdlowlem [4]. For IR systems evaluation, two following
Existing approaches for WS discovery and their maineasures are used: Recall and Precision. Recall is
shortcomings are discussed in Section 2. SLA-awag@bset of the relevant documents that are retricRnes
approach for WS selection and WSC SLA-aware Sysision is a fraction of retrieved by matchmakerttss
tem are introduced in Section 3. Real-world scenafi that are relevant. High performance indicates thst
composite web service development using WSC Sysoavery algorithm has both high Recall and Precision
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Matching criteria are: The main advantage of syntax-based approaches is
3. Matching Elements. The parts of WS specificdow response time due to simplicity of used aldoris
tion that are used in matchmaking process. Posgjile (in comparison with semantic-based). They also tdon’

tions are: require any other specifications except WSDL.
0 10: Inputs and Outputs. Main disadvantage of such approaches is a necessity
o PE: Preconditions and Effects or Post-conditionsof manual selection from search results, whicHimie
0 Non Functional Parameters. nating the usage of this approach in fully automaieb
4. Multi Stage Matching. Performing a discovery irservice composition systems.
several stages, sequentially or in parallel oredsifit el- Semantic-based. Semantic web service is a “web

ements, followed by merging the results. This appiho service which functionality is described by uséogfic-
leads to more accurate results through increagdieg based semantic annotation over a well-defined ontol
matching complexity, which in turn increase the rgue gy” [6]. Due to the variety of semantic web servie
response time. Thus, it is necessary to achievaambe scription languages and means of service seleddién,
between accuracy and response time in such ap@®ackerent discovery approaches exist. The main appesc
Some of them allow users to manage the trade-off bare:

tween accuracy and response time [5]. 7. Logic-based Approaches. In this category of al-

Technology support criteria are: gorithms standard logic inferences are used. They d

5. Support for UDDI. Initially all discovery ap- termine the semantic relations between servicethen
proaches used UDDI syntax for matchmaking. Howevdrasis of logical comparison of the service semaafiic
while data in UDDI registries are stored using XMLscriptions. Strong mathematical basis makes logget
semantic discovery approach can support UDDI ogly lapproaches much more accurate than syntax-based ap-
combining the ontology matchmaking and UDDI seproaches. Most of the semantic-based algorithms use
mantic matchmaking. this type of matching [5].

6. Support for Different Ontologies. Web services 8. Non-Logic-based Approaches. Using formal logic
are autonomous, heterogeneous and developed inéads to considerable increase in complexity ofsyee
pendently, using different ontologies in requestad tem that makes usage of this approach time congumin
provider sides. Support for Different Ontologiesliin with high computational complexity. The Non-Logic-
cates that ontology conversion can be performed abdsed semantic web service discovery aims to onerco
web services with different ontologies may be y8¢d such disadvantages. This category does not make se-

Support of probabilistic languages. In real worlgnantic descriptions comparison of services andeats
systems common issue is incomplete information abaely on such technigues as graph matching, infaomat
the web servicéunctionality and user preferences for serretrieval and data mining.
vice discovery A solution for this problem may be by 9. Logic- & Non-Logic-based Approaches. Usage
using fuzzy, probability, and possibility theory].[6 of exclusively explicit semantics for similarity &uva-
Support for probabilistic extensions of semanticbWetion in logical approaches makes them inadequate. |
languages like pOWL, fuzzyOWL or pDatalog is needsuch case, some relative services can be dropped fr
ed to compare semantic service annotations under time answer set. To improve it, Non-logic-based ap-
certainty and with preferences. proaches using both implicit semantics of serviaed

Web service Discovery Approaches logic approaches [5] may be applied. The basic @fea

Discovery can be based both on the textual descrlﬂg-e Logic-&Non-Logic-based approaches is that non-

tions (Syntax-based discovery), and on the addition fg||c-ba§ed r:jﬂatcr:mhg te(;h_rlnques may be appliedise ¢

semantic descriptions (Semantic-based discovery). 0 Eg'c. aﬁ; Smatc "E)g al duri h A h
Syntax-based. Syntactic methods search through tpe Otgh'f:' i yntax- ageth Lpp_ro_%c esd. rf[pfr:_)ac es

text description of a web service, keywords andifjua rom this category use both Logic-based matc ing) an

ers. Non-semantic Web services can be discovered §¥ ntax-based discovery.

ing UDDI [3]. UDDI is an industry specification fafe- Discussion

scribing, publishing, and finding Web services. ngsi Results of the algorithm comparison are shown in

UDDI developers can describe the functionalitytadit Table |, from which matchmaking categories may be

services and specify the technical details aboatith compared with respect to two criteria: ResponseeTim

teraction with them. UDDI also defines a set of App and Performance.

cation Programming Interfaces (APIs) that can tedus For the comparison of algorithms by the Perfor-

for interaction with stored data. mance criterion experiments provided by [7] areduse

The Performance has been evaluated based on the Re-
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call and Precision measures. Based on these rasultsupport the syntactical (textual) description digcy,
may be defined that integration of Logic-based anahhich makes it impossible to work with one of thesn
Non-logic-based methods leads to inclusion of gre s common publishing web services technology - UDDI.
tactically similar, but logically disjoint resulte the re- Thus, the significant task is to develop Logic- §ngx-
sult set. This leads to higher Performance of #lgms. based algorithm supporting fuzzy logic.
Additionally, generally Logic-based matchmakersites
in higher Recall and Precision compared to Non-togi
based ones. Finally, in most cases, the Syntaxdbase Web Service Selection Description
matching only limits the searching domain [8] that Web Service Selection is a second step in WSC. It
makes no difference with the Logic-based matching ktarts when the list of web services with functiopa-
terms of the Performance. rameters is already created. Main goal of thisestago

For comparing the Response Tirtleg results of the select web services with the best possible non-
evaluation experiments in [9] were mainly used. Thiginctional parameters, also called QoS parametéus.
Logic-& Non-Logic approach provides the highest Reation of these parameters such as performandabitel
sponse Time. Better result has the Logic-based afy, accessibility, availability, scalability, costtc. can
proach and the Non-Logic approach provides a signikignificantly affect run of the application or evéail it
cant improvement in speed. Combined Logic- & Syrentirely. Thus, it is very important to take intocaunt
tax-based algorithms have the lowest Response Tin@S parameters and perform SLA-aware composition
as it allows performing preliminary selection om&c-  of web services [14].
tic description. However, existing algorithms thete
such approach have the following disadvantages:

10. Inability to match the parameter PE (Precondi- Various researches have been conducted to investi-
tions and Effects), and, as a result, reduced $togegi gate subject of SLA-aware or QoS-aware WSS. These
which reduces Performance ’ approaches have different goals and view WSS from

11. Lack of support of different semantic descriptiorﬁjiﬁerem perspectives. .
standards (see Section II.A), Preference-based approach [2] calculates composite

The most promising of the considered algorithms gervice’s QoS taking into account price, respoirae,t

FuzMOD [10], since it's the only algorithm that gapts reliability and reputation. Moreov_er,' !t uses cdxééfnts
incomplete information about the web service flomgtli- based on user preferences to prioritize or othguire-

ty and user preferences for service discovery dutne ments.
usage of fuzzy logic in algorithm. However, it dowst

Selection

State of the art SLA-aware WSS comparison

TasLe 1. Comparison of discovery approaches

Criteria
Quantitative criteria Matching criteria Technology support criteria
Approach Algorithm Matching Elements o
e | patamenc | Sme | upor | Dl | e
10 PE . Matching 9 ouag
Functional
OWL-S IDE (Srinivasan+ + .
Logic-based 06) [11] Average Average
(Somasundaram+ 06) [12] + - + - +
Non-logic- 1 i, 07) 13 Low Low -] + + +
based
) SAWSDL-MX2 (Klusch+
Logic- and 09) [9] + - - +
Non-logic- High High
based FuzMOD (Ngan+ 07) [10] P I : : T T
Logic- and| FUSION (Kourtesis+ 08) .
Syntax-based [8] High Average * i * *
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Heuristic approach [15] divides QoS parameters into In this subsection general description of SLA-aware
three groups: additive parameters, multiplicativee p WSS method and corresponding software implementa-
rameters and attributes aggregated by Min-operater. tion is provided. WSC is broader concept than WSS.
so this approach provides SLA monitoring and recoisLA-aware WSC System should be able to perform
figuration. both tasks of WSD and WSS. More detailed descriptio

Genetic algorithm [1] uses decomposition of globas given in [14], although the main focus is on WSS
QoS constraints of composite web service into local Basic approach consists of 7 steps:
ones for every web service. Then, it uses linearcée 1) extracting of discovery parameters from the
to choose the best simple web service. Two grodips workflow design;

QoS parameters are used: positive (availability and 2) matchmaking with providers web service

throughput) which are maximized and negative (pricgpecification;

and response time) which are minimized. Good perfor 3) generating list of matching web services;

mance during runtime is the main focus of this ap- 4) extracting input parameters - list of web services
proach. Possibility of monitoring SLA is statedtmo which satisfy functional parameters from web searvic

mechanisms are presented. discovery service;

Breadth First Use algorithm [16] utilizes only re- 5) utilization of integral indicator of web service
sponse time and throughput. This implies into lavalg quality compliance in order to grade found web Bew
ity of the composition. Moreover, monitoring phdse by non-functional parameters;
not introduced. 6) web service selection and composition itself;

Analysis of these approaches shows that only heuris 7) runtime monitoring and reconfiguration.
tic and genetic approaches cover sufficient nundfer  Suggested WSC System which comprises WSD and
QoS parameters. However, they do not support subj@ySS consists of five major blocks: Service Locator,
tive QoS parameters which are necessary to comp&eA Extractor, Decision Maker, Service Combiner and
optimal composition from user’s perspective. Monito Service Monitor.
ing phase support is also a bottleneck while oelyris- Service Locator block is intended to find web ser-
tic approach is able to perform it. vices satisfying functional parameters provided by

This comparison has shown that the most reliableusorkflow design stage (BPMN file). This corresponds
heuristic approach. However, it lacks flexibilitgspe- to the discovery stage of WSC. Found web services a
cially in areas of new user-defined QoS parametdrs, organized into a list, sorted by the integral iatiic of
jective QoS parameters support and user preferenceeb service quality compliance for each activity.

Table Il summarizes the results of comparison. SLA Extractor block extracts QoS information from

Thus, development of SLA-aware WSS approadWS-Agreements and provides Decision Maker module
which is able to stand up to all the requirememntsid-  with non-functional parameters values. Decision &tak
ed in this section is an important task. calculates rankings due to ontology rules congigeri

Another important issue is to integrate the apdmeacuser preferences provided by the client. Theseepref
es of WSS and WSD — such combination provides signces have higher priority than ontology rules. sThu
nificant step comparing to state of the art methdels QoS parameters of composite web service fulfil 8ctbj

scribed above. tive QoS parameters support constraint. Service -Com
biner combines selected services into executive LBPE
file.
Table 2. SLA-aware WSC approaches cosmparison Service Monitor identifies changes of QoS parame-
A —— ters and rgconfigures composite web service in oése
ence-based Heuristic Genetic First Use their VIOIatI(_)nS.' . . .
Full stack of _ . . ) ~ Integral indicator of web service quality complianc
Qos is the key parameter in composite web service avalu
ga?m‘i_ters S - - - tion. It shows the ranking of a web service forgibte
Qo8 e composition options. Thus, WSC System can choose
Monitoring + +- - the best composite web service rega_rdlng QoS parame
ters. Comparing to the QoS of a single web service
SLA-aware WSS Method and WSC System (which is a part of a composite web service) raglkih

a composite one is not a trivial task. QoS pararadte

a composite service depend on the initial workflow.
Calculations of QoS parameters for a compositeicerv
are presented in [14].
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Applying of user-defined rankings changes the pri-
ority of QoS parameters for composition. Thus, rilie
receives a service which satisfies his needsidhtde- ( Flight service )
cides not to specify any priority, default valuésank- =
ings will be applied.

Integral indicator of web service quality complianc
can be presented as:

Nf = Operator(R QoSp) (1) M otelsenice [ )

where QoSp - one of the QO0S parame- : )
ters (e.g.performance, reliability, robusteness;essi- O_’<+ +>_'O

bility etc.), R, - ranking of correspondin@0S param-

eter. QOSp; has a value from 0 to 1 proportionally to T service
the actual value of the parameter. Operator ineodruf -
formula (1) can be overridden by the sum, multgplic
tion, max or power operator, depending on compmsiti
pattern of web services (loop, sequence etc.) @Qo& —— Cuttualevents service |————/
parameter [14]. +
Several workflow and WSC models which provide
realization of proposed approach have been dewtlope
Workflow model on design stage is presented in.[17]
Workflow model on enactment stage and WSC model Service locator extracts the information about func

Fig. 1 Simplified BPMN diagram of provider's application

are given in [14]. tional parameters from BPEL-file which was either u
Real-world scenario of web oriented application loaded or generated from BPMN. It also searches the
development using WSC System appropriate services in UDDI or service brokersnfco

_ . _ _ sidering functional parameters).
This section provides presentation of WSC System Client receives list of composite web ser-

and WSC approach based on possible real-world s¢gzes (combination of simple web services) satigfyi

nario. . functional parameters sorted by the integral indicaf
Assume that client of WSC System has a goal to dgeb service quality compliance.

velop service, providing customized vacation. Comio | system settings client can choose whether compo-
zation in this context means that end user wouldte sjtion will be done automatically or ask for humian

to book a hotel and flight, taxi and tickets to 0em- teraction. Eventually client has to choose the asip
tertainment events using just one service. Ladkids, tion that he prefers from the list and confirm pase
programming skills or time implies into using thpdr-  of corresponding web services. After this cliens ke

ty services. _ _ _ . functioning composite web service.

Client has various requirements to his service, .9 puyring runtime Service Monitor identifies changes
response time, cost etc. After authentication inGNSpf QoS parameters and reconfigures service in tg w
System, client can start developing his serviceMBP  simjlar to initial WSC described above or asks liar
or BPEL file has to be uploaded in order to prova§ls- man interaction.
tem with workflow information. Next step is to Sff§c  |n case of violating functional parameters, comigosi
QoS requirements. If none were provided, systerh wikeb service is recomposed from scratch. Such sfate
eventually find the best possible solution. Howevethe service cannot be allowed, because service riies
even the most reliable one may not satisfy the &&pe provide declared functions. Eventually, the endruse

tions of users. Thus, it's strongly recommende@rm  works with web interface where all single serviees
vide application with non-functional parametersuesl. combined transparently.

When QoS parameters are specified, WS-Agreement

for the composite service is generated. On FigPMR Conclusion
diagram for \/acation _Servjc_e is presented. Exackwo  Web Service Composition consists of two major
flows are omitted for simplicity. blocks: Web Service Discovery, finding web services

satisfying functional parameters and Web Service Se
lection, choosing the best possible combinatiomwelh
services regarding functional parameters.
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Despite much research effort still many problem& Klusch, M., Semantic Web Service Coordination, hSTOM:
exist. WSD problem is lack of the syntactical dascr Intelligent Service Coordination in the SemanticB/V/2008. p.

. . . . . 59-104.

tion support in fuz_zy logic algorithms. WSS problem. 7. Klusch, M., B. Fries, and K. Sycara, OWLS-MX: A highSe-
narrow task focusing and thus neglecting of other i mantic Web service matchmaker for OWL-S servicesb\8e-
portant aspects. mantics: Science, Services and Agents on the Wbitte Web,

Presented SLA-aware WSC System is able to solve 2009. 7(2): p. 121-133

: : . Kourtesis, D. and I. Paraskakis, Combining SAWSDWLDL
p_rOblems OT web service Discovery as well as web Sg and UDDI for Semantically Enhanced Web Service biscy,
vice Selection. SLA-aware WSC System covers such i, The semantic Web: Research and Applications82p0614-

aspects as full stack of QoS parameters suppdijgcu 628
tive QoS i.e. user preferences, and monitoringesta Klusch, M., P. Kapahnke, and I. Zinnikus, SAWSDL-BIXA
support Machine-learning Approach for Integrating Semaitieb Ser-

Anoth . tant i . h tilizati vice Matchmaking Variants, in IEEE International i@erence
notner Important Issue IS syncnronous utilization on Web Services. 2009.

of WSD and WSS. It means that presented approach@sbuy Ngan Le ; Goh, A.E.S. FuzMOD: A Fuzzy Multi-ofagy
are fully compatible. Thus, SLA-aware WSC System is Web Service Discovery System. APSCC, The 2nd |EEB?7,
able to perform full WSC. pp. 197-203

Future work is aimed on integration of WSD fuzz)}l.Srlnlvasan, N., M. Paolucci, and K. Sycara. SencaWteb Ser-

. . . L. vice Discovery in the OWL-S IDE. in System SciencBso-
logic approach with support of syntactical desapipt ceedings of HICSS 06, 2006

into the overall system. After the integration, @e* 12. Somasundaram, T.S., et al. Semantic DescriptiorDiscbvery
hensive system testing will be applied and quaitéa of Grid Services using WSDL-S and QoS based Mat&imma

; ; ; Algorithm. in ADCOM 2006
results provided. Also tutorial for WSC Systemdsbe 13.Li H. X. Du. and X. Tian, A WSMO-Based SemanticelV

written. Services Discovery Framework in Heterogeneous Ogies
iIWAS2010 Proceedings Web Services Environment.turec
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