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Hepiinyn

Ov vmpeoieg Iotod kot ot apytektovikég mov Pacilovior oe avtég pag divovv
evkapieg Yo va ykafidpOcOVE U0 TLO EVEMKTY) GLVEPYACTH LETAED TMV VANPECUDY
o€ O10pOPOVC TOLELS, OGS ekeivovg TV EEuTVEV TOAE®V, TV EEVTTVOV EPYOCTAGI®V,
TOV LETAPOPDOV, TNG VYELNG K.0. O KOPL0g 0TOYOG TOV EPEVVITIKMOV TPOSTOHELDY YOP®
and 11§ vanpecieg lotod givar 1 dtevkdAVVON TG TTEPLYPAPNG, TG avalTNoNG, TOL
YEWPLoUOV Kot TG ovvheong tovg. H chvBeon vampeciov sivan pa Tpdkinon kabmg
EMTPETEL TN ONUOVPYIC VEDV VINPECLOV LE YOPOUKTNPLOTIKA Kot SUVOTOTNTEG TOV OEV
elvar owBéoua amd T pepovouéveg vanpeciec. H obvBeon vmmpecidv umopel
eMTAEOV VoL EELTNPETNGEL EPUPLOYEG 1 XPNOTES KATA amaitnon, £T61 1 SLuVATOTNTA TNG
v EMALEOVE KO VO EVOOUOTDOGOVUE OVTOUOTO KOl OTTOTEAEGUOTIKO ETEPOYEVEIC
VANPEGIES ElVOL TTOL UL CTULALVTIKT] OVALYKT) GTNV TTopoyn vnpectdv Iotov. H avtdpat
oVVOEST LINPECLOV UTOPEL VOL EMEKTEIVEL TIC OLVATOTNTESG TOVG KO, OC EK TOVTOV, £VOG
BepnTiKd ameplOp1oTog aplBog VE®V LNPESIOV gival duvatd va dnpovpyndei and
éva. VITAPYOV GUVOAD GCLVICTMO®MV, EMITPEMOVING ETOL OTIG EQUPUOYEG VO, UMV
nepropilovtarl 610 apytkd GHVOLO TV AEITOVPYIDV TOV OPICTNKE KATA TO GYESOCUO
QVTOV TOV GLVIGTOGOV.

Ov apyikéc mpoomdBeleg oty mepoyn tv vanpecidv lotod amétvyov oto va
TOPACYOVV YEVIKOVS UNYAVICUOVS TOV Vo, VTooTtnpilovv TV avakdAvymn, T cvvleon,
mv a&oAdynon, v ektéieon kol v emifreyn vanpecidv Iotod ce duvapkd
TEPIPAALOVTA, E0IKA HE TIC TPOKANGCELS OV OVOKVTTOLV OO TNV ovATTuEn vEwV
texvoloyldv 0mmg to Cloud Computing, to Internet of Things xat Ta Cyber Physical
Systems. Ot onUaGIOAOYIKEG TEYVOLOYIEC TTAPEYOLV EPYUAEID YOl TNV OVTILETOTION
AVTAOV TOV TPOKANGE®V OV GYETILOVTOL e TNV TEXVOAOYIN JOIKTLOK®OV VINPECLAOV,
Wilog exeivov mov wpémel va ektehestobV o duvautky Asttovpyia. Tlap® dAa avtd,
VILAPYOVY OKOUN CNUOVTIKA eUmOdIe To omoia mpémel vo, veepmndnbovv. Katd v
eVAoYOANOT HE OVTA TO EUTOOLN, TEPUTEP® PEATIOCES ©TN dadiKacio cvvOeoNg
VINPECLOV givarl avaykaieg, Waitepa otV Tapoy] VYNAOTEPOL PBabuov avtovopiog.
AxolovBdvTag TRV TNV TPOCEYYIoT), N AVTOVOUT CUVOEST] LINPECIOV UEIDVEL LEV
TNV EUTAOKN TOV OaVOPOTOL GTO €AGYIOTO OAAG, Oomd TNV GAAN pepld, omoitel
eCE10IKEVUEVEG  QLVATOTNTEG OO TNV TAELPE TOV  UNYOVICUOV Tov Ba v
vrooTnpi&ovv.

H mapovca dwatppn e€etdlet To mpoPAnua cdhvieong vanpesidv Iotov amd v dmoyn
™G OMASIKNG €PYACTIOG KOl OVTILETOTILEL TNV TPOKANGN TNG OVATTLENG OLTOVOU®V
OVVOETMOV VINPESIOV TKAVAOV VO, TOUPOLSLALOVV GLUTEPLUPOPA OLAOIKNG epyacioc. Mia
TETOL0 VTINPEGTO SOUEITOL OO CUVIGTMOGES [LE GLYKEKPLUEVOLG pOAOVG TTov Pacilovtan
0€ HOVTEAD GLVEPYATIKOTNTOG KOl €val KOV VO GUVEPYOOTEL OTOTEAEGUOTIKG LE



GAAOVC €V OUVALEL GLUTOIKTEG OE €VOL GUVOAO E€PYOCIOV Yo, TNV &mMiteLén TOL
oLVOAKOD 6TdHYoL NG opddag. H yprion g Bempiog tov poviéhAwv poAOV Kot NG
CLVEPYOTIKOTNTOG EKTEIVETAL GE SLAPOPOVS KAAOOVG OO TN O101KNON EMYELPNTE®Y MG
TN YVOOTIKY] EMGTAUN, TOV ovOpdTIvo AdY0, Kol TNV KOTOVEUNUEVY] TEXVNTN
vonuoouvn. v apyn g owrpiPng, meptypdoovpe TV oAANAETIOpOCT TV
vInpectdV aélomoimdvtag T Oesmpio TV poviédwv polwv. Mo mepLypaon TV
VINPecLOV  Paciopuévn o€ POAOVE KOL GUUTEPIPOPEG UMOPEL VO EVEPYNOEL MG
dwpecorafnme petalh Tov SUEop®V YAMCOHV TEPLYPAPNG VANPECIOV KOl HLOG
TUTIKNG TTEPLYPOPTS TOV Oa EMTPEYEL TNV TOPOY®YN CUUTEPUCUATOV Y10, VEQ TAAVQL
OLVEPYOGIOG Y10 TOLG GKOTOVG TG CLVOESNC. XTI GLVEXELN, EMOPEAOVUACTE OO TN
Bewpio ™ opadikng epyaciog v va Kabopicovpe Tovg Kuplapyovg pOAOVS TOL
EMKPOTOVV KOTA TN OUPKELD TNG CLVEPYUSING EVOG GLVOAOVL LINPESIHY. AvTol Ol
poAol amookomohv 610 (1) v ONUIoLPYOHVTAL Kol Vo DVAOTOI0UVTOL TAGVE TTov Oa
QEPOLVV E1G TEPOG TIG TPOKVITOLGEG otnoelg e&umnpétong, (i) va emttpéyouy oTIg
vaNpeciec va yeplobovy kdbe mpokvITOovGH APEPOIOTNTA HE TNV TPOANTTIKY TOVG
dpaon katd TN ocvpueToyny tovg, (iil) va evtomicovv Kol Vo OVTIIUETOTIGOLV
OTOLOONTTOTE U1 OVOUEVOUEVT] CUUTEPLPOPA M KOTACTOON 7OV EUQOVICETOL OTNV
TEPLOYN KATA TN SIOPKELD TOV GYESAGHOD Kol TG EKTELEOTG TG LAnpesiag, (V) va
EVEPYOLV ®C O OLVOECUOG TOv &lvarl avaykoiog 7Yoo v avadldpOpmon Kot tov
oLVOLOCUO VANPECIOV o duvapkd kot ompoPrenta mepiBdAlovio. Metd tov
KaBopopd TV PpOL®V OUAOIKNG €PYONCING, T TPOCEYYIOY| LOVTEAOTOINGNG POAMV
enekteivetal MoTe 01 vANpPecieg lotod va cuvepyalovtor AVTOUATO EVIGYVOVTOS TN
SWAEITOLPYIKOTNTA TOVG. AVOUEVOLUE OTL TO TPOTEWVOUEVO HOVIEAO OUOOIKNG
epyaociag Oa amoktnoel Wiaitepn onuocio o€ Suvapikd TepPdriova, Kabmg ETITPETEL
TNV OVATTUEN O OMOTEAEGUOTIKOV GUVOET®V LNPESLOY. AVTEG 01 VINPETieg givar
evotabeig opdoeg e HEAN mov Exovv peyoAbtepn katavomon peta&d tovg. Mmopodv
VoL YEPLGTOVV HECH TNG OUOOIKNG CUUTEPIPOPES TOVG UM AVAUEVOLEVO YEYOVOTO TOV
ocvopupaivouv 6to mEPPAALOV TOVG KO VO GLVEPYACHOVV OMOTEAEGUOTIKA YLl VO
EMTVYOVYV TOVS GTOYOVG TOVG:
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Abstract

Web services and service based architectures have created opportunities to establish
more flexible collaboration among the services of several domains such as smart cities,
smart factories, resource management, intelligent transportation, health and many
other. The main aim of research efforts around Web services is to facilitate their
description, search, handling and composition. Service composition constitutes a
challenging task of service provisioning as it can produce new composite services with
features and capabilities not present in the individual ones. Also, service composition
can serve applications or users on-demand basis, so the ability to automatically and
efficiently select and integrate heterogeneous services at runtime becomes an important
requirement to the Web service supplying. This is also due to the fact that, by
automatically composing services, their capabilities can be extended, therefore
theoretically an unlimited number of new services can be created from an existing set
of components, thus making applications no longer restricted to the original set of
operations specified and at the design time of these components.

Initial efforts in the Web service area failed to hold the promise for providing generic
mechanisms that support discovering, composing, evaluating, executing and
monitoring Web services in dynamic environments, especially with the issues raised by
the development of new technologies such as Cloud Computing, Internet of Things and
Cyber Physical Systems. Semantic technologies provide tools to address various
challenges related to the Web services technology, particularly those which have to be
performed in a dynamic mode. However, in order to realize this potential, significant
hurdles still have to be overcome. To deal with these hurdles, further improvements of
the process of service composition become necessary, especially in providing a higher
degree of autonomy. Following this direction, autonomous service composition is
expected to reduce human involvement to a minimum, but it requires specialized
capabilities on the part of the mechanisms that will support it.

This thesis examines the Web service composition problem from the viewpoint of
teamwork and addresses the challenge of developing autonomous composite services
capable of exhibiting teamwork behavior. Such a service is constructed of components
with specific roles based on teamwork models and is capable to effectively cooperate
with multiple potential teammates on a set of collaborative tasks to achieve the overall
team goal. The use of role model and teamwork theory has spanned in diverse
disciplines from business management to cognitive science, human discourse, and
distributed artificial intelligence. In the beginning of the thesis, we describe the
interaction of services by exploiting the role model theory. A description of services,
based on roles and behaviors, may act as mediator between the different Web service



languages and a formal description that will enable the reasoning over new paths of
collaboration for composition purposes. Then, we benefit from the teamwork theory in
order to determine the dominant roles that prevail during service group cooperation.
Roles aim to (i) design and implement plans that will accomplish any arising serving
request (ii) enable services to manipulate the uncertainties by being proactive during
their participation in specific events, (iii) capture and handle any potential emergent
behavior or situation that appears in the domain during service design and execution,
(iv) act as the glue needed to reconfigure and combine services appropriately in
dynamic and unpredictable environments. After specifying service teamwork roles, the
role modeling approach is extended in order to enable Web services automatic
cooperation by enhancing services’ interoperability. We expect that the resulting
teamwork model will be especially important in dynamic environments, since it enables
the development of more efficient composite services. These services are stable teams
of members promoting mutual understanding. They are able to manipulate any
unexpected event that happens in their environment via their team behavior and to
cooperate effectively to achieve their objectives.
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