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ABSTRACT

The article presents the framework for agent-enabled dynamic Web service composition. The
core of the methodology is the new understanding of a Web service as an agent capability
having proper ontological description. It is demonstrated how diverse Web services may be
composed and mediated by dynamic coalitions of software agents collaboratively performing
tasks for service requestors. Middle Agent Layer is introduced to conduct service request to
task transformation, agent-enabled cooperative task decomposition and performance. Dis-
cussed arethe formal meansto arrange agents' negotiation, to represent the semantic structure
of the task-activity-service hierarchy and to assess fellow-agents' capabilities and credibility
factors. Finally, it is argued that the presented formal technique is applicable to various
application domains. Presented is the ongoing work on designing and implementing agent-
based layered architecture for intelligent rational information and document retrieval. Fi-
nally, the discussion of the OntoServ.Net framework for the devel opment of P2P mobile service
infrastructures for industrial asset management provides the extension of the \Web service com-

position approach.

Keywords: asset management; composition; information retrieval; ontology; software agent;
W\eb service.

INTRODUCTION appear to bethekey elementsin assem-

blingintelligent softwareinfrastructuresin

Web servicesaretheemergingtech-  theneer future.

nology promising to become one of the Thereistheemerging consensusthat
futurekey enablersof the SemanticWeb.  theultimatechallengeisto make Web ser-
Therearestrong prerequisitesthat, being  Vicesautomatically tredableand usableby
saf-described and salf-contained modu-  atificia agentsintheir rational, proactive
lar active components, Web serviceswill interoperation on the next generation of
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theWeb. It may be solved by creating ef-
fectiveframeworks, standards and soft-
warefor automatic Web service discov-
ery, execution, composition, interoperation
and monitoring (Mcllraith et al., 2002).
Persond opinion of theauthorsisthat the
list should be extended by the meansfor
making servicesthesubject of automated
negotiation and trade. It isalsoimportant
for future service enabled Web infrastruc-
turesto copewith businessrules', notions
and mechanisms of reputation and trust
with respect to servicesand service pro-
viding agents, dynamic character, flexibil-
ity, reconfigurability of partial plans
(Ermolayev & Plaksin, 2002), workflows,
and model ed business processes.

Current industry landscape provides
onlyinitial andvery partid solutionstothe
ultimate problem. Existing de-facto stan-
dards for Web service description
(WSDL), publication, registrationand dis-
covery (UDDI), binding, invocation, and
communication (SOAP) provide merely
syntactical capabilitiesand do not really
copewith service semantics. Knownin-
dustria implementations, such asHPE-
speak (Karp, 2003), base on these stan-
dards and do not completely solve the
challenge of semantic service
interoperability. It should be mentioned
that mgjor industrial playersrealizethe
necessity of further targeted joint research
and development inthefield (Layman,
2003).

More recent research and standard-
izationactivitiesof DARPA DAML com-
munity resulted in offering semantic ser-
vice markup language DAML-S
(Ankolekar et al., 2002) based on RDF
platform. Thecongellation of XML based

languages/ontol ogiesfor businessprocess,
logisticsdescription isalso expanding:
WSFL, eb XML, BPML, RuleML,
BPELAWS...

Thegod of thearticleisto highlight
what should bestill done ontop of recent
research accomplishments in order to
make Web servicesautomaticaly tradable
and usableby artificial agentsintheir ra-
tiond, proactiveinteroperation onthenext
generation of theWeb. Conceptud frames
for thisdevel opment areunder intensive
discussion and some proposals already
appear (e.g., WSMF (Fensel & Busdler,
2002)).

Thearticleoffersanew understand-
ing of aserviceasanintelligent agent ca
pability implemented asaself-contained
software component. Fromtheother hand,
provided that agents negotiate and trade
exchanging sarvicesintheprocessof their
cooperative activitiesin open organiza-
tions, aservice may be considered (as,
say, in E-speak) akind of ageneralized
resource. Thisapproach evidently implies
theappearanceof therational servicepro-
viding agent demanding certainincentives
andamingtoincreaseitsutility. If, for ex-
ample, aservicerequested fromatravel
agency is ‘BookRoundtrip(‘Kiev’,
‘Erfurt’, 22/09/2003, 25/09/2003, ...)’,
the price paid by therequestor will com-
prisethe pricesof consumable (DAML-
S, 2003) resources (air fare, hotel room,
...) plustheincentive paid tothe service
holder for ‘ BookRoundtrip’ servicecom-
ponent usage. Thisremark seemsto be
rational asfar aswe pay either thesaary
to the officemanager or afeeto atravel
agent, who make arrangementsfor usina
human-busi nessenvironment. Moreover,
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itisnotintheeyeof the servicerequestor,
but theagent performing‘ BookRoundirip’
servicewill realize according to the ser-
vice markup (or the Partial Local Plan
(PLP) inour terminology (Ermolayev et
al., 2001)) that the requested process
(DAML-S, 2003) (or thetask in our ter-
minology (Ermolayev et a., 2001)) is
compositeand will require cooperation
with at least air companies’ service pro-
viding agentsand hotel booking service
providing agents. Theseindependent ac-
torswill evidently alsointend toincrease
their own utilitiesby requesting feesfor
their services.

Thearticlefirst providestheover-
view of thebasi ¢ notions, approachesand
architecturd solutionswith respect to agent
paradigm, WWW and the Semantic\Web,
Semantic Web enabled Web services.
Detailed discussion of the popular travel
planning scenario hel psto claimthat full-
scale Web service expl oitation needs so-
Iutionsbeyond thefacilitiesof today’sse-
mantic servicemarkup. Thearticlefocuses
on one of the major open problems —
dynamic composition of adesired com-
plex service by acoalition of rationa co-
operativefred ance agents.

Nextitisarguedthat itisareason-
ablearchitectura solutiontointroducean
Agent MiddleLayer (e.g., Sycara, et al.
(1999)) between services and service
consumers. Negotiation on Web service
allocation based on theauthors approach
(Ermolayev & Plaksin, 2002) isproposed
asthemechanismfor dynamic composite
serviceformation. DAML-S(DAML-S,
2003), our Task and Negotiation On-
tologies(Ermolayev etd., 2001) areused
for service dynamic composition and to

facilitateinter-agent-operability.

Further on it is described how the
gpproach to dynamic agent-based service
compodgtionisappliedtointelligent ratio-
nal information retrieval from distributed
autonomous resources. Finally, the
OntoServ.Net (Kaykova et al., 2004;
Terziyan, 2004; Terziyan & Kononenko,
2003) framework and the aspects of ser-
vicemobility and service adaptation are
discussed. Thearchitecturd principlesfor
Service composition inapeer-to-peer ser-
vice network are aso outlined.

WHAT AN AGENT IS

Agent paradigm in softwareengi-
neering isone of the powerful meansto
narrow the semantic gap between the
conceptudizationsweuseto andyzeand
tomode the phenomenaof thered world
and theresulting distributed softwaresys-
tem. If compared to the objectsin OOSE,
which may beinterpreted asthe analogy
of inanimate entitiesin the real world,
agentsgenerdly represent animateobjects,
typicaly humanbeings. Inteligent software
agentsaretherefore used when the soft-
wareneedsto possesssome“ human” fea
turesliketheability to perceivetheenvi-
ronment and reactivity, apparent proac-
tive behavior in succeeding at agoal on
behdf of thehuman owner, ability tolearn
fromtheir experience, and social behav-
ior. Oneof theinherentintelligent features
of agentsistheahility toform socia struc-
tures— teams, communities, coalitions,
and organizations. A rational agent as
themember of asocia structure needsto
balance itsindividual rationality and
benevolenceinfacilitating to thegrowth
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of thegroup utility. Agentsoften usene-
gotiation mechanismsadopted from hu-
man encountersfor that. An agent al'so
needsto obey itssocial commitmentsand
the conventionsthat regul ate the group
behavior withinthesocid structure. A team
or an organi zation of agentsthat cooper-
aeinaphyscdly and, possbly, geographi-
cdly digtributed network form asoftware
system called a Multi-Agent System
(MAS). An agent and an MAS are the
main conceptual patterns of the Agent
Oriented Software Engineering (AOSE).

From theengineering perspective, a
thelower level of abstraction, the essen-
tial features of agentsin MAS aretheir
abilitiesto communicate with each other
andto coordinatetheir activities. Coordi-
nation meansachieving coherenceinthe
group activitiesand thusproviding that the
solution of aproblem or theaccomplish-
ment of atask isobtained withlesseffort,
fewer resources consumed, and better
qudity. Communication standsfor theabil-
ity to exchangethe piecesof information
withinan encounter inauniformway and
using shared terminology. Communication
among agentsin open systems, whichare
typica inthemgority of real- world cases
ine-business, enterprise gpplicationinte-
gration, and so forth, is a challenging
interoperability task. The solutionsare
gpproached by standardizing the commu-
nicativelanguages(e.g., FIPA ACL) and
developing formal machine-processable
representations of the common terminol-
ogy intheform of ontologies. Ontologies,
formalized in ontology description lan-
guages (e.g., OWL) provide: a
conceptudization— aforma modd of the
real world phenomenainadomain; avo-

cabulary — aset of termsor symbolsiden-
tifying concepts, and an axiomati zation—
therulesand the constraints on concepts
and their propertiesthat capture charac-
teristic aspectsof thedomain.

Agent paradigm and AOSE gain
more and more popularity asone of the
key enablersof the emerging Semantic
Web — the new generation of the Web
whose abstract architectureisoutlinedin
W3CWWW TAG Architecture Specifi-
cation.

Moredetallsmay beborrowed from,
for example, Ermolayev and Plaksin
(2002) and Jennings (2000).

wW3C WWW
ARCHITECTURE

WWW Ar chitectureprovidesthe
abstract specification of thearchitecture
of the Web. It figures out the conceptual
model, the properties and the semantics
of the WWW condtituents, and definesthe
underlying principlesand the basic con-
straints of Web-based system devel op-
ment. WWW architecture specification
fixesthedesign choicesapproved by W3C
and approvesthe good practicesof usng
the Web technology that guide future
growth, and consistent and successful
evolution of the Web.

The primary task of W3C Techni-
cal Architecture Group (TAG) isto
develop and maintain the consensual
specification of thebasic principlesof the
Web technology inorder tofacilitateand
coordinate cross-technology architecture
developmentsinside and outside W3C.
TAG clamsidentification, interaction,
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and representation as the key aspects
of Web architecture and derivesits ab-
stract specification from these concepts.

| dentification onthe Web isbased
onthe semanticsand theuse of the URIs
(Uniform Resourceldentifiers), whichare
global identifiersand are central to the
Web architecture.

Inter action isdefined by TAG as
the communication of resourcesthat in-
volves URIs, messages, and dataamong
agents over WWW. TAG provides the
basi ¢ conceptsfor messages, Web agents,
interaction styles, and the use of metadata
and the protocolsfor agents. TAG aso
definesthearchitectura constraintsand
theassumptionsfor agent interaction and
the patternsfor human-user interactionon
the WWW.

Representation of data on the
Webisgrounded on the defined concepts
of mediatypes, dataformats, encoding,
namespaces, generd hypertext infrastruc-
tureand theuse of XML asthecorelan-
guage. Itisworth mentioning in the con-
text of the representation aspect that the
representation of metadata onthe\Web
isnot explicitly defined by theWeb archi-
tecturespecificationyet andislikely tobe
basad on the Semantic Web principlesfor
the next generation of the Web.

The Separ ation of Content, Pre-
sentation, and Interaction is yet one
more of themost important principlesof
the Web architecture. It concernsthede-
velopment of the standards for highly
interoperabledistributed systemsin open
and dynamic environments, whereinfor-
mationiscreated, accessed and processed
at thehighlevd of autonomy with respect

to the capabilities and the heterogeneity
of Web agentsinvolved.

W3C WEB SERVICES
ARCHITECTURE & THE
SEMANTIC WEB

Web ServiceArchitectur e speci-
fies generic concepts and defines the
framework for the creation of Web ser-
vices. Web servicesaremodular software
componentsaccessibleover aWWW. A
Web serviceissupplied with the descrip-
tion specifying itsinterfaceinamachine-
processable way to provide for the
interoperability in open distributed soft-
waresystems. Thedescription containsthe
specification of the message formats,
datatypes, and transport and serialization
protocols.

The following de-facto industrial
standards outlinetoday’ stechnological
framesfor Web service devel opment and
publication: WSDL — Web Service De-
scription Language, UDDI for Universa
Description, Discovery and Integration,
SOAP (Simple Object Access Protocol)
for Web servicebinding and invocation,
and XML and HTTP for serialization.
However, ongoing research activitiesmove
forward the state-of-the-art by devel op-
ing extens ble ontol ogy-based framework
for the Semantic Web enabled Web ser-
vices.

W3C Semantic Web Initiative
amsprimarily to provide acomprehen-
sbleframework for identifying, represent-
ing and processing the semantics of Web
resources. The ultimatevision of the Se-
mantic Web istheworldwide distributed
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devicefor computation, inhabited with
artificial service providing agents. It is
therefore extremely important to have
Web service semanticsformally and ex-
plicitly represented in a machine-
processable way. Such semantic repre-
sentationsin theform of ontologiesare
essentia for automated servicediscovery,
invocation, orchestration and trade and
evidently extendthe current technologica
frames. Semantic \Web resourcesand sex-
viceswill have semantic annotations—
small ontologies providing both ameta-
description of the resource and the vo-
cabulary of therelevant concepts. Seman-
ticWebinitiativesspend substantia effort
on ontology language (RDFS, DAML,
OWL) devel opment and standardi zation.

DAMLS & SEMANTIC
WEB ENABLED WEB
SERVICES

The concept of Semantic Web en-
abled Web Services(SWWS) isthesyn-
ergy of Web servicetechnologieswiththe
semantic Web framework. It assumesthat
the semantic Web infrastructureisthetop
layer of the conventional WWW. Thisse-
manticlayer containsWeb serviceontolo-
gies, notationsand standardsfor service
description, facilitiesfor servicediscov-
ery, orchestration and integration. SWWS
will be widely used in the future Web,
whereintelligent agentswill discover Web
service providers, reason about their ca-
pabilitiesby analyzing their semantic de-
scriptionsand dynamically compose ser-
viceson demand through cooperationwith
the service, providing agentshaving ap-

propriate capabilities.

One of the pioneering targeted
SWWSinitiativesisthe devel opment of
DAML-S (DAML-based Web service
ontology). DAML-Sisthe extension of
DAML+OIL ontology language. It speci-
fiesthe core set of conceptsfor describ-
ing thegranularity, the properties, theca
pabilitiesand thegrounding of a\Web ser-
vice. If comparedto current industry stan-
dards, DAML-S provides a higher de-
greeof flexibility and expressivenessin
describing service semantics, dlowsmod-
eling of extengbleservicehierarchiesand
type systems, and providesthe meansto
specify the constraintsand therulesfor
Web services.

TRAVEL PLANNING
SCENARIO

Let’sconsider thementioned travel
planning scenario havingin mind that our
intentionshave becometrueand Web ser-
vicesareavailableat thedesired level of
semanticinteroperation. Theauthorshave
played thefollowing exercise assuming
themsdvesas” intdlligent softwareagents’
participating in cooperative execution of
aconferencetrip planningtask (Figure1).
Each agent possessed higher beliefsabout
the environment and capabilitiesin per-
forming oneor another activity related to
theoverdl high-level god achievement—
‘BookRoundtrip(“Kiev, Ukraing’, “ Erfurt,
Germany”, 22/09/2003, 25/09/2003,
“ICWS 03-Europe’, ...) . Agents capa-
bilitieswere: their knowledge of relevant
Web sites providing human-oriented ser-
vicesand their ability to operate these ser-
vicesviaWebinterfaces Agentroleswere:
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Figure 1: ‘BookRoundTrip’ Task Execution and Service Composition
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ing‘BookRoundtrip’ service
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ropeloca arrangements, infrastructure,
accommodation, and soforthin Erfurt
HOTEL AGENT (H) — agentsproviding
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Asusud, intravel planninganAis
capable of just invoking a T with
‘BookRoundtrip’ task, to formulate hisor
her congtraints, preferencesand needsfor
specia arrangements, and to approve so-
lutions proposed by the T. According to
‘BookRoundtrip’ description in terms of
task ontology (Ermolayev et al., 2001)
known bothto A and T (but with different

granularity), serviceinputsare”:
Starting_Point=“Kiev, Ukraine”
Destination="Erfurt, Germany”
Beg_Date =22/09/2003
End_Date=25/09/2003
Event="|CWS'03-Europe”
Preferences=("low fare”,

“fast connections”,

“4-star hotel",

“continental breakfast”,

“conference discounts”)
Constraints =(Budget = #1500,
=(VISA, USD), Hotel >= 3-star,
Room-per-night <= 110,
Hotel Location="in Max
the Conference venue”)
Special_Arrangements=( ( Event="business
dinner”,

Payment

20 min walk from
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Figure 2
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Agent = (“Prof. Heinrich C. Mayr”,
http:/fwww.ifi.uni-klu.ac.at/
IWAS/HM/Staff/Heinrich.Mayr/

)1
Date=(23/09/2003-24/09/2003),

Location=(Erfurt, Munich)),

Theprocessstartswiththearrange-
ment (Ermolayev & Plaksin, 2002). A
undertakes to hire one of the Ts as the
contractor for thejob. Thisarrangement
isperformedintheframeof the Extended
Iterative Contract Net negotiation asde-
scribed further in Section 3.4. Theflow of
round trip booking, which T performsfor
A, ispresented onFigure 1. Atfirst T ac-
ceptsthetask from A by meansof agents
communicationinterface. Thisinterface
may bebuilt upon ACL (FIPA, 2003) for
FIPA3-compliant agents(e-Appendix A-
14). T then uses its beliefs on how to
‘BookRoundtrip’ (e-Appendix A-2), for-
malized according to thetask ontology (e-
Appendix A-6), to derivethat theaccepted
task is complex and involves at least
‘PlanTrip’, ‘MakeHotelRes’, ‘ApplyFor
Visa’, ‘ SpecArrangements’ and ‘ Approve
Solution’ activities. ‘PlanTrip’ activity is
chosen (PLPof task ontology (Ermolayev
eta., 2001)) asthefirst to be performed

and appears to be al'so a complex task:
‘InquireFares’, ‘ApplyConstraints’, ...,
‘BookFare’, ‘ApproveSolution’. Before
outsourcing fareinquiry toF, T ‘ notices
that adight changein the starting or end-
ing date of the trip may result in asub-
stantial decreaseintheairfare expenses
because of the Sunday Rule discounts®
commonly offered by air companies.

For our examplethismeansto T that
the dates 20/09-25/09 and 22/09-28/09
should beasorationally considered for
thetrip. T negotiatesthese input changes
with A, asking A to provide desirability
valuesfor thesedates (Figure2— gray
dots) indicating max price A isready to
pay for thefarewithinthe specified dates.
Requirements, which T specifies for
‘InquireFares’ service, are thus slightly
changed by introducing the list of date
pairsfor whichthe service should be per-
formed. Contract Net negotiationisthen
initiated by T having Fsasparticipants.

F-s propositions,® resulting from
‘InquireFares’ serviceexecution, areaso
outlined on Figure 2. Theseresultscause
the necessity to use one more service,
whichwasnotinitidly plannedby T'sPLP
for thetask. Asfar asthe offersare pro-

Copyright © 2004, Idea Group Inc. Copying or distributing in print or electronic forms without written

permission of Idea Group Inc. is prohibited.



International Journal of Web Services Research, 1(3), 63-87, July-Sept 2004 71

vided in different currencies, T needsto
changethetask and require the service
for currency conversion’ (+(* Convert Cur-
rencies’, e-Appendix A-3), Figure 1).
Converson resultsare presented on Fig-
ure2. Itisnow easy for T to derive that
the acceptable propositionistill for the
dates 22/09-25/09, but with the destina-
tion at Frankfurt (not at Erfurt), which
werenot initial ‘BookRoundtrip’ task in-
putsfrom A. However, thisresult com-
plieswith A’'spreferencesasfar asthere
arenongtopflightsavailablefrom Kiev to
Frankfurt (but not to Erfurt and Munich).
This implies the necessity for T to
‘ AdjustPreferences’ by inquiring A’sser-
vice. Themechanism may besimilar to
inputs negotiation discussed aboveandthe
outcomes may cause the invocation of
somenew activities, for example, change
to atrain at Frankfurt-Main Airport —
inquirethe’ BookRailwayFare’ servicefrom
Die Bahn® Agent. Discussion of these
emerging task branchesisomitted, asfar
asitisconceptually smilar tothat already
givenbefore. Itis, however, important to
noticethat activitiesthat werenotinitialy
planned often emerge and appear to be
criticd totheoverdl god achievement not
only inthediscussed scenario.

Itisnot informativeto discuss sub-
sequent activitiesof T. Hotel booking and
visaapplication services are performed
merely inthe same manner and agentsuse
amilar mechanismsof task decompaosition
and negotiationfor that. Specia arrange-
mentslistisalso considered asthelist of
trip planning tasks. However, it should be
mentioned that the execution of these ac-
tivitiesshould be properly coordinated:
notefor instancethat hotel reservationre-

quires that the fare has been already
booked as precondition (check-in and
check-out dates, money |eft) and German
Consular Servicemay requirethat thefare
and the hotel room have been booked
beforeissuingthevisa

Other important aspects, not men-
tioned before, arethe onesof credihility,
trust and meaning negotiation among
agents participating in cooperative task
performance and service composition.
Recall specia arrangementsinput for the
illugtration. T will negotiatewith P onvari-
ous aspectswhilearranging the business
dinner. Thedilemmafor P inthisenviron-
mentisif totrust T (asthe contractor of A,
which isthetrusted one because of the
long record of partnership) and allow him
or her to makethe arrangementsfor P, or
to reason that A may benot really experi-
enced in arranging business dinnersin
Germany and to decideto better rely on
hisor her credible (Section 3.4) partners
from Germany. Inthelatter caseP will in-
form T that it will better arrangetheevent
onitsown. Thisinturn may affect thene-
cessity of theapproval fromA.

COOPERATIVE DYNAMIC
SERVICE COMPOSITION

Let’senumeratethefeaturesneeded
torationally provide compositeflexible
services for the automation of the sce-
narios, likethat of travel planning, inane-
businessenvironmen.

Intelligent service provider needsto
be capableof:

* Understanding the semanticsof theac-
tivity itissupposed to perform, reason-
ingonif theactivity isatomic or com-

Copyright © 2004, Idea Group Inc. Copying or distributing in print or electronic forms without written

permission of Idea Group Inc. is prohibited.



72 International Journal of Web Services Research, 1(3), 63-87, July-Sept 2004

plex, decomposing complex activities
accordingtoitsknowledgeand theex-
perience of theenvironment;

* Adjustingactivity inputs, requestor pref-
erences and constraints in order to
proactively reach thehigher-level god

* Negotiatingwiththerequestor and the
other serviceprovidersinarationd way
on optimal service performance, alo-
cationinorder toincreaseitsown util-
ity or to obtain common meaning of the
serviceinputs, outputs, preconditions
and after-effects;

* Monitoringand assessing credibility and
trustworthinessof other serviceprovid-
erstominimizerisks,

» Coordinating services performance
flow according to theinputsand pre-
conditions.

It seems obviousthat service pro-
viding distributed open software systems
possessing these capabilitiesmay bemost
naturally designed and assembled of soft-

ware agents. Agent platformsand agent-
based systems are already used for ser-
vice brokerage (Mcllraith et al., 2002),
matchmaking (Sycaraet al., 1999), and
coordination (Papadopoul os, 2001). The
remainder of this section will shortly
present theformal approach to dynamic
task decomposition and performance by
coditionsof rationd agents(Ermolayev et
al., 2001; Ermolayev & Plaksin, 2002).

MiddleAgentsfor
ServiceComposition

Conceptual ideaof servicemedia-
tionisnot originaly new and hasbeen ar-
gued by many authors. Strong mediation
has been, for instance, claimed asone of
thebasic principlesfor WSMF (Fensdl &
Busder, 2002). However, theframework
for intelligent dynamic service composi-
tion according to the changesinthe envi-
ronment affected by theserviceexecution
flow has not been worked out before.

Figure 3: Agent-Based Service Provision Mediation Framework

Discover
UDDI, DAML-S

Service Requestor Layer

Freelance
Service
Providers

Negotiate Request —pTask
CNP, ACL |
Task Coalition l

[ chezimr >

Discover

Middle Agent Layer

Task decomposition
Arrangement
Activity allocation

UDD,

Credibility evaluation
Capability monitoring

Utility Agents

Legend: Service Layer
SRA - Service Requestor Agent
SPA - Service Provider Agent
CoA - Coordination Agent

OA - Ontology Agent
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The proposal of the Mediation
Framework for Agent-enabled Service
Provision targeted to dynamic service
composition is presented on Figure 3.
Control flowsarelabeled withlegendsin
italic; dataflowsaremarked by bold leg-
ends. Theprinciplesonwhichtheproposd
iscentered are:

» Agent-based middlelayer isrequired
for scdadle, inteligent, dynamic service
composition;

» Compositeservicesareinterpreted as
taskscomprising activitiesof varying
granularity by theagent middlelayer;

* Savicemediator isformed dynamicaly
asthe coalition of service providing
agents (SPAS) participating inthetask
execution;

» SPAsjointask coalitionsonly for the
timether serviceisrequiredfor there-
Spectivetask;

» SPAs are economically rational
(Nwana, 1996), autonomous and in-
dependent inmaking their decisons—
the only fact one SPA believes about
thebehavior of another SPA s itisin-
dividua andrationd (Sandholm, 1996).

» SPAsaecgpableof: incomingtask de-
composition according to their local
knowledge (task ontology, PLP); mak-
ingarangementsfor activity outsourcing
to other SPAs based on extended it-
erative contract net negotiation; activ-
ity outsourcing to the chosen contrac-
tor SPA; adjudting their beliefson other
SPAS cgpabilitiesand evauaing SPAS
credibility through monitoring coopera-
tiveactivities,

» Services are self-contained modul ar
loosaly coupled program components
wrapped by SPAs, an SPA may alow

another SPA to useitsserviceby pro-
viding servicecontext relocation;

» Specidization of an SPA isdefined by
the set of servicesit wraps.

If theframework isexamined from
the point of implementability withexigting
service markup solutionsthe state of &f -
fairsmay look likegivenonFigure 3. Yet
unsolved or partialy unsolved problems
of servicemediation are:

« Lack of common semantic ground and
commonly accepted mechanism for
activity outsourcing, activity parameters
adjustment and meaning negotiation—
negotiation ontologiesfamily;

* Insufficient representation of task/ac-
tivity/service dynamic structure and
granularity — task/processontol ogies
family,

* Lack of common specifications/crite-
riafor cgpability monitoring, credibility
and trustworthiness assessment.

The proposed architectura layering
islikely toremainvalidfor therequest-
task-activity-serviceontology hierarchy: a
servicerequestisinterpreted asthetask
at therequestor layer; thesetasksarede-
composed into activities at the middle
layer; and activity descriptionsactually
wrap service markups. Theremainder of
the section provides some outlinesto ap-
proach the solutions of the open issues.

Request-Task-Activity-Service
Hierarchy

Thesemantic hierarchy for arequest-
task-activity-servicereflectstheprinciples
of the proposed architectura layering. A

Copyright © 2004, Idea Group Inc. Copying or distributing in print or electronic forms without written

permission of Idea Group Inc. is prohibited.



74 International Journal of Web Services Research, 1(3), 63-87, July-Sept 2004

request belongsto the sphere of Service
Requestor Layer andisspecifiedinterms
of task ontology (Ermolayev et d., 2001).
The function of the SPA chosen as the
contractor for the specified request isto
determineif theincoming task istheatomic
activity accordingtoitsloca specifications
(task ontology). In casethetask iscom-
plex and should be decomposed into
alomicactivitiesat thelocd leve of granu-
larity, the next round of activitiesalloca-
tion negotiationsisinitiated. Only theac-
tivitiesthe given SPA isnot capable to
perform onitsown are negotiated with
other SPAs, whilethe ones correspond-
ingtotheinitiator’scapabilitiesare sched-
uled for self-performance. Only an activ-
ity for whichitistruethat: (a) itisatomic
and (b) the SPA isableto performit onits
own, isintherelationship withthe corre-
sponding serviceor serviceloop. Atomic
activity executionisperformed by the SPA
through invoking its capability macro-
model (Ermolayev & Plaksin, 2002): ac-
tivity contextistrandated into DAML-S
markup corresponding to serviceprofile
the serviceistheninvoked viatheinter-
facespecified by itsbinding (or grounding
intermsof DAML-S) description. Ser-

Figure 4: Semantic Layering
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lTransform Agent Middle
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= ActivityOutsource T

Activity
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g Service Layer
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Activity
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Serv;

viceinvocationloop may actudly resultin
oneor severa servicerunsdependingon
thewrapping activity inputs. For example,
‘InquireFares’ servicewill be performed
threetimesasfar asthreedifferent date
intervalsareto be processed (Figure 2).

Semantic facet of request-task-ac-
tivity-servicelayeringispresentedon Fg-
ure 4. Specificationsfor ‘ InquireFares
activity and servicearegivenine-Appen-
dix A-5.

Capability & Credibility Assessment

SRA and SPAs are to be able to
determinewhich of the SPAsare capable
to perform thetask to be allocated. Pos-
s blemechanismto definethe perspective
contractors is capability matchmaking
(e.g., based on LARKS (Sycaraet d.,
2002)), or service discovery technique
based on UDDI, or another servicematch-
ingfadilities(e.g., semanticmatching based
on DAML-S profiles (Paolucci et al.,
2002)). However, in casethereis some
capability beliefsrecord maintained au-
tonomously by an SPA in the course of
cooperativetask execution, theuseof this
knowledgemay substantialy fadilitatel ow-
ering computation costs by eliminating
unnecessary directory/matching service
usage. Evidently, if A believesthat B, C
and D are capable of performing desired
activity becausethey didit before, it will
rather proceed to contracting negotiation
with B, C and D directly instead of trying
to find some other SPAS’ with matching
cgpabilities.

A modd andamechanisam of agents
capability assessment based on SPA be-
liefsrepresentationintheform of Fellows
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Capability ExpectationsMatrix (FCEM)
has been elaborated in frame of the re-
ported research (Ermolayev & Plaksin,
2002). SPAsaccumulate and adjust their
local beliefs on the capabilities of their
collaboratorsfrom the experience of co-
operative performance. New portions of
thisknowledge appear each time an ac-
tivity isbeing outsourced to an SPA. Sub-
jective beliefs of the SRA on the prob-
abilitiesof itsfellows capabilitiesto per-
formthegiven activity arethusupdated.
FCEM for capability beliefsrepresenta-
tionismaintainedinthefollowing form:

a al a

SPA, [ ¢ ¢/ oy
C= ¢ =, np)

SPA, | c cy

wheredimensonsmand n changereflect-
ing the appearance of new incoming ac-
tivitiesand newly discovered or perishing
SPAs.

Capability estimations ¢, change
eachtimean agent negotiateswithitsfel-
lowson outsourcing an activity. Element
d.intuplec, standsfor the quantity of
recorded negotiationswith fellow agent

SPA. concerning activity ai. Elementp
standsfor the capability expectation. The
rulefor ¢, updatesisasfollows:

1 pij — pij +Lj
_ G , 2
2. q'l«<qg'+1 2)

wherer isequa to: 0— if thefellow re-
jected theactivity, 0.5—if thefellow re-

plied that it can accept the activity and 1
—if theactivity wasfinally allocated to
thefelow.

Onemoreaspect providinginfluence
on atask requestor’sdecisionto allocate
an activity to one or another negotiation
participant is its assessment of the
participant’scredibility. A salf-interested
SPA, due to the appearance of the new
highly attractiveactivity offersinthecom-
petitive environment or dueto the pecu-
liarity of itsbehavior, may lower previoudy
declared capacity (Ermolayev etd., 2001,
Ermolayev & Plaksin, 2002) it isspend-
ing for thebulk of theactivitiesunder ex-
ecution. Thiswill lead to theincrease of
the performance duration, which may
therefore seriously decrease the
requestor’sdesirability of these results
and, thus, lower the credibility valuefor
the SPA sdlingitsfellowsshort.

Let, for example, a service
outsourced to an SPA be‘ DeliverAir Tick-
ets’. Theresult of theserviceis:. thetick-
ets are at the gate counter. The agreed
delivery time is 30 minutes before the
check-in, though the deadline advertised
by the SRA beforeisthetimewhen the
check-in starts. The SRA will evidently
consider the SPA that delivered thetick-
etsbeforeor right in the agreed time as
credible. However, if the SPA deliversthe
ticketsin five minutes before the check-
in, the SRA may rightfully fed aggrieved,
thoughit still hasthe chanceto check in
for theflight. Thecredibility of theSPA in
theeyeof the SRA will thereforebelow-
ered. Further on, if thetickets appear at
the counter after the check-in has been
opened aready, the SRA may rightfully
consider that the contract termswere se-
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Figure 5: Activity Accomplishment Times and Corresponding Credibility Changes
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rioudy violated by the SPA. Itscredibility
should bethereforedrastically lowered.
Findly,imaginean SRA ill waitingforits
tickets at the counter when the planeis
already taking off. Inthelatter casethe
SRA may evenwant to requireapenalty
inadditionto lowering SPA'scredibility
to zero. Tosummarize, itisnatural to mea-
surethe changes of an SRA’sbeliefson
the SPA'scredibilitiesby thelossesof the
desirability of theserviceresultsbased on
thestricken contract deal (refer to Fig-
ureb).

The mechanism of accounting fel-
lows credibility vauesissmilar tothat of
adjugting the beliefson changing fellows
capabilities(1-2). Credibility assessment
valueschangeover timeastherequestor
agent adjudsitssubjective bdiefsby com-
paring thedesirability values (Figure5)
derived from:

» 1st—activity duration the executive
committed towithintheactivity aloca-
tion arrangement negotiation and

» 2nd—actud resultsdelivery time. Cor-
responding credibility matrix e ements
arethen recomputed dueto thefollow-
ing

1t <t,
Cr; =Cr; xqpy(ta /)t <t <d, ,
0t >d,

3)

where: t_is the time the parties have
agreed to accomplishtheactivity a, t is
theactud timeof aresultsdelivery, d.is
thedeadlineand p,istheweight coeffi-
cient characterizing thecurrent priority of
afor theactivity requestor agent.

Credibility threshold val uesassoci-
ated with respectiveactivitiesand stored
inagents PLPsare used by task request-
ing agentsto assesspossiblerisksand al-
ter their Strategies.

Negotiation on Activity Allocation

Asit was mentioned above, nego-
tiation on activity allocation takes place
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Figure 6: Extended Iterated FIPA Contract Net Protocol
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each timean agent realizes, according to
itsknowledge of the activity or because
of theoverload, that the activity should be
outsourced to oneof thefellow SPAs. An
extenson of theFI PA I terated Contract
Net protocol has been proposed asthe
interaction protocol for thiskind of nego-
tiation (seeFigure6). A servicerequestor
agentisconsidered anInitiator (1) inthis
encounter. The SPAsabout which | be-
lievesthat they are capableto performthe
activity (FCEM) form the party of thein-
vited Participants (P).

Thefirst round of theinteraction,
whichisactudly theextensgon of theFIPA
protocol, aimsto find out if any of the
known capable Psmay agreeto perform
theactivity. Negotiation set for thisround
containsactivity signature only (for ex-
ample, ‘ DeliverAirTickets’). An | may start
exploring other opportunities of

inform ————

9

outsourcing theactivity if al Psfromthe
sphere of its awareness (Ermolayev &
Plaksin, 2002) refusein thefirst round.
For example, | may require the list of
matching SPAs from the Matchmaker
Agent (MA, seeFigure8).

Negotiation on the second and the
subsequent roundsis about the terms of
thepossiblecontract. An| advertisesthe
activity inputsand the discreteresultsde-
sirability function astheincentive over
time. | than choosesthebest Ps proposa
welghted by therespective credibility val-
uesin caseseveral Psproposalsresultin
the agreement. Subsequent rounds are
used to adjust the activity inputs or the
desirability functioninthe caseif noone
of the Pshasagreed onthe previousround
(for example, dates, destination point on
Figure?2).

Ps refusals and propositions are
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Figure 7: Negotiation — Agreement and
Disagreement
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shownonFigure7. Thesefeedbacksare
formulated inaconstructiveway todlow
thel to adjust its CfP in the subsequent
round. A feedback containstwo incentive-
time pointsdefining the segment onwhich
a possible agreement may be stricken.
Evidently, the areaof agreement for the
current round could beformally defined
astheunion of al those partsof thefeed-
back segmentsthat are on and below the

Figure 8: RACING Reference Architecture

1(3), 63-87, July-Sept 2004

I’'sdesirability function polyline. All other
pointsof Ps feedbacksindicatetheir dis-
agreement with the offer of the current
negotiation round.

Anl consdersthenegotiation round
asfind if it canaccept oneof thePs agree-
ment and strike the contract deal. The
chosen Pthusbecomesthe contractor and
commitsitself tothetask codlitionfor the
time necessary to perform the outsourced
activity. Task coditionsare considered to
be akind of social structure. Coalition
membersarethusbounded with codition
commitmentsand convention regulating
ther ratiosof sdf-interest and benevolence
(Ermolayev et dl., 2001).

Negotiation ontology (Ermolayev
etal., 2001) isused asthe namespace and
theformal semanticframefor the contents
of themessagesagentscommunicatewith
whilenegotiating on activity alocation.
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Legend:

UA - User Agent, QTA - Query Transformation Agent, QPA - Query Planning Agent,
RWA - Resource Wrapper Agent, OA - Ontology Agent, MA - Matchmaking Agent,
CLA - Cloning Agent, CoA - Coordination Agent
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RACING?®
FUNCTIONALITIES,
AGENTS, & SERVICES

A reader might argue that, fairly,
travel planningisnot thetask that really
requires sophisticated agent-enabled au-
tomation technique: negotiations, coali-
tions, service wrapping and composition
— aleast fromthecustomer’ssde. Trave
planningisnot that timeconsumingtomake
itsperformanceimpossi blewithout auto-
mation. Moreover, ahuman will some-
timesstill be better in arranging loosely
formaizedthingsthat requireintuitionand
context- dependent understanding with
complexity beyond the capacity of, say,
thefirgt order |ogic based languages. How-
ever, the presented techniqueisapplicable
not only in caseyou plan your conference
trip (Ermolayev et d., 2001; Ermolayev
& Tolok, 2002).

Let’sproject theabovediscussion
to distributed information and document
retrieva domain. Inthetermsof document
retrieval aservicerequestiscommonly
formulated asasearch phrase— afirst
order logicexpressonover thelist of key-
words or phrases. Documents (Web
pages, scientific papers, magazines,
books) are stored at disparately structured
distributed autonomously maintained da-
tabasesor text collectionsinadigital form,
aremarked-up according to different stan-
dards and often cost money. A task for
document retrieva may thusbe presented
astheset of interrel ated activitiesdistrib-
uted over the document providers. These
activitieswrapthe(partid) queriesderived
fromtheinitia user’srequest.

Thegod of theRACING projectis
to provide mediation facilities for user
query processing by the means of the
query semantic decomposition, theratio-
nal distribution among independent, au-
tonomous, rationa document retrieval ser-
vice providerswrapping respective docu-
ment resources, and thefusion of theob-
tained results (Figure 8). User agentsact-
ing on behalf of the human usersor real
organizations(e.g., libraries) and service
providing agentsare considered asbusi-
nessrepresentativesor businessmodels
inframeof theproject. RACING media
tion may thusbeclassfied asB2B media-
tion. Itisevident that such akind of intel-
ligent activitiesrea ly needs sophisticated
automation to be scalableand gracefully
downgradable.

User query processing, resource
wrappers registration by the capability
matchmaker and common ontology main-
tenancearethebasic functionalitiesof the
RACING mediator (Figure 8). Though
only query processing may beconsidered
asared businessprocessinvolvingthird-
party service providers for money, the
other two onesarea so performed astasks
and require varioustypes of negotiation
and semanticinteroperation.

For example, theoutlinefor theuser
guery processing scenarioisasfollows.
Theprocessstartsat UA withtheformu-
lation of the query in terms of the key
phrasesfamiliar tothegivenuser. UAsare
cloned by CLA utility agent eachtimea
new user comesto the mediator and per-
ish when the user |eaves. User profiles
(mappingsof their most frequently used
key words or phrases to the Mediator
Common Ontology (MCO) concepts) are
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incrementally collected, stored at OA
(Ermolayev et al., 2003) in the form of
thereferenceontology and used by QTAS.
UA actually generates and conductsthe
task of query processing and actsasthe
proxy between the user and mediator.
Query processing task generated by UA
contains ‘CloneQTA’, ‘TransformQry’,
‘CloneQPA’, ‘ExecuteQry’ activities. The
cloning activitiesareoutsourcedto CLA,
which clones QTA and QPA for query
processing. ‘TransformQry’ activity is
outsourced to QTA, which performsthe
transformation of the query interms of
keywordsto semantically matching query
intermsof the conceptsof theMCO. The
last activity isoutsourced to QPA, which
generatesthefollowing set of activitiesfor
‘ExecuteQry’ task: ‘DecomposeQry’,
‘PerformQryset’ . Query decompositionis
performed by QPA inorder to extract the
partsof theincoming query that may re-
quiredifferent capabilitiesfrom document
serviceproviders. Thisextractionisguided
by topic classification of theMCO. Re-
sulting set of partial queriesisperformed
by QPA asthefallowing activity sequence:
‘“MatchRWA', ‘ PerformQry’ . Matching ac-
tivity isallocated to MA for acertainin-
centive over accomplishment time. MA
returnst thelist of RWAs capableto per-
form document providing servicesrd evant
tothepartial query. ‘ PerformQry’ activity
allocationisnegotiated with pre-selected
RWASsintermsof service* overheads over
timeand document priceand the contrac-
tor ischosenfor query performance (Sec-
tion 3.2). Contractor RWA receivesthe
partial query intermsof MCO. It there-
foreneedsto transformthequery intothe
termsof itsresource ontology. Thistrans-

formation activity isoutsourced to OA,
which actually holdsthe necessary map-
pings. RWA than invokes document ser-
vicethat it wraps with the transformed
guery and provides documentsrel evant
tothequery to QPA.

SERVICE COMPOSITION
IN P2P SERVICE
NETWORKS

Oneof theessentid prerequisitesfor
the implementation of aRACING-like
servicecompostion platformistheprovi-
sion of the proper underlying infrastruc-
ture. It becomeseven moreimportant in
the caseswhen the environment requires
more sophisticated capabilitiesthan those
provided by the conventiond WWW. This
section presentsthe OntoServ.Net frame-
work (Terziyan, 2004; Terziyan &
Kononenko, 2003) for theintelligent com-
position of Web serviceson the Semantic
Web enabled industrial environment.
OntoServ.Net isthe agent-enabled frame-
work for the management of industrial
devicesin the peer-to-peer network of
maintenance Web services. In
OntoServ.Net the principles of the Se-
mantic Web are used for the devel opment
of interoperable Web servicesand ontol-
ogy-based information management. Peer-
to-peer technology providesthe meansto
organizethecommunicationinfrastructure,
and agent technology enablestheimple-
mentation of the problem-oriented behav-
ior of network components (Terziyan,
2003).

OntoServ.Netisafully decentraized
environment that is a peer-to-peer net-
work comprising serviceplatformslocated
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at maintenance sitesand service provid-
ing centers. P2P structure of OntoServ.
Net reflectsexisting approachestowards
the creation of business-partnership envi-
ronmentswhere companiescan sharere-
sources (in particular, Web services) that
wereprevioudy used only internaly. En-
largement of such resource sharing envi-
ronments heads towards a global P2P
network with highly independent nodes.
Though semistructured architecture will
likely be used (with large service centers
withinnewly created communities), peer-
to-peer interactionsreflect theredlity of
today’sbusinesses.

Maintenance of complex industrial
machinery, for example apaper mill, re-
quireshundreds of factorsto control and
involvesmany servicesto monitor various
sensor data, analyze general condition
parameters, performance, and so forth.
Hardware configuration variesfrom one
machineto another, and thus, requiresan
individua approach to the organization of
the maintenance processand servicing.

Theset of condition monitoring and
maintaining servicesin OntoServ.Net is
dynamically composed depending onthe
current needs of amachine. It changes
when afault state processingisrequired,
or someserviceissubstituted by the other
oneinorder to provide moreefficiency or
tofollow degradation processesaongthe
machine'slifetime. OntoServ.Net service
network improvesperformanceand main-
tenancequality by providing themost ap-
propriate services available on the net-
work.

Recently the synergetic approaches
to the design of serviceinfrastructures
combining thefeatures adopted fromthe

Semantic Web, Web services and P2P
computing are under intensiveresearch.
L atest resultsprovethegresat potential of
such combinationsfor cooperative use of
distributed heterogeneous information
sourcesand services(seee.g., Terziyan,
2003; Sivashanmugan et a., 2002). Ser-
vicediscovery and compodtion of Seman-
tic Web-enabled Web servicesin ade-
centralized network present new chal-
lengesfor research community and de-
mand thorough study.

In addition to aP2P structure of the
service network, OntoServ.Net presents
new aspectsrel ated to the service com-
position problem which were not thor-
oughly studied before: service mobility,
individud rationdity of SPAsandtheirin-
tended readinessto cooperatively work
inaP2P environment.

ServiceMobility

The specificity of the maintenance
activities performed by the servicesin
OntoServ.Net requiresthat these services
aremobile. Thereasonsare: aneed for
guaranteed serviceavailability, aneed for
minimization of thecommunicationtraffic
over the network during long-term ser-
vicing dueto costs and/or technical re-
grictions, strict constraintsfor servicere-
sponsetime, security and privacy issues,
and soforth.

Service mobility may naturally be
implemented if theservicesare provided
by mobile agentsableto migrate between
agent platforms. Mobile servicespersist
onthelocd serviceplatformsonthesite
andterminateafter sarvicing. Actudly, ser-
viceinstancesarriveto alocal platform
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and arewithdrawn | ater. However, some
datamay bereturnedtotheorigina SPA
to update itsknowledge base regarding
the performed diagnosticsand efficiency
of actionstaken. Thisknowledgeisused
later on for theimprovement of the ser-
vicequality (Terziyan, 2004).

Rational Agent-Services

OntoServ.Net servicesarewrapped
by SPAs. SPAs, inaddition to providing
thelr serviceson SRAS requests, reason
about whichactivitiesto peforminagiven
case. OntoServ.Net hasno division for
sarvicerequestor and service provider lay-
ers, since both services and agents are
conceptually the same. Resource Wrap-
ping Agents (RWAS) represent industrial
machinesor their partsand provide Web
servicesto grant accessto or operation
ontherespectivedevices. RWAsa so act
as SRAs. For example, they acquire ad-
vanced diagnostic servicesfrom another
SPA to monitor basic parameters of the
mechine.

Resource wrapping agent shell
(OntoShdll, aframework for resourceand
service adaptation to the Semantic Web-
enabled environment (Terziyan, 2003))
can be applied for a wide range of re-
sourcetypes, including humans, knowl-
edge bases and industrial devices.
OntoShd| dlowswrapping servicesimple-
mented within the framework of W3C
Web servicearchitectureor, inprinciple,
any other software devel opment technol-
ogy that providesexternd gpplication pro-
gramminginterfaces.

Service Composition Strategy in
OntoServ.Net

Service composition in OntoServ.
Net is performed by platform-manager
agentsthat act asmediators between ser-
viceagentsscattered over the network and
local RWAs. A platform manager controls
services' mobility and supportsthe P2P
discovery mechanismof theOntoServ.Net
environment, which is based on the
matchmaking of aservicerequest to dy-
namic service profiles (Kaykovaet a.,
2004; Khriyenko et d., 2004). A profile
presentsnot only the serviceinterfaceand
thesemantics, but aso comprisesthegen-
eralized description of SPA’ssuccessful-
nessin somestates of the previoudy ser-
viced SRAs. A dynamic profileisthere-
forerequired for credibility assessment
(Section 3.3). Sinceservicesare assumed
toimplement variouslearning techniques,
their qudity highly dependsontheprevi-
ousinvocations, thesamplesfor saif-learn-
ing collected by SPAs, andinitia training
sets.

If aserviceiscomplex (Section 3)
and requirestheinvocation of other ser-
vices, the performanceisconducted by a
locd platformmanager. Theplatformman-
ager agent performsservicediscovery ei-
ther locally or network-wideand provides
inter-platform communicationfacilities

To round up, the OntoServ.Net
framework provides the means for the
development of agent-enabled P2P Web
sarviceinfrastructuresinthe networks of
complexindustrid machinery. Theframe-
work isapplied to the development of the
businessmodel sand theimplementation
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of the secure service platformsthat sup-
port new type of mobile services. It is
based on the synergy of P2P and the Se-
mantic Web, which ensuresthe success-
ful deployment of industry-strong solutions
based on agent technol ogy.

CONCLUDING REMARKS

The paper presented theframework
for agent-enabled dynamic Web service
composition. The core of the methodol-
ogy isthe new understanding of a\Web
service as an agent capability having
proper ontological description. Itisdem-
onstrated by the example of the travel
planning how diverse \Web servicesmay
be composed and mediated by dynamic
coalitions of software agents
collaboratively performing tasksfor ser-
vicerequestors. Itisaso clamed that such
amediation facility may substantialy en-
hancetoday’ssolutionsavailablein Web
serviceprovison. Thisvisonisgrounded
ontheresults obtained in agent-enabled
busi ness process modeling and manage-
ment.

It isstated that though the concept
of sarvicemediationisnaot totaly new there
is still some work to be done before it
becomesareal engineering technology.
For example, theframework for intelligent
dynamic service composition and decom-
position according to the changesinthe
environment affected by the service ex-
ecution flow has not been explicitly
worked out before. The framework in-
troducesthe agent middle layer to con-
duct the transformation of aservicere-
guest to the corresponding task and for
further cooperative task decomposition

and performance. Outlined aretheforma
meansto arrange agents' negotiationon
activity alocation, torepresent thesemantic
structure of the request-task-activity-ser-
vicehierarchy and to assessfdlow-agents
capabilitiesand credibility factors. Further
on, itisargued that the presented formal
technique is applicable not only to the
tasksliketravel planning. Presentedisthe
referencearchitectureof therationa multi-
agent mediator for intelligent information
and document retrieval. Further develop-
ment and deployment of themediator isin
progress in the frame of the RACING
project. Presented aspectsof servicecom-
position and mobile-agent servicerepre-
sentation in a peer-to-peer network of
sarviceintegration platformsextend RAC-
ING principlesof servicecomposition by
theaspectsof mobility. Theexperienceof
applying OntoServ.Net framework tothe
devel opment of P2Pserviceinfragructures
providesa so theevidence of theapplica
bility of the agent-enabled Web service
composition framework to red-worldin-
dustria gpplications

Though thorough standardizationand
harmonizationwork should be performed
before the presented approach becomes
anenginefor Web serviceprovision, the
authorsarecertain that agent-enabled ra-
tional Web service composition and me-
diation may provideasubstantial contri-
bution, bringing closer theday whenthe
brave new world of machine-processable
automated \Web servicescomestrue.

ENDNOTES

! International Workshop on Rule
Markup Languagesfor BusnessRules
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on the Semantic Web, 14 June 2002,
Sardinia(ltaly) http://tmitwww.tm.tue.
nl/staff/gwagner/RuleML-BR-
SW.html. Diffuse: Guideto Web Ser-
vices http://www.diffuse.org/Web
Serviceshtml

2 Serviceinputsaregiven semi-formally
in order to avoid unnecessary details
and save space.

3 Foundation for Intelligent Physical
Agents, http://www.fipa.org/, last ac-
cessed on April 24, 2003.

4 e-Appendixes A-1 — A-7 may be
downloaded from http://evazsu.zp.ual
services/app.htm

> “Oneof themost commonlow farere-
drictionsistherequirement for your stay
toincorporate at |east one Sunday. For
example, for around-trip New York to
Miami, apassenger flying Tuesday to
Thursday might pay £328, but apas-
senger whose stay includesaSunday
would pay muchless- £188.” —http://
www.flightcatchers.com/hel pmenu/
Howtofindchegpestfare.htm
last accessed on April 24, 2003.

6 Lufthansalnfoflyway Booking Service
http://lufthansa.con (last accessed on
July 15, 2003) and Cyber Flyer Book-
ing Sarvicehttp://cyberflyer.gdileo.com/
(last accessed on July, 15, 2003) were
used in the described exerciseto ob-
taintheoffersfrom F-s.

7 CNN Currency Converter: http://
gs.money.cnn.com/tg/currconv/ last
accessed on July 16, 2003.

8 http://www.bahn.de/, last accessed on
July 16, 2003.

® Applyingto acapability registry may
still appear to be necessary in case B,
C and D fail to provide constructive

proposals.

10 RACING: Rationa Agent Coalitions
for Intelligent Mediation of Information
Retrieval on the Net. http://
WwWw.zsu.zp.ualracing/ Project funded
by theUkrainianMinistry of Education
and Science under the grant No
0102Y 0053309.

11 As QPAs in RACING have limited
lifetime, RWAS credibility and capa
bility assessment (Section 3.4.) isper-
formed by MA for registered resource
wrappers. QRAssupply MA with nec-
essary dataobtai ned from cooperation
withRWAs.
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