nPOz
1) OAa ta péAn AEN tou TpRpatog Emotipung YnoAoylotwv

2) Toug ekmpoowroug Twv Metantuxtakwyv ¢pottntwy tov Tupatog Emotipng
YrnoAoylotwv

3) Tnv Entapeln E€etaotikn Emtponn

4) OAa ta péAn tng Navemotnuiakng Kowotntag

NpdokAnon og Anupooia Napouoioon tTng Adaktopikig AlatpLg Tou

K. ®adaiiov NavAov
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Tou Tunpartog Emotiung YmoAoylotwy tou Navemnotnuiov Kpntng oto HpakAeto, Oa
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uroyndiou dtdaktopog tou Tunuatog Emtotriung Yrnoloylwotwy K. Qadaiiol MavAou
ue B€pa:

“ A§lontoinon Atacuvdedepévwv Asdopévwv otnv E§epeuvntikn Avalntnon”

“Exploiting Linked Data in Exploratory Search”

NEPINHWH

Ta teleutala xpovia mapatnpeital pa €kpnén otn dnuoocicuon dedouévwv otov
MNaykoéoulo 1oto, Kuplwg pe tn popdn Altacuvdedepévwy Asdouévwy (Linked Data).
Eva Baolkod €pwINUA OUWC €ilval MW OQUTOC O OUVEXWE QUEAVOUEVOC TIAOUTOG
YVWOoeWV Umopel va aflomownBel amd amAolg xproteg ywa KaAutepn avalitnon
mAnpodoplwyv. Av Kal Ta UTAPXOVTO CUCTHMATO ONUOCLOAOYLIKAG avalntnong
QmOKPUTITOUV TNV TIOAUTIAOKOTNTA TOuG aflomolwvtag ¢GALKA oTn xprHon HéEoa
aAAnAentidpaong, Sev €xouv KatadEpel akOUa va KAAUOUV KOLVEG — YEVLKOU OKOTIOU
— avaykeg avalntnong kot dtaouvdeong mAnpodoplwy. MNapdAAnia, cupudwva pe



Sladopeg HeAETEC, éval HEYAAO TIOOOOTO TWV avalntnoewv eival eéepeuvntikol
XOPAKTHPA. 2€ TETOLOU €60UC MANPOPOPLAKES AVAYKEG OL TTAPASOCLAKES ATIAVINOELG
mou €xouv TN Hopdn YPOUMLKAG AloTag oamoteAsopdtwv ocuvABwe bev eival
LKOVOTTOLNTLKEG.

O okomog autng e StatplBhg elval n mopoxn MPONYUEVWY UTINPECLWV EEEPEUVNTLKAG
avalnTnong oL omoieg yedupwVouV TO XAOHA LETOED TWV KAQCCIKWVY QTTAVINOEWV N
ONUOCLOAOYLKWY cUoTNUATWV avalntnong (emayyeApotikng n un ¢UoEwg) Kot
onUAoloAOYyLlKAG  TAnpodoplag  ekdppacpévng He T Hopdny  Avol twv
Altaouvdebepévwv Asdopévwy (AAA). Mpog auth T KoteuBuvon, €L0AYOUHE Kol
€€eTAlOUUE MO TIPOOEYYLON KATA TNV Omnola EMWVUUEG OVIOTNTEC (OMwG yla
TAPASELYLA TIPOCWTTA, TIEPLOXEG, XNMLKEG OUGLEG, KTA.) aglomoloUvTal WE 0 CUVOETLKOG
KPLKOC yla tnv auvtopatn dtacuvdeon eyypadwyv (amoteAeopdtwy avalntnong) Ue
6ebopéva kat yvwon. MeAeToUPE HLO TPOCEYYLON Omou outrh n — Baclopévn oe
OVTOTNTEC — EVOTIOLNON TIPOYLLOTOTOLELTAL OE TIPOYHOTIKO XPOVO, KOTA TN OTLYUN TG
avalntnong, Xwpeilg EWMAOKA TOU XPAoTn, OAAG KoL Xwplc TNV  avaykn
TIPOKOTOLOKEUQOUEVWY  EUPETNPILWY. AUTO ETUTPEMEL TNV TOPOXH «PPECKLACY
mAnpodoplag, TNV EUKOAN MOPAUETPOMOINON AUTAG TNG AELTOUPYLKOTNTAG CUUPWVA
HE T OVAYKEG TOU UTIOKELHEVOU ocuoThpatog avalntnong, oAAd Kot TNV €UKOAN
aflomoinon tnc ano Ta umapyovta epyaleia avaktnong mAnpodopLwv.

H mapoxn ¢ mapandavw Aettoupykotntag £xel Stadopes mPokANoeLg. ApXLKA, Ta AAA
mou elvat SlwaBéowpa otov MNaykooulo lotd €xouv peydlo péyeBog, eival
KoTtavepnuéva og MoANEG Baoelg Nvwaoewv, aufAavovTtal Kol EVNUEPWVOVTOL CUVEXWC,
Kol KAAUTTTOUV TTIOAAEC OeaTIKEG TTEPLOXEC. EK TOUTOU, TIPOKUTITEL N avAyKn yLa £va
HOVTEAO SLOAELTOUPYLKOTNTOG TIOU VO ETILTPETEL TOV TPOCGSLOPLOUO TWV OVIOTATWY
eVOLAPEPOVTOC KAL TWV OXETLKWY ONUACLOAOYLKWV dedopévwy (amo Stadopeg BAOELS
YVWOEWV). ZUVAHA 0 aplOpog Twv €€0pUELUWY OVTOTATWY amd TA AMOTEAECUATA
avalAtnong WIoPEL va elvol OPKETA UEYAAOG Kal TO 8Lo LoyUEL yla To péyeBog g
ONUACLOAOYLKAG TTAnpodoplag mou unopel va avaktnBel amod ta AAA yla QUTEG TLG
ovtoTNTEG (AToL To MARBOG TWV XOPOKTNPLOTIKWY TOUG KoL TWV CUCXETIOEWY TOUG E
AAAEG OVTOTNTEG). EK TOUTOU TPOKUTTEL N avaykn yla LeBoSoug mou va pmopouv va
EKTLUNOOUV TIG TILO ONMOVIIKEG OVIOTNTEG, KABWG KAl TN ONUAVILKY OXETLKA
onuactoloyikn mAnpodopla, yla Ta anoteAéopata TG EKACTOTE avalTtnong.

L TNV EMLTUXNA QVTLLETWITLON TWV TAPATIAVW TIPOKANCEWY, N SLaTpLPr) mpoTelvel pia
Stadikaoia avaluong anoteAeoudtwy avalntnong KoTtA TNV omola Ta anoteAéopata
ouvdéovtal pe Sedopéva KoL YVWOELG OE TIPAYHOTLKO XPOVO, XwpLig T HecoAdBnon
Tou xpnotn. MNa tv nepypadn tTwv oviotNTwy evOLAPEPOVTOG KOL TNG OXETIKNAG
onuacloAoylkng MAnpodoplag mPoTeiveTal €va YEVIKO HOVTEAO TOPAPETPOTOLNCNG
Juotnudatwyv E€aywyng Ovrtotitwv (ZEO), evw yla tov akplfr) mpoodloplopo tng
OnNUAcLoAOyLOC UTOU TOU LOVTEAOU, EL0AYOUME £va RDF/S Ae€AdyLo pe dvopa “Open
Named Entity Extraction (NEE) Configuration Model”, to omolo emutpénel éva ZEO va
neplypaet (kat va Snupootevel wg AAA) tig Suvatotnteg Tou. MNa va KATAoTHOOUUE
duvatn tn cuoxETtion Tou anoteAéopartog tne Stadikaciag e€aywyng oOVIOTATWY WE TIG
TIOPOUETPOUG TIOU XPNOLUOTIOONKAY, TIPOTEIVOUME HLA EMEKTOON TOU HOVTIEAOU
“Open Annotation” n omoia emitpémneL Kot tn SNUOCLEVON TWV ATIOTEAECUATWY TNG



e€opuénc wg AAA. Ta tnv Slepelivnon NG EMITEVELUOTNTOG AUTOU TOU HOVTEAOU
avantuxonke to cuotnua X-Link to omoio og avtiBeon pe ta unapyovta ZEO emiTpEmeL
HE €UKOAO TPOMO TOV TPOOCSIOPLOPO TWV KATNYOPLWV OVIOTHTWV KAl TwV
onuacloloylkwv OSedopévwv ToOU  evlladEpouv TNV  UTOKeipevn edapuoyn
alOTOLWVTOG MO | TIEPLOOOTEPEC ONUAOCLOAOYIKEC Baoelg Nvwoswv. Ma tov
EVTOTILOMO TWV TILO GNUOVTLKWY CNHACLOAOYLKWYV TIANpodopLwV Tou oxetilovtal e Ta
anoteAéoparta pLag avaltnong, EL0AYOULE Kal HEAETAMUE plo pEBodo katdtagng
Baolopévn oto povtédo Tuyxaiou Meputatou (Random Walk) mou aflomolel Tig
efnyuéveg ovtotnteg kat tn Olaoclvdéeory toug. H aflomoinon outwv Twv
ONUACLOAOYLKWY TIANPOdOPLWY YIVETAL E(TE HE TNV OMTLKOMOLNON TOU OXETLKOU
vpadou n/kat ota mAaiolo evog moAudldotatou povieAou oAANAemidpacnc mou
ETUTPETEL OTOV XPNOTN va eEpLopioel Tov MANpodopLaKkd Tou Xwpeo auvéntika. MNépav
auvtol, n StatpBr auty peAétnoe tnv aflomoinon TETOlwV YypAdwv KoL yla TtV
avakotataén tng AloTag amoTEAECUATWY HE OKOMO TNV BEATIWON TNG, CUYKEKPLUEVAL
yla tTnv powOnon eyypddwv mou av Kat eival cuvadn Ue TNV emepwtnon dev ival
OTLG TPWTEC BE0ELC TNC KOTATAENG.

H SlatplBr) avagépel ektevr) amoteAéopata ofloAOYNoNG TwWV TPOTELVOUEVWV
AettoupyLwv Kat peBodwv. Avadopikd pe to cuotnua X-Link, n aéloAdynon pe xpnoteg
£€6el&e TNV €UKOALOL TTOPOUETPOTIONONG, EVW MO HEAETN mepimtwong £6se TNV
arnodoon twv umootnPL{OPEVWY AELTOUPYLWV Tou. H ouykpLtikr afloAdynon Ttou
TPOTELVOUEVOU  aAyopiBpou  Katdtaéng Twv OVIOTATWV KoL TNG OXETIKNAC
onUaoloAoyLlknG mAnpodoplag €6el€e OTL N TMPOTELVOUEVN TPOCEYYLON ElvaL TILO
QTTOTEAECUATIKY) O oXéon He GAAeC peBodouc avakatatainc. Avadoplkd LE ToV
TPOTO MAPOUGLACNC TWV CNUAVILKWY OVIOTATWV (Kal Twv SlacuvdEcswv Toug) mou
oxetilovtal pe pilo amavtnon, Ta OMOTEAECUOTA HLag afloAOynong Tmou EYLVE WE
XPNOTEC oTNV TepLloxn tng avalntnong Baldcolwyv eldwyv, €8elfe OTL N MAelovoTNTA
TWV CUUUETEXOVTWV (Teplocdtepol amd to 70%) MPOTLUOUV i ypadLKr) OTEKOVIoN
TWV OVTOTHTWYV Ttou oxetilovtal Pe Ta anoteAéopata avalntnong, avelaptnTwg Tou
Tomou enepwtnong. H afloAdynon tou mpotewvopevou TBavotikou aAyopiBuou
QVOKATATAENG TWV ETMLOTPEPOUEVWV QATIOTEAECUATWY TIOU EYLWVE WE OUANOYEC
a&lohoynong ano to TREC (Text Retrieval Conference) mou adopouv Tov Topéa TG
LATPLKAG, KOTESELEE OTL N TPOCEYYLON QUTH UMOpPEL va BEATLWOEL ONUAVTIKA TN AloTa
anoteAeopatwy npowbwvtag cuvadrn gyypada oe vPnAotepeg B€oelg. TEAOG N
vuAomoinon Kal To TELPAUATIKA QTOTEAECHUATA TNG TPOTEWVOUEVNG Sladilkaoiog
avalntnong KateSelav TNV EMITEVELUOTNTA KOL TV amodoaoh TG, KAl oG EMETpeav
OUVALO VO EVIOTIIOOUE TOUG TIEPLOPLOLOUG TNG.

ABSTRACT



In recent years we have witnessed an explosion in publishing data on the Web, mostly
in the form of Linked Data. An important question is how typical users, who mainly
use keyword search queries, can access and exploit this constantly increasing body of
knowledge. Although existing interaction paradigms in Semantic Search hide their
complexity behind easy-to-use interfaces, they have not managed to cover common
search needs. At the same time, according to several studies, a large number of search
tasks are of exploratory nature. However, in such tasks the traditional “ranked list”
approach for interacting with the retrieved results is often inadequate.

The objective of this thesis is to enable effective exploratory search services which can
bridge the gap between the classic responses of non-semantic search systems (e.g.,
Professional Search Systems, Web Search Engines) and semantic information
expressed in the form of Linked Open Data (LOD). Towards this direction, we introduce
an approach in which named entities (like names of persons, locations, chemical
substances, etc.) are exploited as the glue for automatically connecting documents
(search results) with data and knowledge. We study an approach where this entity-
based integration is performed at real-time, without any human intervention and
without the need of prebuilt indexes. This allows the provision of “fresh” information,
the easy configuration of this functionality according to the needs of the underlying
search application, as well as its easy exploitation by existing search systems.

The provision of the aforementioned functionality is challenging. At first, the LOD that
are available on the Web are big, are distributed in many knowledge bases, are
increased and updated continuously, and also cover many domains. Consequently,
there is the need of an interoperability model that will allow the specification of the
entities of interest as well as of the related and useful semantic data. In addition, the
number of extractable entities from the search results can be very high and the same
is true for the amount of semantic information that can be retrieved from the LOD for
these entities (i.e., the number of their attributes and of their associations with other
entities). Thus, there is also the need of methods that can estimate the important (for
the search context) entities, attributes and associations.

To cope with above challenges, this thesis proposes a semantic analysis process in
which the search results are connected with data and knowledge at real-time without
any human intervention. For describing the entities of interest, as well as the related
(and useful for the application context) semantic information, we propose a generic
model for configuring a Named Entity Extraction (NEE) system, while for specifying the
semantics of this model, we introduce an RDF/S vocabulary, called “Open NEE
Configuration Model”, which allows a NEE system to describe (and publish as LOD) its
entity-mining capabilities. To enable associating the result of a NEE process with an
applied configuration, we propose an extension of the Open Annotation Data Model
which also allows publishing the annotation results as LOD. To examine the feasibility
of this model, we developed the system X-Link which, contrary to existing NEE
systems, allows its easy configuration by exploiting one or more semantic Knowledge
Bases. To identify the important semantic information related to the search results,
we introduce and study a ranking method that is based on the Random Walk model



and which exploits the extracted entities and their connectivity. The exploitation of
the selected semantic information is achieved either through the visualization of the
related semantic graph and/or in the context of a faceted interaction model that
allows the user to gradually restrict the search space. Besides, this thesis studied the
exploitation of such graphs for re-ranking the list of retrieved results aiming to
promote relevant but low-ranked hits.

The dissertation reports extensive evaluation results of the proposed functionalities
and methods. As regards the system X-Link, a task-based evaluation with users
showed its ease of configuration, while a case study illustrated the efficiency of the
supported operations. The comparative evaluation of the proposed probabilistic
scheme for ranking entities and semantic data showed that the proposed approach is
more effective compared to other ranking approaches (producing more than 20%
better ranking). As regards the presentation of the important entities (and of their
associations), the conducted survey in a marine-related search context demonstrated
that the majority of participants (more than 70%) prefer to see a graph representation
of entities related to the retrieved results regardless the type of the submitted query.
The evaluation of the proposed probabilistic algorithm for re-ranking the retrieved
search results (using TREC datasets related to the medicine domain) showed that this
approach can notably improve the list of results by promoting relevant hits in higher
positions. Finally, the implementation and the experimental results of the proposed
search process demonstrated its feasibility and efficiency, and also enabled us to
reveal its limitations.



