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The Web Service Challenge - A review on Semantic Web Service
Composition

Steffen Bleul, Thomas Weise, and Kurt Geihs

Kassel University, Distributed Systems Groygpleul,weise,geihg@vs.uni-kassel.de

Abstract: Every year, contesters submit contributions to the Web Service Chal-
lenge (WSC) in order to determine which service composition system is the most
efficient one. In this challenge, semantic composition tasks must be soldetien
results delivered by the composers are checked for correctnessimiénneeded for

the composition process is another important competition criterion.

After we had participated with great success in the 2006 and 2007 WS@gevee
asked to manage the Web Service Challenge 2008. In this paper, watpiese
challenge task, the challenge rules, the document format used, anduhs of this
competition. We provide a summary over the past challenges and give évt\ws
on the future developments planned for the Web Service Challenges to come.

Keywords: Business Process Management, quality of service, Web Service com-
position, orchestration, sub-orchestration, BPEL, WSBPEL, WSDL ] OWSC,
Web Service Challenge

1 Introduction

Since 2005, the annual Web Service Challéng®SC) provides a platform for researchers in
the area of Web Service composition which allows them to compare their systelie ax-
change experienced][ It is always co-located with the IEEE Joint Conference on E-Commerce
Technology (CEC) and Enterprise Computing, E-Commerce and E-Sef&E&E) R, 3, 4].

In the past, the WSC contest scenarios as well as the involved data foadate hesemblance
with real-world scenarios but were purely artificial tests for the capabifityyatactic and se-
mantic Web Service Composition systems. After being asked to manage the@@g8tition,
we decided to develop the WSC to a more practice-oriented event. Theraferintroduced
new rules and based the challenge on standardized data formats sudiLd&IOWSDL [6],
and WSBPEL T]. Additionally, we introduced a new test set generator which producefg:
urations very similar to those found in real Service Oriented Architecturgimdustry.

This led to an increase in the complexity and the quality of the challenge tasksis Ipa-
per, we also introduce our novel and extensible generator for sereioposition tasks and an
additional composition verification utility — both building on WSBPEL, WSDL, anillO Com-
bined, the two form an efficient benchmarking system for evaluating Véetic® composition
engines.

1 seehttp://mww.ws-challenge.ord2007-09-02)
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The main contributions of this work are
1. adetailed discussion of the requirements for realistic test scenargeriice composition

systems,
2. the introduction of a versatile system able to generate such sceandds verify the

results of composition processes,
3. and a review on the 2008 WSC.

2 Prerequisites

Before discussing the idea of semantic service composition, we define swessary prerequi-
sites. First, let us assume that all semantic concepts in the knowledge hhseomposers are
members of the sé{l and can be represented as nodes in a wood of taxonomy trees.

Definition 1 (subsumes) Two conceptsB € M can be related in one of four possible ways.
We define the predicagibsumes: (M x M) — {t r ue,f al se} to express this relation as fol-
lows:

1. subsumes(A, B) holds if and only ifAis a generalization d8 (B is a specialization of).

2. subsumes(B, A) holds if and only ifA is a specialization oB (B is a generalization o).

3. If neithersubsumes(A, B) nor subsumes(B, A) holds,A andB are not related to each other.
4. subsumes(A, B) andsubsumes(B,A) ist r ue if and only if A= B.

Thesubsumesrelation is transitive, and so are generalization and specialization.

If a parameteK of a service is annotated with and a valuey annotated witlB is available,
we can sek =y and call the service only Bubsumes(A, B) holds ontravariance). This means
thatx expects less or equal information than givery.in

The setS contains all the servicesknown to the registry. Each servises S has a set of
required input conceptsin C M and a set of output conce@sut C M which it will deliver on
return. We can trigger a service if we can provide all of its input paramseter

Similarly, a composition requed® always consists of a set of available input concepts
Rin C M and a set of requested output conceRisut C M. A composition algorithm dis-
covers a (topologically sorted) set nfservicesS= {s1,%,...,%} : S1,...,5 € S. As shown
in Equation 1 the first servicegsy) of a valid composition can be executed with instances of
the input conceptR.in. Together withR.in, its outputs ¢1.out) are available for executing the
next service(sy) in S, and so on. The composition provides outputs that are either annotated
with exactly the requested concefRout or with more specific onesc@variance). For each
composition solving the requeRt isGoal (S) will hold:

isGoal (S) & VA € s1.in 3B € Riin: subsumes(A,B) AVA € s.in,i € {2..n}
IB e RinUs_j.0utU...Us;.out : subsumes(A, B)A Q)
VA € Rout 3B € s;.out U...U sp.0ut UR.in : subsumes(A, B)

The search space that needs to be investigated in Web Service comp@iisaing set of all
possible permutations of all possible sets of services.

Proc. SOC 2009 2/12
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3 The Web Service Challenge 2008

In this paper, we want to give insight into the rules, software, and ewatuariteria of the
WSC 2008 ]. In the past years, we have participated in the Web Service Challdfgé]]
as contestants. Although these challenges were state of the art at this piimirg,iBome issues
arose. Foremost, the WSC is directly related to the Web Service technolothetile formats
used were proprietary and did not correlate with real-world formats0082standard formats
were utilized in the challenge tasks and solutions. The services in the SOAsstesks were
described in a WSDL format annotated with semantic concepts of an ontdatwgyg $n an OWL
document. The compositions produced by the composers as solutions hadiédiviered in
WSBPEL.

3.1 The Semantic Web Service Composition Rules

In the competition, we adopt the idea of so-called Semantic Web Servicesphesent Web Ser-
vices with a semantic description of the interface and its characteristics asdutli&ection 2
The task is to find a composition of services that produces a set of queripdt parameters
from a set of given input parameters. The overall challenge proedsias follows:

Challenge Server Side|Challenge Client Side WSDL of
required

Service
Compute
Required Service \J
WSDL of \WS-BPEL Composition
required file
Service

WS-BPEL
Interface
Package

WsSDL
file Parse WSDL

Service Description

!

owL
file

Parse OWL
Ontology

Interface
Package

Time
Measurement

!

Compute
Required Service
Composition

Generate
WS-BPEL

Composition
Evaluation

Challenge Score

Figure 1: The procedure of the Web Service Challenge 2008.

The challenge environment itself is a distributed system. The composer softivéne con-
testants is placed on the server side and started with a bootstrap prodeidsirgt is provided
with a path to a WSDL file which contains a set of services along with annotaifaheir input
and output parameters. The number of services will change in eachrdellévery service has
an arbitrary number of parameters. Additionally to the WSDL file, we alsoigeahe address
of a file containing an OWL document during the bootstrapping process.dblcument holds
the taxonomy of concepts used in the challenge. The bootstrapping prmmagrises loading
all relevant information from these files.
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After the bootstrapping on the server side is finished, a client-side GUliegutie composition
system with the challenge problem definition and memaorizes the current timesoftivare of
the contestants must now compute a solution — one or more service composidndanswer
in the solution format which is a subset of the WSBPEL schema. When the BIS8&tument
is received by the GUI, the time is taken again and the compositions inside thendontare
verified.

This evaluation process is illustrated on the right sideigure 1 The Web Service Challenge
awards both, the most efficient system and also the best system architéldte best architec-
tural effort will be awarded according to the system features and thiestant’'s presentation.
The evaluation of efficiency consists of two parts as described below:

1. Time Measurement:. We take the time after submitting the query and the time when the
composition result is fully received. The bootstrap mechanism is excludedthe as-
sessment. There is also a time limit for bootstrapping after which a challengesisleced
as failure.

2. Composition Evaluation:
e Composition Length: The least amount of services which are necessprgdoce

the required output parameters.
e Composition Efficiency: The least amount of execution steps inside thegiration

in order to solve the challenge.

3.2 The WSDL service descriptions

In a SOA, services are requested by client applications. Both, the chiednéexvice interfaces
can be specified with WSDL. Therefore, the challenge request, the mpaltesponse, and the
descriptions of all involved services are formulated in valid WSDL docum&gmantics spec-
ified in OWL are used to annotate the service descriptions.

In the WSC scenarios, each service has just one unique service hipdgtiMgpe request, and
response message. For simplification purposes, the elements related ¢ovicee adhere to the
sequence sketched in Listidg

1 <?xml version="1.0" encoding="UTF8"?>

2 <definitions xmlns="http ://schemas.xmlsoap.org/wsdl/". ..
3 xmlns:mece="http ://www.vs .unikassel .de/mece”

4 <service ...I>

5 <binding .../>

6 <portType .../>
7 <message ...%>

8 <serviceb

9 <types>

10 <Xs:schema#

1 </types>

12 <!l—— WSC-08 Semantic Annotation Sectiop—>
13 <mece:semExtension ... </mece:semExtension
14 </definitions>

Listing 1: A WSDL Document for the WSC-08

Proc. SOC 2009 4/12
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3.3 Semantic Annotation with OWL and MECE

Ontologies are expressed with OWL, an XML format. The semantic evaluati@@@8 was
limited to taxonomies consisting of sub and super class relationship betweegpteonly. In
addition to semantic concepts (OWL-Classes), OWL allows to specify insafictasses called
individuals. While individuals and classes were distinguished in the competitiepossibility
to express equivalence relations between concepts was not used.

In OWL, semantics are defined with statements consisting of subject, predicatebject,

€.¢.ISBN-10isa ISBN (ISBN subsumes$sBN-10). Such statements can be specified with simple
triplets but also with XML-Hierarchies and XML-References. The implententaf an OWL-
Parser is hence not trivial. In order to ease the development of the tiiorpeontributions, we
defined a fixed but valid OWL-Schema.

In the WSC-08 competition, semantic individuals are used to annotate inpuiugpat pa-

rameters of services. Individuals are instances of classes and defired like in the following
example. We illustrate the specification of an individual in fneith the nameindividuall which
is an instance of clagdlass1

1 <?xml version="1.0"%
2 <rdf:RDF xmins:rdf="http ://www.w3.0rg/1999/02/22 rdf —syntax—ns#” ...>

3

© 00 N o g A

10

<owl: Ontology rdf:about=""4
<owl: Class rdf:ID="Classl”%
<owl: Class rdf:ID="Class1.1®
<rdfs:subClassOf rdf:resource="#Classd"/
</owl: Class>
<owl: Thing rdf:ID="Individuall”>
<rdf:type rdf:resource="#Class1">/
</owl: Thing>

11 </rdf :RDFE>

Listing 2: An example for the specification of semantic individuals.

The semantic annotation of the WSDL-files is done with MECE [L3], a valid extension of

the WSDL schema.
1 <mece:semExtension
<l—— Semantic Extensionfor a message with ID "getPriceRequest>>
<mece:semMessageExt id="BookShopARequestMessage”
<l—— Semantic Annotationfor the xsd:element with ID "price™—>
<mece:semExt id="price?
<!—— Ontology reference to the semantic individual>

© 00 N o g A W N

N =
A W N B O

15
16

<mece:ontologyRef
http ://wwv. ontologies.org/Ontology . owl#Bookprice
</mece:ontologyRef
</mece:semExt
</mece:semMessageExt
<!l— Arbitrary amount of message annotations>
<mece:semMessageExt id="BookShopAResponseMessage”/

<mece:semMessageExt ..»/

17 </mece:semExtensicn

Listing 3: The Semantic Extension

5/12 Volume X (2008)
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3.4 The WSBPEL solution format

During the WSC 2007, many participants encouraged the usage of aptanguage like BPEL
as output format for the composition solutions. First of all, a process &yghas more expres-
siveness than the 2007 solution format. Secondly, a process languabe osed to connect the
challenge implementation to real world technologies and thus, improves theatiéty. There-
fore, we decided to use a subset of the common Web Service standar@EUSE sketched
Listing 4.

In WSBPEL, the concurrent execution of services can (which is aateiature for the chal-
lenge) can be specified. In the 2008 WSC WSBPEL subset, specificatiaiis d&e partner-
links and copy instructions on message elements were omitted. In the example/malterna-
tive solutions to a composition request are given.
<process name="MoreCreditsBP”

xmlns="http :// schemas.xmlsoap.org/ws/2003/03/busseprocess/”

targetNamespace="http ://ww.wshallenge .org/ WSC08CompositionSolutiony/”

<sequence name="maip”
<receive name="receiveQuery”
portType="SolutionProcess” variable="query?/
<switch name="SolutionAlternativesSolutionA—SolutionB™>
<case name="Alternative-SolutionA”>
<sequence
<invoke name="serviceA”
portType="seeWSDLFile”
operation="seeWSDLFile™
<flow >
<case name="Alternative-SolutionB”>...</case>
</switch>
</sequence
</process>

Listing 4: The WSBPEL document

4 The Test Set Generation

Besides being not able to express concurrent service invocationpret008 challenge and
solution formats had another limitation: Alternative services inside a composiiolid only
differ in their names but always had exactly the same input and outpunptees. This has the
effect that the search space shrinks dramatically.

In order to provide challenges which are more realistic, the test setajmmehnad to be rebuilt
from the scratch. Doing this revealed several scientific challengegoang a property which
we refer to as thd@est Set Quality.

There are several features a generator must offer. The basic abitlig igeneration of a
test set consisting of concepts inside taxonomies, a set of serviceschatlemge with a valid
composition solution. The generation must be able to be configured. Thedlesnfiguration
options include the number of concepts for the ontology and the number Wet&s in the
knowledge base. The concepts and Web Service have to be orderadrard in a way that no
obvious solution appears. This issue becomes even more challengingwelrgant to be able to

Proc. SOC 2009 6/12
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configure the number of solutions, the execution depth of a valid compostioiithe inclusion
of concurrent execution of Web Services.

/ Converter \

- - Lésung
Problem BPEL (BPEL
Parser Creator N
User-Input i

TestsetBuilder Services- WSDL-
Parser Creator

Taxonomy OWL-
-Parser Creator /

Figure 2: The test set generation process.

Figure Z2illustrates the challenge generation process. We have implemented a usac@fter
entering the configuration of the test set. Afterwards, the Test Set Bpildduces an ontology
an ontology which consists of an arbitrary amount of taxonomies with difjesire and depth.
A set of disjoint solutions is created according to the specified configarpicameters. Then,
a set of additional services is added which may (misleadingly) involve soate¢b all) of the
concepts used in these solutions. The result of the generation prosassdsas an intermediate
XML format. This format will then be transformed to the discussed WSBPEBDW, and OWL
subsets by the Converter component. The intermediate format is still hurmdabte for manual
evaluation of the Test Set Quality. Both, the Test Set Builder and the fiadlecge formats are
independent and can be extended or modified separately, making ti&eT&stilder reusable in
scenarios different from the WSC.

We define Test Set Quality as a term for generating demanding test sedssollitions of
the generated challenge include complex process patterns, such as muléfgefesequential
and parallel threads of execution. Furthermore, the Test Set Buildegasgerate multiple valid
solutions, so there may be one solution which involves the minimum number ofeand
another one which has more services but lesser execution steps dietgarllelism. As an
example, we used one test set in the WSC 2008 where the minimum amountioéséor one
solution was 37 with an execution depth of 17, but another solution existedl@/glrvices and
an execution depth of 7éble J).

The evaluation of the composition engines became much more interesting jastsbeuf
the improved Test Set Quality. In the example just mentioned, for instanc@attieipating
composition engines delivered different optimal results.

7112 Volume X (2008)
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Figure 3: Example Composition System Implementation.

5 The Challenge Software

An important characteristic of the Web Service Challenge is the extent t¥asef which was
provided to the contestants. There was not only a Test Set Genenattalsb a Composition
System client, a Solution Validator, and implementation examples in Java. Thikbscdlled
the interface package. We provided not only the binaries but also tiheesoade of all software
prior to the Challenge itself in order to attain full transparency.

Since 2007, the WSC allows heterogeneous implementations in differingaonagng lan-
guages and technologies of composition systems as long as they can legliamokgueried with
the Web Service client. In order to make this work, the contestants must implarsenter-side
Web Service interface defined by a given WSDL description. We ptésercommunication
pattern on the basis of our example implementation illustratédgare 3

Firstly, the WSCClient Application submits the URL of two local or remote challenge files
(A). The first URL locates the OWL taxonomy and the second one locateéd/88L service
description (B). TheSAX-based Input Parser initializes the internaKnowledge Base and the
Service Registry as part of the bootstrap mechanism (C). Secondly, the WSC client submits
the URL of the WSDL query document (D). Starting from this point, the panséifies the
Composer (E) which computes a solution (F). The solutions are passed t8AtKdased Output
Writer (G). Thirdly, the client Ul offers an internal Web Service as a callbatériace. The
client-side callback interface is used to avoid communication timeouts. The ciibpgystem
calls this callback Web Service in order to stream the composition result @itre Application
(H).

The evaluation of the result is done with the Test Set Validator software validator takes
the returned WSBPEL document as its input and produces a readablebdbtd analysis. An
excerpt of an example in this format is presented in ListingThe most prominent feature
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is the analysis of the correctness of the solution. A correct solution rpti®an executable
composition (validity) but also delivers all wanted output parameters ottakkenige (solutions).
Furthermore, the evaluator determines the minimum set of services and minireauotier steps
from all correct solutions in its WSBPEL input.

<result>
<validity numYes="2"...> All proposed BPEL processes can be
executed</validity >

<solutions numYes="2"..> All proposed BPEL processes are correct solutions
for the challenge</solutions>
<combinations ..>5406912 execution sequences ... were found in
total.</combinations>
<minLength ..>The shortest execution sequence that solves the challenge
found is 14</minLength>
<minService ..>The execution sequence involving the least number of
services ... consists of 20 services/minService>
<redundanceStat .>»No redundant services have been
discovered</redundanceStat
<lresult>

Listing 5: The Evaluator XML output.

In this analysis, redundant service invocations are detected as wellluAdant service may
be part of a composition but does not provide any necessary outpmnpter or is executed
more than once.

6 Evaluation

The evaluation of the efficiency of the composition systems in the 2008 W S&isted of two
steps as described below. A condition of the Web Service Challenge isattatcemposition
system must be evaluated on the same test system, a Lenovo X61 ThinkPad Wwitbl Core2
DUO 1.6 GHz processor, 3 GB memory, and the operating system Windovwsotssional.

Three challenge sets we used in the competition and each composition systaahieve up
to 18 points per challenge set. The time limit for solving all challenges has femimites. The
score system for each challenge set was:

e +6 Points for finding the minimum set (Min. Services) of services that solves th
challenge.

e +6 Points for finding the composition with the minimum execution length (Min.
Execution) that solves the challenge.

e Additional points for:

1. +6 Points for the composition system which finds the minimum set of services or

execution steps that solves the challenge in the fastest time (Time (ms)).

2. +4 Points for the composition system which solves the challenge in the second

fastest time.

3. +2 Points for the composition system which solves the challenge in the thirdtfastes

time.

9/12 Volume X (2008)
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Tsinghua University of Pennsylvania State
University Groningen University
Result Points Result Points Result Points
Challenge Set 1
Min. Services | 10 +6 10 +6 10 +6
Min. Execution| 5 +6 5 +6 5 +6
Time (Ms) 312 +4 219 +6 28078
Challenge Set 2
Min. Services | 20 +6 20 +6 20 +6
Min. Execution| 8 +6 10 8 +6
Time (ms) 250 +6 14734 +4 726078
Challenge Set 3
Min. Services | 46 37 +6 No result.
Min. Execution| 7 +6 17
Time (Ms) 406 +6 241672 | +4
Sum 46 Points 38 Points 24 Points

Table 1: Web Service Challenge 2008 Score Board

The results of the Web Service Challenge 2008 are list@dlite 1which is limited to the results
of the first three places of the eight participants. The performance vgimfieghe Web Service
Challenge 2008 are:
1. Y. Yan, B. Xu, and Z. Gu. Tsinghua University, Beijing, China.
2. M. Aiello, N. van Benthem, and E. el Khoury. University of Groningsetherlands.
3. J. Jung-Woo Yoo, S. Kumara, and D. Lee. Pennsylvania State idityyend S.-C. Oh of
General Motos R&D Center, Michigan, USA.

Finally, we present the winners of the architectural challenge:
1. M. Aiello, N. van Benthem, and E. el Khoury. University of Groningen
2. P.A. Buhler and R.W. Thomas. College of Charleston, South Carolina, US
3. K. Raman, Y. Zhang, M. Panahi, and K.-J. Lin. University of Califorhi@ne, USA.
T. Weise, S. Bleul, M. Kirchhoff, and K. Geihs. University of Kassegrfany.

7 Related Work

The Web Service Challenge is the first competition for (semantic) serviceasitigm. During
the last years there also was a syntactic challenge, then the introductemanfisics also covered
the syntactic tasks and hence, a sole semantic approach was favotie. dection, we give a
short overview on other related competitions.

The closest related event is the Semantic Web Service (SWS) Challefigen contrast to
the WSC, the SWS defines tesenarios which the participant have to solve. The SWS commit-
tees see themselves more as a certification event for frameworks than etitimmpWhereas the
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WSC generates vast test sets and concentrate on standardized foren@W.S defines challenge
scenarios which must be solved by creating new specification languagéshing algorithms,
and execution systems. The scenarios in the SWS comprise state-basszsseervice media-
tion, ontology reasoning and service provisioning. The certified framesvaot only solve one
or more scenarios, but are also able to execute their results at runtime.

Another closely related contest is the IEEE International Services CongpQtintest (SC-
Contest 2007-2008)Lp]. This is a Web Service centric demonstration event where participants
choose both problem definition and solution themselves. The participarits/éieel to demon-
strate methodologies, reference architectures, and tools. The wirihés obntest is determined
by evaluating importance in Service-oriented Computing and implementation quality.

8 Conclusion and Preview

In this paper we presented a review on the Web Service Challenge 2@08 wight teams from
all over the world competed. While the previous challenges only utilized sceefdifinats, the
challenge definition in 2008 adopted the WSBPEL, WSDL, and OWL stasdadditionally,
an extensible test set generator for the semantic service compositionrpsoble

The Web Service Challenge created a research community for automatextiseseavice
composition and implementations of fast performing composition engines. Ths fuf the
challenge is currently changing from a solely scientific service indexingpetition to a com-
prehensive and practice-oriented solution for Service-orienteditdnthres.

In order to tie up to the result of this year and as a call of participation foreghder, we
propose several changes in the WS-Challenge 2009. First, theipesstast system for evalu-
ation is a restriction for the contestant’s system architecture. In 2008, egatestant can use
their own (remote) system which will then be invoked with the challenge clierdor&8y, the
services will be enriched with Quality of Service (QoS) dimensions, e.gore® time and cost.
The compositions must not only solve the challenge but must minimize the cosespahse
time of the overall composition. We wish to thank every contestant of the W&SiGiGheir par-
ticipation. Hopefully, we will meet and also welcome new contestants at the \B@@9Service
Challenge?
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