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PerÐlhyh

H diatrib  pragmateÔetai zht mata anataxinìmhshc (exatomÐkeushc, diaforopoÐhshc, sun-
duasmoÔ) apotelesm�twn anaz thshc ston istì. Sugkekrimèna, melet¸ntai kai proteÐnontai
mèjodoi gia anataxinìmhsh twn apotelesm�twn mhqan¸n anaz thshc, ¸ste na antapokrÐ-
nontai stic ek�stote an�gkec anaz thshc plhroforÐac enìc qr sth   om�dac qrhst¸n.
Wc b�sh qrhsimopoioÔntai proseggÐseic pou sthrÐzontai sthn ekpaÐdeush sunart sewn a-
nataxinìmhshc apotelesm�twn, qrhsimopoi¸ntac plhroforÐa pou ex�getai apì to istorikì
anaz thshc tou qr sth (erwt mata anaz thshc, apotelèsmata kai epilegmèna apotelèsma-
ta). Epiplèon, proteÐnontai mèjodoi gia hmi-autìmath shmasiologik  epishmeÐwsh eggr�fwn
me qr sh ontologi¸n, gia ubridik  anaz thsh eggr�fwn (me lèxeic kleidi� kai me ènnoiec
ontologÐac) kai gia exatomÐkeush anaz thshc me lèxeic kleidi� se shmasiologik� dedomèna.
EpÐshc, efarmìzontai euristikèc kai orÐzontai krit ria gia diaforopoÐhsh sqolÐwn qrhst¸n
se koinwnik� dÐktua, kaj¸c kai shmasiologik¸n, domhmènwn dedomènwn gia anaz thsh me lè-
xeic kleidi�. Tèloc, exet�zetai to prìblhma thc anataxinìmhshc apotelesm�twn anaz thshc
se ontìthtec me allagèc sthn onomatologÐa touc (biologikèc ontìthtec).

Sta plaÐsia thc diatrib c melet jhkan kai ulopoi jhkan mèjodoi gia thn apotelesmati-
kìterh kai apodotikìterh qrhsimopoÐhsh tou istorikoÔ anaz thshc, mèsw thc ekpaÐdeushc
exeidikeumènwn sunart sewn taxinìmhshc. Sugkekrimèna, se pr¸th f�sh ulopoi jhke mÐa
mèjodoc emploutismoÔ thc exagìmenhc plhroforÐac apì to istorikì tou qr sth, gia ta-
qÔterh ekpaÐdeush twn sunart sewn. Sth sunèqeia, anaptÔqjhkan mèjodoi ekpaÐdeushc
pollapl¸n sunart sewn me b�sh, eÐte to perieqìmeno anaz thshc, eÐte th sumperifor� a-
naz thshc tou qr sth. H kainotomÐa twn mejìdwn ègkeitai sth sugkèntrwsh sunergatik c
plhroforÐac apì to istorikì tou sunìlou twn qrhst¸n kai sto diaqwrismì aut c thc plh-
roforÐac se sust�dec pou antiproswpeÔoun diaforetikì perieqìmeno   sumperifor� anaz -
thshc. H telik  anataxinìmhsh epitugq�netai me to sunduasmì twn apotelesm�twn apì tic
sunart seic pou èqoun ekpaideuteÐ qrhsimopoi¸ntac tic parap�nw sust�dec. Epiplèon, sta
plaÐsia thc diatrib c melet jhke h prosarmog  mejìdwn diaforopoÐhshc apotelesm�twn
anaz thshc, sto sen�rio diaforopoÐhshc sqolÐwn qrhst¸n se koinwnik� dÐktua. OrÐsthkan
exeidikeumèna krit ria diaforopoÐhshc kai efarmìsthkan diaforetikoÐ euristikoÐ algìrijmoi
diaforopoÐhshc. Gia na katadeiqjeÐ h apotelesmatikìthta twn proteinìmenwn proseggÐse-
wn, orÐsthkan eidikèc metrikèc axiolìghshc thc eterogèneiac sunìlwn sqolÐwn qrhst¸n.
Pèra apì to sen�rio diaforopoÐhshc sqolÐwn, ègine mÐa pr¸th proergasÐa gia th diaforo-
poÐhsh anaz thshc me lèxeic kleidi� se shmasiologik� dedomèna, dhlad  domhmèna dedomèna
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pou akoloujoÔn orismèno sq ma kai diasundèontai mèsw idiot twn. Epiprìsjeta, prot�jh-
kan mèjodoi gia th beltÐwsh thc anaz thshc eggr�fwn mèsw shmasiologik c epishmeÐws c
touc kai metèpeita ubridik c (me lèxeic kleidi� kai shmasiologik c) anaz ths c touc, kaj¸c
kai exatomikeumènhc anaz thshc shmasiologik¸n dedomènwn. Tèloc, exet�sthkan sq mata
eurethrÐashc kai algìrijmoi bajmolìghshc ontot twn twn opoÐwn h onomatologÐa metab�l-
letai me to qrìno, ìpwc sumbaÐnei, gia par�deigma, se orismènec biologikèc ontìthtec.

Oi parap�nw ergasÐec axiolog jhkan se diaforetik� sen�ria anaz thshc, kaj¸c kai se
eterogen  sÔnola dedomènwn, ìpwc èggrafa-istoselÐdec, sqìlia qrhst¸n, shmasiologikèc
epishmei¸seic keimènwn kai biologikèc ontìthtec. Epèferan de apotelèsmata pou beltÐwna-
n tic proôp�rqousec basikèc mejìdouc sto k�je prìblhma kai od ghsan se perissìterec
apì dèka dhmosieÔseic se diejn  sunèdria, workshops kai periodik�. Epiplèon, mèsw twn
parap�nw ergasi¸n, proèkuyan peraitèrw ereunhtik� probl mata, ta opoÐa èqoun perigra-
feÐ stic dhmosieumènec ergasÐec kai ja mporoÔsan na apotelèsoun antikeÐmeno mellontik c
doulei�c.



Abstract

The thesis handles re-ranking problems, including personalization, diversification, and hy-
brid search of entities on the web. Specifically, we studied and proposed novel methods
for re-ranking web search results by capturing information needs of users or groups of
users. We base our methods on ranking function training models, utilizing information
extractedfrom user’s search history (clickstream data - queries, results and clicked results).
Further, we propose methods for semi-automatic semantic annotation of documents us-
ing ontology classes, for hybrid document search (using keywords and ontology classes)
and for personalization of keyword search on semantic (RDF) data. Moreover, we evalu-
ate/propose heuristics and introduce criteria for diversification of user comments on social
networks, as well as for diversification of keyword search on semantic, structured data.
Finally, we propose a first cut approach on re-ranking search results on name changing
biological entities. Next, we discuss each of the above methods in more detail.

Through the presented research, we implemented methods for more effective utilization
of users’ search histories, through ranking function training. Specifically, first, we proposed
a method for enriching the extracted information from user’s clickstream data (search
history), for faster ranking function training. Next, we proposed and implemented methods
for training multiple ranking functions, based either on search content or on user behavior.
The novelty of the methods lies on gathering collaborative information from all users and
grouping this information into clusters that represent diverse content or diverse search
behavior. The final ranking of the results is achieved by combining rankings produced by
models trained on different clusters. Moreover, we studied the adaptation of the problem
of search result diversification into the scenario of diversifying user comments on news
articles. We defined problem specific diversification criteria and applied several heuristic
diversification algorithms. In order to assess the effectiveness of the proposed methods,
we defined problem specific evaluation measures. Beyond that, we proposed a first cut
approach for diversifying keyword search results on semantic (RDF) data, utilizing the
schema and structure characterizing the data and the properties interconnecting the data.
Finally, we examined indexing schemes and ranking algorithms for entities whose naming
changes through time, as it stands for certain categories of biological entities.

The aforementioned works were evaluated in several search scenarios, as well as on
diverse datasets, such as documents-web pages, user comments, semantic annotations on
documents and biological entities. The evaluation results showed that the above methods
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improved the effectiveness of baseline methods in the specific research problems, leading
to the publication of more than ten articles in international conferences, workshops and
journals. Further, through the work done on the specific areas, new, interesting problems
arised, that are described in the individual publications and can be handled in future
works.



Kef�laio 1

Eisagwg 

Oi mhqanèc anaz thshc apoteloÔn s mera èna eurÔ kai arket� diadedomèno pedÐo èreunac kai
an�ptuxhc. H shmasÐa touc faÐnetai tìso apì thn qr sh tou diadiktÔou, ìpou oi emporikèc
mhqanèc anaz thshc Google, Bing, Yahoo! an koun stouc pio dhmofileÐc proorismoÔc twn
qrhst¸n, ìso kai apì th barÔthta pou dÐnetai apì thn ereunhtik  koinìthta, me plhj¸ra
sunedrÐwn kai dhmosieÔsewn pou katapi�nontai me di�fora probl mata sto sugkekrimèno
ereunhtikì pedÐo.

O ereunhtikìc tomèac pou asqoleÐtai kat� kÔrio lìgo me probl mata anaz thshc eÐnai
h An�kthsh PlhroforÐac (Information Retrieval). Ta teleutaÐa qrìnia èqei dojeÐ idiaÐtero
b�roc se probl mata exatomÐkeushc anaz thshc (search personalization), h opoÐa sunÐsta-
tai sthn metabol /prosarmog  twn apotelesm�twn anaz thshc an�loga me tic an�gkec tou
ek�stote qr sth. 'Ena apì ta pio diadedomèna paradeÐgmata pou katadeiknÔoun th shmasÐa
thc exatomÐkeushc eÐnai autì thc anaz thshc me lèxh kleidÐ �java�. Ta apotelèsmata mÐac tè-
toiac anaz thshc mporeÐ na anafèrontai sto nhsÐ java, se poikilÐa kafè java  , fusik�, sth
gl¸ssa programmatismoÔ java. Stìqoc thc exatomÐkeushc eÐnai h katanìhsh thc ènnoiac
me thn opoÐa o k�je qr sthc qrhsimopoieÐ th lèxh kleidÐ �java�, ètsi ¸ste, antÐ na tou pa-
rousiastoÔn apotelèsmata apì ìlec tic parap�nw eterogeneÐc kathgorÐec, na epistrafoÔn
apotelèsmata mìno apì sugkekrimènh kathgorÐa gia thn opoÐa endiafèretai.

H exatomÐkeush twn apotelesm�twn epitugq�netai me di�forec mejodologÐec pou dia-
fèroun wc proc thn prosèggish, all� kai wc proc to telikì apotèlesma pou emfanÐzetai
sto qr sth. Sugkekrimèna, qrhsimopoioÔntai mejodologÐec exìruxhc dedomènwn, mhqanik -
c m�jhshc, epexergasÐac fusik c gl¸ssac k.a. EpÐshc, ta exatomikeumèna apotelèsmata
mporeÐ na emfanÐzontai sto qr sth anataxinomhmèna, filtrarismèna   epektetamèna me nèa
apotelèsmata, proteinìmena apì to sÔsthma exatomÐkeushc.

Koinìc tìpoc ìlwn twn proseggÐsewn eÐnai h exasf�lish k�poiac morf c an�drashc
apì to qr sth (user feedback), p�nw sthn opoÐa ja sthrÐxoun th diadikasÐa exatomÐkeu-
shc. H an�drash aut  mporeÐ na eÐnai (a) �mesh, zht¸ntac apì to qr sth na axiolog sei
ta apotelèsmata twn anazht se¸n tou   (b) èmmesh, exet�zontac to istorikì anaz thshc
tou qr sth kai entopÐzontac poi� apotelèsmata protÐmhse (�p�thse�) gia sugkekrimèna e-
rwt mata. EpÐshc, mporeÐ na eÐnai euèlikth kai na exelÐssetai suneq¸c an�loga me tuqìn
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allagèc stic protim seic anaz thshc tou qr sth (ìpwc ta parap�nw paradeÐgmata),   na
eÐnai pio statik , sthrizìmenh sthn kataskeu  enìc arqikoÔ profÐl qr sth me b�sh to opoÐo
gÐnetai h exatomÐkeush.

Apì thn �llh pleur�, ìso qr simh eÐnai h exatomÐkeush apotelesm�twn se orismèna
sen�ria, �llo tìso shmantik  eÐnai kai h diaforopoÐhsh apotelesm�twn, dhlad  h sugkè-
ntrwsh enìc mikroÔ sunìlou apotelesm�twn (kai genikìtera ontot twn), ta opoÐa na eÐnai
ìso to dunatìn pio eterogen  metaxÔ touc. H parap�nw leitourgikìthta brÐskei efarmog ,
metaxÔ �llwn, se efarmogèc koinwnik¸n diktÔwn, ìpou h suneisfor� ulikoÔ apì touc qr -
stec apoteleÐ th b�sh twn prosferìmenwn uphresi¸n.

H paroÔsa ergasÐa epikentr¸netai se probl mata anataxinìmhshc apotelesm�twn me
qr sh mejodologi¸n mhqanik c m�jhshc (machine learning), kaj¸c kai euristik¸n mejìdwn,
me skopì thn exatomÐkeush (personalization)   diaforopoÐhsh (diversification) twn apotele-
sm�twn anaz thshc. Oi ulopoihmènec mèjodoi aforoÔn (a) anataxinìmhsh apl¸n keimenik¸n
apotelesm�twn pou prokÔptoun apì anaz thsh me lèxeic kleidi�, (b) anataxinìmhsh shma-
siologik¸n ontot twn proerqìmenwn apì dedomèna pou akoloujoÔn sugkekrimènh dom  kai
sq ma (RDF dedomèna) kai (g) anataxinìmhsh sqolÐwn qrhst¸n se koinwnik� dÐktua. Su-
gkekrimèna, uiojetoÔntai oi Mhqanèc Dianusm�twn St rixhc (Support Vector Machines)
[1, 2] wc h qrhsimopoioÔmenh mejodologÐa mhqanik c m�jhshc gia thn paragwg  sunar-
t sewn anataxinìmhshc/exatomÐkeushc apotelesm�twn anaz thshc (ranking functions) kai
�plhstoi euristikoÐ algìrijmoi (greedy heuristics) [91] gia thn ulopoÐhsh algorÐjmwn dia-
foropoÐhshc apotelesm�twn. Oi sunart seic mhqanik c m�jhshc ekpaideÔontai me dedomèna
ekpaÐdeushc pou prokÔptoun apì thn an�drash tou qr sth, en¸ oi �plhstec euristikèc
qrhsimopoioÔn krit ria diaforopoÐhshc pou orÐzoume me b�sh ta sugkekrimèna probl ma-
ta me ta opoÐa katapianìmaste. Sta plaÐsia thc diatrib c proteÐnontai kai ulopoioÔntai
mejodologÐec gia ta ex c probl mata:

1. Autìmatoc emploutismìc twn dedomènwn ekpaÐdeushc, ètsi ¸ste na epitugq�netai h
ekpaÐdeush twn sunart sewn anataxinìmhshc se suntomìtero qronikì di�sthma. H
sugkekrimènh mèjodoc suneisfèrei kurÐwc sto pr¸to st�dio thc diadikasÐac exatomÐ-
keushc apotelesm�twn anaz thshc, epitaqÔnontac thn efarmog  thc.

2. Sunergatik  ekpaÐdeush pollapl¸n sunart sewn taxinìmhshc kai thn epilektik  qrh-
simopoÐhs  touc, me skopì th beltÐwsh thc poiìthtac ekpaÐdeushc. H sugkekrimènh
mèjodoc suneisfèrei �mesa sth diadikasÐa exatomÐkeushc apotelesm�twn anaz th-
shc, ekpaideÔontac epimèrouc sunart seic anataxinìmhshc, k�je mÐa apì tic opoÐec
antiproswpeÔei diaforetikoÔc skopoÔc kai sumperiforèc anaz thshc (search intent
- search behavior). K�je mÐa apì autèc tic sunart seic mporeÐ na qrhsimopoihjeÐ
sth sunèqeia gia na exatomikeÔsei apotelèsmata, an�loga me ton anagnwrizìmeno
skopì/sumperifor� anaz thshc.

3. ExatomÐkeush kai diaforopoÐhsh anaz thshc shmasiologik¸n dedomènwn kai sundua-
smìc anaz thshc me lèxeic kleidi� me shmasiologik  peri ghsh sto sq ma twn dedo-
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mènwn. Me tic mejodologÐec pou proteÐnoume se autì to komm�ti thc doulei�c prospa-
joÔme: (a) Na prosarmìsoume tic mejodologÐec mhqanik c m�jhshc kai na orÐsoume
kat�llhla krit ria diaforopoÐhshc, ¸ste na lamb�noun upìyh tic idiaiterìthtec twn
shmasiologik¸n dedomènwn (sugkekrimènh dom  kai sq ma, susqetÐseic metaxÔ twn
anazht toumenwn ontot twn) kai (b) na orÐsoume trìpouc shmasiologik c epishmeÐw-
shc keimènwn kai ubridik c anaz thshc, tìso me lèxeic kleidi�, ìso kai me peri ghsh
sthn ontologÐa pou qrhsimopoieÐtai gia thn epishmeÐwsh, orÐzontac tautìqrona metri-
kèc taxinìmhshc, pou sundu�zoun keimenik  omoiìthta kai posostì epishmeÐwshc twn
keimènwn me kl�seic thc ontologÐac.

4. DiaforopoÐhsh sqolÐwn qrhst¸n se koinwnik� dÐktua. Mèsw thc sugkekrimènhc mejo-
dologÐac proteÐnontai krit ria diaforopoÐhshc kai exet�zontai euristikoÐ algìrijmoi
pou èqoun wc stìqo thn apomìnwsh eterogen¸n uposunìlwn sqolÐwn qrhst¸n se
koinwnik� dÐktua, ta opoÐa emperièqoun di�forec ekf�nseic thc jematologÐac kai twn
apìyewn pou ekfr�zontai se aut�. Epiplèon, epekteÐnontai up�rqousec metrikèc a-
xiolìghshc, prokeimènou na èqoun efarmog  sto sen�rio diaforopoÐhshc sqolÐwn. H
proteinìmenh mejodologÐa, parìlo pou exet�zetai sto sen�rio twn eidhseografik¸n
�rjrwn kai sqolÐwn qrhst¸n, eÐnai arket� genik  ¸ste na mporeÐ na efarmosteÐ kai
se �lla sen�ria (sqìlia se facebook, twitter, forums).

1.1 Probl mata kai prokl seic

1.1.1 Dedomèna ekpaÐdeushc

Prokeimènou na eÐnai dunat  h ekpaÐdeush sunart sewn anataxinìmhshc apotelesm�twn gia
exatomÐkeush, eÐnai aparaÐthth h sullog  dedomènwn ekpaÐdeushc pou antikatoptrÐzoun tic
ekastìte an�gkec anaz thshc twn qrhst¸n. H sullog  twn dedomènwn aut¸n, ìpwc analÔ-
jhke parap�nw, mporeÐ na gÐnei eÐte me �meso, eÐte me èmmeso trìpo. Di�forec melètec [3, 4],
all� kai h empeirÐa apì th qr sh mhqan¸n anaz thshc deÐqnoun ìti oi qr stec sun jwc du-
sanasqetoÔn me kai agnooÔn sust mata pou touc zht�ne na axiolog soun ta apotelèsmata
twn anazht se¸n touc. Opìte, h �mesh an�drash apì touc qr stec, an kai pio axiìpisth,
afoÔ oi qr stec dhl¸noun rht� tic protim seic touc gia ta apotelèsmata, den eÐnai pra-
ktik� efikt  se pragmatik� sust mata. Antijètwc, h lÔsh pou qrhsimopoieÐtai eÐnai aut 
thc èmmeshc an�drashc, dhlad  thc an�lushc tou istorikoÔ anaz thshc twn qrhst¸n kai
thc exagwg c sumperasm�twn sqetik� me tic protim seic touc.

Akìma kai sthn perÐptwsh thc èmmeshc an�drashc, ìmwc, up�rqei to prìblhma thc po-
sìthtac twn dedomènwn pou sugkentr¸netai apì to istorikì tou qr sth. Kai autì giatÐ oi
qr stec kat� tic anazht seic touc koit�zoun sun jwc mìno thn pr¸th selÐda apotelesm�-
twn kai, m�lista, epilègoun (�pat�ne�) polÔ ligìtera apotelèsmata [3, 4]. 'Etsi, ta dedomèna
sqetik� me tic protim seic twn qrhst¸n pou sugkentr¸nontai an� anaz thsh eÐnai el�qista.
Oi teqnikèc mhqanik c m�jhshc pou qrhsimopoioÔntai, ìmwc, apaitoÔn mÐa sebast  posìthta
dedomènwn ekpaÐdeushc ètsi ¸ste na ekpaideÔsoun akribeÐc sunart seic taxinìmhshc. 'Ara,
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prokeimènou na sugkentrwjeÐ h apaitoÔmenh posìthta dedomènwn, to sÔsthma ja prèpei na
brÐsketai se f�sh ekpaÐdeushc gia meg�lo qronikì di�sthma  /kai na summetèqoun polloÐ
diaforetikoÐ qr stec sthn ekpaÐdeush tou Ðdiou sust matoc. Ta parap�nw dhmiourgoÔn ta
ex c dÔo probl mata:

1. To sÔsthma gia meg�lo qronikì di�sthma den epiteleÐ th leitourgÐa sthn opoÐa sto-
qeÔei: thn anataxinìmhsh apotelesm�twn me b�sh tic protim seic twn qrhst¸n. Kai
autì giatÐ brÐsketai se f�sh ekpaÐdeushc h opoÐa prohgeÐtai thc f�shc anataxinìmh-
shc. 'Etsi, oi qr stec, gia meg�lo qronikì di�sthma den lamb�noun exatomikeumèna
apotelèsmata.

2. Sthn perÐptwsh pou summetèqoun polloÐ qr stec, sullègontai men perissìtera de-
domèna se ligìtero qronikì di�sthma, q�netai de h omoiogèneia thc ekpaÐdeushc tou
sust matoc. Autì sumbaÐnei giatÐ aux�nontai oi jematikèc perioqèc anaz thshc, ka-
j¸c kai oi diaforetikèc sumperiforèc anaz thshc (search behaviors). Wc apotelèsma,
oi ekpaideuìmenec sunart seic taxinìmhshc prospajoÔn na ikanopoi soun ìlec tic dia-
foretikèc sumeriforèc anaz thshc, katal gontac telik�, na eÐnai men genikeumènec,
all� ligìtero akribeÐc.

Sthn paroÔsa diatrib  proteÐnetai mÐa mèjodoc emploutismoÔ twn dedomènwn ekpaÐdeu-
shc me thn ekmet�lleush tou pl rouc istorikoÔ twn qrhst¸n kai ìqi mìno tou kommatioÔ
ekeÐnou gia to opoÐo up�rqei diajèsimh an�drash. Sugkekrimèna, xekin¸ntac apì èna arqikì
sÔnolo apì dedomèna gia ta opoÐa up�rqei an�drash, dhlad  axiolog seic twn apotelesm�-
twn   krÐseic sqetikìthtac (relevance judgments) apì touc qr stec, epekteÐnoume autèc tic
axiolog seic sto sÔnolo twn dedomènwn, akìma kai an aut� ta dedomèna den èqoun exetasteÐ
apì touc qr stec. H epèktash twn axiolog sewn gÐnetai me b�sh thn jematik  omoiìthta
axiologhmènwn apotelesm�twn me antÐstoiqa mh axiologhmèna. Me autìn ton trìpo, pra-
ktik�, epitugq�netai o pollaplasiasmìc twn dedomènwn ekpaÐdeushc, qwrÐc kamÐa epiplèon
epib�runsh stouc qr stec.

1.1.2 Poiìthta ekpaÐdeushc

Anex�rthta apì to mègejoc twn dedomènwn ekpaÐdeushc kai ton trìpo me ton opoÐo èqoun
sugkentrwjeÐ, èna polÔ shmantikì prìblhma eÐnai h poiìthta/omoiogèneia aut¸n twn dedo-
mènwn. 'Opwc anafèrjhke kai parap�nw, ìtan to sÔsthma ekpaideÔetai me b�sh to istorikì
perissotèrwn tou enìc qrhst¸n, tìte prèpei na l�bei upìyh tou diaforetikèc sumperiforèc
anaz thshc, p�nw se diaforetikèc jematikèc kathgorÐec, oi opoÐec endèqetai na mei¸soun
shmantik� thn poiìthta thc ekpaÐdeushc. Akìma kai sthn perÐptwsh pou to sÔsthma exei-
dikeÔetai se èna mìno qr sth, eÐnai polÔ pijanì o qr sthc na y�qnei gia eterogen  jèmata
kai me entel¸c diaforetikèc sumperiforèc anaz thshc.

Genik�, oi proseggÐseic pou akoloujoÔntai s mera eÐnai h ekpaÐdeush mÐac xeqwrist c
sun�rthshc taxinìmhshc gia k�je qr sth   h ekpaÐdeush koin c sun�rthshc taxinìmhshc
gia qr stec pou jewroÔntai �ìmoioi� me b�sh k�poia sugkekrimèna krit ria. Epiplèon, aut�
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Sq ma 1.1: Klassikèc mèjodoi exatomÐkeushc omadopoioÔn ta istorik� anaz thshc me b�sh
th jematik  perioq  (cellphones, cars, klp.). H dik  mac prosèggish omadopoieÐ ta erw-
t mata basizìmenh sth sumperifor�/skopì anaz thshc, perilamb�nontac erwt mata apì
diaforetikèc jematikèc perioqèc (diakekommèno sÔnnefo).

ta krit ria sunÐstantai kurÐwc sthn keimenik  (jematik ) omoiìthta twn anazht sewn twn
qrhst¸n  /kai sthn omoiìthta twn profÐl touc [5, 6].

Sthn paroÔsa diatrib , meletoÔme mÐa orjog¸nia prosèggish anataxinìmhshc apotele-
sm�twn anaz thshc, h opoÐa epitrèpei se ìlouc touc qr stec na epwfeloÔntai to Ðdio apì
ta ekpaideuìmena montèla anataxinìmhshc. H mèjodìc mac basÐzetai sthn parat rhsh ìti
oi trèqousec mèjodoi epikentr¸nontai kurÐwc stic jematikèc perioqèc twn erwthm�twn kai
sta epimèrouc istorik� twn qrhst¸n, agno¸ntac ènan shmantikì par�gonta: thn an�lush
thc sumperifor�c/skopoÔ anaz thshc tou qr sth, h opoÐa uponoeÐtai apì ta erwt mata.
H sumperifor� anaz thshc mporeÐ na parathrhjeÐ kai na kwdikopoihjeÐ mèsw twn apote-
lesm�twn pou epilègoun oi qr stec an� er¸thma kai na qrhsimopoihjeÐ gia thn exagwg 
tou skopoÔ anaz thshc twn qrhst¸n. 'Etsi, o skopìc anaz thshc dra wc mÐa lanj�nousa
metablht , h opoÐa entopÐzetai mèsw thc sumperifor�c anaz thshc.

Sthn Eikìna 1.1 faÐnetai èna par�deigma pou diaforopoieÐ thn prosèggis  mac apì
prohgoÔmenec. 'Estw dÔo qr stec gia touc opoÐouc èqoun katagrafeÐ apì dÔo istorik�
anaz thshc. O qr sthc 1 jètei èna nèo er¸thma pou afor� {kritikèc gia nèa kinht� th-
lèfwna}. Mèqri t¸ra to istorikì tou perilamb�nei anazht seic stic jematikèc perioqèc
thc {èreunac sthn An�kthsh PlhroforÐac} kai twn {autokin twn}. 'Ena exatomikeumèno
montèlo anaz thshc pou periorÐzetai mìno sto istorikì anaz thshc tou qr sth ja qrhsimo-
poioÔse mìno tic parap�nw dÔo perioqèc anazht sewn, par�gontac èna �mèso� montèlo gia
na anataxinom sei ta apotelèsmata tou nèou erwt matoc. 'Etsi, gia par�deigma, pijanìn
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na eunooÔse apotelèsmata-èggrafa thc morf c .pdf, basizìmeno sto gegonìc ìti o qr -
sthc, se prohgoÔmenec anazht seic tou sthn An�kthsh PlhroforÐac ja eÐqe epilèxei poll�
apotelèsmata-dhmosieÔseic se morf  .pdf. Apì thn �llh pleur�, akìma ki an oi jematikèc
perioqèc anazht sewn twn dÔo qrhst¸n den sqetÐzontai (An�kthsh PlhroforÐac kai auto-
kÐnhta gia to qr sth 1 kai kinht� kai tainÐec gia to qr sth 2), o qr sthc 1 ja mporoÔse
na ekmetalleuteÐ to istorikì anaz thshc tou qr sth 2 sta kinht� thlèfwna. Tèloc, h
sumperifor� anaz thshc, pou ex�getai apì ta erwt mata kai ta antÐstoiqa apotelèsmata
pou epilèqjhkan apì to qr sth, den exart�tai p�nta apì th jematik  perioq  tou erwt -
matoc. Gia par�deigma, parìlo pou oi anazht seic tou qr sth 2 fainomenik� sqhmatÐzoun
èna sumpagèc istorikì anaz thshc gia kinht�, sthn pragmatikìthta aforoÔn dÔo epimèrouc
jematikèc: (a) anazht seic gia kritikèc/plhroforÐec p�nw se kinht� kai (b) anazht seic
gia qrhmatooikonomikèc plhroforÐec sqetik� me etaireÐec kinht c thlefwnÐac. Sthn pr¸th
perÐptwsh, selÐdec apì fìroum   selÐdec pou perièqoun bÐnteo anamènetai na tairi�zoun
perissìtero sthn an�gkh anaz thshc, en¸ sth deÔterh perÐptwsh apotelèsmata apì eidh-
seografikèc selÐdec anamènetai na eÐnai pio kat�llhla. 'Etsi, to nèo er¸thma tou qr sth 1
ja epwfeloÔtan mìno apì to istorikì anaz thshc tou qr sth 2 pou afor� th jematik  (a).
To parap�nw par�deigma deÐqnei ìti h anagn¸rish sumperifor¸n anaz thshc qrhst¸n kai h
ekmet�lleus  touc gia exatomÐkeush twn apotelesm�twn anaz thshc epekteÐnetai pèra apì
to perieqìmeno   touc memonwmènouc qr stec kai exart�tai epÐshc apì touc lanj�nontec
skopoÔc anaz thshc pou perikleÐontai se k�je er¸thma.

Dedomènwn twn parap�nw, h proteinìmenh mèjodìc thc diatrib c den basÐzetai se epi-
kentrwmèna sto qr sth montèla, all� stoqeÔei sthn anagn¸rish tou skopoÔ anaz thshc,
omadopoi¸ntac erwt mata pou epifèroun parìmoiec sumperiforèc anaz thshc. O qr sthc 2,
gia par�deigma, deÐqnei idiaÐtero endiafèron sthn parakoloÔjhsh bÐnteo sqetik� me tainÐec
kai me kinht� thlèfwna, dhlad  epilègei (pat�ei) suqn� tètoiou tÔpou apotelèsmata. H
mèjodìc mac montelopoieÐ aut  th sumperifor�, omadopoi¸ntac erwt mata pou katal goun
sthn epilog  apotelesm�twn-bÐnteo. Aut  h sustadopoÐhsh eÐnai anex�rthth apì touc epi-
mèrouc qr stec kai antimetwpÐzei ìla ta erwt mata kai touc qr stec me ton Ðdio trìpo. Ta
telik� apotelèsmata pou ja emfanistoÔn sto qr sth 1 gia to nèo er¸thma ja apoteloÔntai
apì bÐnteo apotelèsmata pou sqetÐzontai me kinht� thlèfwna.

H proteinìmenh mèjodoc afor� sth beltÐwsh thc poiìthtac ekpaÐdeushc sunart sewn
taxinìmhshc kai basÐzetai sthn ekpaÐdeush pollapl¸n sunart sewn taxinìmhshc, k�je mÐa
apì tic opoÐec antistoiqeÐ (a) eÐte se sugkekrimènh jematik  kathgorÐa (afel c mèjodoc) (b)
eÐte se sugkekrimènh sumperifor� anaz thshc. Dhlad , me b�sh to prohgoÔmeno par�deig-
ma, kai an�loga me thn prosèggish pou akoloujeÐtai, gia ton qr sth ja ekpaideutoÔn (a)
dÔo diaforetikèc sunart seic taxinìmhshc pou ja antistoiqoÔn stic diaforetikèc perioqèc a-
naz thshc (dhmosieÔseic, kinht� thlèfwna)   (b) dÔo diaforetikèc sunart seic taxinìmhshc
pou ja antistoiqoÔn stic diaforetikèc sumperiforèc anaz thshc (epilog  .pdf apotelesm�-
twn, epilog  apotelesm�twn apì forum). Me autìn ton trìpo, ousiastik� omadopoioÔme
to istorikì tou qr sth (dhlad  ta dedomèna ekpaÐdeushc) me b�sh eÐte to perieqìmeno, eÐte
tic lanj�nousec sumperiforèc anaz ths c tou. Sth sunèqeia, ta pollapl� montèla (su-
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nart seic taxinìmhshc) sundu�zontai se k�je nèa anaz thsh tou qr sth, an�loga me thn
omoiìthta thc nèac anaz thshc me k�je mÐa apì tic om�dec pou èqoun dhmiourghjeÐ, ¸ste
na ektelesteÐ h telik  anataxinìmhsh/exatomÐkeush twn apotelesm�twn.

H parap�nw diadikasÐa gÐnetai me trìpo sunergatikì (collaborative), dhlad  ta dedomè-
na ekpaÐdeushc sugkentr¸nontai apì to sÔnolo twn qrhst¸n, akìma kai an autì to sÔnolo
eÐnai arket� eterogenèc. Autì den dhmiourgeÐ prìblhma, afoÔ skopìc thc diadikasÐac eÐnai
h exagwg  pollapl¸n motÐbwn (perieqomènou   sumperifor�c) kai h ekmet�lleus  touc gia
thn ekpaÐdeush antistoÐqwn pollapl¸n exeidikeumènwn sunart sewn taxinìmhshc. Epiplèon,
me autìn ton trìpo, diaqwrÐzontai oi eterogeneÐc (apì �poyh perieqomènou   sumperifor�-
c) anazht seic tou Ðdiou qr sth, en¸ par�llhla sundu�zontai oi parìmoiec sumperiforèc
diaforetik¸n qrhst¸n se koin� montèla taxinìmhshc.

1.1.3 Mèjodoi sunduastik c shmasiologik c anaz thshc, exatomÐkeushc
kai diaforopoÐhshc apotelesm�twn se shmasiologik� dedomèna

H epishmeÐwsh eggr�fwn èqei proselkÔsei, ta teleutaÐa qrìnia, thn prosoq  twn koinot -
twn tou ShmasiologikoÔ IstoÔ [51] kai twn Yhfiak¸n Bibliojhk¸n [52]. H shmasiologik 
epishmeÐwsh sunÐstatai ston qarakthrismì keimènwn me ènnoiec (concepts), gia par�deigma
kl�seic (classes) mÐac ontologÐac (ontology), ètsi ¸ste to perieqìmeno na apokt� saf  kai
organwmènh shmasiologÐa. Oi epishmei¸seic bohjoÔn touc qr stec na organ¸noun kalÔ-
tera ta èggraf� touc, all� kai belti¸noun tic dunatìthtec anaz ths c touc: mèsw twn
epishmei¸sewn, oi qr stec mporoÔn na anazhtoÔn plhroforÐec sta èggraf� touc, ìqi mìno
mèsw thc anaz thshc me lèxeic kleidi�, all� kai epilègontac saf¸c orismènec ènnoiec pou
perigr�foun ta pedÐa anaz thshc t¸n qrhst¸n.

An kai oi paradosiakèc teqnikèc an�kthshc plhroforÐac èqoun kajierwjeÐ kai qrhsi-
mopoioÔntai apì plhj¸ra efarmog¸n, apodeiknÔontai ligìtero apotelesmatikèc se sen�ria
as�feiac   sunwnumÐac ennoi¸n. Apì thn �llh pleur�, anaz thsh basismènh mìno sta sh-
masiologik� metadedomèna twn eggr�fwn anamènetai epÐshc na mhn eÐnai apotelesm�tik ,
afoÔ: (a) de lamb�nei upìyh to Ðdio to keimenikì perieqìmeno, (b) se pollèc peript¸seic
ta shmasiologik� metadedomèna den eÐnai diajèsima kai (g) shmasiologikèc epishmei¸sei-
c mporeÐ na kalÔptoun èna mikrì mèroc tou keimènou twn eggr�fwn. Ubridikèc mèjodoi,
oi opoÐec sundu�zoun anaz thsh basismènh se lèxeic kleidi� kai shmasiologik  anaz th-
sh/peri ghsh se ènnoiec, mporoÔn na xeper�soun ta parap�nw probl mata. H an�ptuxh
mejìdwn kai ergaleÐwn pou oloklhr¸noun shmasiologik  epishmeÐwsh kai anaz thsh eÐnai
idiaÐtera shmantik . Gia par�deigma, ereunhtèc èqoun thn an�gkh na organ¸noun, na ka-
thgoriopoioÔn kai na anazhtoÔn episthmonikì ulikì (p.q. dhmosieÔseic) me apotelesmatikì
kai apodotikì trìpo. Parìmoia, mÐa uphresÐa apodeltÐwshc èqei thn an�gkh entopismoÔ
eidhseografik¸n �rjrwn, epishmeÐwshc shmantik¸n jem�twn kai anaz thshc plhroforÐac
se aut�.

Sth diatrib  proteÐnetai, mèsw tou ergaleÐou GoNTogle, èna plaÐsio shmasiologik c e-
pishmeÐwshc kai an�kthshc keimènwn, to opoÐo sundu�zei teqnologÐec ShmasiologikoÔ IstoÔ
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kai klassik c An�kthshc PlhroforÐac. To GoNTogle dÐnei th dunatìthta qeirokÐnhthc kai
hmi-autìmathc epishmeÐwshc basizìmenhc se ènnoiec ontologÐac. H epishmeÐwsh basÐzetai se
kajierwmènec teqnologÐec ShmasiologikoÔ IstoÔ, ìpwc h gl¸ssa ontologi¸n OWL -Web
Ontology Language. Tautìqrona, mÐa mèjodoc mhqanik c m�jhshc (k-NN) h opoÐa ekme-
talleÔetai keimenik  plhroforÐa kai to istorikì epishmeÐwshc tou qr sth proteÐnetai gia
thn upost rixh tou mhqanismoÔ autìmathc epishmeÐwshc.

'Ena �llo shmantikì prìblhma pou �ptetai thc anaz thshc plhroforÐac sto Shmasio-
logikì Istì eÐnai h exatomÐkeush anaz thshc shmasiologik¸n dedomènwn. H exatomÐkeush
anaz thshc eÐnai èna eurèwc gnwstì prìblhma an�kthshc plhroforÐac me to opoÐo èqei ka-
tapiasteÐ ènac meg�loc arijmìc ergasi¸n an� ta qrìnia. 'Egkeitai sthn allag  thc lÐstac
apotelesm�twn pou epistrèfontai se èna qr sth (anataxinìmhsh (reranking), filtr�risma
(filtering)   anaz thsh/prosj kh nèwn apotelesm�twn mèsw prìtashc erwthm�twn (query
suggestion}, ¸ste na tairi�zoun stic exeidikeumènec an�gkec anaz ths c tou. Autèc oi a-
n�gkec kajorÐzontai, èmmesa, apì to profÐl (profile) tou qr sth   to istorikì anaz ths c
(search history) tou.

Sth bibliografÐa up�rqei diajèsimh plhj¸ra ergasi¸n pou antimetwpÐzoun di�forec ek-
f�nseic tou probl matoc. Up�rqoun melètec p�nw sth sumperifor� anaz thshc kai sthn
an�drash qr sth [9], [2], [13], [33], melètec p�nw sto poiec kathgorÐec erwthm�twn ja
èprepe na exatomikeujoÔn [38], [34], kaj¸c epÐshc douleièc pou proteÐnoun   belti¸noun
teqnikèc mhqanik c m�jhshc gia ekpaÐdeush sunart sewn taxinìmhshc apotelesm�twn [35],
[20], [36], [9], [2], [13]. Di�forec ergasÐec katapi�nontai me thn ekmet�lleush tou braqu-
prìjesmou/makroprìjesmou istorikoÔ anaz thshc [5], [6], twn sumfrazìmenwn (context)
[37], [6]   epikentr¸nontai sto na brÐskoun koin� endiafèronta anaz thshc kai, p�nw se
aut�, na efarmìzoun sunergatikèc teqnikèc exatomÐkeushc apotelesm�twn [5].

Sta plaÐsia thc diatrib c epekteÐnoume to klassikì sen�rio thc exatomÐkeushc anaz -
thshc se adìmhta dedomèna (unstructured data), ìpwc èggrafa   istoselÐdec, sto sen�rio
thc anaz thshc ontot twn oi opoÐec eÐnai domhmènec, sundèontai me sqèseic metaxÔ touc kai
organ¸nontai k�tw apì k�poio sq ma (schema), ìpwc isqÔei gia ta shmasiologik� dedo-
mèna, ta opoÐa organ¸nontai se RDF1 morf  kai akoloujoÔn (proairetik�) k�poio sq ma
(gia par�deigma RDFS2   OWL3). 'Estw, gia par�deigma, to akìloujo sen�rio anaz th-
shc, to opoÐo katadeiknÔei th qrhsimìthta thc efarmog c exatomikeumènhc anaz thshc se
RDF dedomèna: ènac qr sthc endiafèretai na y�xei gia tainÐec pou sqetÐzontai me to Woody
Allen sthn DBpedia4, èna meg�lo sÔnolo shmasiologik¸n dedomènwn. Se aut n thn perÐ-
ptwsh ja èjete èna er¸thma thc morf c: Q = {film,woody allen}. 'Omwc, o qr sthc
eÐnai tautìqrona kai jaumast c thc Scarlett Johansson kai autì antanakl�tai sto istorikì
anaz ths c/bajmolìghs c tou, ìpou èqei k�nei pollèc anazht seic kai èqei epilèxei apote-
lèsmata sqetik� me th Scarlett Johansson   suneq¸c bajmologoÔse me uyhlì skor tainÐec

1http://www.w3.org/TR/2004/REC-rdf-primer-20040210/
2http://www.w3.org/TR/rdf-schema/
3http://www.w3.org/TR/owl2-primer/
4http://dbpedia.org/About



1.1 Probl mata kai prokl seic 25

thc. 'Etsi, mÐa exatomikeumènh lÐsta apotelesm�twn ja èprepe na èqei stic uyhlìterec jè-
seic apotelèsmata apì tainÐec tou Woody Allen oi opoÐec, me k�poion trìpo, sqetÐzontai me
th Scarlett Johansson.

To parap�nw prìblhma den eÐnai tetrimmèno gia touc ex c lìgouc:
(a) Oi sqèseic pou sundèoun tic proc anaz thsh ontìthtec kai to sq ma pou tic peri-

gr�fei epib�lloun ton orismì nèwn, basizìmenwn sth dom  kai sto sq ma qarakthristik¸n
ekpaÐdeushc, pèra apì ta klassik�, basizìmena se An�kthsh PlhroforÐac, qarakthristik�.
O orismìc qarakthristik¸n ekpaÐdeushc eÐnai èna krÐsimo komm�ti thc diadikasÐac exatomÐ-
keushc apotelesm�twn (ìpwc perigr�fetai kai sthn Enìthta 2), afoÔ, mèsw aut¸n twn
qarakthristik¸n, posotikopoieÐtai h poiìthta enìc apotelèsmatoc se sqèsh me to er¸thma
kai tic an�gkec anaz thshc tou qr sth. 'Etsi, an qrhsimopoihjoÔn kat�llhla qarakthri-
stik� ekpaÐdeushc, to istorikì anaz thshc tou qr sth kwdikopoieÐtai kai qrhsimopoieÐtai
kalÔtera gia thn exatomÐkeush mellontik¸n erwthm�twn.

(b) En¸ mÐa lÐsta apotelesm�twn sto klassikì sen�rio anaz thshc adìmhtwn dedomènwn
apoteleÐtai apì autìnoma èggrafa, autì den isqÔei gia shmasiologik� (domhmèna) dedomèna,
ìpou èna apotèlesma mporeÐ na apoteleÐtai apì di�forec ontìthtec, mazÐ me tic sqèseic
pou tic sundèoun. 'Etsi, jèmata sunduasmoÔ epimèrouc ontot twn, ¸ste na sqhmatÐsoun
èna sÔnjeto apotèlesma, se morf  gr�fou,   jèmata upologismoÔ enìc sunolikoÔ skor
exatomÐkeushc apì epimèrouc skor prèpei na antimetwpistoÔn.

1.1.4 Mèjodoi diaforopoÐhshc sqolÐwn qrhst¸n

Ta teleutaÐa qrìnia, to mègejoc twn koinwnik¸n diktÔwn sto diadÐktuo megal¸nei ekje-
tik�. 'Olo kai perissìteroi qr stec koinwnikopoioÔntai mèsw Facebook, suzhtoÔn jèmata
epikairìthtac se fìroum forums   ekfr�zoun tic apìyeic touc mèsa apì mplogkc (blogs)  
to Twitter5. O koinwnikìc istìc èqei dieisdÔsei akìma kai se pio paradosiakèc ekf�nseic
tou pagkìsmiou istoÔ, ìpwc oi eidhseografikèc istoselÐdec. Meg�lec diadiktuakèc etaireÐ-
ec, ìpwc h Yahoo! News6, epitrèpoun stouc qr stec touc na sqoli�zoun eidhseografik�
�rjra, dieukolÔnontac, ètsi, thn olokl rwsh kai to diamoirasmì thc suneisferìmenhc plh-
roforÐac kai apìyewn twn qrhst¸n. An kai aut  h kat�stash suneisfèrei shmantik� sthn
ex�plwsh thc plhroforÐac kai prowjeÐ thn eleujerÐa thc èkfrashc, tautìqrona eis�gei
jèmata diaqeÐrishc kai epexergasÐac dedomènwn, lìgw tou meg�lou kai eterogenoÔc ìgkou
plhroforÐac proc epexergasÐa.

Sto sen�rio pou exet�zetai sta plaÐsia thc diatrib c, dhlad  ta sqìlia qrhst¸n se
eidhseografik� �rjra, pollèc forèc, �rjra endèqetai na sugkentr¸noun ekatont�dec   qi-
li�dec sqìlia qrhst¸n, k�ti pou kajist� adÔnath thn episkìphsh tou sunìlou twn sqolÐwn
apì touc qr stec. Arketèc forèc, ìmwc, to perieqìmeno tou �rjrou apì mìno tou den èinai
arketì gia na sqhmatÐsei o qr sthc mÐa pl rh eikìna p�nw sta jèmata me ta opoÐa kata-
pi�netai. H koin  gn¸mh eÐnai ènac shmantikìc par�gontac pou sumplhr¸nei to �rjro kai
antiproswpeÔei th {sofÐa tou pl jouc}. Se aut n thn perÐptwsh, o qr sthc qrei�zetai na

5https://twitter.com/
6http://news.yahoo.com/
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mporeÐ na dei èna mikrì kai ìso to dunatìn pio eterogenèc uposÔnolo sqolÐwn, to opoÐo
antiproswpeÔei di�forec ekf�nseic twn jem�twn tou �rjrou kai gn¸mec/sunaisj mata twn
qrhst¸n. Epiplèon, o qr sthc ja prèpei na èqei th dunatìthta, epilègontac èna sugke-
krimèno sqìlio, na dei parìmoia sqìlia. 'Ena �llo sen�rio qr shc afor� ènan arqeiojèth,
o opoÐoc epijumeÐ na organ¸sei ulikì sqetikì me èna sugkekrimèno jèma. Kai se aut n
thn perÐptwsh, o arqeiojèthc ja èprepe na mporeÐ na �episun�yei� sto basikì pìro (�r-
jro) sumplhrwmatik  plhroforÐa (endeiktik� sqìlia qrhst¸n). Aut  h diadikasÐa ja  tan
idiaÐtera qr simh, gia par�deigma, se èna mellontikì dhmosiogr�fo pou episkopeÐ pareljo-
ntik� gegonìta, bohj¸ntac ton na sugkentr¸sei ìso to dunatìn pio eterogenèc (ka �ra pio
sfairikì kai antikeimenikì) ulikì.

Sta plaÐsia thc diatrib c, proteÐnoume èna sÔnolo apì krit ria diaforopoÐhshc, exei-
dikeumèna gia sqìlia qrhst¸n, ta opoÐa mporoÔn na qrhsimopoihjoÔn gia th sugkèntrwsh
eterogen¸n sqolÐwn qrhst¸n se eidhseografik� �rjra. Isqurizìmaste ìti, an kai h diafo-
ropoÐhsh basizìmenh mìno sto keimenikì perieqìmeno enìc pìrou leitourgeÐ apotelesmatik�
se di�fora �lla sen�ria diaforopoÐhshc (gia par�deigma sth diaforopoÐhsh apotelesm�twn
anaz thshc), den eparkeÐ sto sen�rio diaforopoÐhshc sqolÐwn qrhst¸n. 'Etsi, pèra apì to
keimenikì perieqìmeno, mèsw twn krithrÐwn pou proteÐnoume, aiqmalwtÐzoume to sunaÐsjhma
pou ekfr�zetai mèsw twn sqolÐwn, shmantikèc Onomatikèc Ontìthtec (Named Entities) kai
thn poiìthta graf c twn sqolÐwn. Dhlad , ousiastik�, orÐzoume krit ria pou antiprosw-
peÔoun shmasiologik� metadedomèna twn sqolÐwn, uposthrÐzontac ìti eterogèneia se aut�
ta krit ria sunep�getai kai eterogèneia sta jèmata/ènnoiec/apìyeic pou perièqontai sta
sqìlia. Efarmìzoume ta parap�nw krit ria se treic kajierwmènouc euristikoÔc algìrij-
mouc diaforopoÐhshc pou parousi�zontai sto [96], kaj¸c epÐshc proteÐnoume mÐa dik  mac
parallag  euristikoÔ algorÐjmou. EpÐshc, epekteÐnoume up�rqousec ènnoiec kai metrikèc
gia thn axiolìghsh thc diaforopoÐhshc sto sen�rio twn sqolÐwn qrhst¸n. Tèloc, epibe-
bai¸noume thn apotelesmatikìthta twn mejìdwn mac kai ulopoioÔme èna prìtupo sÔsthma
diaforopoÐhshc sqolÐwn qrhst¸n se eidhseografik� �rjra.

1.2 Suneisfor�

H suneisfor� thc diatrib c sunoyÐzetai sta parak�tw shmeÐa:

1. Melet�me to prìblhma thc aÔxhshc thc posìthtac twn arqik¸n dedomènwn ekpaÐdeu-
shc gia taqÔterh kai omoiogenèsterh ekpaÐdeush sunart sewn taxinìmhshc apotele-
sm�twn.

2. Melet�me to prìblhma thc ekpaÐdeushc pollapl¸n sunart sewn taxinìmhshc exar-
t¸menwn apì to perieqìmeno   th sumperifor� anaz thshc gia thn beltÐwsh thc poiì-
thtac ekpaÐdeushc.

3. Melet�me to prìblhma thc ubridik c anaz thshc eggr�fwn me th bo jeia lèxewn
kleidi¸n kai ennoi¸n ontologi¸n, kaj¸c kai jèmata anataxinìmhshc apotelesm�tw-
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n anaz thshc shmasiologik¸n dedomènwn, me stìqo eÐte thn exatomÐkeush, eÐte th
diaforopoÐhsh twn apotelesm�twn.

4. Melet�me to prìblhma thc diaforopoÐhshc sqolÐwn qrhst¸n se koinwnik� dÐktua kai,
sugkekrimèna, ìson afor� ta sqìlia eidhseografik¸n �rjrwn.

5. UlopoioÔme tic parap�nw mejìdouc basizìmenoi kai epekteÐnontac/belti¸nontac ka-
jierwmènouc algìrijmouc kai euristikèc kai ekteloÔme peir�mata se diaforetik� set
dedomènwn ta opoÐa deÐqnoun thn apodotikìthta twn proteinìmenwn mejìdwn, sugkri-
nìmenwn me tic up�rqousec basikèc mejìdouc.

6. EntopÐzoume jèmata gia peraitèrw dieureÔnhsh p�nw stic mejìdouc pou proteÐnoume,
ta opoÐa prosfèroun th dunatìthta gia mellontik  doulei�.

7. Par�llhla me to prohgoÔmeno, parousi�zoume mÐa proergasÐa pou èqoume pragma-
topoi sei ìson afor�: (a) sthn montelopoÐhsh anaz thshc biologik¸n ontot twn me
allagèc sthn onomatologÐa touc kai (b) sthn montelopoÐhsh tou probl matoc thc dia-
foropoÐhshc apotelesm�twn (se morf  gr�fwn) anaz thshc shmasiologik¸n (RDF)
dedomènwn.

1.3 Dom c thc èkjeshc

H upìloiph èkjesh anaptÔssetai wc ex c: Sto Kef�laio 2 dÐnetai sunoptik� to upìbajro
sto opoÐo sthrÐzetai h paroÔsa doulei�, kaj¸c kai mÐa episkìphsh sqetik¸n ergasi¸n. Sto
Kef�laio 3 parousi�zetai to pr¸to skèloc thc doulei�c, pou afor� th mèjodo pou proteÐ-
noume gia epèktash tou arqikoÔ set dedomènwn ekpaÐdeushc gia ekpaÐdeush sunart sewn
taxinìmhshc. Sto Kef�laio 4 parousi�zetai to deÔtero skèloc thc doulei�c, pou afor� th
mèjodo pou proteÐnoume gia th beltÐwsh thc poiìthtac ekpaÐdeushc sunart sewn taxinìmh-
shc, me skopì th beltÐwsh thc anataxinìmhshc twn apotelesm�twn gia exatomÐkeush. Sto
kef�laio 5 parousi�zontai oi proteinìmenec proseggÐseic gia prosarmostik  anaz thsh me
th bo jeia   p�nw se shmasiologik� dedomèna kai, sugkekrimèna, h ubridik  anaz thsh me
lèxeic kleidi� kai me ènnoiec ontologÐac p�nw se shmasiologik� epishmeiwmèna dedomèna,
kaj¸c kai h exatomikeumènh anaz thsh shmasiologik¸n dedomènwn. Sto kef�laio 6 parou-
si�zetai h ergasÐa p�nw sth diaforopoÐhsh sqolÐwn qrhst¸n se eidhseografik� �rjra (kai
genikìtera se koinwnik� dÐktua), ìpou orÐzontai exeidikeumèna krit ria kai efarmìzontai
euristikoÐ algìrijmoi diaforopoÐhshc. Sto kef�laio 7 parousi�zontai dÔo prokatarktikèc
ergasÐec pou aforoÔn ta ex c: diaforopoÐhsh anaz thshc me lèxeic kleidi� se shmasiolo-
gik� dedomèna kai montelopoÐhsh kai èxupnh anaz thsh biologik¸n ontot twn twn opoÐwn h
onomatologÐa metab�lletai me thn p�rodo tou qrìnou. Oi sugkekrimènec ergasÐec montelo-
poioÔn ta epimèrouc probl mata kai proteÐnoun kateujÔnseic gia thn epÐlus  touc. Tèloc,
sto Kef�laio 8 sunoyÐzoume thn parousÐash doulei�c pou epitelèsthke sta plaÐsia thc
diatrib c.





Kef�laio 2

Sqetikèc ErgasÐec

2.1 Upìbajro

Stic epìmenec enìthtec parousi�zontai oi basikèc ènnoiec gia thn katanìhsh thc diatrib c:
EkpaÐdeush sunart sewn taxinìmhshc apotelesm�twn, Mhqanèc Dianusm�twn St rixhc,
teqnologÐec ShmasiologikoÔ IstoÔ kai algìrijmoi kai antikeimenikèc sunart seic - stìqoi
diaforopoÐhshc.

2.1.1 EkpaÐdeush sunart sewn taxinìmhshc apotelesm�twn

Sthn pleioyhfÐa twn peript¸sewn h ekpaÐdeush mÐac sun�rthshc taxinìmhshc apotelesm�-
twn apoteleÐtai apì treic f�seic: (a) Exagwg  protim sewn qrhst¸n gia zeÔgh erwthm�twn-
apotelesm�twn, (b) exagwg  qarakthristik¸n (features) pou perigr�foun th sqèsh erwthm�twn-
apotelesm�twn kai (g) trofodìthsh enìc algorÐjmou mhqanik c m�jhshc gia thn ekpaÐdeush
thc sun�rthshc (  alli¸c montèlou) taxinìmhshc.

Exagwg  protim sewn qrhst¸n. 'Opwc analÔjhke sthn Eisagwg , oi protim seic
twn qrhst¸n mporoÔn na exaqjoÔn eÐte �mesa, eÐte èmmesa, me ton deÔtero trìpo na eÐnai
pio realistikìc se pragmatik� sust mata. Epiplèon, oi protim seic autèc mporeÐ na ek-
fr�zontai eÐte me apìluto trìpo (arijmhtikèc timèc pou antiproswpeÔoun th shmasÐa k�je
apotelèsmatoc gia sugkekrimèno er¸thma - absolute relevance)   me sqetikì trìpo (dua-
dikèc sqèseic pou dhl¸noun thn protÐmhsh enìc apotelèsmatoc se sqèsh me k�poio �llo -
relative relevance). Sthn paroÔsa ergasÐa jewroÔme, �neu bl�bhc thc genikìthtac, pro-
tim seic thc pr¸thc kathgorÐac. Oi timèc me tic opoÐec ekfr�zontai oi protim seic gia èna
apotèlesma onom�zontai krÐseic sqetikìthtac.

Exagwg  qarakthristik¸n. K�je zeÔgoc erwt matoc - apotelèsmatoc anaparÐsta-
tai apì èna di�nusma qarakthristik¸n (feature vector) to opoÐo posotikopoieÐ thn poiìthta
�tairi�smatoc � metaxÔ tou erwt matoc kai tou apotelèsmatoc. Up�rqei mÐa meg�lh poikilÐa
apì kathgorÐec qarakthristik¸n pou mporoÔn na qrhsimopoihjoÔn. Qarakthristik� basi-
smèna sto perieqìmeno, ta opoÐa mporoÔn na exaqjoÔn apì ton tÐtlo, to s¸ma keimènou kai
th dieÔjunsh tou apotelèsmatoc, qrhsimopoioÔntai gia na upologÐsoun keimenik  omoiìthta
(textual similarity) an�mesa se er¸thma kai apotèlesma [7]. K�poia �lla qarakthristik�
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basÐzontai se plhroforÐa apì upersundèsmouc (gia par�deigma timèc pagerank) [8]   se su-
gkekrimènec idiìthtec twn apotelesm�twn, ìpwc to domain thc dieÔjunshc   thn kat�taxh
tou apotelèsmatoc se di�forec mhqanèc anaz thshc [2]. Epiplèon, k�poia qarakthristik�
mporeÐ na enswmat¸noun statistik  plhroforÐa gia th sumperifor� twn qrhst¸n, ìpwc gia
par�deigma, thn apìklish apì th mèsh tim  pou xodeÔetai sthn episkìphsh istoselÐdwn [9].
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Sq ma 2.1: EkpaÐdeush sun�rthshc taxinìmhshc gia exatomÐkeush apotelesm�twn.

EkpaÐdeush. H ekpaÐdeush stoqeÔei sth dhmiourgÐa enìc dianÔsmatoc bar¸n weight
vector) to opoÐo antistoiqÐzei èna b�roc se k�je èna apì ta qarakthristik� tou dianÔsmatoc
qarakthristik¸n. H epilog  twn bar¸n gÐnetai lamb�nontac upìyh tic timèc twn protim se-
wn twn qrhst¸n (krÐseic sqetikìthtac), kaj¸c kai tic timèc twn qarakthristik¸n gia k�je
èna apì ta zeÔgh erwthm�twn-apotelesm�twn tou set dedomènwn ekpaÐdeushc. Di�fore-
c mèjodoi ekpaÐdeushc èqoun protajeÐ kat� kairoÔc, ìpwc Ranking SVM [2], RankNET
citeburges-icml05, RankBoost [11], ìpwc epÐshc mèjodoi beltistopoÐhshc gia tic parap�nw
teqnikèc [12]. H dik  mac doulei� uiojeteÐ thn pr¸th mèjodo, dhlad  tic Mhqanèc Dianu-
sm�twn St rixhc gia taxinìmhsh, h opoÐa perigr�fetai sthn epìmenh enìthta.

2.1.2 Mhqanèc Dianusm�twn St rixhc

Se aut n thn enìthta dÐnontai plhroforÐec sqetik� me to montèlo twn Mhqan¸n Dianu-
sm�twn St rixhc, afenìc men gia na gÐnei katanoht  h leitourgÐa touc sthn ekpaÐdeush
sunart sewn taxinìmhshc, afetèrou de gia na gÐnei eukolìtera antilhpt  h prosarmog  thc
mejìdou mac sto sugkekrimèno montèlo, ìpwc ja perigrafeÐ se epìmenh enìthta.

'Estw S èna set dedomènwn ekpaÐdeushc, apoteloÔmeno apì erwt mata, tic lÐstec tw-
n apotelesm�twn touc kai krÐseic sqetikìthtac gia (k�poia apì) ta apotelèsmata. 'Aneu
bl�bhc thc genikìthtac, èstw ìti èqoume 3 kl�seic sqetikìthtac: r = 0 (�sqeto), r = 1
(merik¸c sqetikì) kai r = 2 (polÔ sqetikì) gia thn axiolìghsh thc sqetikìthtac k�je
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apotelèsmatoc me to antÐstoiqo er¸thma. 'Estw, epÐshc, ènac q¸roc qarakthristik¸n di�-
stashc d. 'Opwc proeÐpame, ta qarakthristik� aut� perigr�foun thn poiìthta �tairi�smatoc
� metaxÔ tou erwt matoc kai tou apotelèsmatoc.

'Etsi, to set dedomènwn ekpaÐdeushc èqei th morf : S = {(x1, r1), (x2, r2), ..., (xn, rn)},
ìpou xi = (x1i, x2i, ..., xdi) eÐnai to di�nusma qarakthristik¸n enìc zeÔgouc erwt matoc -
apotelèsmatoc, ri eÐnai h krÐsh (kl�sh) sqetikìthtac tou sugkekrimènou apotelèsmatoc i

kai n o arijmìc twn zeug¸n erwt matoc -apotelèsmatoc sto set dedomènwn. Oi Mhqanèc
Dianusm�twn St rixhc gia taxinìmhsh epidi¸koun na broun mÐa sun�rthsh taxinìmhshc pou
ikanopoieÐ thn parak�tw sqèsh:

xi Â xj ⇔ g(xi) > g(xj) (2.1)

ìpou xi Â xj shmaÐnei ìti to apotèlesma i èqei uyhlìterh kat�taxh (�ra kai krÐsh sqe-
tikìthtac) apì to apotèlesma j, dhlad  ri > rj . Jewr¸ntac th sun�rthsh g wc grammik 
sun�rthsh tou xi, tìte g(xi) = 〈w · xi〉. 'Etsi, h exÐswsh 2.1 xanagr�fetai wc ex c:

xi Â xj ⇔ 〈w · xi − xj〉 > 0 (2.2)

Jewr¸ntac ìla ta zeÔgh apotelesm�twn tou set dedomènwn ekpaÐdeushc gia ta opoÐa
xi Â xj , kai eis�gontac metablhtèc qal�rwshc (slack variables) (gia apotelèsmata pou
taxinomoÔntai lanjasmèna), to prìblhma metatrèpetai sto ex c prìblhma beltistopoÐhshc:

elaqistopoÐhse to:
1
2
‖w‖2 + c

∑
ξij

upokeÐmeno se: 〈w · xi − xj〉 > 1− ξij , ∀xi Â xj , ξij > 0 (2.3)

ìpou ‖w‖ h nìrma tou w. Shmei¸noume ìti to w eÐnai to di�nusma bar¸n pou posotikopoieÐ
th shmasÐa k�je qarakthristikoÔ gia mÐa sugkekrimènh ekpaÐdeush, se èna sugkekrimèno
set dedomènwn. To di�nusma autì eÐnai k�jeto se uperepif�neiec (orizìmenec apì ta shmeÐ-
a bpq, sta opoÐa �kìboun� to di�nusma) oi opoÐec diaqwrÐzoun apotelèsmata diaforetik¸n
kl�sewn sqetikìthtac, ìpwc faÐnetai sto Sq ma 2.2. Sthn ExÐswsh 2.3, o pr¸toc ìroc
1
2‖w‖2 sqetÐzetai me thn apìstash twn kontinìterwn sthn uperepif�neia, orj� taxinomhmè-
nwn apotelesm�twn. O deÔteroc ìroc

∑
ξij sqetÐzetai me to sf�lma pou eis�getai apì ta

lanjasmèna taxinomhmèna apotelèsmata. Gia par�deigma, jewr¸ntac ìti ta trigwnik� sh-
meÐa ja èprepe na topojethjoÔn (taxinomhjoÔn) sta dexi� thc uperepif�neiac pou orÐzetai
apì to shmeÐo b11 kai ta kuklik� shmeÐa sta dexi�, tìte: (a) to 1

2‖w1‖2 sqetÐzetai me thn
apìstash tou b11 apì to kontinìterì tou dexÐ trigwnikì shmeÐo kai apì to kontinìterì tou
aristerì kuklikì shmeÐo kai (b) to

∑
ξij sqetÐzetai me thn apìstash tou b11 apì to konti-

nìterì tou aristerì trigwnikì shmeÐo apì to kontinìterì tou dexÐ kuklikì shmeÐo. Tèloc,
to c kajorÐzei th sqetik  shmasÐa twn dÔo ìrwn sth diadikasÐa ekpaÐdeushc.

To par�deigma thc Eikìnac 2.2 dÐnei mÐa gewmetrik  ermhneÐa tou uiojetoÔmenou montè-
lou. Q�rin aplìthtac, jewroÔme ìti ta dianÔsmata qarakthristik¸n apoteloÔntai apì dÔo
mìno qarakthristik�. To qarakthristikì x antiproswpeÔei thc suqnìthta thc lèxhc {acm}
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x (word "acm" contained in result)

y (word "video" contained  in result)

b11
b12

w1

w2

b21

b22

u1

v1

u2
v2

dA

dB

rank = 2

rank = 1

rank = 0

w1: vector trained for paper search
w2: vector trained for cellphone search

Sq ma 2.2: Ekpaideumèna dianÔsmata b�rouc kai uperepif�neiec ston q¸ro qarakthristik¸n

sto keÐmeno tou apotelèsmatoc, en¸ to qarakthristikì y th suqnìthta thc lèxhc {video}
sto apotèlesma. Ta grammoskiasmèna gewmetrik� sq mata antiproswpeÔoun apotelèsmata
sqetik� me anazht seic gia dhmosieÔseic, en¸ ta ken� sq mata apotelèsmata apì anazh-
t seic gia kinht� thlèfwna. Ta tetr�gwna antistoiqoÔn se polÔ sqetik� apotelèsmata,
ta trÐgwna se merik¸c sqetik� kai oi kÔkloi se �sqeta apotelèsmata. Shmei¸noume ìti
ta dÔo parap�nw qarakthristik� exart¸ntai apì th suqnìthta twn sugkekrimènwn lèxewn
sta apotelèsmata, dhlad  oi timèc touc den ephre�zontai apì ta erwt mata. Sth genik 
perÐptwsh, bèbaia, autì den isqÔei p�nta, apl� dialèxame ta sugkekrimèna qarakthristik�
gia eukolÐa sthn parousÐash.

Sto q¸ro qarakthristik¸n thc Eikìnac 2.2 ekpaideÔoume dÔo montèla anataxinìmhshc
apotelesm�twn, ekfrazìmena apì antÐstoiqa dianÔsmata bar¸n, ta w1 kai w2. Aut� ta
dianÔsmata antistoiqoÔn se anazht seic gia dhmosieÔseic kai anazht seic gia kinht� antÐ-
stoiqa. H kateÔjunsh tou k�je dianÔsmatoc, dhlad  h gwnÐa an�mesa sto di�nusma kai
se k�poion apì touc �xonec deÐqnei th shmasÐa tou k�je qarakthristikoÔ gia th diadikasÐa
thc taxinìmhshc apotelesm�twn. Gia par�deigma, h gwnÐa u1 an�mesa sto di�nusma w1

kai ston �xona X eÐnai mikrìterh apì th gwnÐa v1 an�mesa sto di�nusma kai ston �xona
Y . Autì shmaÐnei ìti mÐa allag  sthn tim  tou qarakthristikoÔ x (suqnìthta thc lèxhc
{acm}) eÐnai pio pijanì na prokalèsei mÐa allag  sthn kat�taxh tou tou apotelèsmatoc
apì ìti mÐa allag  sthn tim  tou qarakthristikoÔ y (suqnìthta thc lèxhc {video}). To
antÐjeto isqÔei ìson afor� sto di�nusma bar¸n w2, pou sqetÐzetai me anazht seic gia ki-
nht�: to qarakthristikì y eÐnai pio shmantikì apì to x, ìpwc faÐnetai apì thn kateÔjunsh
tou dianÔsmatoc w2.

To parap�nw par�deigma perigr�fei dÔo diaforetikèc sumperiforèc anaz thshc, dhlad 
diaforetik� motÐba anaz thshc pou akoloujoÔntai apì qr stec gia sugkekrimènec kathgo-
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rÐec anaz thshc. To sumpèrasma pou prokÔptei eÐnai ìti oi sumperiforèc anaz thshc den
ekfr�zontai mèsw tou perieqomènou, all� mèsw tou q¸rou qarakthristik¸n XεRd pou èqei
epilegeÐ gia na antiproswpeÔei ta dedomèna anaz thshc (clickthrough data), dhlad  ta a-
potelèsmata tou erwt matoc me thn kat�tax  touc kai thn plhroforÐa gia to poia apì aut�
epèlexe o qr sthc. Apì ta parap�nw prokÔptei ìti oi sumperiforèc anaz thshc mporoÔn
na anagnwristoÔn mèsw thc ekmet�lleushc thc katanom c twn dedomènwn anaz thshc sto
q¸ro qarakthristik¸n.

2.1.3 TeqnologÐec shmasiologikoÔ istoÔ

O Shmasiologikìc Istìc (Semantic Web) eÐnai èna sÔnolo plhrofori¸n, diasundedemènwn
me kat�llhlo trìpo, ¸ste na eÐnai eÔkola kai me apodotikì trìpo prosb�simec kai epexer-
g�simec apì progr�mmata se pagkìsmia klÐmaka. MporeÐ na jewrhjeÐ wc mÐa {pagkìsmia
b�sh dedomènwn}, thc opoÐac h dom  kai org�nwsh epitrèpei ìqi mìno stouc anjr¸pouc, all�
kai stic mhqanèc na qrhsimopoi soun thn apojhkeumènh plhroforÐa. O Shmasiologikìc I-
stìc apoteleÐ ousiastik� mÐa epèktash tou Pagkìsmiou IstoÔ (World Wide Web), h opoÐa
epitrèpei thn apotelesmatikìterh sunergasÐa anjr¸pwn kai upologist¸n, sÔmfwna me ton
empneust  tou (kai empneust  twn WWW, URIs, HTTP kai HTML) Tim Berners-Lee.

To prìblhma me ton Pagkìsmio Istì eÐnai ìti to megalÔtero mèroc thc diajèsimhc plh-
roforÐac organ¸netai me trìpo pou kajist� dÔskolh thn epexergasÐa thc apì mÐa mhqan .
H plhroforÐa apojhkeÔetai sun jwc sth morf  HTML arqeÐwn, ta opoÐa prosfèroun mìno
optik  apeikìnish kai ìqi shmasiologik  taxinìmhsh thc plhroforÐac. Autì èqei wc apotèle-
sma, ènac �njrwpoc, diab�zontac mÐa selÐda HTML, na mporeÐ na diaqwrÐsei shmasiologik�
thn plhroforÐa pou perièqei, all� autì na eÐnai adÔnato gia mÐa efarmog .

Autì pou epidi¸ketai me to Shmasiologikì Istì eÐnai h rht  kai me saf neia shma-
siologik  epishmeÐwsh thc plhroforÐac, ètsi ¸ste na dieukolÔnetai h automatopoihmènh
epexergasÐa kai olokl rws  thc apì mÐa mhqan . SthrÐzetai sthn dunatìthta orismoÔ apì
thn XML (Extensible Markup Language) sqhm�twn prosarmosmènwn etiket¸n, sth du-
natìthta euèlikthc parousÐashc dedomènwn thc RDF (Resource Description Framework)
kai sth dunatìthta thc OWL gia tupik  perigraf  thc shmasiologÐac kai orologÐac enìc
eggr�fou.

To parap�nw prìblhma pou epidi¸ketai na lujeÐ me to Shmasiologikì Istì den perio-
rÐzetai mìno sto diadÐktuo, all� afor� kai opoiond pote �llo tomèa ston opoÐo prokÔptei
h an�gkh gia apoj keush kai an�kthsh plhroforÐac. En prokeimènw, ìson afor� sthn
anaz thsh eggr�fwn sto sklhrì dÐsko enìc upologist , h mèqri stigm c up�rqousa klas-
sik  anaz thsh me lèxeic kleidi� emfanÐzei diafìrwn eid¸n atèleiec. Gia par�deigma, èna
èggrafo mporeÐ na anafèretai se mÐa ènnoia, all� na mhn perièqei (arketèc) lèxeic kleidi�
pou na perigr�foun th sugkekrimènh ènnoia   kai to antÐstrofo, na perièqei pollèc lèxeic
kleidi� mÐac ènnoiac sthn opoÐo ìmwc den anafèretai. Epiplèon, mporeÐ diaforetik� shmeÐa
tou eggr�fou na anafèrontai se diaforetikèc ènnoiec.

Me th qr sh ontologi¸n kai ontologik¸n glwss¸n (OWL, RDFS), dÐnetai h dunatìthta
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shmasiologik c epishmeÐwshc thc ènnoiac (  kai twn ennoi¸n) k�je eggr�fou (  mèrouc enìc
eggr�fou), ètsi ¸ste h anaz thsh me th bo jeia thc ontologÐac na exeidikeÔetai kai na
gÐnetai pio ègkurh kai apotelesmatik . Parak�tw perigr�fetai h ènnoia thc ontologÐac kai
analÔetai h gl¸ssa OWL (Web Ontology Language).

OntologÐa

OntologÐa eÐnai h perigraf , me th qrhsimopoÐhsh enìc sugkekrimènou lexilogÐou, enìc
sunìlou apì ènnoiec, antikeÐmena kai sqèseic metaxÔ touc pou aforoÔn mÐa sugkekrimènh
perioq  gn¸shc. Ousiastik�, mÐa ontologÐa eÐnai mÐa ierarqÐa apì kl�seic, idiìthtec kai
stigmiìtupa twn kl�sewn, pou perigr�foun èna gnwstikì antikeÐmeno.

RDF

H RDF1 eÐnai mÐa gl¸ssa anapar�stashc plhroforÐac gia thn perigraf  diadiktuak¸n onto-
t twn/pìrwn. QrhsimeÔei sthn org�nwsh thc plhroforÐac se sugkekrimèno morfìtupo, epe-
xerg�simo apì efarmogèc, parèqontac ètsi èna koinì plaÐsio gia thn antallag /diamoirasmì
plhroforÐac metaxÔ efarmog¸n, qwrÐc ap¸leia thc shmasiologÐac twn dedomènwn. H RDF
basÐzetai sthn idèa thc antipros¸peushc ontot twn mèsw kajolik¸n anagnwristik¸n pì-
rwn (Internationalized Resource Identifiers - IRIs) kai thc perigraf c ontot twn mèsw
apl¸n idiot twn kai tim¸n pou paÐrnoun oi idiìthtec. Autì odhgeÐ sth dhmiourgÐa apl¸n
dhl¸sewn (statements) gia ontìthtec se morf  enìc gr�fou apì kìmbouc kai akmèc pou
antiproswpeÔoun ontìthtec   timèc kai idiìthtec antÐstoiqa. Sugkekrimèna, oi dhl¸seic eÐ-
nai se morf  triplet¸n (upokeÐmeno, kathgìrhma, antikeÐmeno - subject, predicate, object)
apoteloÔmenec apì thn ontìthta (upokeÐmeno) pou perigr�fetai, thn idiìthta (kathgìrhma)
pou to perigr�fei kai thn tim  pou paÐrnei (antikeÐmeno). To upokeÐmeno kai to kathgìrhma
epitrèpetai na antiproswpeÔontai mìno apì kajolik� anagnwristik�, en¸ to antikeÐmeno
mporeÐ na eÐnai tìso anagnwristikì, ìso kai mÐa stajer  tim  RDF (RDF Literal), ìpwc mÐa
sumboloseir�, ènac akèraioc arijmìc, mÐa hmeromhnÐa, k.a. MÐa sullog  apì RDF dhl¸seic
(  triplètec) mporeÐ na jewrhjeÐ wc ènac kateujunìmenoc, onomatismènoc gr�foc (directed
labelled graph).

RDFS

H RDF parèqei ènan trìpo èkfrashc apl¸n dhl¸sewn gia ontìthtec, qrhsimopoi¸ntac o-
nomatismènec idiìthtec kai timèc. Parìla aut�, eÐnai anagkaÐa h Ôparxh enìc lexilogÐou
(vocabulary) to opoÐo ja qrhsimopoieÐtai stic dhl¸seic, prokeimènou na perigr�fei tic i-
diìthtec kai tic ènnoiec/kl�seic pou qarakthrÐzoun tic perigrafìmenec ontìthtec. Autì
epitugq�netai me to RDF sq ma (RDF Schema - RDFS2), to opoÐo epekteÐnei to lexilìgio
thc RDF me skopì na perigr�yei, me th bo jeia desmeumènwn lèxewn, ontìthtec kai sqèseic
metaxÔ idiot twn. Parèqei domèc gia thn perigraf  tou tÔpou twn antikeimènwn (kl�seic

1http://www.w3.org/TR/rdf-primer/
2http://www.w3.org/TR/rdf-schema/
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-classes), ierarqÐec tÔpwn (upokl�seic subclasses), idiìthtec (properties) pou perigr�foun
qarakthristik� twn ontot twn kai ierarqÐec idiot twn. To lexilìgio pou qhrsimopoieÐtai
apì to RDFS eÐnai èna exeidikeumèno sÔnolo apì prokajorismènouc pìrouc RDF, me eidik 
shmasiologÐa. MÐa kl�sh sto RDFS antistoiqeÐ sthn genikeumènh ènnoia tou tÔpou   thc
kathgorÐac kai orÐzetai me th dom  rdfs:Class. Ontìthtec pou an koun se mÐa kl�sh ono-
m�zontai stigmiìtupa thc kl�shc. 'Ena stigmiìtupo mÐac kl�shc sundèetai me thn kl�sh
mèsw thc idiìthtac rdf:type. MÐa ontìthta mporeÐ na eÐnai stigmiìtupo poll¸n kl�sewn.
MÐa idiìthta qarakthrÐzei stigmiìtupa mÐac kl�shc   enìc sunìlou kl�sewn kai orÐzetai
mèsw thc dom c rdf:Property. K�je idiìthta èqei èna pedÐo orismoÔ, dhlad  to sÔnolo twn
kl�sewn tic opoÐec qarakthrÐzei kai pedÐo tim¸n, dhlad  tic timèc pou mporeÐ na p�rei.

OWL

H gl¸ssa ontologi¸n istoÔ (Web Ontology Language - OWL3) eÐnai h kajierwmènh gl¸s-
sa orismoÔ kai ulopoÐhshc ontologi¸n ston istì. H OWL kai to RDFS èqoun arketèc
omoiìthtec. H OWL orÐzetai wc èna exeidikeumèno lexilìgio, ìpwc kai to RDFS, èqei, ìmw-
c, plousiìterh shmasiologÐa. MÐa kl�sh orÐzetai qrhsimopoi¸ntac th dom  owl:Class kai
antiproswpeÔei èna sÔnolo apì ontìthtec me parìmoiec idiìthtec/qarakthristik�. H OWL
prosfèrei epiplèon domèc gia orismì kl�sewn, sumperilambanomènwn basik¸n telest¸n su-
nìlwn, ìpwc ènwsh, tom , sumpl rwma, kaj¸c kai �llec domèc, ìpwc isodunamÐa kl�shc
(owl:equivalentClass). 'Oson afor� tic ontìthtec, h OWL epitrèpei ton orismì isodunamÐ-
ac   diaforetikìthtac dÔo ontot twn mèsw twn dom¸n owl:sameAs kai owl:differentFrom.
EpÐshc diaqwrÐzei idiìthtec twn opoÐwn h tim  eÐnai mÐa ontìthta (owl:ObjectProperty) me
autèc oi opoÐec paÐrnoun stajerèc timèc (owl:DatatypeProperty). EpÐshc, orÐzetai isodu-
namÐa metaxÔ idiot twn.

SPARQL 1.0

To prwtìkollo kai gl¸ssa erwt sewn SPARQL4 apoteleÐ sÔstash thc om�dac W3C5 kai
èqei kajierwjeÐ wc h st�ntar gl¸ssa erwt sewn gia RDF dedomèna. H apotÐmhsh erw-
t sewn se SPARQL basÐzetai sto taÐriasma motÐbwn gr�fwn (graph pattern matching).
'Ena motÐbo gr�fou orÐzetai anadromik� kai perièqei ekfr�seic RDF triplet¸n kai telestèc
pou tic sundèoun. Oi telestèc autoÐ eÐnai: sÔzeuxhc (AND), di�zeuxhc (UNION), proaire-
tikìthtac (OPTIONAL) kai filtrarÐsmatoc (FILTER). Ta motÐba triplet¸n - ekfr�seic
èqoun akrib¸c thn Ðdia morf  me tic RDF triplètec, me th diafor� ìti ènac toul�qiston apì
touc treic ìrouc eÐnai metablht . H dom  enìc SPARQL erwt matoc prosidi�zei arket� th
dom  thc SQL. Epiplèon, h SPARQL parèqei di�forouc telestèc allag c thc seir�c twn
apotelesm�twn, ìpwc: Distinct, Reduced, Limit, Offset, Order By.

3http://www.w3.org/TR/owl-features/
4http://www.w3.org/TR/rdf-sparql-query/
5http://www.w3.org/
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SPARQL 1.1

H SPARQL 1.16 apoteleÐ epèktash thc SPARQL, proteinìmenh epÐshc apì thn om�da W3C.
Perilamb�nei ta akìlouja domik� stoiqeÐa: Query, Update, Protocol, Service Description,
Property Paths, Entailment Regimes, Uniform HTTP Protocol for Managing RDF Graphs
kai Federation Extensions. H SPARQL 1.1 exaleÐfei arketoÔc apì touc periorismoÔc thc
SPARQL 1.0, eis�gontac leitourgikìthta pou afor� sunajroistikèc sunart seic, emfw-
leumèna erwt mata, leitourgÐec ananèwshc dedomènwn, qeirismì monopati¸n, �rnhshc k.a.
Genik�, h SPARQL 1.1 epekteÐnetai, apì gl¸ssa an�kthshc dedomènwn, se gl¸sssa qeiri-
smoÔ dedomènwn. Gia par�deigma, ektìc apì leitourgÐec ananèwshc dedomènwn, uposthrÐzei
sunart seic eisagwg c kai diagraf c, tìso atomik¸n ìso kai mazik¸n dedomènwn.

2.1.4 Teqnikèc diaforopoÐhshc

To prìblhma thc diaforopoÐhshc eÐnai sten� sundedemèno me to prìblhma p-diaspor�c (p-
dispersion) [90]:

Orismìc 2.1 (Prìblhma p-diaspor�c). EpÐlexe, apì èna sÔnolo n dedomènwn shmeÐwn,
p shmeÐa ètsi ¸ste h el�qisth apìstash, an� zeÔgh, twn epilegmènwn shmeÐwn na megisto-
poieÐtai.

To prìblhma èqei di�forec parallagèc kai onìmata [92], ìpwc facility dispersion, p-
defense, maxsum/min dispersion. EpÐshc, eÐnai NP-complete [90], opìte di�foroi euristi-
koÐ algìrijmoi èqoun protajeÐ, prokeimènou na lÔnoun to prìblhma ìso to dunatìn pio
apodotik� [91]. Sth sunèqeia, anatrèqoume en suntomÐa se mÐa kathgoriopoÐhsh aut¸n twn
algorÐjmwn, ìpwc parousi�zetai diexodik� sto [91].

2.1.5 KathgoriopoÐhsh algorÐjmwn diaspor�c

Oi algìrijmoi p-diaspor�c mporoÔn na qwristoÔn se tèsseric kathgorÐec: kataskeuastikoÐ
(construction), geitoni�c (neighborhood), probol c (projection) kai enallag c (interchange).
Gia ta akìlouja, jewroÔme N to sÔnolo twn upoy fiwn shmeÐwn, me |N | = n kai S to sÔno-
lo twn diaforopoihmènwn shmeÐwn, me |S| = p, ìtan o algìrijmoc diaspor�c/diaforopoÐhshc
èqei oloklhrwjeÐ.

KataskeuastikoÐ algìrijmoi

QwrÐzontai se treic upokathgorÐec:

• 'Aplhstec kataskeuastikèc euristikèc. Oi sugkekrimènoi algìrijmoi epilègoun,
arqik�, to zeÔgoc shmeÐwn pou èqoun th megalÔterh metaxÔ touc apìstash, gia na
arqikopoi sei to sÔnolo twn diaforopoihmènwn shmeÐwn S. Sth sunèqeia, kai mèqri
na isqÔsei ìti |S| = p, se k�je epan�lhyh, to stoiqeÐo pou eis�getai eÐnai to shmeÐo
pou megistopoieÐ thn el�qisth apìstash apì ta  dh eishgmèna sto S shmeÐa.

6http://www.w3.org/TR/sparql11-query/
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• 'Aplhstec euristikèc diagraf c. Oi sugkekrimènoi algìrijmoi arqik� jewroÔn
ìla ta upoy fia shmeÐa wc stoiqeÐa tou telikoÔ sunìlou, dhlad  S = N kai met�, se
k�je b ma, afairoÔn èna apì ta dÔo shmeÐa ta opoÐa èqoun th mikrìterh metaxÔ touc
apìstash kai, sugkekrimèna, to shmeÐo pou apèqei, sugkentrwtik�, ligìtero apì ta
upìloipa shmeÐa tou S.

• Hmi-�plhstec euristikèc diagraf c Oi sugkekrimènoi algìrijmoi eÐnai Ðdioi me tic
'Aplhstec euristikèc diagraf c, apl� h diagraf  tou enìc apì ta dÔo epilegmèna proc
diagraf  stoiqeÐa (apì to zeÔgoc me th mikrìterh apìstash) gÐnetai me tuqaÐo trìpo.

Algìrijmoi geitoni�c

Oi sugkekrimènoi algìrijmoi dialègoun kai eis�goun èna arqikì shmeÐo sto S kai orÐzoun
mÐa geitoni� gÔrw apì autì, gia par�deigma ènan kÔklo me kèntro to epilegmèno shmeÐo xi.
Sth sunèqeia, epilègoun to epìmeno stoiqeÐo proc eisagwg , apokleÐontac ìla ta shmeÐa
sth geitoni� tou xi. Se k�je b ma, h geitoni� orÐzetai me b�sh to teleutaÐo eishgmèno
stoiqeÐo. Oi algìrijmoi diaforopoioÔntai an�loga me thn euristik  pou qrhsimopoieÐtai gia
na epilegeÐ to epìmeno shmeÐo x′i (pou brÐsketai èxw apì th geitoni� tou xi): k�poioc mporeÐ
na epilèxei to pr¸to shmeÐo, to pio kontinì   to pio makrunì shmeÐo apì ta upoy fia.

Algìrijmoi enallag c

Oi sugkekrimènoi algìrijmoi jewroÔn mÐa arqik  tuqaÐa lÔsh S kai met�, se k�je b ma,
enall�ssoun èna shmeÐo x ∈ S me èna shmeÐo y /∈ S, stoqeÔontac na belti¸soun th diaspor�
tou S. 'Opwc kai sthn perÐptwsh twn algorÐjmwn �plhsthc diagraf c, to shmeÐo proc
diagraf  x proèrqetai apì to zeÔgoc shmeÐwn tou S me thn mikrìterh metaxÔ touc apìstash.
To shmeÐo y proc eisagwg , mporeÐ na eÐnai to pr¸to pou aux�nei th diaspor�   autì
pou thn aux�nei perissìtero. MÐa shmantik  parallag  aut¸n twn algorÐjmwn eÐnai oi
algìrijmoi prosomoiwmènhc anìpthshc (simulated annealing), oi opoÐoi stoqeÔoun sthn
apofug  topik¸n megÐstwn, enall�ssontac, periodik�, stoiqeÐa me trìpo pou na mei¸nei th
diaspor� tou S.

Algìrijmoi probol c

Oi sugkekrimènoi algìrijmoi prob�lloun to prìblhma se mÐa gramm  kai to lÔnoun ekeÐ.
H axiolìghsh pou perigr�fetai sto [91] deÐqnei ìti, genik�, oi algìrijmoi enallag c kai

geitoni�c eÐnai lÐgo pio akribeÐc apì touc kataskeuastikoÔc algorÐjmouc, en¸ oi algìrijmoi
probol c èqoun th qeirìterh apìdosh. Parìla aut�, oi algìrijmoi geitoni�c qrei�zontai
parametropoÐhsh thc aktÐnac thc geitoni�c kai, an�loga me aut n thn parametropoÐhsh,
mporeÐ na mhn katal xoun se lÔsh. EpÐshc, qrei�zetai na trèxoun arketèc forèc me diafo-
retik� shmeÐa arqikopoÐhshc, ¸ste na mhn ephre�zetai h telik  lÔsh apì thn arqikopoÐhsh.
Epiplèon, tìso oi algìrijmoi geitoni�c, ìso kai oi enallag c, gÐnontai pio apaithtikoÐ se
qrìno gia meg�lo arijmì upoy fiwn shmeÐwn N . Apì thn �llh pleur�, oi kataskeuastikoÐ
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algìrijmoi eÐnai eÔkoloi sthn ulopoÐhsh, de qrei�zontai parametropoÐhsh kai èqoun sqetik�
kal  apotelesmatikìthta, ìntac apodotikoÐ gia meg�la megèjh tou N kai mikr� kl�sma-
ta |S|/|N |. Gia autì to lìgo, meg�loc arijmìc prìsfatwn ergasi¸n se diaforopoÐhsh
apotelesm�twn uiojeteÐ parallagèc twn �plhstwn kataskeuastik¸n algorÐjmwn.

2.1.6 Sunart seic -stìqoi kai apost�seic

Sth sunèqeia parousi�zoume up�rqousec ergasÐec sthn perioq  thc diaforopoÐhshc apote-
lesm�twn anaz thshc, apì tic opoÐec empneÔsthke mèroc thc ergasÐac mac p�nw sth diafo-
ropoÐhsh sqolÐwn qrhst¸n.

Oi suggrafeÐc tou [95] basÐzoun thn an�lush touc sthn ènnoia thc plhroforiak c an�-
gkhc (information need) u, h opoÐa sqetÐzetai me èna er¸thma q kai tic antÐstoiqec mon�dec
plhroforÐac information nuggets. Oi mon�dec plhroforÐac eÐnai diaforetikèc ekf�nseic
thc plhroforiak c an�gkhc pou sqetÐzetai me èna er¸thma, dhlad  diaforetikèc ìyeic  
erwt seic pou apant¸ntai apì ta apotelèsmata enìc erwt matoc. Gia par�deigma, gia to
er¸thma {jaguar}, dÔo profaneÐc mon�dec plhroforÐac eÐnai to autokÐnhto jaguar kai to
z¸o jaguar. Gia to er¸thma {ejnikèc eklogèc}, pijanèc mon�dec plhroforÐac ja apantoÔ-
san stic parak�tw erwt seic: {pìte gÐnontai oi epìmenec ejnikèc eklogèc?}, {poioi eÐnai oi
upoy fioi arqhgoÐ komm�twn gia tic epìmenec ejnikèc eklogèc?}   {poia eÐnai ta ektim¸mena
apotelèsmata gia tic epìmenec eklogèc?}.

Basizìmenoi sta parap�nw, orÐzoun thn pijanìthta enìc eggr�fou d na ikanopoieÐ thn
an�gkh anaz thshc u enìc erwt matoc wc:

P (R = 1|u, d) = 1−
m∏

i=1

(1− P (ni ∈ u)·P (ni ∈ d)) (2.4)

ìpou h posìthta P (R = 1|u, d) dhl¸nei ìti up�rqei toul�qiston mÐa mon�da plhroforÐac
ni pou ikanopoieÐ thn plhroforiak  an�gkh u kai kalÔptetai apì to èggrafo d, kai to m

dhl¸nei to sunolikì arijmì mon�dwn plhroforÐac pou sqetÐzontai me to u. To ginìmeno
ston parap�nw tÔpo dhl¸nei thn pijanìthta na mhn up�rqei kamÐa mon�da plhroforÐac pou
na sundèei thn plhroforiak  an�gkh u me to èggrafo d.

O parap�nw tÔpoc exet�zei mìno èna èggrafo, ìson afor� th sqèsh tou me thn plhrofo-
riak  an�gkh. Opìte ja mporoÔse na qrhsimopoihjeÐ wc sun�rthsh stìqoc proc beltisto-
poÐhsh, ìtan jèloume na epilèxoume to pr¸to stoiqeÐo apì èna sÔnolo upoy fiwn stoiqeÐwn
proc eisagwg  sto sÔnolo S. Sth genik  perÐptwsh, ìpou èqoun eisaqjeÐ  dh k stoiqeÐa
sto sÔnolo S, h ExÐswsh 2.4 metatrèpetai se:

P (Rk = 1|u, d1, d2, ..., dk) = 1−
m∏

i=1

(1− P (ni ∈ u)· (
k−1∏

j=1

P (ni /∈ dj))·P (ni ∈ d)) (2.5)

ìpou h posìthta
∏k−1

j=1 P (ni /∈ dj) dhl¸nei thn pijanìthta ìti kanèna apì ta  dh eishgmèna
stoiqeÐa den ikanopoieÐ th mon�da plhroforÐac ni. To P (Rk = 1|u, d1, d2, ..., dk), telik�,
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dÐnei thn pijanìthta èna stoiqeÐo k na perièqei mon�dec plhroforÐac pou den perièqontai
se prohgoumènwc eishgmèna sto S stoiqeÐa. Dedomènwn twn parap�nw, o stìqoc enìc
euristikoÔ algorÐjmou diaforopoÐhshc eÐnai, se k�je b ma, na megistopoieÐ thn pijanìthta
pou perigr�fetai sthn ExÐswsh 2.5, èwc ìtou to sÔnolo S na perièqei ton epijumhtì arijmì
stoiqeÐwn.

Oi suggrafeÐc tou [97] epekteÐnoun thn parap�nw an�lush jewr¸ntac kathgorÐec stic
opoÐec erwt mata kai èggrafa (apotelèsmata) mporoÔn na an koun. 'Omoia me to [95],
orÐzoun to V (d|q, c) wc thn poiotik  tim  tou eggr�fou d, gia to er¸thma q, ìson afor� thn
kathgorÐa c. O stìqoc eÐnai h eÔresh enìc sunìlou apì k diaforopoihmèna apotelèsmata,
pou na megistopoioÔn thn parak�tw posìthta:

P (S|q) =
∑

c

P (c|q)(1−
∏

d∈S

(1− V (d|q, c))) (2.6)

ìpou P (c|q) eÐnai h katanom  pijanìthtac twn kathgori¸n gia to er¸thma q.
H kÔria diafor� metaxÔ aut c thc mejìdou kai thc antÐstoiqhc tou [95] eÐnai ìti ed¸

lamb�noun upìyh kai th sqetik  shmasÐa an�mesa se diaforetikèc mon�dec plhroforÐac,
kaj¸c epÐshc kai ìti èggrafa pou perièqoun thn Ðdia mon�da plhroforÐac mporeÐ na kalÔ-
ptoun, se diaforetikì bajmì, mÐa plhroforiak  an�gkh. Gia par�deigma, an èna èggrafo d

anafèretai epifaneiak� sth mon�da plhroforÐac ni, tìte to V (d|q, ci) anamènetai na eÐnai
qamhlì, opìte epiplèon èggrafa sqetik� me th mon�da ni prèpei na eisaqjoÔn se epìmena
b mata tou algorÐjmou, ¸ste h plhroforiak  an�gkh na kalufjeÐ pl rwc.

O uiojetoÔmenoc algìrijmoc eÐnai ènac �plhstoc kataskeuastikìc algìrijmoc kat� ton
opoÐo, se k�je b ma, to èggrafo me th megalÔterh oriak  qrhsimìthta (marginal utility)
eis�getai sto S. H oriak  qrhsimìthta orÐzetai wc:

g(d|q, c, S) =
∑

c∈C(d)

U(c|q, S)V (d|q, c) (2.7)

ìpou C(d) eÐnai to sÔnolo twn kathgori¸n pou sqetÐzontai me to èggrafo d kai U(c|q, S)
eÐnai h desmeumènh pijanìthta to er¸thma q na an kei sthn kathgorÐa c, dedomènou ìti ìla
ta  dh eishgmèna sto S èggrafa apotugq�noun na kalÔyoun thn plhroforiak  an�gkh.
Ousiastik�, o algìrijmoc, se k�je b ma, y�qnei na brei to èggrafo me th megalÔterh
suneisfor� sto na ikanopoi sei opoiesd pote apì tic kathgorÐec tou, dedomènhc thc up�r-
qousac suneisfor�c twn  dh eishgmènwn sto S eggr�fwn.

Oi suggrafeÐc tou [96] eis�goun thn ènnoia thc keimenik c omoiìthtac stic sunart seic
stìqouc touc. Dhlad , stìqoc eÐnai plèon h beltistopoÐhsh mÐac sun�rthshc pou suna-
jroÐzei thn omoiìthta tou eggr�fou me to er¸thma kai th diaspor� metaxÔ twn eggr�fwn.
Sth sugkekrimènh doulei�, treic sunart seic stìqoi orÐzontai: Max-Sum, Max-Min kai
Mono-objective. AkoloujoÔn oi tÔpoi pou tic perigr�foun:

• Max-Sum
f(S) = (k − 1)

∑

uεS

w(u) + 2λ
∑

u,vεS

d(u, v) (2.8)
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ìpou |S| = k to pl joc twn epijumht¸n diaforopoihmènwn eggr�fwn, w(u) eÐnai to
skor omoiìthtac tou eggr�fou u me to er¸thma, d(u, v) eÐnai to skor diaforopoÐhshc
(apìstash) metaxÔ twn eggr�fwn u kai v kai λ > 0 eÐnai h par�metroc pou rujmÐzei
th shmasÐa tou skor diaforopoÐhshc se sqèsh me to skor omoiìthtac.

• Max-Min

f(S) = min
uεS

w(u) + λ min
u,vεS

d(u, v) (2.9)

• Mono-objective

f(S) =
∑

uεS

w(u)′ (2.10)

ìpou w(u)′ = (w(u) + λ
|N |−1

∑
vεN d(u, v)).

Treic proseggistikoÐ algìrijmoi gia tic parap�nw sunart seic stìqouc orÐzontai epÐshc
sth sugkekrimènh doulei�. Oi sugkekrimènoi algìrijmoi uiojetoÔntai kai sth dik  mac
ergasÐa, opìte kai parousi�zontai analutik� sto antÐstoiqo kef�laio pou perigr�fei th
diaforopoÐhsh sqolÐwn qrhst¸n se eidhseografik� �rjra.

2.2 Sqetikèc ergasÐec

2.2.1 Dedomèna ekpaÐdeushc

ProhgoÔmenec ergasÐec sqetik� me to prìblhma thc aÔxhshc thc posìthtac/poiìthtac twn
dedomènwn ekpaÐdeushc basÐzontai sthn proagwg  se uyhlìterec jèseic kat�taxhc apote-
lesm�twn apì qamhl  jèsh. Sto [13] h arqik  kat�taxh (taxinìmhsh) pou parousi�zetai
stouc qr stec parall�ssetai ìson afor� ta 2 pr¸ta apotelèsmata. Sugkekrimèna, ta
apotelèsmata twn jèsewn 1 kai 2, ta opoÐa antikajistoÔn ta arqik� apotelèsmata, epilè-
gontai me b�sh di�forec strathgikèc (tuqaÐa epilog , zeÔgoc apotelesm�twn pou megisto-
poieÐ mÐa sugkekrimènh metrik  ap¸leiac, k.a.). Sto [14], stìqoc eÐnai h proagwg  nèwn
selÐdwn, oi opoÐec adikoÔntai apì algìrijmouc pou upologÐzoun th dhmofilÐa selÐdwn sto
skor taxinìmhshc. 'Etsi, apotelèsmata apì qamhlèc jèseic kat�taxhc epilègontai tuqaÐa
kai topojetoÔntai se uyhlìterec jèseic. Aut  h diadikasÐa epitrèpei se diaforetik� (nèa)
èggrafa na krijoÔn gia th sqetikìtht� touc apì touc qr stec.

Kat' antistoiqÐa me th mèjodì mac, kai oi dÔo parap�nw proseggÐseic stoqeÔoun sthn
ekmet�lleush epiplèon an�drashc apì to qr sth gia thn ekpaÐdeush mÐac sun�rthshc ta-
xinìmhshc. Parìla aut�, oi sugkekrimènec mèjodoi alloi¸noun thn arqik  kat�taxh twn
apotelesm�twn pou emfanÐzetai sto qr sth kat� th di�rkeia thc f�shc ekpaÐdeushc, meta-
fèrontac apotelèsmata qamhl c kat�taxhc se uyhlìterec jèseic. Se antÐjesh me autèc,
h mèjodìc mac par�gei nèec krÐseic sqetikìthtac gia apotelèsmata pou den èqoun episko-
phjeÐ apì to qr sth (apotelèsmata qamhl c kat�taxhc), qwrÐc na metab�llei thn arqik 
kat�taxh twn apotelesm�twn.
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2.2.2 Poiìthta ekpaÐdeushc

Stic akìloujec paragr�fouc parousi�zontai di�forec proseggÐseic pou sqetÐzontai me (a)
exatomikeumènh anaz thsh ston istì kai (b) ekpaÐdeush sunart sewn taxinìmhshc/anataxinìmhshc
apotelesm�twn.

Sto [15] o suggrafèac proteÐnei mÐa, basizìmenh sth jematik  perioq , beltÐwsh tou al-
gorÐjmou pagerank, pou epitrèpei ton proepexergasmèno upologismì enìc stajeroÔ arijmoÔ
apì dianÔsmata pagerank, ta opoÐa ja antistoiqoÔn se sugkekrimènec jematikèc kathgorÐec.
Aut� ta dianÔsmata, sth sunèqeia, qrhsimopoioÔntai gia na metab�lloun ton upologismì
thc lÐstac apotelesm�twn k�je erwt matoc, basizìmena sthn omoiìthta tou erwt matoc
me k�je jematik  kathgorÐa. Sto [16] antimetwpÐzetai p�li to prìblhma thc exatomÐkeushc
tou algìrijmou pagerank, me èmfash sthn klimakwsimìthta. Sto [17] oi suggrafeÐc ek-
metalleÔontai ierarqÐec ennoi¸n, ìpwc to ODP [28] , gia na kathgoriopoi soun erwt mata
kai na dhmiourg soun profÐl qrhst¸n. 'Epeita, qrhsimopoioÔn teqnikèc sunergatikoÔ fil-
trarÐsmatoc (collaborative filtering) gia na anakatat�xoun ta apotelèsmata erwthm�twn,
basizìmenoi sta parap�nw profÐl. Sugkrinìmenh me ta parap�nw, h mèjodìc mac diafèrei
sto ìti den kataskeu�zei diaforetik� profÐl qrhst¸n, oÔte jewreÐ prokajorismèno arijmì
jematik¸n kathgori¸n. Antijètwc, ekmetalleuìmaste sunergatik  plhroforÐa apì di�fo-
rouc qr stec gia na dhmiourg soume om�dec dedomènwn (me koinì jematikì perieqìmeno  
me koin  sumperifor� anaz thshc), stic opoÐec oi qr stec endèqetai na summetèqoun me dia-
foretikèc barÔthtec. Epiplèon, k�poiec ekdoqèc thc mejìdou mac den sthrÐzontai mìno sto
perieqìmeno, all� upologÐzoun kai omoiìthtec sth sumperifor� anaz thshc.

Sta [5, 6, 18, 19], oi suggrafeÐc domoÔn ta montèla touc ekmetalleuìmenoi to braqu-
prìjesmo   makroprìjesmo istorikì anaz thshc   to perib�llon (context) (gia par�deigma
ta èggrafa ston upologist ) tou qr sth. Aut� ta montèla eÐnai, ousiastik�, profÐl qrh-
st¸n pou qrhsimopoioÔntai gia na epekteÐnoun mellontik� erwt mata   na belti¸soun ta
apotelèsmat� touc. Sugkrinìmenec me th mèjodì mac, oi parap�nw proseggÐseic jewroÔn
mìno omoiìthta perieqomènou kai, epiplèon, den ekmetalleÔontai sunergatik  plhroforÐa
apì ìlouc touc qr stec.

Up�rqoun epÐshc douleièc pou tropopoioÔn diadedomènec teqnikèc mhqanik c m�jhsh-
c gia na belti¸soun thn kat�taxh twn apotelesm�twn. Sto [12], o klasikìc algìrijmoc
Mhqan¸n Dianusm�twn St rixhc gia taxinìmhsh tropopoieÐtai ètsi ¸ste (a) na mei¸nontai
ta sf�lmata taxinìmhshc stic uyhlìterec kl�seic sqetikìthtac (b) na aux�netai h barÔ-
thta erwthm�twn me ligìterec diajèsimec krÐseic sqetikìthtac, ìson afor� th diadikasÐa
thc ekpaÐdeushc. Sto [20] oi suggrafeÐc proteÐnoun thn ekpaÐdeush pollapl¸n sunart -
sewn taxinìmhshc, pou ja antistoiqoÔn, ìmwc, stic diaforetikèc kl�seic sqetikìthtac twn
dedomènwn ekpaÐdeushc kai ìqi se diaforetikèc jematikèc perioqèc   diaforetikèc sumperi-
forèc anaz thshc. Sugkrinìmenec me th doulei� mac, oi parap�nw ergasÐec den lamb�noun
upìyh touc tic endogeneÐc sqèseic metaxÔ erwthm�twn kai apotelesm�twn, pou kajorÐzoun
diaforetikèc sumperiforèc anaz thshc.

Tèloc, mèjodoi sustadopoÐshc sundu�zontai me teqnikèc Mhqan¸n Dianusm�twn St ri-
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xhc, all� gia na epitÔqoun diaforetikoÔc skopoÔc apì touc dikoÔc mac. Sto [21] efarmìzetai
sustadopoÐhsh me skopì thn eklèptunsh meg�lwn set dedomènwn ekpaÐdeushc, aporrÐpto-
ntac ekeÐna ta dedomèna pou den qrei�zontai sth f�sh ekpaÐdeushc tou montèlou. EpÐshc,
sto [22] ekteleÐtai sustadopoÐhsh se sunart seic taxinìmhshc, ekpaideumènec an� qr sth,
gia skopoÔc paragwg c prot�sewn (recommendation).

2.2.3 Shmasiologik  epishmeÐwsh

'Enac meg�loc arijmìc proseggÐsewn ìson afor� th shmasiologik  epishmeÐwsh èqei pro-
tajeÐ sth bibliografÐa [53, 54]. Oi perissìterec epikentr¸nontai sthn epishmeÐwsh dia-
diktuak¸n pìrwn (web resources), ìpwc HTML istoselÐdec [55, 56, 57, 58, 59, 60, 61].
Sthn epishmeÐwsh aploÔ keimènou, up�rqoun proseggÐseic pou diafèroun ìson afor� tìso
sthn epishmeÐwsh, ìso kai sthn anaz thsh keimènou. To GATE [62] eÐnai mÐa platfìrma
pou enswmat¸nei sugkekrimènh arqitektonik , plaÐsio kai grafikì ergaleÐo gia glwssik 
epexergasÐa. Tautìqrona prosfèrei ergaleÐa kai pìrouc gia keimenik  epishmeÐwsh, tìso
qeirokÐnhth ìso kai autìmath, qrhsimopoi¸ntac teqnologÐec exagwg c plhroforÐac (In-
formation Extraction - IE). H doulei� pou perigr�fetai sto [63] prosfèrei mÐa upodom 
gia shmasiologik  epishmeÐwsh keimènwn, periorizìmenh, ìmwc, apì th dik  thc ontologÐ-
a, onomazìmenh KIMO. Ta uposust mata gia exagwg  plhroforÐac, diaqeÐrish eggr�fwn
kai epishmeÐwsh basÐzontai sto GATE. Skopìc tou uposust matoc exagwg c plhroforÐac
eÐnai h anagn¸rish onomatik¸n ontot twn pou na sqetÐzontai me tic ènnoiec thc ontologÐ-
ac KIMO. Sugkrinìmenh me tic parap�nw proseggÐseic, h doulei� pou perigr�fetai sthn
paroÔsa diatrib  ulopoieÐ proqwrhmènec dunatìthtec anaz thshc, sundu�zontac klassik 
anaz thsh me lèxeic kleidi� kai shmasiologik  anaz thsh me peri ghsh stic kl�seic thc
ontologÐac. Epiplèon, eis�gei dunatìthtec autìmathc epishmeÐwshc keimènou, sthrizìmenec
se montèla mhqanik c m�jhshc pou ekpaideÔontai me b�sh to istorikì epishmeÐwshc twn
qrhst¸n.

H doulei� tou [64] (AKTiveMedia) uposthrÐzei epishmeÐwsh keimènou, eikìnwn kai i-
stoselÐdwn, qrhsimopoi¸ntac tìso ontologÐec, ìso kai epishmei¸seic eleÔjerou keimènou
(tags). Gia thn upost rixh autìmathc epishmeÐwshc qrhsimopoieÐtai èna upokeÐmeno sÔsth-
ma exagwg c plhroforÐac, to opoÐo ekpaideÔetai apì prohgoÔmenec epishmei¸seic gia na
proteÐnei epishmei¸seic sto qr sth. Parìla aut�, h sugkekrimènh doulei� den uposthrÐzei
dunatìthtec anaz thshc, en¸ o mhqanismìc autìmathc epishmeÐwshc èqei di�forouc perio-
rismoÔc: èqei qamhl  apìdosh, ìtan h epishmeÐwsh epekteÐnetai pèran tou enìc ìrou, en¸
den uposthrÐzetai epishmeÐwsh me perissìterec thc mÐac ènnoiec.

Ta parap�nw ergaleÐa periorÐzontai se epishmeÐwsh aploÔ keimènou   HTML keimènou.
'Oson afor� �llouc morfìtupouc keimènou, to PDFTab [65] eÐnai èna plug-in tou Protege7

pou uposthrÐzei epishmeÐwsh pdf eggr�fwn me kl�seic apì ontologÐec OWL. Oi epishmei¸-
seic apojhkeÔontai eswterik� sto k�je èggrafo. OmoÐwc, to SemanticWord [66] eÐnai èna
plug-in tou MS Word pou uposthrÐzei epishmeÐwsh word eggr�fwn me kl�seic apì onto-

7http://protege.stanford.edu/
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logÐec DAML+OIL. Sugkritik� me th dik  mac prosèggish, ta dÔo parap�nw ergaleÐa den
uposthrÐzoun anaz thsh   autìmath epishmeÐwsh.

'Oson afor� sth shmasiologik  anaz thsh, ta teleutaÐa qrìnia èqoun, epÐshc, prota-
jeÐ arketèc mèjodoi sth bibliografÐa [67]. MÐa prosèggish arket� kontin  sth dik  mac
parousi�zetai sto [68], ìpou ènac sunduasmìc anaz thshc me lèxeic kleidi� kai shmasiolo-
gik c anaz thshc se diadiktuakoÔc pìrouc ulopoieÐtai p�nw sto AKTiveMedia ([64]). 'Ena
shmantikì meionèkthma aut c thc mejìdou eÐnai ìti h taxinìmhsh apotelesm�twn sthrÐze-
tai mìno sthn anaz thsh me lèxeic kleidi�, en¸ h shmasiologik  anaz thsh qrhsimopoieÐtai
mìno gia na filtraristoÔn apotelèsmata. Epiplèon, den uposthrÐzontai proqwrhmènec e-
pilogèc shmasiologik c anaz thshc basismènec sth shmasiologÐa twn ontologi¸n. Tèloc,
mÐa endiafèrousa all� ligìtero sqetik  prosèggish parousi�zetai sto [69], ìpou gÐnetai
an�lush thc shmasÐac twn lèxewn kai fr�sewn, ¸ste na oristoÔn shmasiologikèc sqèseic
metaxÔ ennoi¸n. 'Etsi, h anaz thsh epekteÐnetai me shmasiologÐa, metatrèpontac tic aplèc
lèxeic se ènnoiec, ¸ste na gÐnei dunat  h ekmet�lleush twn metaxÔ touc shmasiologi¸n.

2.2.4 ExatomÐkeush shmasiologik¸n dedomènwn

Oi perissìterec up�rqousec, mèqri stigm c, proseggÐseic eÐte antimetwpÐzoun èmmesa to
prìblhma thc ekpaÐdeushc montèlwn anataxinìmhshc gia exatomÐkeush, eÐte akoloujoÔn pro-
seggÐseic basismènec sth mn mh (memory based approaches) gia exatomÐkeush. H doulei�
pou perigr�fetai sth diatrib  eÐnai h pr¸th pou pragmateÔetai thn uiojèthsh prosèggishc
basismènhc se montèlo (model based approach) gia exatomÐkeush shmasiologik c anaz th-
shc.

H pio kontin  doulei� sth dik  mac perigr�fetai sto [39], ìpou oi suggrafeÐc ana-
ptÔssoun teqnikèc exatomÐkeushc anaz thshc se shmasiologik� dedomèna, sto plaÐsio thc
mhqan c anaz thshc NAGA8, enswmat¸nontac ta endiafèronta tou qr sth sto mhqanismì
bajmolìghshc apotelesm�twn thc mhqan c. To profÐl tou qr sth kataskeu�zetai wc èna
apìspasma (snippet) tou sunolikoÔ gr�fou gn¸shc pou perièqei ta shmasiologik� dedo-
mèna. Oi sqèseic metaxÔ twn ontot twn thc b�shc (gr�fou) gn¸shc qrhsimopoioÔntai gia
na diadojoÔn skor protÐmhshc tou qr sth, apì ontìthtec pou ton aforoÔn, se peraitèrw
ontìthtec, ulopoi¸ntac, ètsi, èna pijanotikì montèlo exatomÐkeushc apotelesm�twn ana-
z thshc.

Sto [40], oi suggrafeÐc qrhsimopoioÔn teqnikèc di�doshc energopoÐhshc (spreading ac-
tivation), sunduazìmenec me klassik  anaz thsh me skopì th beltÐwsh thc anaz thshc
se k�poia sugkekrimènh jematik  perioq . Efarmìzoun thn teqnik  touc qrhsimopoi¸ntac
èna ubridikì dÐktuo ontot twn, ìpou k�je sqèsh metaxÔ ontot twn qarakthrÐzetai apì mÐa
epigraf  (label) kai èna arijmhtikì b�roc (weight). H teqnik  touc kajist� dunat  thn
an�kthsh ontot twn oi opoÐec den perièqoun tic lèxeic kleidi� tou erwt matoc, all� sundè-
ontai me �llec ontìthtec pou tic perièqoun. Sth doulei� tou [41], uiojeteÐtai mÐa statistik 
prosèggish gia thn ekm�jhsh enìc ontologikoÔ montèlou qr sth me b�sh k�poia jematik 

8http://www.mpi-inf.mpg.de/yago-naga/naga/
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ontologÐa me th bo jeia di�doshc energopoÐhshc.
Sto [42], oi suggrafeÐc pragmateÔontai to prìblhma prìtashc erwthm�twn, diasundèo-

ntac me autìmato trìpo erwt mata me ènnoiec apì thn ontologÐa thc DBpedia. Sta plaÐsia
thc mejìdou, sqetikèc ènnoiec entopÐzontai gia to pl rec er¸thma, all� kai gia k�je n-
gr�mma (n-gram) (dhlad  mÐa akoloujÐa apì n lèxeic) tou erwt matoc kai, katìpin, teqnikèc
mhqanik c m�jhshc efarmìzontai gia na apofasisteÐ poiec apì tic ènnoiec ja krathjoÔn kai
poiec ja aporrifjoÔn. H sugkekrimènh mèjodoc ekmetalleÔetai thn keimenik  perigraf  k�-
je ènnoiac, kaj¸c epÐshc qarakthristik� basismèna sto er¸thma kai basismèna stic ènnoiec
gia thn ekpaÐdeush twn montèlwn mhqanik c m�jhshc. H prosèggish pou proteÐnetai sto
[43] qrhsimopoieÐ tìso exarthmèna, ìso kai anex�rthta apì to sÔnolo dedomènwn qarakth-
ristik� ekpaÐdeushc. Ta pr¸ta ex�gontai apì ton gr�fo RDF twn dedomènwn. Ta deÔtera
ex�gontai apì exwterikèc phgèc, ìpwc diadiktuakèc mhqanèc anaz thshc   baseic dedomè-
nwn n-gramm�twn. Ta qarakthristik�, epÐshc, kathgoriopoioÔntai se (a) basismèna sthn
suqnìthta, ta opoÐa prokÔptoun metr¸ntac di�fora motÐba ston gr�fo dedomènwn   stic
exwterikèc phgèc kai (b) basismèna sthn kentrikìthta, ta opoÐa prokÔptoun efarmìzontac
grafojewrhtikoÔc algorÐjmouc, ìpwc o PageRank sto gr�fo RDF dedomènwn.

Sto [44], orÐzetai mÐa ontologÐa apì jematikèc perioqèc pou qrhsimopoieÐtai gia thn kath-
goriopoÐhsh istoselÐdwn. To profÐl tou qr sth kwdikopoieÐtai wc ekdoq  mÐac proôp�rqou-
sac jematik c ontologÐac anafor�c, sthn opoÐa ekdoq  oi ènnoiec -kl�seic qarakthrÐzontai
apì skor endiafèrontoc, ta opoÐa ex�gontai kai anane¸nontai me b�sh th sumperifor� tou
qr sth (dhlad  poiec ènnoiec qrhsimopoÐhse/eÐde). H ierarqik  sqèsh metaxÔ twn ennoi¸n
sthn ontologÐa qrhsimopoieÐtai se sunduasmì me teqnikèc di�doshc energopoÐhshc gia na
qarakthristeÐ to sÔnolo twn ennoi¸n thc ontologÐac -profÐl tou qr sth. Tèloc, sto [45],
èna ektetamèno sÔnolo apì protim seic ennoi¸n ex�getai gia k�je qr sth, basismèno se èn-
noiec pou prokÔptoun apì ta dedomèna anaz thshc tou qr sth. 'Etsi, to profÐl tou qr sth
anaparÐstatai, arqik�, wc èna ontologikì dèntro kai, sth sunèqeia, dÐnetai wc eÐsodoc se mÐa
mhqan  dianusm�twn st rixhc gia na ekpaideÔsei èna exatomikeumèno montèlo protim sewn
qr sth.

2.2.5 An�lush sqolÐwn qrhst¸n kai teqnikèc diaforopoÐhshc

Apì melèth thc bibliografÐac den prokÔptoun mèqri kai s mera ergasÐec pou na asqoloÔntai
me to prìblhma thc diaforopoÐhshc sqolÐwn qrhst¸n se eidhseografik� �rjra, to opoÐo
pragmateÔetai h sugkekrimènh diatrib . Sth sunèqeia parajètoume ergasÐec pou katapi�no-
ntai me (a) to prìblhma thc an�lushc sqolÐwn qrhst¸n kai, genik�, dedomènwn koinwnik¸n
diktÔwn kai (b) me to prìblhma thc diaforopoÐhshc apotelesm�twn anaz thshc.

H doulei� pou perigr�fetai sto [88] eÐnai h kontinìterh sth dik  mac. Oi suggrafeÐc pa-
rousi�zoun to (upì an�ptuxh) sÔsthm� touc pou qeirÐzetai diadiktuakèc om�dec suz thshc.
To sÔsthma apaiteÐ oi qr stec na dhl¸noun rht� tic apìyeic touc se sugkekrimènec jema-
tikèc perioqèc. Sth sunèqeia, ekmetalleÔetai aut n thn an�drash qrhst¸n gia na proteÐnei
(sust sei) di�forec apìyeic, epitrèpontac sto qr sth na rujmÐsei to bajmì thc omoiìthta-
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c/eterogèneiac twn sust�sewn se sqèsh me tic dikèc tou apìyeic. Pèra apì tic diaforèc
sta krit ria diaforopoÐhshc pou qrhsimopoioÔntai, h sugkekrimènh doulei� diafèrei apì th
dik  mac sto ìti apaiteÐ �mesh (rht ) kai sugkekrimènh an�drash apì touc qr stec kai, e-
piplèon, diaforopoieÐ tic proteinìmenec apìyeic me b�sh tic proswpikèc apìyeic tou qr sth
kai ìqi me ènan kajolikì trìpo.

Oi suggrafeÐc tou [84] proteÐnoun èna sÔsthma sust�sewn eidhseografik¸n �rjrwn se
koinwnik� dÐktua (fìroum), to opoÐo ekmetalleÔetai ta sqìlia qrhst¸n gia na proteÐnei
�rjra. H prosèggis  touc stoqeÔei sthn kataskeu  jematik¸n profÐl, qrhsimopoi¸ntac
tìso to �rjro, ìso kai ta sqìli� tou. Ta profÐl aut� qrhsimopoioÔntai gia na anakthjoÔn
sqetik� �rjra. OmoÐwc, sto [85], parousi�zetai mÐa mèjodoc gia sust�seic �rjrwn se
qr stec, ta opoÐa eÐnai pijanìn na sqoliastoÔn apì autoÔc. Oi suggrafeÐc proteÐnoun mÐa
ubridik  mèjodo sust�sewn me thn opoÐa ekmetalleÔontai, pèra apì to keimenikì perieqìmeno
twn �rjrwn, kai motÐba sun-sqoliasmoÔ �rjrwn apì qr stec.

Oi suggrafeÐc tou [79] pr¸ta problèpoun an èna �rjro eÐnai pijanì na sqoliasteÐ kai,
sth sunèqeia, an ja l�bei meg�lo arijmì sqolÐwn   ìqi. Gia na to epitÔqoun, efarmìzoun
dÔo diadoqikèc f�seic kathgoriopoÐhshc (classification). Sto [78], oi Ðdioi suggrafeÐc mo-
ntelopoioÔn kai sugkrÐnoun katanomèc sqoliasmoÔ �rjrwn apì di�forec eidhseografikèc
phgèc kai problèpoun to sunolikì ìgko sqolÐwn gia èna �rjro, parathr¸ntac mÐa mikr 
arqik  perÐodo sqoliasmoÔ tou.

H doulei� tou [81] prospajeÐ na anagnwrÐsei ta motÐba sunaisjhm�twn twn sqoliast¸n,
apènanti se politik� �rjra, kaj¸c kai na problèyei ton politikì prosanatolismì touc apì
ta sunaisj mata pou ekfr�zontai sta sqìlia. Oi suggrafeÐc efarmìzoun di�forec teqnikèc,
an�loga me to an oi problèyeic aforoÔn èna qr sth   mÐa om�da qrhst¸n. EpÐshc, lamb�-
noun upìyh sumfrazìmenh plhroforÐa, ìpwc tic y fouc pou èlabe èna sqìlio. Sto [89], oi
suggrafeÐc meletoÔn sqìlia qrhst¸n se politik� eidhseografik� �rjra kai axiologoÔn thn
ikanopoÐhsh qrhst¸n ìson afor� politikèc gn¸mec. Me autìn ton trìpo prospajoÔn na
diakrÐnoun metaxÔ qrhst¸n pou y�qnoun parìmoiec apìyeic me tic dikèc touc kai qrhst¸n
pou y�qnoun eterogeneÐc apìyeic. Sto [77] pragmatopoieÐtai an�lush sunaisjhm�twn se
anart seic qr stwn sthn istoselÐda Yahoo! Answers. Oi suggrafeÐc analÔoun thn epir-
ro  diafìrwn paragìntwn, ìpwc dhmografik� stoiqeÐa, jematikèc kathgorÐec kai qronik 
stigm  thc an�rthshc.

Oi suggrafeÐc tou [83] meletoÔn thn perigrafikìthta twn sqolÐwn, dhlad  to bajmì
ston opoÐo ta sqìlia eÐnai parìmoia me to jèma sto opoÐo anafèrontai. Ta apotelèsmata
pou prokÔptoun eÐnai jetik�, apì thn �poyh ìti eÐnai dunat  h eÔresh enìc sugkekrimènou
pl jouc sqolÐwn pou antiproswpeÔoun epark¸c to antÐstoiqo �rjro. Sto [80], oi suggra-
feÐc meletoÔn tic an�gkec twn qrhst¸n ìson afor� to sqoliasmì �rjrwn kai diax�goun
mÐa poiotik  an�lush p�nw sta sqìlia pou anart¸ntai sthn istoselÐda mÐac diadiktuak c
efhmerÐdac. Sto [82], pragmatopoieÐtai mÐa an�lush sqolÐwn, upersundèsmwn kai diasun-
dèsewn metaxÔ mplogkc. Oi suggrafeÐc tou [86], stoqeÔoun sthn paragwg  peril yewn
keimènwn, ekmetalleuìmenoi ta antÐstoiqa sqìlia. Prokeimènou na sunjèsoun tic peril -
yeic, ex�goun prot�seic apì to arqikì keÐmeno (p.q. an�rthsh se mplogk), oi opoÐec eÐnai



46 Kef�laio 2. Sqetikèc ErgasÐec

polwmènec (biased) me ìrouc apì ta sqìlia. Sto [87], oi suggrafeÐc analÔoun sqìlia a-
nart sewn se mplogk kai th metaxÔ touc susqètish. Sugkekrimèna, ektimoÔn to sunolikì
ìgko sqolÐwn sth mplogkìsfaira, analÔoun th sqèsh metaxÔ thc dhmofilÐac enìc mplogk
kai twn motÐbwn sqoliasmoÔ tou kai metroÔn th suneisfor� tou perieqomènou twn sqolÐwn
sthn prosbasimìthta twn mplogk.

MÐa ekten c anaskìphsh jemeleiwd¸n ergasi¸n sth diaforopoÐhsh dÐnetai sto [99]. H
doulei� tou [93] perigr�fei th mèjodo/arq  thc mègisthc oriak c sqetikìthtac (maximal
marginal relevance), h opoÐa epidi¸kei na megistopoi sei th sqetikìthta enìc apotelèsma-
toc me to er¸thma, elaqistopoi¸ntac tautìqrona thn omoiìthta tou apotelèsmatoc me ta
apotelèsmata pou èqoun anakthjeÐ prin apì autì. Gia to skopì autì, h sqetikìthta twn
apotelesm�twn upologÐzetai qrhsimopoi¸ntac dÔo epimèrouc sunart seic: mÐa pou upolo-
gÐzei thn omoiìtht� touc me to er¸thma kai mÐa pou upologÐzei thn omoiìthta metaxÔ twn
apotelesm�twn. To [94] jewreÐ mÐa metrik  axiolìghshc h opoÐa dÐnei poin  se èna montèlo
an�kthshc apotelesm�twn, mìno an den epistrèyei kajìlou sqetik� apotelèsmata. Dedo-
mènou autoÔ, oi suggrafeÐc proteÐnoun mÐa mèjodo sthn opoÐa k�je apotèlesma epilègetai
me b�sh thn pijanìthta na (mhn) eÐnai ìmoio me ta prohgoumènwc epilegmèna apotelèsmata.

Sto [96], oi suggrafeÐc eis�goun èna sÔnolo apì axi¸mata diaforopoÐhshc kai deÐqnoun
ìti den eÐnai dunatìn k�poioc algìrijmoc diaforopoÐhshc na ta ikanopoieÐ ìla tautìqrona.
EpÐshc, parousi�zoun treic sunart seic -stìqouc gia diaforopoÐhsh, oi opoÐec diafèroun
ìson afor� ton trìpo sÔgkrishc twn apotelesm�twn. Oi suggrafeÐc tou [95] parousi�zoun
èna plaÐsio axiolìghshc twn ennoi¸n thc kainotomÐac (novelty) kai thc diaforopoÐhshc se
èna sÔnolo apotelesm�twn. OmoÐwc, sto [97], proteÐnetai ènac �plhstoc euristikìc algì-
rijmoc, kaj¸c epÐshc kai epekteÐnontai k�poiec kajierwmènec metrikèc axiolìghshc, ¸ste
na èqoun efarmog  sto sen�rio thc diaforopoihmènhc anaz thshc apotelesm�twn. Tèloc,
to [98] parousi�zei mÐa mèjodo gia apodotik  diaforopoÐhsh domhmènwn dedomènwn, ìpou ta
stoiqeÐa proc diaforopoÐhsh den eÐnai èggrafa, all� stoiqeÐa me diakritèc idiìthtec, dhlad 
eggrafèc se èna pÐnaka mÐac b�shc.



Kef�laio 3

AÔxhsh Dedomènwn EkpaÐdeushc

Se autì to kef�laio parousi�zoume th mèjodo pou proteÐnoume gia epèktash tou arqikoÔ
set dedomènwn ekpaÐdeushc gia ekpaÐdeush sunart sewn taxinìmhshc [113]. H epèktash
afor� praktik� tic krÐseic sqetikìthtac, oi opoÐec epekteÐnontai se dedomèna pou den èqei
episkop sei o qr sthc. Me autì ton trìpo, apì èna arqik� mikrì set dedomènwn pou èqei
axiologhjeÐ apì to qr sth (gia par�deigma ta pr¸ta 10 apotelèsmata pou eÐde), mporeÐ na
prokÔyei èna polÔ megalÔtero set dedomènwn ekpaÐdeushc. Aut  h diadikasÐa odhgeÐ tìso se
grhgorìterh, ìso kai pio omoiogen  ekpaÐdeush, afoÔ epitrèpei thn ekpaÐdeush sunart sewn
taxinìmhshc se mikrìterec (kai �ra pio omoiogeneÐc jematik�) om�dec qrhst¸n.

H mèjodìc mac sunoyÐzetai wc ex c: Gia k�je er¸thma, qrhsimopoioÔme ta pr¸ta 10
apotelèsmata gia na ex�goume èna arqikì set apì krÐseic sqetikìthtac R. H epilog  tou
arijmoÔ twn arqik¸n apotelesm�twn gÐnetai aujaÐreta kai me b�sh di�forec melètec [4] pou
deÐqnoun ìti, sthn pleioyhfÐa twn peript¸sewn, oi qr stec koit�ne thn pr¸th selÐda twn
apotelesm�twn (10 pr¸ta apotelèsmata). H diadikasÐa pou akoloujeÐtai, p�ntwc, eÐnai a-
nex�rthth apì ton arqikì arijmì apotelesm�twn. Sth sunèqeia, ekteleÐtai sustadopoÐhsh
sto sÔnolo twn apotelesm�twn, anex�rthta apì to an up�rqoun   ìqi diajèsimec krÐseic
sqetikìthtac gia to k�je apotèlesma. Oi sust�dec pou prokÔptoun pernoÔn apì èna b ma
pro-epexergasÐac gia na diapistwjeÐ an eÐnai arket� omoiogeneÐc wc proc tic krÐseic sqetikì-
thtac pou qarakthrÐzoun ta apotelèsmata pou perièqoun. Oi sust�dec pou den ikanopoioÔn
thn parap�nw apaÐthsh aporrÐptontai apì th sunèqeia thc diadikasÐac. Oi sust�dec pou
paramènoun qrhsimopoioÔntai gia na exaqjoÔn krÐseic sqetikìthtac gia apotelèsmata pou
den èqoun episkophjeÐ apì touc qr stec, sqhmatÐzontac èna nèo sÔnolo R′. Tèloc, to
epektetamèno sÔnolo krÐsewn sqetikìthtac R ∪ R′ qrhsimopoieÐtai wc eÐsodoc gia thn ek-
paÐdeush sun�rthshc taxinìmhshc, me to montèlo twn Mhqan¸n Dianusm�twn St rixhc gia
taxinìmhsh.

3.1 Exagwg  KrÐsewn Sqetikìthtac

'Estw ìti èqoume mÐa arqik  taxinìmhsh apotelesm�twn pou emfanÐzetai stouc qr stec gia
k�je er¸thma pou jètoun. H taxinìmhsh aut  sun jwc proèrqetai apì k�poia mhqan 

47
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anaz thshc p�nw sthn opoÐa jèloume na ektelèsoume exatomÐkeush anataxinom¸ntac ta
apotelèsmata. 'Opwc proeÐpame, �neu bl�bhc thc genikìthtac, jewroÔme wc an�drash apì
to qr sth ta pr¸ta 10 apotelèsmata apì k�je er¸thma, mazÐ me tic krÐseic sqetikìthtac pou
touc antistoiqoÔn. JewroÔme, epÐshc, ìti gia ta upìloipa apotelèsmata k�je erwt matoc
(apotelèsmata k�tw apì th dèkath jèsh kat�taxhc) den up�rqoun krÐseic sqetikìthtac. H
prosèggis  mac apoteleÐtai apì dÔo b mata: sustadopoÐhsh apotelesm�twn kai epèktash
krÐsewn sqetikìthtac, ta opoÐa analÔontai sth sunèqeia.

3.1.1 SustadopoÐhsh Apotelesm�twn Anaz thshc

'Estw ènac q¸roc F di�stashc n, me F = {t1, t2, . . . , tn}, ìpou tn k�je ènac apì touc diakri-
toÔc ìrouc (lèxeic) pou apoteloÔn tic diast�seic tou q¸rou. Oi diakritoÐ autoÐ ìroi proèrqo-
ntai apì to sÔnolo twn eggr�fwn pou apoteloÔn to diajèsimo set dedomènwn. Tìte, mporoÔ-
me na anaparast soume k�je apotèlesma wc èna di�nusma vi = {wtdi1, wtdi2, . . . , wtdin},
ìpou wtdik = tfik ∗ log(N/dfk), tfik: h suqnìthta emf�nishc tou ìrou tk sto keÐmeno tou a-
potelèsmatoc i, N o sunolikìc arijmìc twn apotelesm�twn kai dfk o sunolikìc arijmìc twn
apotelesm�twn pou perièqoun ton ìro tk. Shmei¸noume ìti sthn prosèggis  mac jewroÔme
wc keÐmeno enìc apotelèsmatoc ton tÐtlo kai thn perÐlhy  tou.

AfoÔ dhmiourg soume to antÐstoiqo di�nusma ìrwn gia k�je apotèlesma, efarmìzoume
sustadopoÐhsh me skopì na dhmiourg soume om�dec apotelesm�twn me parìmoio keimenikì
perieqìmeno. H teqnik  sustadopoÐhshc pou qrhsimopoioÔme efarmìzei epanalambanìmenec
diqotom seic (partitions) sthn ek�stote arqik  sust�da, mèqri na katal xei sto epijumhtì
apotèlesma [23, 24]. 'Eqei apodeiqjeÐ ìti aut  h prosèggish dÐnei exairetik� apotelèsmata
se sullogèc keimènwn antÐstoiqou megèjouc (sqetik� mikrì mègejoc keimènwn) [23]. Pio
analutik�, h diadikasÐa sustadopoÐhshc eÐnai h ex c:

'Ola ta apotelèsmata brÐskontai arqik� se mÐa sust�da. Sth sunèqeia, arqÐzei mÐa dia-
dikasÐa diqotìmhshc. Se k�je b ma diqotomeÐtai mìno mÐa apì tic up�rqousec sust�dec. H
epilog  thc kat�llhlhc sust�dac gia peraitèrw diqotìmhsh gÐnetai ètsi ¸ste na beltisto-
poieÐtai mÐa sugkekrimènh sun�rthsh-krit rio (criterion function). H sun�rthsh-krit rio
sth dik  mac perÐptwsh stoqeÔei sth megistopoÐhsh thc parak�tw posìthtac:

k∑

i=1

√ ∑

v,u∈Si

sim(v, u)

ìpou k o arijmìc twn sust�dwn, Si to sÔnolo twn apotelesm�twn pou perièqontai sth su-
st�da i, kai sim(v, u) to skor omoiìthtac metaxÔ twn apotelesm�twn v kai u thc sust�dac
Si.

Gia metrik  omoiìthtac metaxÔ dÔo apotelesm�twn efarmìzoume thn cosine similarity
sta dianÔsmata ìrwn, sÔmfwna me thn parak�tw ExÐswsh:

sim(v, u) =
∑n

i=1(wtdvi × wtdui)√∑n
i=1 wtd2

vi ×
√∑n

i=1 wtd2
ui



3.1 Exagwg  KrÐsewn Sqetikìthtac 49

Ektel¸ntac thn parap�nw diadikasÐa gia k�je er¸thma xeqwrist�, par�goume sust�dec
twn apotelesm�twn tou. Sth sunèqeia deÐqnoume p¸c tic ekmetalleuìmaste gia na epekteÐ-
noume tic krÐseic sqetikìthtac.

3.1.2 Epèktash KrÐsewn Sqetikìthtac

H diadikasÐa pou akoloujeÐtai anaparÐstatai sto par�deigma tou Sq matoc 3.1. 'Estw ìti
ta apotelèsmata r1, r5, r17, r23, r33 an koun ìla sth Ðdia sust�da. K�je sust�da mporeÐ
na perièqei apotelèsmata me   qwrÐc krÐseic sqetikìthtac. Gia par�deigma, kai me dedomèno
ìti o qr sthc èqei krÐnei (dei   pat sei) apotelèsmta mìno apì tic 10 pr¸tec jèseic thc
kat�taxhc, krÐseic sqetikìthtac mporoÔn na exaqjoÔn gia ta r5, r1, all� ìqi gia ta r17,
r23, r33. Shmei¸noume epÐshc ìti, sthn perÐptws  mac, jewroÔme 3 kl�seic sqetikìthtac: 0
gia �sqeta, 1 gia merik¸c sqetik� kai 2 gia polÔ sqetik� apotelèsmata.
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r3: 1
r4: 0
r5: 2
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r8: 1
r9: 0
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Sq ma 3.1: Par�deigma epèktashc krÐsewn sqetikìthtac me th qr sh sustadopoÐhshc

Apì th stigm  pou qrhsimopoioÔme tic sust�dec gia na upologÐsoume krÐseic sqetikì-
thtac gia mh episkophmèna apotelèsmata, ja prèpei na bebaiwjoÔme ìti oi sugkekrimènec
sust�dec eÐnai arket� omoiogeneÐc. Xèroume  dh apì th diadikasÐa sustadopoÐhshc ìti h
k�je sust�da perièqei apotelèsmata parìmoiou perieqomènou. Epiplèon, ìmwc, apaitoÔme
na perièqoun kai apotelèsmata me parìmoiec krÐseic sqetikìthtac. Pio sugkekrimèna, a-
porrÐptoume gia to upìloipo thc diadikasÐac sust�dec oi opoÐec perièqoun apotelèsmata
ta opoÐa diafèroun stic krÐseic sqetikìtht�c touc perissìtero apì mÐa mon�dec. En pro-
keimènw, an mÐa sust�da perièqei k�poia apotelèsmata qarakthrismèna me 0 (�sqeta) kai
k�poia �lla me 2 (polÔ sqetik�), tìte aporrÐptetai. Gia tic sust�dec pou paramènoun, k�je
mÐa qarakthrÐzetai apì thn pio suqn  krÐsh sqetikìthtac metaxÔ twn apotelesm�twn pou
perièqei. Pio tupik�, ta parap�nw metafr�zontai wc ex c:

1. 'Estw h sust�da c = {r1, r2, . . . rn} apotelesm�twn anaz thshc
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2. 'Estw nj0
c , nj1

c , nj2
c o arijmìc twn apotelesm�twn sthn c qarakthrismènwn wc 0

(�sqeta), 1 (merik¸c sqetik�), kai 2 (polÔ sqetik�) antÐstoiqa, me nj0
c +nj1

c +nj2
c ≤ n.

3. E�n nj0
c = 0, tìte h krÐsh tou c prokÔptei apì to argmax(nj1

c , nj2
c ).

4. Alli¸c, e�n nj2
c = 0, tìte h krÐsh tou c prokÔptei apì to argmax(nj0

c , nj1
c ).

5. Alli¸c, apìrriye th c.

Sth sunèqeia, gia k�je sust�da me krÐsh j, anajètoume se ìla ta apotelèsmata qwrÐc
krÐsh sqetikìthtac thn krÐsh j.

Epistrèfontac sto par�deigma tou Sq matoc 3.1, kai basizìmenoi sta prohgoÔmena,
èqoume: H sust�da A aporrÐptetai, afoÔ nj0

A = 1 kai nj2
A = 1. H sust�da B qarakthrÐzetai

me thn krÐsh 1, afoÔ nj1
B = 2 kai nj2

B = 1. 'Ola ta apotelèsmata thc sust�dac pou
den eÐqan arqik� krÐsh sqetikìthtac (r22, r24, r27) qarakthrÐzontai plèon me thn krÐsh 1
(merik¸c sqetik�).

3.2 Peiramatik  Melèth

H mèjodìc mac stoqeÔei sthn epèktash enìc arqikoÔ sunìlou krÐsewn sqetikìthtac me
skopì thn paragwg  perissìterwn dedomènwn ekpaÐdeushc apì ta Ðdia dedomèna an�drashc
tou qr sth. Arqik� parousi�zoume to peiramatikì set dedomènwn kai tic metrikèc peira-
matik c apotÐmhshc kai sth sunèqeia axiologoÔme th mèjodì mac me dÔo trìpouc. Pr¸ta
exet�zoume thn poiìthta twn nèwn krÐsewn sqetikìthtac pou prokÔptoun. Katìpin, exet�-
zoume an to epektetamèno sÔnolo krÐsewn ssqetikìthtac odhgeÐ se kal c poiìthtac ekpaÐ-
deush, h opoÐa metr�tai me ìrouc akrÐbeiac sta apotelèsmata anaz thshc. Sugkekrimèna,
ekpaideÔoume mÐa sun�rthsh taxinìmhshc me to epektetamèno sÔnolo krÐsewn sqetikìthtac
(uposÔnolo tou arqikoÔ sunìlou, epektetamèno me th mèjodì mac) kai sugkrÐnoume thn akrÐ-
beia taxinìmhshc apotelesm�twn tou me thn akrÐbeia mÐac sun�rthshc pou èqei ekpaideuteÐ
sto arqikì sÔnolo twn krÐsewn sqetikìthtac. Gia na ektelèsoume mÐa tètoia apotÐmhsh
ja prèpei na �prosomoi¸soume� mÐa tupik  sumperifor� anaz thshc kai an�drashc qr sth
p�nw sto sugkekrimèno set dedomènwn pou èqoume. Autì gÐnetai wc ex c:

• Oi qr stec jètoun erwt mata. Ta apotelèsmata taxinomìuntai arqik� sÔmfwna me to
BM25 skor touc [25].

• Mìno ta pr¸ta 10 apotelèsmata parousi�zontai stouc qr stec gia na ta doun/pat soun
(axiolog soun). Gia aut� ta apotelèsmata krat�me tic krÐseic sqetikìthtac.

• Ta upìloipa apotelèsmata, gia ta opoÐa epÐshc diajètoume krÐseic sqetikìthtac, all�
den tic qrhsimopoioÔme sth mèjodì mac, qrhsimopoioÔntai wc mèso epal jeushc thc
mejìdou.
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3.2.1 Peiramatikì Set Dedomènwn

H mèjodìc mac elègqjhke peiramatik� p�nw sth sullog  keimènwn OHSUMED, èna u-
posÔnolo thc MEDLINE (b�sh dedomènwn iatrik¸n dhmosieÔsewn), pou perièqei 348566
eggrafèc (èggrafa proc anaz thsh) apì 270 iatrik� periodik� apì to 1987 èwc to 1991.
K�je èggrafh èqei thn akìloujh dom :

.I (id)

.U (MEDLINE id)

.M (Human-assigned MeSH terms)

.T (title)

.P(publication type)

.W (abstract)

.A (author)

.S (source).

apì ta opoÐa emeÐc qrhsimopoi same ta pedÐa id (anagnwristikì), title (tÐtloc) kai ab-
stract (perÐlhyh).

EpÐshc, up�rqoun diajèsima 106 erwt mata me ta antÐstoiqa apotelèsmat� touc. Gia
k�je zeÔgoc erwt matoc - apotelèsmatoc up�rqei kai mÐa krÐsh sqetikìthtac : 0 (�sqeto),
1 (merik¸c sqetikì) kai 2 (polÔ sqetikì). Sunolik�, up�rqoun 16140 krÐseic sqetikìthtac
gia ta 106 erwt mata.

Tèloc, to set dedomènwn èqei organwjeÐ se 5 uposÔnola, sumbolizìmena wc S1, S2, S3,
S4 kai S5. Sundu�zontac k�je for� diaforetik� uposÔnola gia na par�goun ta: (a) set
ekpaÐdeushc (training set), (b) set epal jeushc (validation set) kai (g) set axiolìghshc
(test set), oi dhmiourgoÐ tou peiramatikoÔ set èqoun par�xei 5 anakatat�xeic (Folds). To
set epal jeushc qrhsimopoieÐtai gia th beltistopoÐhsh twn paramètrwn tou montèlou ekpaÐ-
deushc. Sth sugkekrimènh doulei�, ìmwc, den endiaferìmaste na sugkrÐnoume diaforetik�
montèla ekpaÐdeushc, par� na exet�soume p¸c h mèjodìc mac belti¸nei thn apodotikìthta
tou Ðdiou montèlou. Gia autì, sugqwneÔoume ta set ekpaÐdeushc me ta set epal jeushc,
katal gontac telik� stic 5 anakatat�xeic tou set dedomènwn pou faÐnontai ston PÐnaka
3.1.

Anakatat�xeic Set EkpaÐdeushc Set Axiolìghshc
Fold1 {S1, S2, S3, S4} S5
Fold2 {S2, S3, S4, S5} S1
Fold3 {S3, S4, S5, S1} S2
Fold4 {S4, S5, S1, S2} S3
Fold5 {S5, S1, S2, S3} S4

PÐnakac 3.1: Anakatat�xeic tou Set EkpaÐdeushc
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3.2.2 Poiìthta epektetamènwn krÐsewn sqetikìthtac (Poiìthta Susta-
dopoÐhshc)

Skopìc tou pr¸tou mac peir�matoc eÐnai na exet�soume thn akrÐbeia thc epèktashc twn krÐ-
sewn sqetikìthtac pou epitugq�noume mèsw sustadopoÐhshc. O pÐnakac 3.2 parousi�zei ta
epÐ toic ekatì apotelèsmata gia di�forec lÔseic sustadopoÐhshc pou dokim�same. H st lh
numOfClusters deÐqnei ton arijmì twn sust�dwn pou par�gontai se k�je lÔsh sustado-
poÐhshc. H st lh Correct deÐqnei to posostì twn krÐsewn sqetikìthtac pou problèfjhkan
swst�. H st lh Part. Correct deÐqnei to posostì twn krÐsewn sqetikìthtac pou  tan
merik¸c swstèc. Anafèretai stic peript¸seic ìpou mÐa krÐsh problèfjhke 0 antÐ gia 1, 1
antÐ gia 0, 2 antÐ gia 1   1 antÐ gia 2. H st lh Wrong deÐqnei to posostì twn krÐsewn
sqetikìthtac pou  tan l�joc.

numOfClusters Correct Part. Correct Wrong
5 55.8% 27.2% 17%
10 55.5% 26.3% 18.2%
15 54.8% 26.3% 18.9%
20 55.4% 25.7% 18.9%
25 55.5% 26.3% 18.2%
30 55.2% 27% 17.8%

PÐnakac 3.2: Posost� epituqÐac sto sÔnolo twn epektetamènwn apotelesm�twn

An kai ta apotelèsmata eÐnai sqedìn Ðdia gia ìlec tic sustadopoi seic pou dokim�zontai,
h lÔsh me tic 5 sust�dec eÐnai lÐgo kalÔterh apì tic upìloipec. H lÔsh aut  mac dÐnei
55.8% swstèc problèyeic kai 83% swstèc kai merik¸c swstec problèyeic, posost� arket�
ikanopoihtik�.

3.2.3 Poiìthta apotelesm�twn anataxinìmhshc

Se aut n thn upoenìthta h proteinìmenh mèjodoc axiologeÐtai se sqèsh me thn poiìthta
thc sun�rthshc taxinìmhshc pou ekpaideÔei. QrhsimopoioÔme to ergaleÐo SVMlight kai trè-
qoume ta peir�mat� mac sto set dedomènwn tou PÐnaka 3.1. QrhsimopoioÔme ta akìlouja
mètra axiolìghshc: Precision at position n (P@n), Mean average precision (MAP) and
Normalized discount cumulative gain (NDCG).

AkoloujoÔn oi orismoÐ twn parap�nw mètrwn:

P@n =
#relevant results in top n results

n

ìpou wc �relevant� jewroÔntai mìno ta apotelèsmata me krÐsh 2.

MAP =
∑n

i=1 P@n ∗ rel(n)
#total relevant results for the query

ìpou N o sunolikìc arijmìc twn apotelesm�twn kai to rel(n) orÐzetai wc ex c:
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rel(n) =





1 an to n-iostì apotèlesma eÐnai sqetikì

0 diaforetik�

NDCG(n) = Zn

n∑

j=1





2r(j) − 1 j = 1
2r(j)−1

log j j > 1

ìpou r(j) h jèsh tou j-ostoÔ apotelèsmatoc sthn kat�taxh twn apotelesm�twn kai Zn mÐa
stajer� kanonikopoÐhshc pou exasfalÐzei ìti, gia thn idanik  taxinìmhsh, isqÔei NDCG =
1.

Ta peiramatik� apotelèsmata faÐnontai sta Sq mata 3.2 kai 3.3 kaj¸c kai ston PÐnaka
3.3. To Sq ma 3.2 deÐqnei thn akrÐbeia stic 20 pr¸tec jèseic kat�taxhc twn apotelesm�tw-
n. H grafik  par�stash me thn èndeixh �total of relevance judgement� deÐqnei thn akrÐbeia
pou epitugq�netai me ekpaÐdeush tou sust matoc qrhsimopoi¸ntac to sÔnolo twn krÐsewn
sqetikìthtac pou eÐnai diajèsimec sto set ekpaÐdeushc. Autì shmaÐnei ìti oi sugkekrimènec
timèc akrÐbeiac gia to mètro P@n antistoiqoÔn sthn �idanik � ekpaÐdeush tou sust matoc,
ìpou up�rqoun diajèsimec krÐseic sqetikìthtac gia ìla ta apotelèsmata k�je erwt matoc.
Oi upìloipec grafikèc parast�seic parousi�zoun thn akrÐbeia pou epitugq�netai me epè-
ktash enìc arqikoÔ set krÐsewn sqetikìthtac (pou antistoiqoÔn sta 10 apotelèsmata me
th megalÔterh tim  tou BM25 skor touc) me b�sh th mèjodì mac, gia diaforetikèc lÔseic
sustadopoÐhshc (ìson afor� ton arijmì twn sust�dwn pou prokÔptoun).
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Sq ma 3.2: SÔgkrish twn tim¸n P@n tou idanik� ekpaideumènou sust matoc kai twn mejì-
dwn mac.

An kai eÐnai dedomèno ìti oi timèc akrÐbeiac tou idanik� ekpaideumènou sust matoc ja
eÐnai uyhlìterec apì tic dikèc mac, autì pou jèloume na exet�soume eÐnai kat� pìso oi dikèc
mac timèc proseggÐzoun tic idanikèc. Sto Sq ma 3.2 blèpoume ìti h kalÔterh ekdoq  apì tic
mejìdouc pou proteÐnoume eÐnai aut  me tic ligìterec sust�dec �expansion with 5 clusters
solution�. ParathroÔme, epÐshc, ìti h sugkekrimènh lÔsh prossegÐzei arket� thn idanik ,
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eidik� ìtan mil�me gia qamhlìterec jèseic kat�taxhc. To pleonèkthma thc mejìdou mac
ègkeitai sto gegonìc ìti oi sugkekrimènec timèc akrÐbeiac èqoun epiteuqjeÐ qrhsimopoi¸-
ntac mìno 10 krÐseic sqetikìthtac an� er¸thma, en¸ to idanikì sÔsthma qrhsimopoieÐ kat�
mèso ìro 160 krÐseic sqetikìthtac an� er¸thma. Dhlad , qrhsimopoi¸ntac èna polÔ mikrì
posostì krÐsewn sqetikìthtac, epitugq�noume akrÐbeia polÔ kont� sthn idanik .

Akìma endeiktikìterec gia thn apotelesmatikìthta thc mejìdoÔ mac eÐnai oi timèc mèshc
akrÐbeiac MAP pou parousi�zontai ston PÐnaka 3.3. Xan�, ìpwc eÐnai anamenìmeno, h
kalÔterh apì tic lÔseic mac eÐnai aut  me tic 5 sust�dec, h opoÐa epitugq�nei mèsh akrÐbeia
Ðsh me to 91% thc akrÐbeiac tou idanikoÔ sust matoc.

trj 5 cl 10 cl 15 cl 20 cl 25 cl

MAP 0.399 0.364 0.325 0.286 0.320 0.312

PÐnakac 3.3: SÔgkrish MAP tim¸n

Tèloc, sto Sq ma 3.3 sugkrÐnoume tic NDCG timèc thc mejìdoÔ mac me thn idanik .
Ta sumper�smata eÐnai ìmoia me aut� pou prokÔptoun apì th sÔgkrish twn P@n tim¸n,
dhlad , h kalÔterh lÔsh mac proseggÐzei ikanopoihtik� thn idanik .
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Sq ma 3.3: SÔgkrish twn tim¸n NDCG tou idanik� ekpaideumènou sust matoc kai twn
mejìdwn mac.



Kef�laio 4

BeltÐwsh Poiìthtac EkpaÐdeushc

Sto kef�laio autì parousi�zoume th mèjodo pou proteÐnoume gia th beltÐwsh thc poiìth-
tac ekpaÐdeushc sunart sewn taxinìmhshc, me skopì th beltÐwsh thc anataxinìmhshc twn
apotelesm�twn gia exatomÐkeush [112, 109, 108, 107]. H mèjodoc mac èqei dÔo basikèc enal-
laktikèc: (a) ekpaÐdeush me b�sh to perieqìmeno kai (b) ekpaÐdeush me b�sh th sumperifor�
anaz thshc. Sthn paroÔsa èkjesh ja ja epikentrwjoÔme kurÐwc sth deÔterh, h opoÐa eÐnai
kai h pio endiafèrousa.

4.1 Sumperifor� Anaz thshc kai Mhqanèc Dianusm�twn St -
rixhc gia Taxinìmhsh

Se aut  thn enìthta deÐqnoume me èna par�deigma p¸c mporoÔme na susqetÐsoume th su-
mperifor� anaz thshc qrhst¸n me to montèlo ekpaÐdeushc sunart sewn taxinìmhshc (en
prokeimènw tic Mhqanèc Dianusm�twn St rixhc). Gia eukolÐa sthn parousÐash, jewroÔme
ìti ta dianÔsmata qarakthristik¸n apoteloÔntai apì dÔo mìno qarakthristik�. 'Estw ìti
to qarakthristikì x antiproswpeÔei th suqnìthta thc lèxhc “acm” sto keÐmeno tou apo-
telèsmatoc kai ìti to qarakthristikì y antiproswpeÔei th suqnìthta thc lèxhc “video”
antÐstoiqa. Ta skiasmèna sq mata (Sq ma 4.1) antiproswpeÔoun apotelèsmata pou èqoun
proèljei apì anaz thsh dhmosieÔsewn, en¸ ta ken� sq mata antiproswpeÔoun apotelè-
smata apì anaz thsh kinht¸n thlef¸nwn. Ta tetr�gwna sq mata antiproswpeÔoun polÔ
sqetik�, ta trÐgwna merik¸c sqetik� kai oi kÔkloi �sqeta apotelèsmata.

Ston parap�nw q¸ro qarakthristik¸n, ekpaideÔoume 2 montèla taxinìmhshc, ta opoÐa
antiproswpeÔontai apì ta dianÔsmata bar¸n w1 kai w3. Aut� ta dianÔsmata antistoiqoÔn
se anazht seic gia dhmosieÔseic kai anazht seic gia kinht� thlèfwna. H klÐsh k�je dia-
nÔsmatoc, dhlad  h gwnÐa an�mesa sto di�nusma kai se ènan apì touc �xonec, upodeiknÔei
pìso shmantikì eÐnai k�je èna apì ta qarakthristik� ekpaÐdeushc sth diadikasÐa taxinìmh-
shc apotelesm�twn. Gia par�deigma, h gwnÐa u1 an�mesa sto di�nusma w1 kai ston �xona x

eÐnai mikrìterh apì th gwnÐa v1 an�mesa sto di�nusma kai ston �xona y. Autì shmaÐnei ìti
mÐa allag  sthn tim  tou qarakthristikoÔ x (suqnìthta thc lèxhc “acm”) eÐnai pio pijanì
na prokalèsei allag  sthn kat�taxh tou apotelèsmatoc apì ì,ti mÐa allag  sthn tim  tou
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x (word "acm" contained in result)

y (word "video" contained  in result)
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w1: vector trained for paper search
w3: vector trained for cellphone search

Sq ma 4.1: Ekpaideumèna dianÔsmata b�rouc kai uperepif�neiec ston q¸ro qarakthristi-
k¸n.

qarakthristikoÔ y (suqnìthta thc lèxhc “video”). 'Etsi, gia th sugkekrimènh ekpaÐdeush
p�nw se dedomèna ekpaÐdeushc apì anazht seic dhmosieÔsewn, to qarakthristikì x eÐnai
pio shmantikì apì to y gia thn taxinìmhsh twn apotelesm�twn. To antÐjeto isqÔei, ìtan
ekpaideÔoume to di�nusma w3 p�nw se dedomèna pou proèrqontai apì anazht seic kinht¸n
thlef¸nwn: to qarakthristikì y eÐnai pio shmantikì apì to x, ìpwc faÐnetai apì thn klÐsh
tou w3.

To parap�nw par�deigma perigr�fei dÔo diaforetikèc sumperiforèc anaz thshc, dhlad ,
diaforetik� motÐba anaz thshc pou akoloujoÔntai apì qr stec gia diaforetikèc kathgorÐec
anaz thshc. 'Opwc blèpoume, oi sumperiforèc autèc den ekfr�zontai mèsw tou perieqomè-
nou (erwthm�twn   apotelesm�twn), all� mèsw tou q¸rou qarakthristik¸n XεRd pou
epilègetai na anaparast sei ta dedomèna ekpaÐdeushc (erwt mata, apotelèsmata kai krÐ-
seic sqetikìthtac). 'Etsi, mporoÔme na entopÐsoume kai na ekmetalleutoÔme sumperiforèc
anaz thshc, qrhsimopoi¸ntac thn katanom  twn dedomènwn ekpaÐdeushc sto q¸ro qarakth-
ristik¸n. Sthn epìmenh enìthta perigr�fetai analutik� h mèjodìc mac.

4.2 EkpaÐdeush OdhgoÔmenh apì th Sumperifor� Anaz th-
shc

Se aut  thn ergasÐa proteÐnoume to ìti o entopismìc kai h omadopoÐhsh sumperifor¸n a-
naz thshc mporoÔn na wfel soun thn poiìthta thc diadikasÐac ekpaÐdeushc sunart sewn
taxinìmhshc. AntÐ na ekpaideÔoume mÐa kajolik  sun�rthsh taxinìmhshc   diaforetikèc
sunart seic taxinìmhshc gia k�je qr sth (  om�da parìmoiwn qrhst¸n), proteÐnoume thn
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ekpaÐdeush pollapl¸n sunart sewn taxinìmhshc, k�je mÐa apì tic opoÐec antistoiqeÐ se
mÐa diaforetik  sumperifor� anaz thshc. Oi sunart seic autèc ekpaideÔontai sunergatik�,
dhlad  qrhsimopoi¸ntac dedomèna ekpaÐdeushc apì to sÔnolo twn qrhst¸n. Sth sunèqeia,
oi sunart seic autèc sundu�zontai kat�llhla gia na d¸soun mÐa telik  anataxinìmhsh twn
apotelesm�twn, lamb�nontac upìyh thn omoiìthta k�je erwt matoc me tic di�forec sumpe-
riforèc anaz thshc. Parak�tw, perigr�fetai leptomer¸c h prosèggis  mac.

4.2.1 SustadopoÐhsh Apotelesm�twn

To pr¸to b ma thc mejìdou mac eÐnai h diamèrish tou arqikoÔ set dedomènwn ekpaÐdeushc
se om�dec erwthm�twn twn opoÐwn ta metadedomèna ekpaÐdeushc (apotelèsmata kai krÐseic
sqetikìthtac) �anamènetai� na ekpaideÔsoun parìmoiec sunart seic taxinìmhshc kai, sune-
p¸c, antistoiqoÔn se parìmoiec sumperiforèc anaz thshc. Onom�zoume autèc tic om�dec
sust�dec sumperifor¸n anaz thshc.

MÐa aploðk  lÔsh gia na par�xoume tic parap�nw om�dec sumperifor¸n anaz thshc
eÐnai h akìloujh: Pr¸ta, trèqoume ton algìrijmo Mhqan¸n Dianusm�twn St rixhc gia
Taxinìmhsh sta dedomèna k�je erwt matoc xeqwrist�, ètsi ¸ste na ekpaideÔsoume èna mo-
ntèlo taxinìmhshc (dhlad  èna di�nusma bar¸n w)) an� er¸thma. Sth sunèqeia, ekteloÔme
sustadopoÐhsh sta dianÔsmata, dhlad  qrhsimopoioÔme tic diast�seic twn w wc diast�seic
sustadopoÐhshc, gia na par�goume sust�dec sumperifor¸n anaz thshc. Aut  h prosèggi-
sei emfanÐzei dÔo probl mata. Pr¸ton, ta dedomèna ekpaÐdeushc gia k�je ekpaideuìmeno
montèlo eÐnai polÔ lÐga gia na par�goun axiìpista apotelèsmata, afoÔ apoteloÔntai apì
ta metadedomèna mìno enìc erwt matoc k�je for�. DeÔteron, h diakÔmansh thc paramètrou
c (ExÐswsh 2.3) ja mporoÔse na d¸sei polÔ diaforetik� apotelèsmata, gia ta Ðdia dedomèna
ekpaÐdeushc, exaitÐac, p�li, tou mikroÔ megèjouc tou set dedomènwn.

Sth lÔsh pou dÐnoume, antÐ na trèqoume èna Di�nusma Mhqan¸n St rixhc an� er¸thma,
prospajoÔme na proseggÐsoume to montèlo pou prìkeitai na ekpaideuteÐ gia ta dedomèna
k�je erwt matoc. Gia autì to skopì, orÐzoume 2 kathgorÐec diast�sewn sustadopoÐhsh-
c, oi opoÐec sqetÐzontai me ta gewmetrik� qarakthristik� tou montèlou ekpaÐdeushc: tic
diast�seic klÐshc (gradient dimensions), pou antistoiqoÔn stic klÐseic twn dianusm�twn
w kai tic diast�seic perijwrÐou (margin dimensions), pou antistoiqoÔn sta shmeÐa ìpou
ta dianÔsmata w �kìboun� tic uperepif�neic pou qwrÐzoun tic kl�seic kat�taxhc twn a-
potelesm�twn (Enìthta 2.1.2). Oi epìmenec upoenìthtec perigr�foun thn kataskeu  twn
parap�nw dÔo diast�sewn apì ta dedomèna ekpaÐdeushc, kaj¸c kai th diadikasÐa susta-
dopoÐhshc pou epilègetai ¸ste na sumbadÐzei, p�li, me ta gewmetrik� qarakthristik� tou
montèlou ekpaÐdeushc.

Epilog  Diast�sewn SustadopoÐhshc

'Opwc proeÐpame orÐzoume dÔo kathgorÐec diast�sewn sustadopoÐhshc: diast�seic klÐshc
kai diast�seic perijwrÐou.

Diast�seic klÐshc (fg). Me autèc tic diast�seic proseggÐzoume thc klÐsh tou dia-
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Sq ma 4.2: Exagwg  diast�sewn sustadopoÐhshc sto q¸ro qarakthristik¸n.

nÔsmatoc pou ekpaideÔetai apì to montèlo Mhqan¸n Dianusm�twn St rixhc (SVM) gia
k�je er¸thma. Gia na ex�goume autèc tic diast�seic, ekmetalleuìmaste ta qarakthristik�
ekpaÐdeushc tou q¸rou XεRd, o opoÐoc anaparist� erwt mata kai ta metadedomèna touc.
Sugkekrimèna, proseggÐzoume thn klÐsh tou dianÔsmatoc w gia k�je zeÔgoc qarakthristi-
k¸n (x, y), ìpou x, y qarakthristik� tou q¸rou X. 'Opwc faÐnetai sto Sq ma 4.2, autì
eÐnai isodÔnamo me to na proseggÐsoume th gwnÐa u.

H prosèggish ekteleÐtai wc ex c. Gia k�je kl�sh taxinìmhshc/sqetikìthtac r, upo-
logÐzoume th mèsh tim  tou k�je enìc apì ta qarakthristik� (x, y) gia to sÔnolo twn
apotelesm�twn pou an koun sthn kl�sh. 'Etsi, gia par�deigma,

My
r=2 =

1
m

m∑

i=1

fy
i2 (4.1)

eÐnai h y-suntetagmènh tou shmeÐou Mr2 (Sq ma 4.2), pou eÐnai to kèntro b�rouc twn m

apotelesm�twn me krÐsh sqetikìthtac 2 (tetr�gwna sq mata) sto disdi�stato q¸ro qara-
kthristik¸n xy. To fd

ir eÐnai h tim  tou qarakthristikoÔ d gia to i-ostì apotèlesma pou
an kei sthn kl�sh r.

UpologÐzontac thn parap�nw posìthta gia ìla ta zeÔgh kl�sewn kai gia ta dÔo qa-
rakthristik� x, y, mporoÔme plèon na proseggÐsoume thn efaptomènh thc gwnÐac u me th
bo jeia tou parak�tw tÔpou:

fg
(x,y),(a,b) =

My
r=b −My

r=a + ε

Mx
r=b −Mx

r=a + ε
(4.2)

ìpou (a, b) eÐnai zeÔgh kl�sewn taxinìmhshc/sqetikìthtac (a, b ∈ {0, 1, 2} kai a 6= b

sthn perÐptws  mac), (x, y) eÐnai zeÔgh qarakthristik¸n, kai to ε = 10−9 qrhsimopoieÐtai
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gia na apofeuqjoÔn mhdenikèc timèc kai diairèseic me to mhdèn.
K�je ènac apì touc ìrouc fg

(x,y),(a,b), oi opoÐoi upologÐzontai gia ìla ta zeÔgh qara-
kthristik¸n (x, y) kai gia ìla ta zeÔgh kl�sewn, qrhsimopoieÐtai wc mÐa di�stash susta-
dopoÐhshc. 'Etsi, gia èna q¸ro qarakthristik¸n megèjouc d kai gia ρ diakritèc kl�seic
taxinìmhshc/sqetikìthtac, par�gontai d(d−1)

2 · ρ(ρ−1)
2 diast�seic klÐshc gia sustadopoÐhsh.

ParathroÔme, ìmwc, ìti, stic perissìterec peript¸seic, apì ta apotelèsmata enìc e-
rwt matoc ta perissìtera krÐnontai wc �sqeta kai ligìtera wc merik¸c sqetik�   polÔ
sqetik�. 'Etsi, mporoÔme na epekteÐnoume thn ExÐswsh 4.2, omadopoi¸ntac ìlec tic �jeti-
kèc � kl�seic sqetikìthtac (r > 0) se mÐa koin  kl�sh, apènanti sthn kl�sh twn �sqetwn
(r = 0) apotelesm�twn:

fg
(x,y),(0,P ) =

My
r=P −My

r=0 + ε

Mx
r=P −Mx

r=0 + ε
(4.3)

ìpou (0, P ), P ∈ {1, 2} eÐnai (monadikì) zeÔgoc �sqetwn kai �mh-�sqetwn� apotelesm�twn
(merik¸c sqetik¸n kai polÔ sqetik¸n sthn perÐptws  mac). Aut  h parallag  par�gei
d(d−1)

2 diast�seic klÐshc gia sustadopoÐhsh. H ekdoq  aut  par�gei elafr¸c kalÔtera
apotelèsmata sta set dedomènwn ìpou dokim�same tic mejìdouc mac.

Diast�seic perijwrÐou (fm). Me autèc tic diast�seic proseggÐzoume tic jèseic twn
shmeÐwn bi sto di�nusma bar¸n w. Aut� ta shmeÐa orÐzoun k�jetec sto di�nusma uperepi-
f�neiec pou diaqwrÐzoun apotelèsmata diaforetik c krÐshc (kl�shc) sqetikìthtac. Gia na
proseggÐsoume tic jèseic twn bi, qrhsimopoioÔme tic probolèc twn shmeÐwn Bi sto w, ìpou
Bi eÐnai to barÔkentro twn shmeÐwn twn apotelesm�twn dÔo geitonik¸n kl�sewn sqetikìth-
tac. Oi suntetagmènec twn Bi upologÐzontai qrhsimopoi¸ntac ta shmeÐa M (ExÐswsh 4.1),
afoÔ, ousiastik�, ta Bi eÐnai ta barÔkentra twn M . Gia par�deigma, sto Sq ma 4.2, to

By
2 =

My
r=2 + My

r=1

2
(4.4)

eÐnai h y-suntetagmènh tou shmeÐou B2, pou eÐnai to barÔkentro ìlwn twn apotelesm�twn
kl�shc 2 (tetr�gwna sq mata) kai kl�shc 1 (trÐgwna sq mata) sto disdi�stato q¸ro
qarakthristik¸n xy.

Gia na upologÐsoume thn probol  twn shmeÐwn Bi sto di�nusma w, peristrèfoume ton
disdi�stato q¸ro xy, ètsi ¸ste ènac apì touc dÔo �xonec na sumpèsei (na gÐnei par�llhloc)
me to w. 'Aneu bl�bhc thc genikìthtac, peristrèfoume ton q¸ro kat� u moÐrec antiwrolo-
giak�, ìpou h posìthta u = arctan fg proseggÐzetai apì tic diast�seic klÐshc. Sto nèo
q¸ro x′y′, to w eÐnai par�llhlo me ton �xona x′, opìte bx′

i = Bx′
i , afoÔ to eujÔgrammo

tm ma biBi eÐnai k�jeto sto w.
Telik�, oi diast�seic perijwrÐou, upologÐzontai apì ton tÔpo:

fm
(x,y),(a,b) =

1
m

∑m
i=1 fx′

ib + 1
n

∑n
i=1 fx′

ia

2
(4.5)

ìpou ta (a, b) kai (x, y) sumbolÐzoun zeÔgh kl�sewn kai qarakthristik¸n antÐstoiqa, ta
fx′

ir = fx
ir cosu − fy

ir sinu eÐnai oi timèc twn qarakthristik¸n ston peristrammèno �xona x′

kai u = arctan fg eÐnai h gwnÐa peristrof c.
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'Omoia me ton upologismì twn diast�sewn klÐshc, mporoÔme na epekteÐnoume thn ExÐswsh
4.6 omadopoi¸ntac ìlec tic �jetikèc � kl�seic se mÐa:

fm
(x,y),(0,P ) =

1
m

∑m
i=1 fx′

iP + 1
n

∑n
i=1 fx′

i0

2
(4.6)

ìpou (0, P ) eÐnai to zeÔgoc kl�sewn �sqetwn kai mh-�sqetwn apotelesm�twn. Aut  h
parallag  odhgeÐ se èna sÔnolo apì d(d−1)

2 diast�seic perijwrÐou gia sustadopoÐhsh.
Me th bo jeia twn parap�nw diast�sewn sustadopoÐhshc, èqoume, plèon, th dunatìthta

na entopÐsoume sumperiforèc anaz thshc, ekmetalleuìmenoi tic katanomèc twn apotelesm�-
twn (me diajèsimec krÐseic sqetikìthtac) sto q¸ro qarakthristik¸n twn dedomènwn ekpaÐ-
deushc. To epìmeno b ma eÐnai h epilog  thc kat�llhlhc mejodologÐac sustadopoÐhshc, h
opoÐa ja ekmetalleÔetai tic diast�seic autèc gia na omadopoieÐ sumperiforèc anaz thshc.

MejodologÐa sustadopoÐhshc

Gia na katal xoume ston katallhlìtero algìrijmo sustadopoÐhshc gia to sugkekrimè-
no prìblhma, exet�zoume th gewmetrik  je¸rhsh twn antikeimènwn proc sustadopoÐhsh.
Sthn perÐptws  mac, ta antikeÐmena eÐnai erwt mata. Ta erwt mata aut�, ìmwc, antipro-
swpeÔontai apì tic katanomèc twn sqetik¸n kai �sqetwn apotelesm�twn touc sto q¸ro
qarakthristik¸n. Sthn prohgoÔmenh upoenìthta montelopoi same autèc tic katanomèc me
diast�seic klÐshc (fg) kai perijwrÐou (fm).
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Cluster A
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Sq ma 4.3: SustadopoÐhsh sto q¸ro qarakthristik¸n.

To Sq ma 4.3 dÐnei èna par�deigma thc lÔshc pou jèloume na petÔqoume. JewroÔme èna
zeÔgoc qarakthristik¸n (x, y) gia thn an�lus  mac. K�je di�nusma fi antiproswpeÔei èna
er¸thma qi. H klÐsh tou dianÔsmatoc antistoiqeÐ sth di�stash klÐshc gia sustadopoÐhsh,
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ìson afor� to zeÔgoc qarakthristik¸n (x, y). Ta tonismèna shmeÐa p�nw se k�je di�nusma
antistoiqoÔn stic diast�seic perijwrÐou.

Sto par�deigm� mac mÐa idanik  lÔsh sustadopoÐhshc ja topojetoÔse ta erwt mata q1

kai q7 se diaforetikèc sust�dec, afoÔ oi klÐseic twn dianusm�twn touc f1 kai f7, diafèroun
shmantik�. To Ðdio ja Ðsque kai gia ta erwt mata q1 kai q8, afoÔ, an kai ta dianÔsmat� touc
èqoun parìmoiec klÐseic, oi jèseic twn shmeÐwn pou antistoiqoÔn stic diast�seic perijwrÐou
diafèroun shmantik�. EpÐshc, ja protimoÔsame to er¸thma q1 na perilhfjeÐ sth sust�da B,
antÐ gia thn A: An kai to di�nusma f2 eÐnai pio ìmoio (ìson afor� sthn klÐsh kai sta shmeÐa
perijwrÐou) me to di�nusma f1 apì ì,ti me ta dianÔsmata f9 kai f10, to kentroeidèc di�nusma
thc sust�dac B eÐnai pio ìmoio me to f1 apì ì,ti to kentroeidèc thc A. Sumperasmatik�,
jèloume na par�goume kentrikopoihmènec sust�dec (center-based clusters), dhlad  sust�-
dec stic opoÐec k�je antikeÐmeno eÐnai plhsièstero sto kentroeidèc thc sust�dac tou, par�
sto kentroeidèc opoiasd pote �llhc sust�dac [26].

Gia na ikanopoi soume tic parap�nw proôpojèseic, epilègoume (ìpwc kai sthn Enìthta
3.1.1) ènan algìrijmo diamerÐsewn [23, 24]. H sun�rthsh krit rio pou odhgeÐ se kentriko-
poihmènec sust�dec stoqeÔei sth megistopoÐhsh thc parak�tw posìthtac:

k∑

r=1

∑

diεSr

cos(di, Cr)

ìpou k eÐnai o arijmìc twn sust�dwn, Sr eÐnai to sÔnolo twn antikeimènwn thc sust�dac
r, di eÐnai to i-ostì antikeÐmeno thc sust�dac, Cr eÐnai to kentroeidèc thc sust�dac kai
cos(di, Cr) h cosine similarity metrik  omoiìthtac metaxÔ antikeimènwn thc sust�dac kai tou
kentroeidoÔc.

4.2.2 EkpaÐdeush Sunart sewn Taxinìmhshc

Gia k�je sust�da sumperifor�c anaz thshc Ci pou par�getai, ekpaideÔoume mÐa xeqwri-
st  sun�rthsh taxinìmhshc Fi, qrhsimopoi¸ntac tic Mhqanèc Dianusm�twn St rixhc gia
Taxinìmhsh pou basÐzontai sto montèlo twn [2, 3]. K�je mÐa apì autèc tic sunart seic
ekpaideÔetai p�nw sta dedomèna pou an koun sthn antÐstoiqh sust�da Ci.

Wc qarakthristik� gia thn ekpaÐdeush qrhsimopoioÔme ta Ðdia me to set dedomènwn gia
peir�mata LETOR1. Aut� ta qarakthristik� perigr�fontai sto [27] kai, endeiktik�, afo-
roÔn timèc skor ìpwc TF, IDF, LMIR and BM25, jewr¸ntac wc keÐmeno ton tÐtlo, thn
perÐlhyh kai th dieÔjunsh tou apotelèsmatoc, kaj¸c kai timèc pagerank.

4.2.3 AntistoÐqish Sust�dwn kai Erwthm�twn

Gia k�je sust�da, ex�goume to keÐmeno apì ìla ta erwt mata pou perièqei orÐzontac ètsi
thn keimenik  anapar�stash thc sust�dac. JewroÔme aut n thn anapar�stash k�je su-
st�dac wc èna xeqwristì �èggrafo�. Sth sunèqeia, eurethri�zoume ìla aut� ta èggrafa
qrhsimopoi¸ntac to Lucene2, mÐa biblioj kh gia eurethrÐash kai anaz thsh. K�je nèo e-

1http://research.microsoft.com/en-us/um/beijing/ projects/letor/LETOR4.0/Data/Features in LETOR4.pdf
2http://lucene.apache.org/
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r¸thma, apoteloÔmeno apì touc ìrouc t1, t2, . . . , tn, to metatrèpoume sto ex c: ((t1 AND
t2 AND . . . AND tn) OR t1 OR t2 . . . OR tn. Oi sÔndesmoi OR qrhsimopoioÔntai gia thn
qal�rwsh tou arqikoÔ erwt matoc, ètsi ¸ste na epistrafoÔn apì to euret rio kai èggrafa-
sust�dec pou perièqoun merikoÔc apì touc ìrouc tou nèou erwt matoc. Par�llhla, aut  h
metatrop  exasfalÐzei ìti ta èggrafa-sust�dec pou perièqoun ìlouc touc ìrouc ja p�roun
arket� megalÔtero skor apì ta upìloipa.

Sth sunèqeia, qrhsimopoioÔme th sun�rthsh skor tou Lucene3 gia na p�roume mÐa lÐsta
apì èggrafa-sust�dec, mazÐ me ta antÐstoiqa skor pou upodhl¸noun pìso (keimenik�) ìmoio
eÐnai to perieqìmeno k�je sust�dac me to nèo er¸thma. Epilègoume tic k pio ìmoiec sust�dec
pou ja qrhsimopoihjoÔn sth sunèqeia kai aporrÐptoume tic upìloipec. Gia tic epilegmènec
sust�dec kanonikopoioÔme ta skor touc, ètsi ¸ste na ajroÐzontai sth mon�da.

Sto tèloc, se k�je nèo er¸thma q pou tÐjetai sto sÔsthma anatÐjentai k b�rh wi,
1 ≤ i ≤ k, pou antiproswpeÔoun to kanonikopoihmèno skor omoiìthtac (keimenikoÔ perieqo-
mènou) tou erwt matoc me tic k pio ìmoiec se autì sust�dec.

4.2.4 Anataxinìmhsh apotelesm�twn

'Otan ènac qr sthc jèsei èna nèo er¸thma, h omoiìthta wi tou erwt matoc me k�je sust�da
sumperifor�c anaz thshc Ci upologÐzetai me ton trìpo pou perigr�fetai sthn prohgoÔmenh
Upoenìthta. Sth sunèqeia, qrhsimopoi¸ntac k�je èna apì ta montèla taxinìmhshc Fi

ekpaideumèna gia tic antÐstoiqec sust�dec Ci, par�goume k diaforetikèc taxinom seic Ri

twn apotelesm�twn tou erwt matoc, me rsij to skor tou apotelèsmatoc j sÔmfwna me
to montèlo Fi. Shmei¸noume ìti o qrhsimopoioÔmenoc algìrijmoc Mhqan¸n Dianusm�twn
St rixhc den parèqei sugkekrimènec timèc skor, par� timèc pou kajorÐzoun tic sqetikèc
jèseic kat�taxhc twn apotelesm�twn. Gia na par�goume timèc skor, orÐzoume pr¸ta thn
posìthta:

rsij = M − rij

ìpou M o arijmìc twn apotelesm�twn gia to er¸thma kai rij h kat�taxh tou apotelèsmatoc
j, sÔmfwna me to montèlo Fi. Tìte, to telikì skor gia k�je apotèlesma j dÐnetai apì ton
tÔpo:

score(j) =
k∑

i=1

wirsij (4.7)

Dhlad , telik�, sundu�zoume tic diaforetikèc taxinom seic pou prokÔptoun apì montèla
pou antistoiqoÔn stic pio ìmoiec me to er¸thma sust�dec sumperifor�c anaz thshc.

'Ustera, ìmwc, apì parat rhsh peiramatik¸n apotelesm�twn, sumper�name ìti h su-
n�rthsh taxinìmhshc pou proteÐnoume (ExÐswsh 4.4.4) dÐnei polÔ kal� apotelèsmata se
uyhlèc jèseic taxinìmhshc, en¸ h basik  taxinìmhsh (dhlad  aut  pou prokÔptei Ôstera
apì ekpaÐdeush mÐac koin c sun�rthshc taxinìmhshc sto sÔnolo twn dedomènwn ekpaÐdeu-
shc) douleÔei kalÔtera se qamhlìterec jèseic thc kat�taxhc. 'Etsi, wc telik  sun�rthsh

3http://lucene.apache.org/java/3 0 1/api/core/org/apache/ lucene/search/Similarity.html
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taxinìmhshc, epilègoume na eunooÔme to dikì mac skor se uyhlèc jèseic kai to basikì skor
se qamhlìterec:

score(j) =





l·∑N
i=1 wirsij + (1− l)· rsb

j ,

for the top-a results according to the Eq. 4.4.4

(1− l)·∑N
i=1 wirsij + l· rsb

j ,

for the rest of the results

(4.8)

ìpou l ε [0.5, 1] kai rsb
j to skor thc basik c sun�rthshc. Oi bèltistec timèc twn paramètrwn

α kai l upologÐzontai Ôstera apì peiramatikèc dokimèc tou sust matoc.

4.3 Peiramatik  Melèth

Se aut n thn enìthta parousi�zoume thn peiramatik  apotÐmhsh thc mejìdou mac kai deÐq-
noume thn apotelesmatikìtht� thc. Arqik� parousi�zoume to peiramatikì set dedomènwn
kai thn aparaÐthth proergasÐa pou ektelèsame se autì. Sth sunèqeia, sugkrÐnoume th
mèjodì mac me th basik  mèjodo sÔgkrishc kai analÔoume th beltÐwsh pou epitugq�noume.

4.3.1 Set dedomènwn kai proergasÐa

Gia ta peir�mat� mac qrhsimopoi same thn teleutaÐa èkdosh4 tou LETOR [27], pou qrhsi-
mopoieÐ dedomèna kai apotelèsmata apì to TREC5. To arqikì set dedomènwn perieÐqe 784
erwt mata mazÐ me èna sÔnolo apì 15211 axiologhmèna apotelèsmata. H axiolìghsh (krÐ-
seic sqetikìthtac) ègine qrhsimopoi¸ntac 3 kl�seic sqetikìthtac: 0, 1, 2, pou antistoiqoÔn
se �sqeta, merik¸c sqetik� kai polÔ sqetik� apotelèsmata. Ta apotelèsmata twn erwth-
m�twn anaparÐstantai wc dianÔsmata qarakthristik¸n apoteloÔmena apì ta qarakthristik�
pou perigr�fontai sto [27]. Gia kalÔterh axiolìghsh, up�rqoun diajèsimec 5 anadiat�xeic
tou set dedomènwn, se k�je mÐa apì tic opoÐec diaforetik� uposÔnola tou set apoteloÔn
ta (a) set ekpaÐdeushc, (b) set epal jeushc kai (g) set axiolìghshc.

'Ustera apì exètash tou set dedomènwn parathr same ìti up�rqoun erwt mata pou
èqoun mìno ��sqeta� apotelèsmata (krÐseic sqetikìthtac 0). Aut� ta erwt mata, profa-
n¸c, den suneisfèroun sth f�sh ekpaÐdeushc, afoÔ, gia k�je er¸thma, toul�qiston dÔo
diaforetikèc kl�seic sqetikìthtac apaitoÔntai gia thn ekpaÐdeush tou montèlou. 'Etsi, a-
fairèsame aut� ta erwt mata, katal gontac stic 5 diamerÐseic pou faÐnontai ston PÐnaka
4.1.

4.3.2 Axiolìghsh mejìdou

Se aut n thn enìthta sugkrÐnoume th mèjodì mac (M) me th basik  mèjodo sÔgkrishc (B),
sÔmfwna me thn opoÐa ekpaideÔoume èna mìno montèlo Mhqan¸n Dianusm�twn St rixhc

4 http://research.microsoft.com/en-us/um/beijing/projects/letor/letor4dataset.aspx
5http://trec.nist.gov/
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Folds Training set Validation set Test set
Fold1 339 119 105
Fold2 353 105 105
Fold3 347 105 111
Fold4 330 111 122
Fold5 322 122 119

PÐnakac 4.1: Diamèrish tou set dedomènwnLETOR: arijmìc erwthm�twn pou antistoiqoÔn
se k�je set.

p�nw sto sÔnolo twn erwthm�twn. H sÔgkrish twn dÔo proseggÐsewn gÐnetai me th qr sh
twn mètrwn Precision at position n (P@n), Mean average precision (MAP), Normalized
discounted cumulative gain (NDCG) kai Mean NDCG .

DiadikasÐa sÔgkrishc

H èkdosh tou algorÐjmou Mhqan¸n Dianusm�twn St rixhc pou qrhsimopoieÐtai sto LETOR6

apaiteÐ th rÔjmish mìno mÐac paramètrou c. Aut  h par�metroc rujmÐzei thn isorropÐa me-
taxÔ twn dÔo ìrwn thc ExÐswshc 2.3 (Enìthta 2.1.2). To LETOR jètei tic akìloujec timèc
gia thn par�metro: {0.00001, 0.00002, 0.00005, 0.0001, 0.0002, 0.0005, 0.001, 0.002, 0.005,
0.01, 0.02, 0.05, 0.1, 0.2, 0.5, 1, 2, 5, 10}.

H mèjodìc mac eis�gei tèsseric epiplèon paramètrouc: to N , dhlad  ton arijmì twn
sust�dwn sumperifor�c anaz thshc, to k, dhlad  twn arijmì twn sust�dwn pou qrhsimo-
poioÔntai gia anataxinìmhsh, to l, dhlad  th barÔthta tou skor pou prokÔptei apì th mèjodì
mac ènanti thc barÔthtac (1− l) tou skor thc basik c mejìdou sÔgkrishc B (ExÐswsh 4.8),
kai to α, dhlad  to kat¸fli sto opoÐo oi dÔo parap�nw barÔthtec antistrèfontai.

Gia k�je diamèrish tou set dedomènwn rujmÐsame to c sthn tim  pou epitugq�nei th mègi-
sth MAP tim . EpÐshc, trèxame th mèjodì mac M se k�je diamèrish, ¸ste na rujmÐsoume
diadoqik� ta c, N , k, l kai α. Telik�, h diadikasÐa rÔjmishc twn paramètrwn stìqeue sth
beltistopoÐhsh twn tim¸n MAP , tìso gia th basik  mèjodo B, ìso kai gia thn proteinìmenh
mèjodo M . Ta apotelèsmata pou parousi�zontai sth sunèqeia epitugq�nontai jètontac wc
ex c tic paramètrouc thc mejìdou mac: k = 3, l = 0.8 kai α = 4. Oi timèc twn paramètrwn
N kai c parousi�zontai, gia k�je diamèrish xeqwrist�, ston PÐnaka 4.2.

Fold1 Fold2 Fold3 Fold4 Fold5
Method N c N c N c N c N c

B - 2 - 0.2 - 0.2 - 1 - 5
M 10 2 25 0.1 5 0.5 30 1 20 10

PÐnakac 4.2: Bèltistec timèc twn paramètrwn N kai c gia k�je diamèrish

6http://research.microsoft.com/en-us/um/beijing/projects/letor/letor4baseline.aspx
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Axiolìghsh akrÐbeiac

O PÐnakac 4.8 parousi�zei tic timèc twn Mean Average Precision kai Mean NDCG gia
th mèjodì mac kai th basik  mèjodo. 'Opwc blèpoume, h proteinìmenh mèjodoc epitugq�nei
kalÔtera apotelèsmata apì th basik , kai gia ta dÔo mètra, stic perissìterec peript¸seic,
en¸ stic upìloipec epitugq�nei Ðdia apotelèsmata. H mèsh tim  tou MAP stic diamerÐseic
eÐnai 2% uyhlìterh apì th basik  mèjodo. Aut  eÐnai mÐa shmantik  beltÐwsh, an l�boume
upìyh mac th sÔnjesh tou sugkekrimènou peiramatikoÔ set dedomènwn pou qrhsimopoioÔme.
Se tètoiou tÔpou set dedomènwn, zhteÐtai apì aprosdiìristo arijmì qrhst¸n na axiolo-
g soun �mesa ta apotelèsmata sugkekrimènwn erwthm�twn kai ìqi na pragmatopoi soun
sunedrÐec anaz thshc (search sessions) (kai epilogèc apotelesm�twn) gia erwt mata pou
touc endiafèroun, ètsi ¸ste na anaptuqjoÔn sugkekrimènec sumperiforèc anaz thshc.

MAP Mean NDCG
Folds B M B M
Fold1 0.68 0.70 0.70 0.70
Fold2 0.65 0.67 0.65 0.66
Fold3 0.64 0.65 0.66 0.66
Fold4 0.69 0.72 0.70 0.73
Fold5 0.66 0.67 0.68 0.68

Average 0.66 0.68 0.68 0.69

PÐnakac 4.3: SÔgkrish tim¸n MAP kai Mean NDCG

O PÐnakac 4.4 parousi�zei tic timèc P@n thc mejìdou mac, sugkrinìmenec me tic antÐ-
stoiqec thc basik c mejìdou, gia k�je diamèrish. 'Opwc faÐnetai, h proteinìmenh mèjodoc
dÐnei kalÔterec timèc akrÐbeiac gia tic uyhlìterec jèseic kat�taxhc apotelesm�twn. Eidik�
gia to P@1, h mèjodìc mac epitugq�nei mègisth aÔxhsh akrÐbeiac 6% (4% mèsh aÔxhsh).
Aut  h sumperifor� mporeÐ na exhghjeÐ wc ex c: gia ènan meg�lo arijmì erwthm�twn, k�je
er¸thma emfanÐzei uyhl  omoiìthta me mÐa sugkekrimènh sust�da sumperifor�c anaz thshc
(kai arket� mikrìterh omoiìthta me tic upìloipec sust�dec), k�ti pou èqei wc apotèlesma
èna montèlo pou, gia k�je er¸thma, eunoeÐ ta pio sqetik� tou apotelèsmata.

Fold1 Fold2 Fold3 Fold4 Fold5 Av. Folds Max Increase

Precision B M B M B M B M B M B M M-B

P@1 0.61 0.67 0.61 0.67 0.59 0.61 0.70 0.72 0.62 0.62 0.62 0.66 +0.06

P@2 0.60 0.60 0.52 0.54 0.53 0.54 0.67 0.67 0.58 0.58 0.58 0.58 +0.02

P@3 0.57 0.57 0.51 0.50 0.50 0.53 0.60 0.62 0.53 0.54 0.54 0.55 +0.03

P@4 0.54 0.53 0.48 0.48 0.48 0.49 0.56 0.57 0.49 0.50 0.51 0.51 +0.01

P@5 0.50 0.50 0.45 0.45 0.46 0.45 0.52 0.53 0.46 0.46 0.48 0.48 +0.01

P@6 0.48 0.47 0.43 0.43 0.43 0.43 0.49 0.49 0.42 0.42 0.45 0.45 -0.01

P@7 0.44 0.43 0.40 0.40 0.40 0.40 0.46 0.46 0.40 0.40 0.42 0.42 0.00

P@8 0.41 0.41 0.37 0.37 0.37 0.37 0.43 0.43 0.37 0.37 0.39 0.39 0.00

P@9 0.38 0.38 0.35 0.35 0.35 0.35 0.40 0.40 0.35 0.34 0.37 0.37 -0.01

P@10 0.36 0.36 0.33 0.33 0.33 0.33 0.38 0.38 0.33 0.33 0.34 0.34 0.00

PÐnakac 4.4: SÔgkrish tim¸n P@n

Gia qamhlìtera sthn kat�taxh apotelèsmata, h mèjodìc mac èqei parìmoia apìdosh me
th basik  mèjodo. Autì sumbaÐnei exaitÐac tou mikroÔ arijmoÔ (jetik¸n) krÐsewn sqetikì-
thtac tou set dedomènwn pou periorÐzei timèc tic akrÐbeiac se orismèno Ôyoc. Sugkekrimèna,
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olìklhro to set dedomènwn apoteleÐtai sunolik� apì 563 erwt mata kai 2932 jetikèc krÐ-
seic sqetikìthtac (2001 merik¸c sqetik� kai 931 polÔ sqetik�). 'Etsi, gia k�je er¸thma
up�rqoun, kat� mèso ìro, 5.2 jetikèc krÐseic sqetikìthtac. Se tètoiou tÔpou set dedo-
mènwn, oi pio endeiktikèc timèc apìdoshc mÐac sun�rthshc taxinìmhshc eÐnai, profan¸c, oi
timèc akrÐbeiac apì P@1 èwc P@6.

O PÐnakac 4.5 parousi�zei tic timèc NDCG@n gia tic dÔo proseggÐseic. H sumperifor�
eÐnai an�logh me tic timèc tou mètrou P@n.

Fold1 Fold2 Fold3 Fold4 Fold5 Av. Folds Max Increase

NDCG B M B M B M B M B M B M M-B

NDCG@1 0.54 0.57 0.51 0.57 0.51 0.54 0.57 0.60 0.52 0.52 0.53 0.56 +0.06

NDCG@2 0.60 0.59 0.52 0.55 0.52 0.52 0.61 0.64 0.57 0.57 0.57 0.57 +0.03

NDCG@3 0.63 0.63 0.57 0.58 0.57 0.58 0.63 0.68 0.61 0.60 0.60 0.61 +0.05

NDCG@4 0.64 0.64 0.60 0.61 0.60 0.61 0.67 0.69 0.64 0.64 0.63 0.64 +0.02

NDCG@5 0.68 0.67 0.61 0.62 0.62 0.63 0.68 0.71 0.67 0.67 0.65 0.66 +0.03

NDCG@6 0.71 0.70 0.64 0.65 0.65 0.65 0.69 0.71 0.68 0.68 0.67 0.68 +0.02

NDCG@7 0.72 0.71 0.65 0.66 0.65 0.66 0.70 0.72 0.70 0.69 0.68 0.69 +0.02

NDCG@8 0.64 0.65 0.63 0.63 0.63 0.63 0.63 0.65 0.65 0.65 0.64 0.64 +0.02

NDCG@9 0.31 0.31 0.24 0.25 0.34 0.33 0.37 0.38 0.29 0.29 0.31 0.31 +0.01

NDCG@10 0.32 0.32 0.25 0.25 0.35 0.34 0.38 0.39 0.30 0.30 0.32 0.32 +0.01

PÐnakac 4.5: SÔgkrish tim¸n NDCG@n

4.4 Montèla taxinìmhshc basizìmena sto skopì anaz th-
shc

Se aut n thn enìthta parousi�zoume thn epèktash thc prohgoumènwc perigegrammènhc me-
jìdou, kat� thn opoÐa sthrizìmaste apeujeÐac sta epimèrouc dianÔsmata-montèla k�je
erwt matoc, prokeimènou na ta omadopoi soume kai na par�goume sust�dec erwthm�twn
pou antiproswpeÔoun parìmoiec sumperiforès-skopoÔc anaz thshc.

4.4.1 ProapaitoÔmenec gn¸seic

Gia na perigr�youme kalÔtera to majhmatikì montèlo pÐsw apì thn proteinìmenh mèjodo,
xanaparousi�zoume sÔntoma k�poiec basikèc ènnoiec twn mhqan¸n dianusm�twn st rixhc.

'Estw ìti èqoume n erwt mata q1, . . . , qn apì to istorikì anaz thshc kai ta top-m ana-
kthmèna èggrafa (x(q)

1 , y
(q)
1 ), . . . , (x(q)

m , y
(q)
m ), ìpou y

(q)
j = 1 an to x

(q)
j èqei pathjeÐ (epilegeÐ)

kai y
(q)
j = 0 an ìqi. H an�drash tou an pat jhke   ìqi èna apotèlesma, sunep�getai mÐa

merik  kat�taxh twn eggr�fwn-apotelesm�twn, ètsi ¸ste na isqÔei:

x
(q)
i protim�tai apì to x

(q)
j ⇔ y

(q)
i > y

(q)
j

Sugkentr¸noume ìlec tic sqèseic protÐmhshc gia k�je er¸thma q sto sÔnolo Pq =
{(i, j) : y

(q)
i > y

(q)
j }, akolouj¸ntac th mèjodo twn [2, 3]. Me autìn ton trìpo, eÐnai dunatìn

na prosarmosteÐ mÐa sun�rthsh taxinìmhshc f : (q, x) 7→ R stic an� zeÔgoc protim seic
P =

⋃
q Pq. Se aut  th doulei� periorizìmaste se grammik� montèla thc morf c

f(q, x) = 〈~w, φ(q, x)〉,
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ìpou to φ(q, x) anaparist� mÐa sunduastik  anapar�stash erwt matoc -apotelèsmatoc ston
q¸ro qarakthristik¸n. Gia aploÔsteush twn sumbolism¸n, sto ex c ja qrhsimopoioÔme
to φ(q, x) = x. Akolouj¸ntac mÐa prosèggish meg�lwn perijwrÐwn, odhgoÔmaste sto
akìloujo prìblhma beltistopoÐhshc ([48]):

min
~w,ξij≥0

〈~w, ~w〉+ λ
∑

ij

ξij

ètsi ¸ste ∀(i, j) ∈ P : 〈~w, xi〉 ≥ 〈~w, xj〉+ 1− ξij ,

ìpou to λ > 0 kajorÐzei thn barÔthta metaxÔ tou kìstouc megistopoÐhshc perijwrÐou
kai elaqistopoÐhshc sf�lmatoc. O deÔteroc par�gontac eÐnai to �jroisma twn epimèrouc
sfalm�twn-apwlei¸n ξij kai apoteleÐ èna p�nw fr�gma sthn 0/1-ap¸leia pou proèrqetai
apì lanjasmènec sqèseic protÐmhshc. Oi periorismoÐ epib�lloun ìti 〈~w, xi〉 > 〈~w, xj〉, ìtan
eÐnai dunatìn kai timwroÔn apoklÐseic apì th sunj kh. 'Otan brejoÔn oi bèltistec par�me-
troi ~w∗, qrhsimopoioÔntai wc bohjhtikèc ektim seic ¸ste na proseggistoÔn oi taxinom seic
eggr�fwn gia nèa erwt mata.

Sth sunèqeia, metr�me thn poiìthta twn sunart sewn anataxinìmhshc axiolog¸ntac to
ŷi = f(q, xi) gia èna nèo er¸thma q. 'Estw ta yi kai ŷj taxinomhmèna kai π mÐa met�jesh
p�nw sta {1, . . . , m}, ètsi ¸ste to π(1) na anaparist� thn uyhlìtera taxinomhmènh prìble-
yh, dhlad , π(1) = j : ŷj > ŷi ∀i 6= j, kai to π(2) thn amèswc epìmenh, ktl. UpologÐzoume
thn akrÐbeia sthn jèsh n, th mèsh akrÐbeia (mean average precision - MAP) kai to ka-
nonikopoihmèno ajroistikì kèrdoc (normalized discount cumulative gain - NDCG@n) wc
ex c:

P@n =

∑n
i=1 yπ(i)

n

MAP =

∑n
i=1 P@i× yπ(i)∑n

i=1 yi

NDCG@n =
1

Zn

n∑

i=1





2π(i) − 1 i = 1
2π(i)−1

log i i > 1

ìpou to Zn eÐnai mÐa stajer� kanonikopoÐhshc pou upologÐzetai qrhsimopoi¸ntac thn tau-
tìthta π(i) = i, ¸ste na exasfalisteÐ ìti NDCG@n = 1 gia mÐa idanik  prìbleyh taxinì-
mhshc.

4.4.2 Sunduastik  beltistopoÐhsh

Stìqoc mac eÐnai h ekpaÐdeush sunart sewn taxinìmhshc gia parìmoia erwt mata, ìpou o
qarakthrismìc {parìmoia} anafèretai ston upolanj�nonta skopì anaz thshc tou qr sth.
H basik  idèa eÐnai h akìloujh: H sumperifor� anaz thshc kai epilog c apotelesm�twn apì
to qr sth m�c dÐnei mÐa, pijan� {jorub¸dh}, �poyh tou lanj�nontoc skopoÔ anaz thshc.
'Ena montèlo taxinìmhshc stoqeÔei sthn anagn¸rish aut c thc sumperifor�c kai, se èna
bajmì, tou Ðdiou tou skopoÔ anaz thshc. Gia autì to lìgo, proteÐnoume th sustadopoÐhsh
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tètoiwn montèlwn taxinìmhshc, afoÔ parìmoiec sunart seic taxinìmhshc antistoiqoÔn se
parìmoiec sumperiforèc anaz thshc kai, epagwgik�, skopoÔc anaz thshc. K�je sust�da
antiproswpeÔetai, telik�, apì mÐa xeqwrist  sun�rthsh taxinìmhshc, h opoÐa ekpaideÔetai
sta dedomèna anaz thshc twn erwthm�twn thc sust�dac.

Sth sunèqeia, parousi�zoume èna prìblhma sunduastik c beltistopoÐhshc pou lÔnei,
jewrhtik�, to prìblhma thc prohgoÔmenhc paragr�fou. Stìqoc eÐnai mÐa sumpag c dia-
dikasÐa sustadopoÐhshc, h opoÐa ja odhgeÐ se montèla taxinìmhshc pou ja anaparistoÔn
diaforetikoÔc skopoÔc anaz thshc. AfoÔ den up�rqei k�poia basik  al jeia gia ton èlegqo
thc sustadopoÐhshc, to telikì sf�lma taxinìmhshc twn sunart sewn taxinìmhshc qrhsi-
meÔei wc èmmeso mètro apotÐmhshc thc apotelesmatikìthtac tou stadÐou sustadopoÐhshc.
Dhlad , an to posostì sfalm�twn mÐac sun�rthshc anataxinìmhshc eÐnai meg�lo, tìte
ta erwt mata pou perièqontai sthn antÐstoiqh sust�da eÐnai polÔ eterogen , kajist¸ntac
anapotelesmatik  th sust�da. Gia autì, skopìc eÐnai na brejeÐ h kat�llhlh omadopoÐ-
hsh (sustadopoÐhsh) ¸ste ta antÐstoiqa ekpaideuìmena montèla p�nw stic sust�dec na
leitourgoÔn apotelesmatik�. H pio logik  prosèggish gia th lÔsh tou probl matoc eÐnai
h sunduastik  beltistopoÐhsh twn problhm�twn thc sustadopoÐhshc kai thc ekpaÐdeushc
sunart sewn taxinìmhshc.

'Estw K o epijumhtìc arijmìc paragìmenwn sust�dwn. StoqeÔoume na broÔme (a) K mo-
ntèla taxinìmhshc, ~w1, . . . , ~wK , èna gia k�je sust�da kai (b) mÐa sustadopoÐhsh ~c1, . . . ,~cK ,
me ckj = 1 an to er¸thma qj an kei sth sust�da k kai ckj = 0 diaforetik�, to opoÐo epitugq�-
nei bèltish prosarmog  twn montèlwn taxinìmhshc. To parap�nw prìblhma kwdikopoieÐtai
wc ex c:

min
~wk,~ck,ξij

K∑

k=1


‖~wk‖2 + λk

n∑

`=1

ck`

∑

(i,j)∈Pq`

ξk
ij




c.t. ∀k, ∀(i, j) ∈ P(k) : 〈~wk, xi〉 ≥ 〈~wk, xj〉+ 1− ξk
ij

∀k, ∀(i, j) ∈ P(k) : ξk
ij ≥ 0

∀i, j, ` : ckickj + ckick` ≤ ckjck` + 1 (4.9)

∀k, ∀j : ckj ∈ {0, 1}

ìpou orÐzoume to P(k) =
⋃

j:ckj=1 Pqj wc thn ènwsh ìlwn twn stoiqeÐwn thc sust�dac k,
kai paramètrouc rÔjmishc barÔthtac λk > 0.

To parap�nw prìblhma beltistopoÐhshc omadopoieÐ parìmoia zeÔgh erwthm�twn - apo-
telesm�twn, ìpou h omoiìthta anafèretai sth jèsh om�dwn twn zeug¸n pou anafèrontai
sto Ðdio er¸thma ston q¸ro qarakthristik¸n. Dhlad , shmasÐa den èqei h apìluth jèsh
twn shmeÐwn, all� h kateÔjunsh twn dianusm�twn pou orÐzoun sto q¸ro.

H Eikìna 4.4 deÐqnei mÐa apl  disdi�stath anapar�stash tou perigegrammènou senarÐ-
ou, epikentr¸nontac se pdf apotelèsmata (di�stash x1) kai bÐnteo apotelèsmata (di�stash
x2). Diaforetik� erwt mata (gia par�deigma racing cars videos, web search) apeikonÐzo-
ntai mèsw sqetik¸n-epilegmènwn (kìkkina tetr�gwna) kai �sqetwn-mh epilegmènwn (pr�sinoi
kÔkloi) eggr�fwn. H apaitoÔmenh ergasÐa eÐnai h omadopoÐhsh erwthm�twn ètsi ¸ste pa-
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rìmoioi skopoÐ anaz thshc na brÐskontai kont� sto q¸ro qarakthristik¸n, me b�sh k�poia
sun�rthsh omoiìthtac, ètsi ¸ste na brejoÔn stic Ðdiec sust�dec. H apìluth apìstash
metaxÔ twn dianusm�twn-sunart sewn taxinìmhshc eÐnai �neu shmasÐac, se antÐjesh me tic
diaforèc sthn kateÔjuns  touc, oi opoÐec posotikopoioÔn tic diaforèc sth sumperifor�
anaz thshc: montèla me mikrèc diaforèc sth gwnÐa twn dianusm�twn touc anamènetai na
eunooÔn touc Ðdiouc tÔpouc apotelesm�twn. Gia par�deigma, h sun�rthsh taxinìmhshc ~w1

taxinomeÐ pdf apotelèsmata uyhlìtera apì th ~w2 h opoÐa profan¸c eunoeÐ bÐnteo apotelè-
smata. To prìblhma beltistopoÐhshc stoqeÔei sthn eÔresh thc lÔshc sustadopoÐhshc kai
twn sunart sewn taxinìmhshc ~wi tautìqrona.

x1 (pdf result)

x2 (video result)

w1

w2

rank = 1 (clicked)

rank = 0 (unclicked)

"new cellphone videos"

"racing cars videos"

 "samsung h55 review"

"formula 1 calendar"

"web search"

"ranking"

Sq ma 4.4: Apeikìnish tou probl matoc. Dedomènwn erwthm�twn kai twn antÐstoiqwn (e-
pilegmènwn kai mh) apotelesm�twn, to prìblhma beltistopoÐhshc stoqeÔei sthn apeujeÐac
eÔresh sunart sewn taxinìmhshc ~w1, ~w2, kai ~w3 tou skopoÔ anaz thshc. H proseggistik 
lÔsh thc Enìthtac 4.4.3 sp�ei to prìblhma se trÐa b mata: ekpaÐdeush sun�rthshc taxinì-
mhshc gia k�je er¸thma, sustadopoÐhsh parìmoiwn erwthm�twn kai ekpaÐdeush sun�rthshc
taxinìmhshc gia k�je sust�da.

Parìla aut�, to parap�nw prìblhma èqei k�poia ousi¸dh meionekt mata. Pr¸ton, h
beltistopoÐhsh sundu�zei pragmatikèc kai akèraiec metablhtèc, me apotèlesma h apeujeÐac
lÔsh tou probl matoc na eÐnai akrib  kai na eÐnai anagkaÐa h qal�rwsh twn duadik¸n
metablht¸n sto di�sthma [0, 1], gia na epiteuqjeÐ mÐa proseggistik  lÔsh. DeÔteron, kai
kurÐwc, o arijmìc twn trigwnik¸n anisot twn pou ja egguhjoÔn mÐa kat�llhlh lÔsh sthn
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PÐnakac 4.6: Montèla taxinìmhshs basizìmena sto skopì anaz thshs

Require: n queries qj with preference relations Pqj

1: for 1 ≤ j ≤ n do
2: learn ranking function ~wj for qj using Pqj

3: end for
4: cluster w1, . . . , wn

5: for 1 ≤ k ≤ K do
6: learn ranking function ~wk using

⋃
j:cj=kPqj

7: end for

Ensure: ranking models ~w1, . . . , ~wK

ExÐswsh (4.9) eÐnai kubikìc wc proc ton arijmì twn erwthm�twn kai kajist� to prìblhma
anèfikto se meg�lec klÐmakec. Gia autì, katafeÔgoume se mÐa apodotik  proseggistik 
lÔsh kai proteÐnoume mÐa seiriak  mèjodo pou thn ulopoieÐ sthn epìmenh enìthta.

4.4.3 EkpaÐdeush tou skopoÔ anaz thshc

Se aut n thn enìthta parousi�zoume thn proteinìmenh akoloujiak  mèjodo, h opoÐa
proseggÐzei to prohgoumènwc perigegrammèno prìblhma, kajist¸ntac th lÔsh tou apodo-
tik  gia meg�la megèjh dedomènwn. H mèjodìc mac apoteleÐtai apì trÐa b mata: EkpaÐ-
deush montèlwn-sunart sewn taxinìmhshc an� er¸thma, sustadopoÐhsh twn antistoÐqwn
dianusm�twn twn montèlwn kai ekaÐdeush sunart sewn taxinìmhshc an� sust�da. O yeu-
dok¸dikac tou algorÐjmou dÐnetai ston PÐnaka 4.6.

EkpaÐdeush montèlwn taxinìmhshc an� er¸thma

To arqikì b ma thc diadikasÐac eÐnai h ekpaÐdeush enìc montèlou taxinìmhshc an� er¸thma.
Prokeimènou na to epitÔqoume, lÔnoume to basikì prìblhma SVM gia taxinìmhsh (Ranking
SVM) mìno sta dedomèna an�drashc qr sth gia k�je er¸thma (er¸thma, lÐsta apotele-
sm�twn, lÐsta epilegmènwn apotelesm�twn). Analogik� me thn Enìthta 4.4.1, to `-ostì
prìblhma beltistopoÐhshc mporeÐ na lujeÐ eÐte me tetragwnikì programmatismì (quadratic
programming)   mejìdouc basismènec sthn klÐsh (online gradient-based) [2, 3, 48] kai
anaparÐstatai wc ex c:

min
~w`,ξ`ij≥0

〈~w`, ~w`〉+ λ
∑

ij

ξ`ij

c.t. ∀(i, j) ∈ Pq`
: 〈~w`, xi〉 ≥ 〈~w`, xj〉+ 1− ξ`ij .

Genik�, h par�metroc rÔjmishc λ qrei�zetai na tejeÐ kat�llhla ètsi ¸ste na paraqjoÔn
ta bèltista montèla. Se meg�lhc èktashc efarmogèc thc mejìdou, h peiramatik  eÔresh mÐac
bèltisthc tim c gia thn par�metro den eÐnai efikt , exaitÐac tou meg�lou ìgkou dedomènwn.
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Empeirik� stoiqeÐa, ìmwc, deÐqnoun ìti gia qarakthristik� me duadikèc timèc   timèc sto
di�sthma [0, 1], h tim  λ ≈ 1 eÐnai mÐa logik  epilog . 'Etsi, jètoume λ = 1 gia ta arqik�
montèla Ranking SVM, shmei¸nontac ìti endèqetai na up�rqei perij¸rio gia beltÐwsh, me
th beltistopoÐhsh thc paramètrou λ. To apotèlesma autoÔ tou b matoc eÐnai n sunart seic
taxinìmhshc ~w1, . . . , ~wn, mÐa gia k�je er¸thma.

Omadopoi¸ntac sunart seic taxinìmhshc

Skopìc tou deutèrou b matoc eÐnai h omadopoÐhsh parìmoiwn montèlwn taxinìmhshc me
stìqo thn omadopoÐhsh parìmoiwn skop¸n anaz thshc. AfoÔ oi apìlutec jèseic twn dia-
nusm�twn eÐnai �neu shmasÐac kai mìno h kateÔjuns  touc metr�ei, ta dianÔsmata kanoni-
kopoioÔntai me th nìrma `2 wc ex c: ~w ← ~w/‖~w‖, ¸ste na brÐskontai ìla sth monadiaÐa
upersfaÐra. H omoiìthta metaxÔ dÔo dianusm�twn mporeÐ t¸ra na metrhjeÐ mèsw thc sun�r-
thshc sunhmitìnou, h opoÐa katal gei sto eswterikì ginìmenì touc, gia kanonikopoihmèna
dianÔsmata:

cos(~w, ~w′) = 〈~w, ~w′〉.

Ta monadiaÐa dianÔsmata sun jwc montelopoioÔntai apì mÐa katanom  von Mises-Fisher
([47]), h opoÐa dÐnetai apì to:

p(~x|~µ, κ) = Zd(κ) exp{κ〈~µ, ~x〉}

ìpou ‖~µ = 1‖, κ ≥ 0 kai d ≥ 2 kai h sun�rthsh diamèrishc Zd(κ) = κd/2−1/(2π)d/2Id/2−1(κ)
ìpou to Ir(·) dhl¸nei thn tropopoihmènh sun�rthsh Bessel pr¸tou eÐdouc kai t�xhc r.
Efarmozìmeno se n sunart seic taxinìmhshc ~w1, . . . , ~wn, èna anamemeigmèno montèlo apì
katanomèc von Mises-Fisher me K sustatik� (sust�dec) èqei puknìthta:

f(~wi|~µ1, . . . , ~µK , ~κ) =
n∑

i=1

αcip(~wi|~µci , κci)

log p(~w1, . . . , ~wn,~c|Θ) =
n∑

i=1

log [αcip(~wi|~µci , κci)]

ìson afor� stic paramètrouc Θ = {(~µk, κk)}K
k=1 kai tic lanj�nousec metablhtèc ~c =

(c1, . . . , cn)>. H diadikasÐa EM (megistopoÐhsh thc prosdokÐac - expectation maximiza-
tion) ektim� epanalhptik� thn katanom  twn lanjanous¸n metablht¸n p̂(ci|~wi, Θ) kai pa-
ramètrwn p̂(Θ|~w1, . . . , ~wn,~c), jewr¸ntac k�je for� th mh exetazìmenh posìthta apì tic
dÔo, wc stajer . Prokeimènou na epiteuqjeÐ apodotikìc upologismìc kai na paraqjoÔ-
n apotelèsmata me nìhma, efarmìzoume thn eponomazìmenh euristik  austhr c an�jeshc
(hard assignment heuristic) kat� th beltistopoÐhsh, ìpou h katanom  twn lanjanous¸n
metablht¸n antikajÐstatai apì mÐa y fo pleioyhfÐac (majority vote), dhlad :

p̂(ci|~wi, Θ) =

{
1 : ci = argmaxk p(k|~wi, Θ)
0 : otherwise.

(4.10)
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Sq ma 4.5: Ekpaideumèna, an� er¸thma, dianÔsmata p�nw sth monadiaÐa upersfaÐra.

EkpaÐdeush montèlwn taxinìmhshc gia sust�dec

Dedomènhc thc sustadopoÐhshc pou par�qjhke mèsw twn lanjanous¸n metablht¸n ci sthn
prohgoÔmenh enìthta, se autì to b ma ekpaideÔoume mÐa sun�rthsh taxinìmhshc gia k�je
sust�da. H prosèggish eÐnai parìmoia me thn arqik  ekpaÐdeush sunart sewn an� er¸thma,
apl� se autì to st�dio, gia k�je ekpaÐdeush, summetèqoun ìla ta erwt mata mÐac sust�dac.
H beltistopoÐhsh gia thn k-ost  sust�da mporeÐ na lujeÐ p�li me th mèjodo Ranking SVM
kai dÐnetai apì to:

min
~wk,ξij≥0

〈~wk, ~wk〉+ λ
∑

ij

ξij

c.t. ∀(i, j) ∈
⋃

`:c`=k

Pq`
: 〈~wk, xi〉 ≥ 〈~wk, xj〉+ 1− ξij .

4.4.4 Efarmog  twn ekpaideumènwn montèlwn

AfoÔ oi sunart seic taxinìmhshc ekpaideutoÔn p�nw stic sust�dec, h mèjodìc mac mporeÐ na
efarmosteÐ gia anataxinìmhsh anakthmènwn apotelesm�twn gia nèa erwt mata. H mèjodìc
mac stoqeÔei sthn epÐteuxh eterogèneiac metaxÔ diaforetik¸n skop¸n anaz thshc, kaj¸c,
to Ðdio er¸thma mporeÐ na katal xei se perissìterec apì mÐa sust�dec an, gia par�deigma,
oi qr stec epilègoun diaforetikoÔc tÔpouc apotelèsmatoc gia to Ðdio er¸thma. 'Etsi, o
skopìc eÐnai h antistoÐqish enìc nèou erwt matoc se {parìmoiec} sust�dec kai h paragwg 
mÐac sunduastik c taxinìmhshc apotelesm�twn, apì tic epimèrouc taxinom seic pou par�gei
to montèlo taxinìmhshc k�je sust�dac.

Gia to skopì autì, anaparistoÔme ta prohgoÔmena erwt mata, mazÐ me ta epilegmèna
apotelèsmat� touc wc yeudo-èggrafa, ta opoÐa eurethri�zontai apì mÐa mhqan  anaz thshc.
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Sthn ulopoÐhs  mac qrhsimopoi same to Lucene7 IR engine, en¸ me ton Ðdio trìpo akrib¸c
ja mporoÔse na qrhsimopoihjeÐ opoiad pote �llh antÐstoiqh mhqan  anaz thshc. Deqìmenh
èna nèo er¸thma q, h mhqan  bajmolìghshc apotelesm�twn tou Lucene qrhsimopoieÐtai gia
na anakt sei prohgoÔmena erwt mata pou eÐnai parìmoia me to q.

Epilègoume ta top-u pio ìmoia erwt mata kai tic antÐstoiqec sust�dec stic opoÐec an -
koun. Me autìn ton trìpo, dhmiourgoÔme mÐa stajmismènh antistoÐqish apì to nèo er¸thma
stic sust�dec, wc ex c: 'Estw vj , 1 ≤ j ≤ u, ta skor gia ta top-u prohgoÔmena erwt mata
qj . Tìte, aut� kanonikopoioÔntai me th nìrma `1 kai metafr�zontai se skor sust�dwn sk,
1 ≤ k ≤ K, tètoia ¸ste:

sqk =
∑

j:cj=k

vj /

u∑

i=1

vi

ìpou to cj eÐnai h lanj�nousa summetoq  sth sust�da. Dhlad , an mÐa sust�da prokÔptei
parap�nw apì mÐa for�, ta skor thc ajroÐzontai. Lìgw thc kanonikopoÐhshc, ta skor sqk

leitourgoÔn wc pijanìthtec, posotikopoi¸ntac thn pijanìthta ìti mÐa sust�da k perièqei
to skopì anaz thshc pou ekfr�zetai apì to er¸thma q.

Telik�, h taxinìmhsh twn eggr�fwn gia to er¸thma q par�getai stajmÐzontac th su-
neisfor� k�je sust�dac k me to antÐstoiqo skor thc sqk. 'Estw ìti to rkj dhl¸nei thn
taxinìmhsh tou j-ostoÔ eggr�fou apì th sun�rthsh taxinìmhshc thc sust�dac k. Tìte,
to telikì skor dÐnetai apì th grammik  st�jmish twn epimèrouc taxinom sewn rkj me th
shmasÐa-skor thc sust�dac sqk, gia to er¸thma q:

score(q, j) =
K∑

k=1

sqkrqkj

Me �lla lìgia, oi epimèrouc taxinom seic efarmìzontai se bajmì an�logo me thn omoiìthta
thc antÐstoiqhc sust�dac me to nèo er¸thma.

4.5 Axiolìghsh apotelesm�twn

Se aut n thn enìthta axiologoÔme thn apotelesmatikìthta thc proteinìmenhc mejìdou. H
Upoenìthta 4.5.1 parousi�zei to peiramatikì sÔnolo dedomènwn kai thn proepexergasÐa pou
pragmatopoi jhke. H Upoenìthta 4.5.2 parousi�zei tic basikèc - antagwnistikèc mejìdouc
me tic opoÐec sugkrinìmaste kai h 4.5.3 parousi�zei ta apotelèsmata. Sugkekrimèna, a-
nalÔoume thn poiìthta thc paragìmenhc sustadopoÐhshc, thn apotelesmatikìtht� thc se
sqèsh me to qronikì di�sthma ekpaÐdeushc - efarmog c thc mejìdou kai, tèloc, suzht�me
ta sumper�smata.

4.5.1 Dedomèna ekpaÐdeushc kai proepexergasÐa

Gia thn peiramatik  axiolìghsh sugkentr¸same deigmatolhptik� erwt mata apì to arqeÐo
katagraf c erwthm�twn thc mhqan c anaz thshc thc Yahoo!. Apì to deÐgma, aporrÐyame

7http://lucene.apache.org/
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PÐnakac 4.7: KathgorÐec qarakthristik¸n ekpaÐdeushc
Textual similarity features

4 Sum of TFs of query terms in result title—URL—text—all
4 Lucene score between query and result title—URL—text—all

Result characteristics features
1 Result initial rank
4 Number of words in result title—url—text—all
1 Result URL length in characters

72 Result URL domain (boolean values)
83 Popular sites the result might belong to (boolean)

200 Top most frequent urls in the dataset

Result special words features
10 Special words in result URL (”forum”, ”pdf”, etc.)
10 Result site category (news, search, blog etc)

200 Top most frequent words in the dataset

erwt mata me ligìtera apì pènte apotelèsmata, erwt mata gia ta opoÐa o qr sthc den
p�thse (epèlexe) kanèna apotèlesma kai erwt mata apì qr stec me ligìterec apì 100 a-
nazht seic sunolik�. Autì katèlhxe se 76037 erwt mata apì to arqeÐo katagraf c, ta
opoÐa tèjhkan apì sunolik� 453 xeqwristoÔc qr stec. Sth sunèqeia, qwrÐsame to sÔnolo
dedomènwn (erwt mata mazÐ me ta 10 pr¸ta apotelèsmata gia to kajèna), qronologik�, se
30053 (40%) erwt mata gia ekpaÐdeush tou sust matoc kai 45984 (60%) erwt mata wc set
axiolìghshc.

H basik  al jeia dÐnetai apì ta pat mata-epilogèc twn qrhst¸n se apotelèsmata, me
th morf  krÐsewn sqetikìthtac ([2, 3]). Eidikìtera, oi krÐseic sqetikìthtac anatÐjentai wc
ex c: An èna èggrafo xi èqei epilegeÐ, h krÐsh sqetikìthtac tÐjetai yi = 1. Mh epileg-
mèna èggrafa pou taxinomoÔntai pio yhla apì epilegmèna, paÐrnoun krÐsh yj = 0 h opoÐa
epÐshc tÐjetai kai sto mh epilegmèno apotèlesma pou brÐsketai akrib¸c apì k�tw (sthn
kat�taxh) apì to teleutaÐo epilegmèno. Aut  h diadikasÐa par gage èna sÔnolo apì 96030
krÐseic sqetikìthtac gia to sÔnolo ekpaÐdeushc kai 144021 krÐseic gia to sÔnolo axiolìgh-
shc. Ta parap�nw megèjh dÐnoun èna mèso ìro 3.2 krÐsewn sqetikìthtac an� er¸thma sto
peiramatikì sÔnolo dedomènwn pou qrhsimopoi same.

Ta zeÔgh erwt matoc - apotelèsmatoc anaparÐstantai wc dianÔsmata qarakthristik¸n
pou perigr�foun thn poiìthta tou k�je apotelèsmatoc, ìson afor� sto antÐstoiqo er¸th-
ma. Suqn�, ta qarakthristik� aut� basÐzontai sto perieqìmeno kai perigr�foun ekf�nseic
keimenik c omoiìthtac metaxÔ tou erwt matoc kai tou eggr�fou [27]. 'Allec kathgorÐec qa-
rakthristik¸n perigr�foun plhroforÐa upersÔndeshc eggr�fwn-selÐdwn, ìpwc o page-rank
[8],   metadedomèna tou eggr�fou-selÐdac ìpwc to domain tou url tou   h taxinìmhs  tou
apì kajierwmènec mhqanèc anaz thshc [2]. Tèloc, �lla qarakthristik� mporeÐ na kwdiko-
poioÔn statistik  plhroforÐa gia th sumperifor� twn qrhst¸n, ìpwc, gia par�deigma, thn
apìklish tou qrìnou episkìphshc enìc apotelèsmatoc se sqèsh me mÐa mèsh tim  [9]. To sÔ-



4.5 Axiolìghsh apotelesm�twn 75

nolo qarakthristik¸n pou qrhsimopoioÔme ulopoieÐ di�forec apì tic parap�nw proseggÐseic
kai parousi�zetai ston PÐnaka 4.7.

4.5.2 Basikèc mèjodoi sÔgkrishc

SugkrÐnoume th mèjodì mac, h opoÐa sumbolÐzetai wc Intent me tèsseric enallaktikèc me-
jìdouc gia anataxinìmhsh apotelesm�twn: Pr¸ta, jewroÔme mÐa monadik /sunolik  sun�r-
thsh taxinìmhshc Ranking SVM (Single) gia ìlouc touc qr stec, h opoÐa ekpaideÔetai se
olìklhro to sÔnolo ekpaÐdeushc kai qrhsimopoieÐtai gia thn anataxinìmhsh twn apotelesm�-
twn ìlwn twn erwthm�twn axiolìghshc. DeÔteron, ekpaideÔoume mÐa sun�rthsh taxinìmh-
shc gia k�je qr sth (User) antiproswpeÔontac thn idanik  perÐptwsh exatomÐkeushc, ìpou
mporoÔme na broÔme, gia k�je qr sth, akrib¸c ta erwt mata pou èjese kai to antÐstrofo.
Autèc oi dÔo basikèc mèjodoi apoteloÔn to k�tw kai p�nw ìrio sthn apotelesmatikìthta
mÐac mejìdou anataxinìmhshc apotelesm�twn. SÔmfwna me to [5], ta braquprìjesma kai ma-
kroprìjesma istorik� anaz thshc aiqmalwtÐzontai/antiproswpeÔontai apotelesmatik� apì
exatomikeumèna, exeidikeumèna stouc qr stec montèla kai, gia autì, perimènoume h basik 
mèjodoc User na èqei th megalÔterh apotelesmatikìthta, en¸ h Single anamènetai na eÐnai
polÔ aploðk  gia na aiqmalwtÐsei eterogeneÐc sumperiforèc apì ta dedomèna.

Epiplèon, exet�zoume thn prosèggish Content-1 h opoÐa omadopoieÐ erwt mata tou
sunìlou ekpaÐdeushc me b�sh to keimenikì perieqìmenì touc kai ekpaideÔei èna montèlo
Ranking SVM gia k�je sust�da, ta opoÐa montèla telik� sundu�zontai gia na anataxi-
nom soun apotelèsmata twn erwthm�twn axiolìghshc. Shmei¸noume ìti, ektìc apì th lo-
gik /diadikasÐa sustadopoÐhshc, h upìloiph epexergastik  ro  thc mejìdou eÐnai akrib¸c h
Ðdia me thc mejìdou mac. Sto st�dio sustadopoÐhshc, ta erwt mata omadopoioÔntai me b�sh
thn keimenik  touc omoiìthta, sunupologÐzontac to keÐmeno apì ta jetik� (epilegmèna) apo-
telèsmat� touc. Tèloc, exet�zoume mÐa parallag  thc mejìdou jematikoÔ Ranking SVM
[49] (Content-2 ). Se aut  th mèjodo h anapar�stash tou erwt matoc epekteÐnetai ¸ste
na perilamb�nei mèsec timèc kai diakum�nseic gia k�je qarakthristikì, basizìmenec sta 5
pr¸ta apotelèsmata k�je erwt matoc. Shmei¸noume ìti h sugkekrimènh basik  mèjodoc
den eÐnai tautìshmh me th mèjodo tou [49], apì thn �poyh ìti qrhsimopoioÔme th st�ntar
Ranking SVM mèjodo gia thn epÐlush tou probl matoc beltistopoÐhshc.

Exet�zontac ìlec tic parap�nw basikèc mejìdouc prospajoÔme na epideÐxoume thn apo-
telesmatikìthta thc ekpaÐdeushc pollapl¸n montèlwn taxinìmhshc basizìmenwn sto skopì
anaz thshc, ènanti montèlwn pou basÐzontai kurÐwc sto perieqìmeno, kai, fusik�, ènanti tou
afeloÔc kai tou idanikoÔ montèlou, pou apoteloÔn to k�tw kai �nw ìrio. Gia autì to lìgo,
exair¸ntac to afelèc kai to idanikì montèlo, stic upìloipec mejìdouc, h epexergastik  ro 
pèran tou stadÐou thc sustadopoÐhshc, efarmìzetai akrib¸c me ton Ðdio trìpo.

4.5.3 Apotelesmatikìthta taxinìmhshc

To pr¸to peÐrama metr�ei thn apotelesmatikìthta twn algorÐjmwn se èna statikì pe-
rib�llon. Oi metrikèc axiolìghshc pou qrhsimopoioÔme eÐnai oi MAP, Precision@n, kai
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NDCG@n.
Ta apotelèsmata gia th metrik  MAP parousi�zontai ston PÐnaka 4.8. Anamenìmena, h

ekpaÐdeush montèlwn taxinìmhshc an� qr sth èqei thn kalÔterh apìdosh, epitugq�nontac
aÔxhsh perÐpou 14% sthn akrÐbeia, se sqèsh me thn afel  prosèggish thc ekpaÐdeushc enìc
sunolikoÔ montèlou taxinìmhshc. Shmei¸noume, bèbaia, ìti se pragmatikèc sunj kec efar-
mog c thc mejìdou, h sugkekrimènh mèjodoc ja apaitoÔse pl rh diaqwrismì twn qrhst¸n
kai antistoÐqish me ta erwt mat� touc, to opoÐo paramènei akìma anoiqtì prìblhma.

PÐnakac 4.8: Mean average precision.

Method MAP Increase

Single 0.709 -
User 0.806 13.7%

Content-1 0.748 5.5%
Content-2 0.734 3.5%

Intent 0.754 6.3%

Antijètwc, oi mèjodoi Content-1, Content-2 kai Intent eÐnai anex�rthtec apì touc qr -
stec, sqhmatÐzontac om�dec erwthm�twn parìmoiou perieqomènou   skopoÔ, antÐstoiqa. Upì
aut n thn ènnoia eÐnai efikt  h efarmog  touc se sunj kec pragmatikoÔ kìsmou. Parìla
aut� diafèroun shmantik� ìson afor� sthn apotelesmatikìthta prìbley c touc. Apì tic
treic mejìdouc, h Content-2 eÐnai h pio adÔnamh, parìlo pou aux�nei thn akrÐbeia se sqèsh
me thn afel  basik  mèjodo Single kat� 3.5%. H Content-1 epitugq�nei beltÐwsh kat�
5.5% kai h mèjodìc mac (Intent) kat� 6.3%.

Parìmoia einìna prokÔptei kai apì th metrik  Precision@n h opoÐa parousi�zetai sthn
Eikìna 4.6. H apìdosh twn mejìdwn tautÐzetai gia n > 1 exaitÐac tou mikroÔ arijmoÔ
krÐswn sqetikìthtac an� er¸thma (kat� mèso ìro 3.2 an� er¸thma). Sugkekrimèna, gia
ta 45984 erwt mata axiolìghshc, up�rqoun 51089 jetikèc krÐseic sqetikìthtac (epilogèc
apotelesm�twn apì qr stec), to opoÐo metafr�zetai se perÐpou 1.1 epilogèc apotelesm�twn
an� er¸thma. Sthn tim  P@1, ìmwc, parathroÔme shmantikèc diaforèc sthn apìdosh pou
epibebai¸noun tic prohgoÔmenec parathr seic mac. Oi Single kai User apoteloÔn k�tw kai
�nw fr�gmata, en¸ h Intent eÐnai pio apotelesmatik  apì tic Content-1/2 . Oi grafikèc thc
Eikìnac 4.7 epibebai¸noun tic parap�nw parathr seic kai gia th metrik  NDCG@n.

4.5.4 An�lush

Gia na analÔsoume kalÔtera th fÔsh twn mejìdwn pou basÐzontai sto skopì ènanti aut¸n
pou basÐzontai sto perieqìmeno, exet�zoume endeiktik� lÔseic sustadopoÐhshc pou par�-
gontai apì tic treic mejìdouc: Intent, Content-1, Content-2 , stouc PÐnakec 4.9, 4.10 kai
4.11 antÐstoiqa. Dialèxame, gia ìlec tic mejìdouc, sust�dec me erwt mata gia ta opoÐa
apodÐdoun kal�.
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Ta poiotik� apotelèsmata eÐnai ta akìlouja. Pr¸ton, oi mèjodoi diafèroun shmantik�
ìson afor� ton arijmì sust�dwn pou par�goun, ètsi ¸ste na èqoun thn kalÔterh apì-
dosh. En¸ oi mèjodoi pou basÐzontai sto perieqìmeno par�goun apì 20 (Content-1 ) èwc
32 (Content-2 ) sust�dec, h mèjodoc Intent par�gei 75. An kai sustadopoi seic tètoiou
megèjouc eÐnai dÔskolo na ermhneujoÔn, oi arijmoÐ upodeiknÔoun ìti h mèjodìc mac exeidi-
keÔei perissìtero tic paragìmenec sust�dec, par�gontac perissìterec, me mikrìtero mèso
mègejoc. Gia thn akrÐbeia, h Intent faÐnetai na apodÐdei kal� gia pollèc exeidikeumènec
an�gkec anaz thshc, ìpwc faÐnetai ston PÐnaka 4.9. To pr¸to sÔnolo erwthm�twn a-
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PÐnakac 4.9: ParadeÐgmata sustadopoÐhshc gia th mèjodo Intent.

Intent

1968 yamaha trailmaster 100 yl2 value
spendor s3 5 system
sonic video game 2011
peach fronted parakeet
85 mustang ignition module harness
owner of gold 39 s gym in wichita
cmmg complete 16 m4 lep ii gas piston upper
72 chevy fuel tank swap
closest city to labadee haiti
1985 mustang 302 engine ignition engine harness
2010 keystone fuzion fuzion model 322
artist lessons mountain painting

why is it important to follow the order of operation in algebra
who makes jet skis
why does spray paint come off
did you stay in a grand suite on freedom of the seas
where can i buy centrum materna in us
why is the order of operations for algebra
shooting a wedding without a flash
how much is the membership in makro philippines

ntistoiqeÐ se sust�da pou perilamb�nei an�gkec anaz thshc apotelesm�twn-keimènwn, Ðswc
emploutismènwn me eikìnec, en¸ h deÔterh sust�da perièqei erwt mata pou antiproswpeÔoun
exeidikeumènec erwt seic, pou apantoÔntai pijanìtata apì epÐshc keimenik� apotelèsmata.

AntÐjeta, oi PÐnakec 4.10 kai 4.11 deÐqnoun paradeÐgmata sust�dwn gia tic dÔo keimenikèc
mejìdouc. O pr¸toc PÐnakac deÐqnei dÔo sust�dec gia thn Content-1 . En¸ h pr¸th sust�da
eÐnai parìmoia me thn antÐstoiqh thc mejìdou Intent , h deÔterh eÐnai p�nw k�tw mÐa tuqaÐa
sullog  apì erwt mata pou antiproswpeÔoun eterogeneÐc an�gkec anaz thshc. Tèloc,
o PÐnakac 4.11 deÐqnei sust�dec gia th mèjodo Content-2 . Ta summetèqonta erwt mata
qarakthrÐzontai apì omoiìthta ìson afor� koinoÔc ìrouc. O jìruboc stic sust�dec mporeÐ
na exhghjeÐ apì lèxeic kleidi� pou eÐnai basikèc gia th sust�da (gia par�deigma {picture}),
pou emfanÐzontai sta apotelèsmata twn erwthm�twn all� ìqi sta Ðdia ta erwt mata.

4.5.5 Apìdosh an� to qrìno

Se aut n thn Enìthta, prosomoi¸noume mÐa pragmatik  efarmog  twn proseggÐsewn ¸ste
na melet soume thn exèlix  touc sto qrìno. Gia autì to skopì, qwrÐsame to sÔnolo
axiolìghshc qronologik� se 10 diadoqik�, isìposa uposÔnola. H Eikìna 4.8 deÐqnei thn
exèlixh thc tim c MAP an� diadoqik� qronologik� diast mata, ajroistik�: h pr¸th tim 
antistoiqeÐ sthn akrÐbeia gia to pr¸to qronikì di�sthma, h deÔterh tim  gia ta dÔo pr¸ta
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PÐnakac 4.10: ParadeÐgmata sustadopoÐhshc gia th mèjodo Content-1.

Content-1

austro diesel gmbh schwechat
skeleton reference of human muscle
mercury mountaineer 1998 california catalytic converters
65 mustang and dura spark need wiring diaphram
1985 mustang 302 electronic ignition module kit
double din dash facia for pt cruiser
after market stereo for 2010 pt cruiser
keilwerth tenor ex90
seiko ladies watch bracelet elegant
conn 37m tenor sax
san miguel beer philippines distributors in cavite
california pottery corn on the cob plater

new jersey animal shelters
rose garden portland oregon
best food to sell for profit
fbi national academy 2010 boston
passport renewal
new 2011 iphone 5
oprah wearing philip stein watches
top scottish baby names

PÐnakac 4.11: ParadeÐgmata sustadopoÐhshc gia th mèjodo Content-2.

Content-2

mila kunis photo
marie osmond classical beauty doll margot
mickey mouse pictures
batman action figure power pack
lego star wars 2
fighter jets

dental office for sale in california
barrio indios puerto rico house rentals
tv shows solar power
logo design
hotel dei mellini rome
hotel suites in biscayne bay miami
gem kitchens and bath dublin
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qronik� diast mata kai oÔtw kaj' ex c.
'Opwc èqei  dh parathrhjeÐ apì ta [5, 6], to exatomikeumèno montèlo User stajero-

poieÐtai me thn p�rodo tou qrìnou. Autì èqei wc sunèpeia h apotelesmatikìtht� tou na
aux�netai elafr� me thn p�rodo tou qrìnou. To Ðdio, ìmwc, isqÔei kai gia tic upìloipec
mejìdouc, k�ti pou shmaÐnei ìti, sunolik�, ta sugkekrimèna montèla èqoun stajer  apìdosh
kaj¸c ta erwt mata axiolìghshc apomakrÔnontai qronik� apì ta erwt mata ekpaÐdeushc.
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4.5.6 Suz thsh

Me mÐa pr¸th an�gnwsh ìlec oi mèjodoi, sumperilambanomènhc kai thc proteinìmenhc, faÐ-
nontai na xepern¸ntai se apìdosh apì to kajar� exatomikeumèno montèlo User . Parìla
aut�, ìpwc proanafèrame, to sugkekrimèno montèlo praktik� mporeÐ na efarmosteÐ mìno
se èna mikrì posostì qrhst¸n/erwthm�twn oi opoÐoi eÐnai kataqwrhmènoi kai mporoÔn na
antistoiqhjoÔn akrib¸c sta erwt mat� touc. Gia autì to lìgo, h sugkekrimènh mèjodoc
apoteleÐ mÐa ideat  all� ìqi realistik  lÔsh. Wc enallaktikèc lÔseic mporoÔn na qrh-
simopoihjoÔn oi upìloipec proseggÐseic, oi opoÐec den basÐzontai se plhroforÐec qr sth.
Apì autèc, h mèjodoc mac èqei shmantik� kalÔterh apìdosh se sqèsh me tic mejìdouc pou
basÐzontai sto perieqìmeno.

Sto dikì mac sen�rio, h aÔxhsh stic timèc twn metrik¸n P@n kai NDCG@n antipro-
swpeÔetai apì shmantik  aÔxhsh sthn tim  P@1, dhlad  h mèjodìc mac apodÐdei kal� sthn
taxinìmhsh sqetik¸n apotelesm�twn sthn pr¸th jèsh thc kat�taxhc. Aut  h sumperifor�
mporeÐ na exhghjeÐ apì to Ðdio to montèlo: omadopoioÔme erwt mata me parìmoio skopì ana-
z thshc se koinèc sust�dec, se k�je mÐa apì tic opoÐec antistoiqeÐ èna diaforetikì montèlo
taxinìmhshc. H telik  kat�taxh apotelesm�twn enìc nèou erwt matoc prokÔptei sundu�zo-
ntac di�forec epimèrouc katat�xeic, apì diaforetikoÔc skopoÔc anaz thshc. Opìte, akìma
ki an to keimenikì taÐriasma enìc nèou erwt matoc me sust�dec apodeiqjeÐ anakribèc, gia
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par�deigma epeid  h keimenik  omoiìthta den sunep�getai p�nta omoiìthta sto skopì ana-
z thshc, h telik  kat�taxh sundu�zei eterogeneÐc katat�xeic kai, kat� sunèpeia, skopoÔc
anaz thshc, isostajmÐzontac pijan  anakrÐbeia sto taÐriasma.

An kai h mèjodìc mac èqei omoiìthtec me thn Content-2 , èqei kai ousiastikèc diaforèc. H
Content-2 agnoeÐ tic diaforèc metaxÔ jetik¸n kai arnhtik¸n apotelesm�twn, en¸ h Intent ,
antijètwc, ta lamb�nei upìyh thc, basÐzontac thn ekpaÐdeush twn montèlwn se autèc tic
diaforèc. H sustadopoÐhsh thc Content-2 basÐzetai ston mèso ìro twn qarakthristik¸n
gia ta top-k apotelèsmata enìc erwt matoc. Diaisjhtik�, h Content-2 sustadopoieÐ ta
apotelèsmata sto q¸ro qarakthristik¸n, en¸ h mèjodìc mac sustadopoieÐ ta Ðdia ta montèla
anaz thshc: autì to eÐdoc {met�-sustadopoÐhshc} diathreÐ thn sumperifor� anaz thshc kai
epitrèpei thn ermhneÐa thc wc montèlo taxinìmhshc basismèno sto skopì, k�ti pou q�netai
apì thn Content-2 .

Epiplèon, h an�lush twn uposunìlwn dedomènwn axiolìghshc, qwrismènwn se qronik�
diast mata, sthn Enìthta 4.5.4 epibebaÐwse tic parathr seic twn [5, 6] pou uposthrÐzoun
ìti h apìdosh twn montèlwn taxinìmhshc eÐnai sun jwc sunep c sto pèrasma tou qrìnou.

Tèloc, to pio ousiastikì sumperasma thc an�lus c mac eÐnai to ex c: se k�je perÐptwsh
kat� thn opoÐa ta kajar� exatomikeumèna montèla den èqoun efarmog , montèla basismèna
ston skopì anaz thshc mporoÔn na ta antikatast soun me epark  kai apodotikì trìpo.





Kef�laio 5

Prosarmostik  Anaz thsh se
Dedomèna ShmasiologikoÔ IstoÔ

5.1 ExatomÐkeush anaz thshc shmasiologik¸n dedomènwn

Se aut n thn enìthta parousi�zoume mÐa prwtarqik  mèjodo pou proteÐnoume gia exatomÐ-
keush anaz thshc me lèxeic kleidi�, p�nw se shmasiologik� (RDF) dedomèna [104]. Arqik�,
parousi�zoume thn proepexergasÐa pou pragmatopoi same se dÔo gnwsta sÔnola dedomè-
nwn Netflix1 kai DBpedia2, me skopì na par�goume èna sunduastikì set dedomènwn, se
RDF morf , to opoÐo ja eÐnai kat�llhlo gia prosomoÐwsh thc diadikasÐac shmasiologik c
anaz thshc me lèxeic kleidi�. Sth sunèqeia, parousi�zoume ta qarakthristik� ekpaÐdeush-
c pou orÐzoume prokeimènou na ekpaideÔsoume sunart seic anataxinìmhshc/exatomÐkeushc
apotelesm�twn, kaj¸c kai ènan prwtarqikì algìrijmo exatomÐkeushc thc arqik� epistre-
fìmenhc lÐstac apotelesm�twn. Tèloc, parousi�zoume mÐa pr¸th, enjarruntik  axiolìghsh
thc proteinìmenhc mejìdou.

5.1.1 ProepexergasÐa kai an�lush set dedomènwn

Prokeimènou na eÐnai dunat  h ekpaÐdeush montèlwn exatomÐkeushc anaz thshc eÐnai krÐ-
simo na up�rqoun diajèsima dedomèna gia to istorikì anaz thshc twn qrhst¸n  /kai tic
protim seic touc. Gia na apokt soume dedomèna an�drashc qr sth, qrhsimopoioÔme to set
dedomènwn thc Netflix, to opoÐo perièqei bajmologÐec qrhst¸n gia tainÐec. Prokeimènou na
emploutÐsoume th diajèsimh plhroforÐa, entopÐzoume tic antÐstoiqec ontìthtec (tainÐec gia
tic opoÐec èqoume bajmologÐec) apì thn DBpedia, sullègontac, epiplèon, kai perifereiak 
plhroforÐa, ìpwc hjopoioÔc, skhnojètec, eÐdoc tainÐac, k.a. Parak�tw dÐnoume mÐa sÔntomh
perigraf  twn dÔo sunìlwn dedomènwn.

H DBpedia eÐnai mÐa b�sh gn¸shc pou basÐzetai sth suneisfor� thc koinìthtac gia
na ex�gei domhmènh plhroforÐa apì th Wikipedia. Oi eggrafèc thc par�gontai apì ta
Wikipedia infoboxes kai apojhkeÔontai wc RDF triplètec. H èkdosh thc DBpedia pou

1http://www.netflixprize.com/community/viewtopic.php?id=68
2http://dbpedia.org/About
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qrhsimopoi same qarakthrÐzetai apì ta akìlouja statistik�: perigr�fei perissìterec apì
3, 5 ekatommÔria ontìthtec, apì tic opoÐec oi misèc eÐnai taxonom menec k�tw apì mÐa kal¸c
orismènh ontologÐa. Perilamb�nei 416.000 prìswpa, 526.000 topojesÐec, 106.000 mousik�
�lmpoum, 60.000 tainÐec, ktl. H ontologÐa thc apoteleÐtai apì 320 kl�seic, 750 idiìthtec
pou deÐqnoun se ontìthtec kai 893 idiìthtec pou deÐqnoun se stajerèc timèc. Apì thn
�llh pleur�, to Netflix perièqei perissìterec apì 100 ekatommÔria axiolog seic taini¸n
sto di�sthma 1999-2005, me perÐpou 480.189 qr stec kai 17.000 tainÐec.

Skopìc thc proepexergasÐac  tan h paragwg  enìc RDF sunìlou dedomènwn to opoÐo
ja perieÐqe plhroforÐa an�drashc qr sth gia anazhtoÔmenec ontìthtec. Gia autì to lìgo,
sunen¸noume ta dÔo sÔnola p�nw stic koinèc tainÐec pou perièqoun. Prokeimènou èna taÐria-
sma na jewreÐtai ègkuro apaitoÔme akribèc taÐriasma twn tÐtlwn twn taini¸n (afairoumènwn
twn eidik¸n qarakt rwn) kai thc hmeromhnÐac probol c. H parap�nw diadikasÐa mac èdwse
5179 koinèc tainÐec p�nw stic opoÐec sunen¸jhkan ta dÔo sÔnola dedomènwn.

O PÐnakac 5.1 parousi�zei basikèc ontìthtec thc DBpedia p�nw stic opoÐec ja sthriqjeÐ
h axiolìghsh thc mejìdou mac, kaj¸c kai p¸c autèc oi ontìthtec susqetÐzontai me tic tainÐec
sto sunenwmèno sÔnolo dedomènwn.

actors directors writers

total 9666 2468 4945

appearing in more than 1 film 3706 997 1392

appearing in more than 5 films 990 169 140

appearing in more than 10 films 352 32 17

appearing in more than 15 films 121 5 6

appearing in more than 20 films 43 1 0

PÐnakac 5.1: Ontìthtec tou sunenwmènou sunìlou dedomènwn kai statistik� p�nw sth
sqèsh touc me th basik  ontìthta twn taini¸n

MazÐ me thn OWL ontologÐa thc DBpedia pou perigr�fhke parap�nw, qrhsimopoi same
tic kathgorÐec thc Wikipedia, oi opoÐec perigr�fontai me to lexilìgio SKOS3. Mèsw twn
parap�nw kathgori¸n mporoÔme na ex�goume polÔtimh plhroforÐa, ìpwc to eÐdoc thc tainÐac,
jematikèc perioqèc, skhnojèth, qronologÐa probol c, ktl. 'Omoia, qrhsimopoi same thn
ontologÐa YAGO4, epÐshc diajèsimh sto sÔnolo thc DBpedia. O PÐnakac 5.2 dÐnei ton
arijmì SKOS kai YAGO kathgori¸n pou qarakthrÐzoun diaforetikoÔc arijmoÔc taini¸n tou
sunìlou dedomènwn. Sthn Enìthta 5.1.2 perigr�foume p¸c qrhsimopoi same tic parap�nw
ontologÐec ¸ste na par�goume qarakthristik� ekpaÐdeushc.

For more that # films Total

For more that # films 5 10 20 50 80 100 200 300 Total

number of SKOS concepts 1158 718 324 166 93 63 22 3 4612

number of YAGO classes 732 482 279 112 67 47 24 6 2550

PÐnakac 5.2: Arijmìc sunolik¸n kathgori¸n SKOS kai kl�sewn YAGO pou qaratkhrÐzoun
ontìthtec taini¸n

3http://www.w3.org/TR/swbp-skos-core-spec/
4http://www.mpi-inf.mpg.de/yago-naga/yago/
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H epilog  qrhst¸n p�nw stouc opoÐouc basÐsthke to telikì peiramatikì sÔnolo dedo-
mènwn ègine me b�sh ta akìlouja krit ria:

• Arijmìc taini¸n pou èqei bajmolog sei o qr sthc, ¸ste na exasfalisteÐ èna eparkèc
mègejoc gia to sÔnolo ekpaÐdeushc.

• Posostì bajmologhmènwn taini¸n sto Netflix gia tic opoÐec brèjhkan tairi�smata
sth DBpedia, wc proc tic sunolikèc tainÐec pou èqei bajmolog sei o qr sthc, ¸ste
na exasfalisteÐ h sunèpeia tou profÐl tou qr sth, met� ton periorismì twn taini¸n
pou èqei bajmolog sei, lìgw sunènwshc twn dÔo sunìlwn dedomènwn.

• Katanom  twn bajmologi¸n twn qrhst¸n. Oi bajmologÐec eÐnai akèraioi sto di�-
sthma [1, 5]. Qr stec pou dÐnoun stajer� polÔ qamhlèc   polÔ uyhlèc bajmologÐec
jewroÔntai akraÐec peript¸seic kai aporrÐptontai.

Oi PÐnakec 5.3 kai 5.4 dÐnoun to telikì sÔnolo qrhst¸n pou qrhsimopoi jhke, qwrismèno
se dÔo om�dec: (a) A1-A14 qr stec me pollèc bajmologÐec taini¸n kai (b) B1-B11 qr stec
me lÐgec bajmologÐec. Shmei¸noume ìti h gramm  #ratings anafèretai ston arijmì taini¸n
pou èqoun bajmolog sei oi qr stec, ìson afor� to Netflix sunolik�. Autìc o arijmìc
mei¸netai gia k�je qr sth, met� th sunènwsh twn sunìlwn.

user ID A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 A14

#ratings 2185 2206 1649 1770 1752 1726 1656 2092 2440 1935 1840 1675 1635 1890

mean rating 2.84 2.68 2.93 2.57 3.18 2.91 3.08 3.1 2.57 2.88 3.15 3.16 2.84 3.04

#(rating=5) 17 10 17 17 55 27 16 31 7 29 28 19 17 69

#(rating=4) 107 75 102 50 89 71 64 81 44 49 72 97 71 66

#(rating=3) 236 129 140 133 121 105 112 216 149 143 151 156 122 87

#(rating=2) 64 149 62 124 71 85 114 70 162 103 92 58 96 111

#(rating=1) 13 78 8 30 14 57 25 20 126 63 25 5 21 45

PÐnakac 5.3: Statistik� bajmologi¸n qrhst¸n - qr stec me pollèc axiolog seic

user ID B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11

#ratings 200 167 164 180 177 264 154 174 291 513 151

mean rating 3.61 3.23 3.48 3.29 2.42 3.13 3.06 3.07 3.05 3.63 3.2

#(rating=5) 3 0 5 0 0 0 3 2 0 6 2

#(rating=4) 8 11 10 12 6 8 6 14 11 31 9

#(rating=3) 25 12 7 12 12 43 12 10 40 59 15

#(rating=2) 2 7 6 8 8 1 6 7 7 6 4

#(rating=1) 2 3 4 4 9 0 3 1 0 0 0

PÐnakac 5.4: Statistik� bajmologi¸n qrhst¸n - qr stec me lÐgec axiolog seic

5.1.2 EkpaÐdeush sunart sewn taxinìmhshc kai exatomÐkeushc gia RDF

dedomèna

QrhsimopoioÔme to Ranking SVM montèlo gia na ekpaideÔsoume sunart seic anataxinìmh-
shc/exatomÐkeushc apotelesm�twn. ExaitÐac twn periorism¸n pou tÐjentai apì ta perio-
rismèna dedomèna an�drashc qrhst¸n pou diajètoume, jewroÔme èna meg�lo arijmì apì
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qarakthristik� ekpaÐdeushc, ètsi ¸ste na mporoÔme na anaparast soume ìso to dunatì-
n perissìterh plhroforÐa gia tic exetazìmentec ontìthtec. Epeid  to sÔnolo dedomènwn
mac den perièqei erwt mata kai ta antÐstoiqa (epilegmèna kai mh) apotelèsmata, mporoÔme
na orÐsoume mìno qarakthristik� ekpaÐdeushc ta opoÐa eÐnai anex�rthta apì erwt mata.
Epiplèon, qeirizìmaste ìlec tic tainÐec pou èqoun bajmologhjeÐ apì ènan qr sth wc apo-
telèsmata enìc monadikoÔ, upojetikoÔ erwt matoc pou apoteleÐtai apì ton ìro {film} kai
jewroÔme tic bajmologÐec touc antiproswpeutikèc thc epijumht c jèshc kat�taxhc sthn
opoÐa ja  jele o qr sthc na tic dei, gia to sugkekrimèno er¸thma.

Ta qarakthristik� pou orÐzoume gia thn ekpaÐdeush tou montèlou sqetÐzontai me isto-
rikì anaz thshc tou qr sth, all� kai me th dom  tou RDF gr�fou tou sunìlou dedomènwn.
Oi ontìthtec twn hjopoi¸n kai twn skhnojet¸n jewroÔntai sten� sundedemènec me thn �po-
yh enìc qr sth gia mÐa tainÐa, parìlo pou h diadikasÐa ekpaÐdeushc lamb�nei upìyh mìno
ontìthtec taini¸n. Gia na exasfalÐsoume to parap�nw, orÐzoume qarakthristik� ekpaÐdeu-
shc pou mporoÔn na efarmostoÔn se ìla ta eÐdh ontot twn. Sth sunèqeia, parousi�zoume
thn kathgoriopoÐhsh twn qarakthristik¸n pou ulopoioÔme.

1. HjopoioÐ, basismènoi sthn idiìthta starring . K�je hjopoiìc anaparÐstatai apì èna
qarakthristikì me boolean tim .

2. Skhnojètec, basismènoi sthn idiìthta director . K�je skhnojèthc anaparÐstatai apì
èna qarakthristikì me boolean tim .

3. KathgorÐec SKOS twn taini¸n. Gia mÐa tainÐa to qarakthristikì k�je kathgorÐac
paÐrnei tim  1, an h tainÐa an kei sthn kathgorÐa, kai 0 diaforetik�. Gia hjopoioÔc
kai skhnojètec, h tim  tou qarakthristikoÔ eÐnai o arijmìc twn taini¸n stic opoÐec
summeteÐqan kai oi opoÐec an koun sthn kathgorÐa.

4. KathgorÐec SKOS twn hjopoi¸n/skhnojet¸n. Gia hjopoioÔc kai skhnojètec, to qa-
rakthristikì k�je kathgorÐac paÐrnei boolean tim  an�loga me to an sqetÐzontai me
thn kathgorÐa. Gia tainÐec, h tim  tou qarakthristikoÔ eÐnai o arijmìc twn hjopoi¸-
n/skhnojet¸n pou summetèqoun sthn tainÐa kai an koun sthn kathgorÐa.

5. EÐdoc tainÐac apì th b�sh gn¸shc imdb5. Ta qarakthristik� upologÐzontai me ton
Ðdio trìpo me to 3.

6. EÐdoc tainÐac apì to imdb kai to SKOS sunduastik�. Gia ontìthtec taini¸n, to qa-
rakthristik� paÐrnoun boolean timèc an�loga me ton an h tainÐa qarakthrÐzetai me to
sugkekrimèno eÐdoc kai an kei sthn sugkekrimènh SKOS kathgorÐa. Gia hjopoioÔ-
c/skhnojètec, antÐstoiqa, h tim  tou qarakthristikoÔ upologÐzetai ìpwc sto 3.

7. Yago kl�seic gia tic tainÐec. Ta qarakthristik� antiproswpeÔoun ìlec tic kl�seic
thc ontologÐac Yago stic opoÐec an koun oi tainÐec. H tim  tou k�je qarakthristikoÔ
upologÐzetai ìpwc sto 3.

5http://www.imdb.com/
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8. Yago kl�seic gia touc hjopoioÔc/skhnojètec. Ta qarakthristik� antistoiqoÔn stic
kl�seic thc sugkekrimènhc ontologÐac stic opoÐec an koun oi hjopoioÐ/skhnojètec.
H tim  tou k�je qarakthristikoÔ upologÐzetai ìpwc sto 4.

9. O bajmìc eiserqìmenwn kai exerqìmenwn idiot twn apì thn k�je ontìthta.

10. Sunolikìc arijmìc idiot twn starring kai director idiot twn pou aforoÔn thn ontìth-
ta.

Arqik�, ulopoioÔme mÐa stoiqei¸dh mhqan  anaz thshc, eurethri�zontac pìrouc (ontì-
thtec), kl�seic, idiìthtec kai stajerèc timèc apì to sÔnolo dedomènwn mac, qrhsimopoi¸ntac
to ergaleÐo Lucene6. OrÐzoume wc er¸thma mÐa diaqwrizìmenh apì kìmmata akoloujÐa ìrwn
  fr�sewn, ìpou ta kìmmata diaqwrÐzoun ìrouc   fr�seic pou prosanatolÐzontai se dia-
foretik� eÐdh ontot twn. Gia par�deigma, to er¸thma Q = {film, woody allen} shmaÐnei
ìti anazhtoÔme diaforetikèc ontìthtec gia ton ìro {film} kai diaforetikèc gia to {woody
allen}. Gia kajèna apì touc ìrouc/fr�seic, epistrèfontai, me th bo jeia tou Lucene,
di�forec ontìthtec wc pijan� apotelèsmata gia thn an�gkh anaz thshc tou qr sth. O
Algìrijmoc 5.1.2 perigr�fei th diadikasÐa an�kthshc kai enswmat¸nei thn exatomikeumènh
anataxinìmhsh twn apotelesm�twn-ontot twn.

Algorithm 1 RDF results retrieval for keyword queries
for each keyword Ki do

Retrieve the full result list RLi of size Ni and the respective scores Sij for each result
rij

Normalize scores Sij in the interval [0, 1]
For each result rij , search whether the rest keywords Kk k 6= i are found in its abstract
textual description. If so, double its score.
For each result rij search whether it has been retrieved using the label property of
the entity. If so, double its score.
Input the final result list into Ranking SVM and retrieve the personalized, re-ranked
list PRLi

Prune the result list of each keyword according to a given threshold of number of
results.

end for

5.1.3 Peiramatik  axiolìghsh

Se aut n thn enìthta sugkrÐnoume thn apotelesmatikìthta thc prosèggis c mac me (a) th
basik  al jeia (ground truth) pou dÐnetai apì tic bajmolog seic twn taini¸n sto sÔnolo
dedomènwn kai antiproswpeÔei th bèltisth lÔsh tou probl matoc kai (b) th basik  mèjodo
taxinìmhshc apotelesm�twn mèsw thc mhqan c anaz thshc pou orÐzoume, qwrÐc exatomÐkeu-
sh. Gia ta peir�mat� mac jewr same to 80% twn diajèsimwn dedomènwn wc set ekpaÐdeushc

6http://lucene.apache.org/core/
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kai to upìloipo 20% wc set axiolìghshc. Shmei¸noume ìti h basik  al jeia ex�getai apo-
kleistik� apì to set axiolìghshc, to opoÐo den summetèqei sth diadikasÐa ekpaÐdeushc. Oi
axiologhjèntec qr stec parousi�sthkan ston PÐnaka 5.3.

Sq ma 5.1: Mèsa skor bajmolìghshc gia k�je prosèggish

H Eikìna 5.1 parousi�zei th mèsh bajmologÐa twn taxinomhmènwn apotelesm�twn se k�je
jèsh thc kat�taxhc, gia k�je dokimazìmenh prosèggish. H grafik  ground truth antipro-
swpeÔei thn ideat  kat�taxh h opoÐa ja topojetoÔse se yhlìterec jèseic apotelèsmata me
uyhlìterec bajmologÐec qrhst¸n, akoloujoÔmena p�nta apì apotelèsmata me qamhlìterh
bajmologÐa. H personalization antiproswpeÔei th dik  mac mèjodo, en¸ h baseline ranking
thn basik  taxinìmhsh apotelesm�twn qwrÐc exatomÐkeush.

ParathroÔme ìti h mèjodìc mac, katarq n, uperisqÔei thc basik c mejìdou, epistrèfo-
ntac se uyhlìterec jèseic apotelèsmata me uyhlìterec bajmologÐec. DeÔteron, h grafik 
par�stash thc mejìdou mac diark¸c fjÐnei, k�ti pou shmaÐnei ìti den up�rqoun shmantik�
akraÐa apotelèsmata, dhlad  poll� apotelèsmata qamhl c bajmologÐac se uyhlèc jèseic,
ta opoÐa ja prokaloÔsan arqik  k�jodo kai met� �nodo thc grafik c. Tèloc, an kai h
basik  al jeia eÐnai stajer� kalÔterh (ìpwc kai anamenìtan) apì th mèjodì mac, oi dÔ-
o grafikèc parousi�zoun sqedìn thn Ðdia sumperifor�, dhlad  h klÐsh thc grafik c thc
mejìdou mac akoloujeÐ thn klÐsh thc basik c al jeiac.

Sthn Eikìna 5.2, parousi�zontai ta Ðdia peiramatik� apotelèsmata, all� xeqwrist� gia
qr stec me pollèc bajmolog seic taini¸n (p�nw grafik ) kai qr stec me lÐgec bajmolo-
g seic (k�tw). ParathroÔme ìti to mègejoc tou istorikoÔ/profÐl tou qr sth ephre�zei
shmantik� thn apotelesmatikìthta tou montèlou ekpaÐdeushc. Gia qr stec me meg�lh an�-
drash (bajmologÐec taini¸n), h mèjodoc exatomÐkeushc èqei polÔ kontin� apotelèsmata me
thn ideat  mèjodo, eidik� stic uyhlìterec jèseic kat�taxhc, en¸ fjÐnei kai arket� pio apì-
toma. Apì thn �llh pleur�, gia qr stec me lÐgec bajmolog seic, h mèjodoc exatomÐkeushc
fjÐnei ligìtero apìtoma kai brÐsketai arket� pio kont� sth basik  mèjodo, apodÐdontac,
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parìla aut�, kalÔtera.

Sq ma 5.2: Mèsh bajmologÐa anakthmènwn apotelesm�twn, se k�je jèsh kat�taxhc, gia
{kaloÔc} (p�nw) kai {kakoÔc} (k�tw) qr stec.

'Opwc proanafèrame, ènac meg�loc arijmìc qarakthristik¸n qrhsimopoi jhke gia thn
ekpaÐdeush tou montèlou. An kai, sunolik�, ta qarakthristik� aut� faÐnetai na belti¸noun
thn apìdosh tou montèlou, eÐnai endiafèron na exet�soume thn epimèrouc shmasÐa om�dwn
qarakthristik¸n wc proc thn apotelesmatikìthta thc exatomÐkeushc apotelesm�twn. Sthn
Eikìna 5.3 parousi�zetai h epÐdrash twn qrhsimopoioÔmenwn qarakthristik¸n ekpaÐdeushc
sthn apotelesmatikìthta tou montèlou (gia eukolÐa sthn parousÐash, parousi�zoume dÔo
diaforetikèc grafikèc, exaitÐac tou meg�lou arijmoÔ diaforetik¸n sunduasm¸n qarakthri-
stik¸n pou exet�zontai). Shmei¸noume ìti oi sugkekrimènec grafikèc aforoÔn ènan tuqaÐo
qr sth (B3).

ParathroÔme ìti h apotelesmatikìthta tou montèlou diafèrei shmantik� gia diafore-
tikèc om�dec qarakthristik¸n. Gia par�deigma, ta qarakthristik� pou sqetÐzontai me tic
kl�seic YAGO faÐnetai na èqoun arnhtik  epÐdrash. Apì thn �llh pleur�, qarakthristik�
pou sqetÐzontai me tic SKOS kathgorÐec faÐnetai na epidroÔn jetik�. Mèroc thc mello-
ntik c doulei�c mac eÐnai mÐa pio oloklhrwmènh diadikasÐa epilog c qarakthristik¸n, se
susqètish kai me ta atomik� istorik� bajmolìghshc twn qrhst¸n.
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Sq ma 5.3: EpÐdrash diaforetik¸n qarakthristik¸n sto mentèlo exatomÐkeushc

Shmei¸noume ed¸ ìti ta parap�nw apotelèsmata aforoÔn ontìthtec taini¸n, p�nw stic
opoÐec èqoume �mesec bajmolog seic apì touc qr stec. Parìmoia peir�mata exatomÐkeushc
hjopoi¸n kai skhnojet¸n den èdwsan kal� apotelèsmata opìte paraleÐpetai h parousÐas 
touc. H beltÐwsh thc apotelesmatikìthtac tou montèlou gia tètoiec ontìthtec, gia tic
opoÐec up�rqei mìno èmmesh an�drash qr sth eÐnai komm�ti thc mellontik c mac doulei�c.

5.1.4 Sumper�smata

Se aut n thn enìthta parousi�sthke mÐa arqik  mejodologÐa gia exatomÐkeush apotelesm�-
twn anaz thshc me lèxeic kleidi� se shmasiologik� (RDF) dedomèna. OrÐsame mÐa seir�
apì qarakthristik� ekpaÐdeushc, basizìmenoi kai stic idiaiterìthtec twn RDF dedomènwn
kai uiojet same to montèlo Ranking SVM gia na ekpaideÔsoume sunart seic exatomÐkeu-
shc. Gia na mporèsoume na to k�noume autì, sunen¸same dedomèna apì dÔo diaforetik�
sÔnola, (DBpedia, Netflix), par�gontac èna set dedomènwn kat�llhlo na {prosomoi¸sei}
dedomèna an�drashc qrhst¸n se anaz thsh shmasiologik¸n dedomènwn. Efarmìsame thn
proteinìmenh mèjodo me th bo jeia mÐac basik c mhqan c anaz thshc kai deÐxame thn apo-
telesmatikìthta thc mejìdou mac.

Basikì komm�ti thc mellontik c mac doulei�c eÐnai h beltÐwsh/epèktash thc trèqousac
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mejìdou ¸ste na leitourgeÐ p�nw se pl rh apotelèsmata-gr�fouc kai ìqi apl� se autìno-
mec ontìthtec. H prìklhsh ed¸ eÐnai o apodotikìc sunduasmìc xeqwrist¸n ontot twn ¸ste
na par�gontai apotelèsmata-gr�foi me nìhma. Epiplèon, skopeÔoume na belti¸soume adu-
namÐec thc trèqousac mejìdou, ìpwc epilog  qarakthristik¸n ekpaÐdeushc kai exatomÐkeush
ontot twn gia tic opoÐec mìno èmmesh an�drash qr sth eÐnai diajèsimh.

5.2 Shmasiologik  epishmeÐwsh kai anaz thsh

Se aut n thn enìthta parousi�zoume to anaptuqjèn plaÐsio shmasiologik c epishmeÐwshc
eggr�fwn me qr sth ontologi¸n kai ubridik c anaz thshc, tìso me lèxeic kleidi�, ìso
kai me peri ghsh se ierarqÐec ontologi¸n (GoNTogle) [111, 110]. H kÔria suneisfor� tou
proteinìmenou plaisÐou dÐnetai parak�tw:

1. Sqedi�same kai ulopoi same èna filikì proc to qr sth plaÐsio epishmeÐwshc eggr�-
fwn pou uposthrÐzei arketoÔc gnwstoÔc morfìtupouc keimènwn kai prosfèrei proqw-
rhmènec dunatìthtec anaz thshc.

2. To plaÐsio akoloujeÐ logik  basismènh se exuphretht  (server), ìpou oi epishmei¸seic
apojhkeÔontai se èna kentrikì apojet rio, xeqwrist� apì to Ðdio to èggrafo. Me
autìn ton trìpo, epitugq�netai èna sunergatikì perib�llon, ìpou k�je qr sthc mporeÐ
na ekmetalleuteÐ tic epishmei¸seic twn �llwn qrhst¸n, eÐte gia epishmeÐwsh, eÐte gia
anaz thsh eggr�fwn.

3. ProteÐnoume mÐa mèjodo mhqanik c m�jhshc gia automatopoihmènh epishmeÐwsh keimè-
nwn, me b�sh montèla ekpaideumèna p�nw sto istorikì epishmeÐwshc prohgoÔmenwn
keimènwn.

4. Eis�goume mÐa ubridik  mèjodo anaz thshc pou sundu�zei klassik  anaz thsh me
lèxeic kleidi� me shmasiologik  anaz thsh.

5. Parousi�zoume mÐa melèth qrhst¸n, h opoÐa katadeiknÔei thn apotelesmatikìthta
thc automatopoihmènhc epishmeÐwshc. EpÐshc, deÐqnoume ìti h proteinìmenh ubridik 
anaz thsh uperisqÔei twn apl¸n, epimèrouc trìpwn anaz thshc (me lèxeic kleidi� kai
me peri ghsh sthn ontologÐa), tìso se akrÐbeia, ìso kai se an�klhsh

5.2.1 Shmasiologik  epishmeÐwsh

To GoNTogle uposthrÐzei shmasiologik  epishmeÐwsh gia di�forouc, eurèwc qrhsimopoioÔ-
menouc morfìtupouc keimènwn (doc, pdf, txt, rtf, odt, sxw). Epitrèpei thn epishmeÐwsh
olìklhrou tou keimènou   kommati¸n tou, kaj¸c kai qeirokÐnhth   hmiautìmath epishmeÐw-
sh.

To montèlo epishmeÐwshc eÐnai koinì gia ìlouc touc morfìtupouc keimènwn, parìlo pou
diaforetikoÐ morfìtupoi endèqetai na epitrèpoun thn exagwg  diaforetik c morf c metade-
domènwn epishmeÐwshc. Oi epishmei¸seic apojhkeÔontai se ènan kentrikì exuphretht  onto-
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logÐac, anex�rthta apì ta èggrafa. Oi epishmei¸seic apì k�je eÐdoc eggr�fou orÐzontai kai
organ¸nontai/apojhkeÔontai akrib¸c me ton Ðdio trìpo. K�je epishmeÐwsh kwdikopoieÐtai
wc stigmiìtupo mÐac kl�shc thc ontologÐac, mazÐ me thn metaplhroforÐa thc epishmeÐwshc
gia to èggrafo. Aut  h metaplhroforÐa organ¸netai me th bo jeia enìc el�qistou sunìlou
apì idiìthtec pou orÐzoume, ètsi ¸ste h epishmeÐwsh na mporeÐ na {anaparaqjeÐ} kai na ana-
parastajeÐ k�je for� pou fort¸netai, p�nw sto keÐmeno tou eggr�fou. Oi idiìthtec autèc
perièqoun plhroforÐa ìpwc: document URL, annotation offsets, page number, extent of
annotation over the document klp.

 Class 1

Class n

rd
f:ty
pe

. 
. 
.

Annotation ID

extent

offset_1

doc_URL
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page_num

offset_2
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xs:string
text_summ
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Ontology Class
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Class Instance
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Sq ma 5.4: Montèlo epishmeÐwshc

H Eikìna 5.4 deÐqnei to montèlo epishmeÐwshc tou sust matoc. Oi epishmei¸seic eÐnai
ontìthtec pou mporeÐ na an koun se mÐa   perissìterec kl�seic. Mèsw twn idiot twn pou
qarakthrÐzoun tic ontìthtec epishmeÐwshc, kwdikopoioÔme ìlh thn aparaÐthth metaplhro-
forÐa. H idiìthta doc URL apojhkeÔei to URL tou eggr�fou. Oi idiìthtec page num kai
line num perièqoun ton arijmì selÐdac kai gramm c mèsa sth selÐda, stic opoÐec xekin� h
epishmeÐwsh. H offset 1 antistoiqeÐ sth jèsh thc arq c thc epishmeÐwshc apì thn arq 
tou eggr�fou, en¸ h offset 2 sth jèsh tou tèlouc thc epishmeÐwshc apì thn arq  tou
eggr�fou. H extent apojhkeÔei to mègejoc thc epishmeÐwshc kai h text sum mÐa mikr 
perÐlhyh tou keimènou thc epishmeÐwshc, gia lìgouc parousÐashc sth grafik  diepif�neia.

Autìmath shmasiologik  epishmeÐwsh

Sth sunèqeia, parousi�zoume to montèlo ekm�jhshc pou efarmìzoume gia automatopoih-
mènh epishmeÐwsh eggr�fwn. ProteÐnoume mÐa mèjodo basismènh ston algìrijmo kNN (k
Nearest Neighbor) [50] pou ekmetalleÔetai to istorikì epishmeÐwshc twn qrhst¸n gia na
proteÐnei autìmata epishmei¸seic gia nèa èggrafa. To sÔnolo ekpaÐdeushc tou algorÐjmou
apoteleÐtai apì prohgoÔmenec epishmei¸seic qrhst¸n. Sugkekrimèna, ìtan pragmatopoieÐtai
mÐa epishmeÐwsh, to antÐstoiqo keÐmeno ex�getai kai eurethriopoieÐtai se èna anestrammèno
euret rio (inverted index). MazÐ me thn keimenik  plhroforÐa, sto euret rio krateÐtai kai
plhroforÐa sqetik� me tic kl�seic epishmeÐwshc.
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Algorithm 2 Annotation Suggestion Algorithm
Input: Selected text st, index I
Output: Suggested class cli, suggested class score Scrcli

for each annotated text at in I do
calculate tsst,at

end for
Insert the k most similar annotated texts in S
for each at in S do

for for each class cl annotating at do
Scrcl = Scrcl + (w1 ∗ tsst,at) ∗ (w2 ∗ ecl,at)

end for
end for
return cli, Scrcli

O Algìrijmoc 5.2.1 parousi�zei th diadikasÐa prot�sewn epishmeÐwshc. EÐsodoc eÐnai
to epilegmèno keÐmeno st kai to euret rio I. Basizìmenoi sto skor omoiìthtac tsst,at metaxÔ
tou epilegmènou keimènou st kai opoioud pote eurethriasmènou keimènou at  dh up�rqousac
epishmeÐwshc, krat�me tic k pio ìmoiec epishmei¸seic sto sÔnolo S (grammèc 1-4). Sth
sunèqeia, gia k�je epishmeÐwsh tou sunìlou S, ex�goume tic kl�seic pou thc antistoiqoÔn.
Se k�je kl�sh cl anatÐjetai èna skor Scrcl pou sundu�zei: (a) thn keimenik  omoiìthta
metaxÔ tou keimènou thc epilegmènhc kai thc  dh up�rqousac epishmeÐwshc kai (b) èna skor
ecl,at pou antiproswpeÔei thn èktash kat� thn opoÐa h kl�sh cl kalÔptei èna epishmeiwmèno
keÐmeno at (gramm  7). To ecl,at orÐzetai wc o lìgoc twn ìrwn pou eÐnai epishmeiwmènoi me
thn kl�sh cl, proc to sunolikì arijmì ìrwn tou epishmeiwmènou keimènou at:

ecl,at =
number of tokens of cl annotations over at

number of tokens in at
(5.1)

Ta b�rh w1 kai w2 qrhsimopoioÔntai gia na stajmÐsoun th barÔthta twn dÔo skor.
Telik�, mÐa taxinomhmènh lÐsta apì proteinìmenec kl�seic cli kai ta antÐstoiqa skor touc
Scrcli parousi�zetai sto qr sth.

5.2.2 Anaz thsh

Sth sunèqeia, parousi�zoume tic dunatìthtec anaz thshc tou plaisÐou. Arqik�, orÐzoume
tupik� touc uposthrizìmenouc tÔpouc anaz thshc kai èpeita analÔoume tic, basizìmenec
sthn ontologÐa, proqwrhmènec leitourgÐec anaz thshc. O akìloujoc pÐnakac epexhgeÐ ta
sÔmbola pou qrhsimopoioÔme.

TÔpoi anaz thshc

KathgoriopoioÔme tic basikèc dunatìthtec tou plaisÐou se treic tÔpouc: (a) Anaz thsh me
lèxeic kleidi�, (b) Shmasiologik  anaz thsh kai (g) Ubridik  anaz thsh:
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Symbol Notation

qkey Keyword query, consisting of search termt1, t2,...tm

Skey(qkey) Keyword-based search

RSkey Keyword-based search result set

Scrkey(qkey,d) Keyword-based similarity score

qsem Semantic query, consisting of search classes cl1, cl,...cln

Ssem(qsem) Semantic-based search

RSsem Semantic-based search result set

Scrsem(qsem,d) Semantic-based similarity score

Shybr(qsem,qkey) Hybrid search

RShybr Hybrid search result set

Scrhybr(qsem,qkey,d) Hybrid similarity score

PÐnakac 5.5: Epex ghsh sumbìlwn

Anaz thsh me lèxeic kleidi�. O qr sthc parèqei touc ìrouc anaz thshc kai to sÔ-
sthma anakt� sqetik� èggrafa basismèno mìno sthn keimenik  omoiìthta ìrwn anaz th-
shc/keimènwn. UiojetoÔme th sun�rthsh bajmolìghshc - taxinìmhshc apotelesm�twn thc
mhqan c anaz thshc Lucene. 'Estw èna er¸thma qkey = t1, t2, ...tm, ìpou ti oi ìroi (lèxeic
kleidi�) tou erwt matoc. SumbolÐzoume ta apotelèsmata thc parap�nw anaz thshc wc èna
taxinomhmèno sÔnolo RSkey apì plei�dec < d, Scrkey(qkey, d) >, ìpou d ìla ta èggrafa
pou anakt jhkan, me skor Scrkey(qkey, d).

Shmasiologik  anaz thsh. O qr sthc perihgeÐtai stic kl�seic thc ontologÐac kai epike-
ntr¸nei thn anaz thsh se mÐa   perissìterec apì autèc. OmoÐwc me thn klassik  anaz thsh,
orÐzoume èna shmasiologikì er¸thma wc qsem = cl1, cl2, ...cln, ìpou cli oi kl�seic anaz thsh-
c. OrÐzoume ta apotelèsmata thc parap�nw anaz thshc wc èna taxinomhmèno sÔnolo RSsem

apì plei�dec < d, Scrsem(qsem, d) >, ìpou d ìla ta èggrafa pou èqoun qarakthristeÐ me
toul�qiston mÐa apì tic kl�seic tou erwt matoc, me shmasiologikì skor Scrsem(qsem, d).
Prokeimènou na orÐsoume to shmasiologikì skor, exet�zoume thn èktash thc k�luyhc enìc
eggr�fou apì k�je kl�sh, dhlad  to lìgo twn ìrwn enìc eggr�fou pou qarakthrÐzontai
me thn kl�sh, proc to sunolikì arijmì ìrwn tou eggr�fou. To telikì shmasiologikì skor
orÐzetai wc:

Scrsem(qsem, d) =
n∑

i=1

sscli,d

n
(5.2)

ìpou sscli,d = number of tokens of cli annotations over d
number of tokens in d , n oi kl�seic pou summetèqoun sto sh-

masiologikì er¸thma kai sscli,d o bajmìc èktashc k�je kl�shc cli se èna èggrafo d.

Ubridik  anaz thsh. O qr sthc sundu�zei anaz thsh me lèxeic kleidi� kai peri gh-
sh/epilog  kl�sewn thc ontologÐac, èqontac th dunatìthta na dialèxei an to telikì apo-
tèlesma ja eÐnai h tom    h ènwsh twn apotelesm�twn. Kai stic dÔo peript¸seic, to telikì
skor eÐnai èna stajmismèno �jroisma twn dÔo epimèrouc skor:

Scrhybr(qsem, qkey, d) = Scrsem(qsem, d) ∗ wsem + Scrkey(qkey, d) ∗ wkey
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Proqwrhmènec dunatìthtec anaz thshc

Se aut n thn upoenìthta parousi�zoume leitourgÐec anaz thshc pou dÔnantai na epilete-
stoÔn, afoÔ èqei prohghjeÐ mÐa arqik  anaz thsh:

• EÔresh sqetik¸n eggr�fwn. Xekin¸ntac apì èna èggrafo-apotèlesma d, o qr sthc
mporeÐ na y�xei ìla ta èggrafa pou èqoun epishmeiwjeÐ me opoiad pote apì tic kl�seic
pou qarakthrÐzoun to èggrafo.

• EÔresh parìmoiwn eggr�fwn. H sugkekrimènh eÐnai parallag  thc prohgoÔmenhc du-
natìthtac. Xekin¸ntac apì èna èggrafo-apotèlesma d, o qr sthc mporeÐ na y�xei
ìla ta èggrafa pou èqoun epishmeiwjeÐ me opoiad pote apì tic kl�seic pou qarakth-
rÐzoun to èggrafo kai, par�llhla, an koun  dh sta apotelèsmata thc prohgoÔmenhc
anaz thshc.

• EÔresh epìmenhc {geni�c} eggr�fwn. H sugkekrimènh dunatìthta epitrèpei th met�-
dosh thc anaz thshc se qamhlìtera epÐpeda thc ontologÐac, anazht¸ntac èggrafa
se upokl�seic thc arqik c kl�shc anaz thshc. H leitourgikìthta aut  brÐskei efar-
mog , ìtan h arqik  anaz thsh eÐnai polÔ genik .

• EÔresh prohgoÔmenhc {geni�c} eggr�fwn. EÐnai h antÐstrofh leitourgikìthta th-
c parap�nw. H sugkekrimènh dunatìthta epitrèpei th met�dosh thc anaz thshc se
uyhlìtera epÐpeda thc ontologÐac, anazht¸ntac èggrafa se uperkl�seic thc arqi-
k c kl�shc anaz thshc. H leitourgikìthta aut  brÐskei efarmog , ìtan h arqik 
anaz thsh eÐnai polÔ eidik .

• Anaz thsh eggÔthtac. H sugkekrimènh leitourgÐa lamb�nei upìyh to epÐpedo twn
kl�sewn sthn ierarqÐa thc ontologÐac, metadÐdontac thn anaz thsh se upokl�seic
thc arqik c kl�shc.

5.2.3 Episkìphsh sust matoc

Arqitektonik  sust matoc

Q�rh sthn kentrikopoihmènh arqitektonik , to GoNTogle exasfalÐzei èna sunergatikì pe-
rib�llon stouc qr stec. Oi epishmei¸seic eÐnai oratèc kai epanaqrhsimopoi simec apì di�-
forec om�dec qrhst¸n. H Eikìna 5.5 parousi�zei thn arqitektonik  tou sust matoc, to
opoÐo qwrÐzetai se tèssera uposust mata:

1. To Semantic Annotation UposÔsthma, to opoÐo apoteleÐtai apì tic ex c mon�dec: (i)
Document Viewer, (ii) Ontology Viewer kai (iii) Annotation Editor.

2. To Ontology Server UposÔsthma, to opoÐo apojhkeÔei thn ontologÐa kai tic epi-
shmei¸seic. ApoteleÐtai apì dÔo mon�dec: (i) Ontology Manager kai (ii) Ontology
Knowledge Base.
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3. To Indexing UposÔsthma, upeÔjuno gia thn eurethrÐash twn eggr�fwn.

4. To Search UposÔsthma, me to opoÐo epiteleÐtai anaz thsh twn eggr�fwn
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Sq ma 5.5: Arqitektonik  sust matoc

LeitourgÐa sust matoc

H Eikìna 5.6 parousi�zei mÐa ojình thc efarmog c, pou afor� th shmasiologik  epishmeÐw-
sh eggr�fwn. O qr sthc mporeÐ na anoÐxei èna èggrafo ston Document Viewer. Epiplèon,
mporeÐ na fort¸sei mÐa ontologÐa mèsw tou Ontology Viewer, epilègontac mÐa   perissì-
terec kl�seic gia na qarakthrÐsei ìlo to èggrafo   thn epilegmènh perioq  keimènou. Gia
k�je epishmeÐwsh emfanÐzetai ston Annotation Editor mÐa eggraf  pou antistoiqeÐ se mÐa
apojhkeumènh ston Ontology Server epishmeÐwsh. O qr sthc mporeÐ na prosjafairèsei
kl�seic se mÐa epishmeÐwsh   na th diagr�yei entel¸c. Me thn epilog  mÐac epishmeÐwshc
apì th lÐsta tou Annotation Editor, h emfanizìmenh perioq  tou eggr�fou metakulÐetai
sthn antÐstoiqh epishmeiwmènh perioq , h opoÐa epishmaÐnetai me eidikì qrwmatismì.

5.2.4 Peiramatik  axiolìghsh

Se aut n hn Enìthta parousi�zetai h peiramatik  axiolìghsh (a) tou mhqanismoÔ autì-
mathc epishmeÐwshc eggr�fwn kai (b) thc apotelesmatikìthtac thc ubridik c anaz thshc
eggr�fwn, sugkrinìmenhc me tic epimèrouc: anaz thsh me lèxeic kleidi� kai shmasiologik 
anaz thsh.

Autìmath epishmeÐwsh

ProkeÐmènou na apotim soume thn apotelesmatikìthta tou algorÐjmou paragwg c prot�se-
wn epishmeÐwshc, pragmatopoioÔme mÐa melèth qrhst¸n, kat� thn opoÐa metr�me thn akrÐbeia
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Sq ma 5.6: Grafik  diepif�neia sust matoc

se k�je jèsh kat�taxhc (P@n) kai thn an�klhsh (Recall).
Diamìrfwsh peir�matoc

Arqik� metatrèyame thn taxonomÐa thc ACM7 se OWL ontologÐa. H ontologÐa pou
proèkuye eÐqe tèssera epÐpeda kai 1463 kl�seic.

Sth sunèqeia zht same apì 15 qr stec na summetèqoun sthn peiramatik  melèth. K�je
qr sthc epèlexe dÔo perioqèc ereunhtikoÔ endiafèrontoc kai, gia k�je perioq , epèlexe dèka
dhmosieÔseic tic opoÐec eÐqe diab�sei. Prokeimènou na ekpaideÔsoume to sÔsthma, zht sa-
me apì k�je qr sth na epishmei¸sei komm�tia   ìlo to keÐmeno gia 12 apì tic sunolik�
20 dhmosieÔseic pou tou analogoÔsan, me toul�qiston mÐa kl�sh thc qrhsimopoioÔmenhc
ontologÐac. AfoÔ k�je qr sthc ektèlese tic epishmei¸seic, oi opoÐec apetèlesan th f�-
sh ekpaÐdeushc thc peiramatik c diadikasÐac, zht same apì ton kajèna na axiolog sei tic
autìmatec prot�seic kl�sewn tou sust matoc, gia k�je mÐa apì tic 8 enapomeÐnasec dh-
mosieÔseic. Prin episkop sei tic prot�seic tou sust matoc, zht jhke apì to qr sth na
shmei¸sei k�poiec kl�seic pou perÐmene na tou proteÐnei to sÔsthma, dhlad  polÔ sqetikèc
kl�seic me th dhmosÐeush, sÔmfwna me thn �poyh tou qr sth. Sth sunèqeia, o qr sthc
shmeÐwse poiec apì tic prot�seic tou sust matoc  tan swstèc, akìma ki an autìc den eÐqe
skefteÐ apì prin tic antÐstoiqec kl�seic. Sth sunèqeia, upologÐsame tic timèc akrÐbeiac kai
an�klhshc gia k�je qr sth xeqwrist�, kaj¸c kai mèsec timèc. Epiplèon, me th metrik 
aprìsmenwn kl�sewn (UV CS) metr�me to mèso arijmì kl�sewn pou den eÐqe problèyei o
qr sthc, all� prot�jhkan swst� apì to sÔsthma.
Peiramatik� apotelèsmata

O PÐnakac 5.6 parousi�zei, gia k�je qr sth, tic mèsec timèc akrÐbeiac sth jèsh n (P@n)

7http://www.acm.org/about/class/2012
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p�nw stic 8 apotimhmènec dhmosieÔseic. O PÐnakac 5.7 parousi�zei tic antÐstoiqec timèc
an�klhshc kai aprìsmenwn kl�sewn. PeriorÐzoume thn an�lus  mac stic 5 pr¸tec jèseic,
afoÔ sto sugkekrimèno sen�rio den perimènoume mÐa dhmosÐeush na afor� polÔ perissìterec
jematikèc perioqèc.

ParathroÔme ìti h mèjodìc mac epitugq�nei polÔ uyhlèc timèc akrÐbeiac kai an�klhshc,
me mèsh an�klhsh 93%. Oi qamhlèc timèc pou parathroÔntai gia thn akrÐbeia stic jèseic 4
kai 5 (P@4, P@5) dikaiologoÔntai apì to gegonìc ìti, se arketèc peript¸seic, den up rqan
perissìterec apì 3 kl�seic pou na qarakthrÐzoun mÐa dhmosÐeush. Tèloc, faÐnetai apì
th metrik  UV CS ìti to sÔsthma kajodhgeÐ touc qr stec sthn eÔresh nèwn kl�sewn
epishmeÐwshc, ti opoÐec den eÐqan prohgoumènwc skefteÐ.

User P@1 P@2 P@3 P@4 P@5

1 0.82 0.79 0.79 0.75 0.68

2 1 0.94 0.8 0.65 0.6

3 0.8 0.8 0.7 0.7 0.76

4 1 1 0.8 0.84 0.8

5 1 0.9 0.9 0.82 0.81

6 0.8 0.9 0.73 0.7 0.64

7 1 1 0.93 0.85 0.84

8 0.93 1 0.73 0.71 0.69

9 0.9 0.9 0.87 0.8 0.76

10 0.91 0.87 0.8 0.75 0.71

11 1 1 0.87 0.84 0.78

12 0.8 0.77 0.72 0.7 0.66

13 0.95 0.92 0.83 0.75 0.68

14 1 0.9 0.87 0.8 0.76

15 0.8 0.8 0.73 0.65 0.56

Avg 0.91 0.9 0.81 0.75 0.72

PÐnakac 5.6: Mèsh AkrÐbeia sth jèsh n gia k�je qr sth

User 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Avg

Recall 0.8 0.92 0.98 0.97 0.98 1 0.97 0.82 1 0.89 0.88 0.95 0.87 0.95 1 0.93

UVCS 0.4 0.2 0.2 0.4 0.4 1.2 0.2 0.2 0.2 1 0.8 0.65 0.4 1.6 0 0.52

PÐnakac 5.7: An�klhsh kai tim  UV CS gia k�je qr sth

Anaz thsh

Se aut n thn enìthta axiologoÔme thn apotelesmatikìthta twn tÔpwn anaz thshc pou pro-
sfèrontai apì to plaÐsio tou GoNTogle. H sÔgkrish gÐnetai me th bo jeia twn metrik¸n
thc akrÐbeiac sth jèsh n (Precision@n), an�klhshc (Recall) kai F-measure. Se k�je pe-
rÐptwsh, h proteinìmenh ubridik  mèjodoc anaz thshc epitugq�nei kalÔtera apotelèsmata
apì tic epimèrouc mejìdouc anaz thshc me lèxeic kleidi� kai shmasiologik c anaz thshc.

Ta b�rh pou qrhsimopoioÔntai gia thn ubridik  anaz thsh paÐrnoun tic akìloujec timèc:
wsem = 0.7, wkey = 0.3 gia ton telest  AND kai wsem = 0.6, wkey = 0.4 gia ton telest  OR
met� apì dokimastik  beltistopoÐhs  touc. Diaisjhtik�, autèc oi timèc katadeiknÔoun ìti,
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sto sen�riì mac, h shmasiologik  anaz thsh eÐnai elafr� pio shmantik  apì thn anaz thsh
me lèxeic kleidi�.

To peiramatikì sÔnolo dedomènwn apoteleÐtai apì 300 qeirokÐnhta kai autìmata epi-
shmeiwmèna ereunhtik� keÐmena apì to prohgoÔmeno peÐrama. Pr¸ta, dhmiourg same mÐa
dexamen  apì lèxeic kleidi� pou qarakthrÐzoun/apant¸ntai sta keÐmena kai epilèxame tu-
qaÐa 10 apì autèc, ¸ste na tic jewr soume wc erwt mata. Shmei¸noume ìti ta erwt mata
mporeÐ na perièqoun perissìterec apì mÐa lèxeic. Epiplèon, antistoiqÐzoume ta erwt ma-
ta lèxewn kleidi¸n se shmasiologik� erwt mata, epilègontac tic kat�llhlec (parìmoiec)
kl�seic thc ontologÐac. Me autìn ton trìpo, mporoÔme na efarmìsoume touc dÔo tÔpouc
anaz thshc gia ta Ðdia erwt mata. Epiplèon, mporoÔme na sundu�soume touc dÔo tÔpouc,
stajmÐzontac ta epimèrouc skor pou prokÔptoun apì ton k�je tÔpo, par�gontac ètsi apote-
lèsmata ubridik c anaz thshc. O sunduasmìc mporeÐ na pragmatopoihjeÐ tìso me telest 
AND (tom  twn epimèrouc apotelesm�twn) ìso kai me telest  OR (ènwsh twn epimèrouc a-
potelesm�twn). O PÐnakac 5.9 parousi�zei ta erwt mata lèxewn kleidi¸n kai ta antÐstoiqa
shmasiologik� erwt mata.

ID Keywords Classes

qkey1 knowledge discovery and privacy K.4.1 [Public Policy Issues]: Privacy

qkey2 stream mining H.2.8 [Database Applications]: Data mining

qkey3 RDF indexing H.3.1 [Content Analysis and Indexing]: Indexing methods

qkey4 spatial databases H.2.8 [Database Applications]: Spatial databases and GIS

qkey5 clustering H.3.3 [Information Search and Retrieval]: Clustering

qkey6 spatial access H.2.2 [Physical Design]: Access Methods

qkey7 query language H.2.3 [Languages]: Query languages

qkey8 data model H.2.1 [Logical Design]: Data models

qkey9 XML interoperability D.2.12 [Interoperability]

qkey10 information integration H.2.5 [Heterogeneous Databases]

PÐnakac 5.8: Erwt mata lèxewn kleidi¸n kai antÐstoiqa shmasiologik� erwt mata

Gia k�je er¸thma metr�me thn poiìthta thc an�kthshc qrhsimopoi¸ntac thn akrÐbeia sth
jèsh n kai thn an�klhsh (Precision@n, Recall). 'Opwc anafèrame parap�nw, axiologoÔme
tèsseric tÔpouc anaz thshc: (a) anaz thsh me lèxeic kleidi� (qkey), (b) shmasiologik 
anaz thsh (qsem), (g) ubridik  me telest  AND (hybrA) kai (d) ubridik  me telest  OR
(hybrO). Tèloc, gia k�je tÔpo anaz thshc exet�zoume sunolik� tèsseric metrikèc: Preci-
sion@n, Recall, F-measure, Precision-Recall curve.

O PÐnakac 5.9 parousi�zei tic mèsec timèc twn metrik¸n Precision@n, Recall, F-measure
p�nw se ìla ta erwt mata. Shmei¸noume ìti ta perissìtera erwt mata sthn ubridik  a-
naz thsh me telest  AND den epistrèfoun p�nw apì 5− 6 apotelèsmata (ìpwc mporeÐ na
faneÐ kai apì ton PÐnaka 5.10). Kat� sunèpeia, h akrÐbeia gia autìn ton tÔpo anaz thshc
upologÐzetai mìno gia tic jèseic 1 èwc 5, gia ìla ta erwt mata.
AkrÐbeia. 'Opwc parathroÔme ston PÐnaka 5.9, h ubridik  anaz thsh (kai gia touc dÔo
telestèc) apodÐdei kalÔtera apì tic epimèrouc anazht seic, se k�je jèsh kat�taxhc, me
ton tÔpo qhybrA na epitugq�nei elafr� kalÔterec timèc gia tic jèseic 4 kai 5. Epiplèon,
parathroÔme ìti h akrÐbeia thc anaz thshc me lèxeic kleidi� mei¸netai drastik� met� th
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jèsh 4, en¸ h akrÐbeia twn upoloÐpwn tÔpwn arqÐzei na mei¸netai met� apì th jèsh 6. H
ubridik  anaz thsh, sugkrinìmenh me thn anaz thsh me lèxeic kleidi�, epitugq�nei mègisth
aÔxhsh kat� 100% sth jèsh 7 kai el�qisth aÔxhsh 33.3% sth jèsh 2. Sugkrinìmenh me th
shmasiologik  anaz thsh, epitugq�nei mègisth aÔxhsh kat� 17.2% sth jèsh 10 kai el�qisth
aÔxhsh 0% sth jèsh 1.

P@1 P@2 P@3 P@4 P@5 P@6 P@7 P@8 P@9 P@10 Recall F-measure

qkey 0.7 0.75 0.7 0.7 0.6 0.52 0.47 0.48 0.44 0.43 0.55 0.48

qsem 1 0.95 0.9 0.88 0.9 0.87 0.81 0.76 0.7 0.64 0.84 0.73

qhybrA 1 1 1 1 0.98 - - - - - 0.66 0.73

qhybrO 1 1 0.97 0.98 0.96 0.95 0.94 0.89 0.81 0.75 0.98 0.85

PÐnakac 5.9: Mèsec timèc twn metrik¸n Precision@n, Recall, F-measure gia ìla ta erwt -
mata, gia tèsseric diaforetikèc ekdoqèc tou k�je erwt matoc

An�klhsh. 'Opwc mporoÔme na doÔme, o tÔpoc qhybrO apodÐdei kalÔtera apì tic epimèrouc
mejìdouc, epitugq�nontac an�klhsh kont� sto 100% (98%). O qhybrA apodÐdei an�mesa
sthn anaz thsh me lèxeic kleidi� kai sth shmasiologik . Autì ofeÐletai sto ìti o sugke-
krimènoc tÔpoc eÐnai polÔ perioristikìc, epistrèfontac arket� ligìtera èggrafa apì touc
upìloipouc tÔpouc, k�ti to opoÐo ephre�zei arnhtik� thn an�klhsh.
F-measure. Kai se aut  th metrik , h ubridik  anaz thsh xepern� touc epimèrouc tÔpouc
anaz thshc. SugkrÐnontac thn ubridik  me telest  OR me anaz thsh me lèxeic kleidi� kai me
shmasiologik , epitugq�nei aÔxhsh 77% kai 16.4% antÐstoiqa. SugkrÐnontac thn ubridik 
me telest  AND me anaz thsh me lèxeic kleidi� kai me shmasiologik , epitugq�nei aÔxhsh
52% kai 0% antÐstoiqa.

Sq ma 5.7: KampÔlh akrÐbeiac -an�klhshc gia to sÔnolo twn erwthm�twn

KampÔlh akrÐbeiac - an�klhshc. H Eikìna 5.7 parousi�zei tic kampÔlec akrÐbeiac -
an�klhshc sto sÔnolo twn erwthm�twn. Blèpoume ìti kai oi dÔo tÔpoi ubridik c anaz -
thshc èqoun polÔ stajer  sumperifor�, epitugq�nontac uyhl  akrÐbeia (kont� sto 100%)
akìma kai gia timèc an�klhshc megalÔterec tou 80%. H ubridik  qhybrA parousi�zetai



5.2 Shmasiologik  epishmeÐwsh kai anaz thsh 101

elafr� kalÔterh thc qhybrO gia timèc an�klhshc mikrìterec tou 60%. Oi epimèrouc tÔ-
poi anaz thshc sumperifèrontai qeirìtera, me aisjht� qeirìterh sumperifor� thc kampÔlhc
anaz thshc me lèxeic kleidi�.

O PÐnakac 5.10 parousi�zei, gia k�je er¸thma tic timèc akrÐbeiac sth jèsh n kai a-
n�klhshc. Oi epimèrouc autèc timèc epibebai¸noun tic parap�nw parathr seic mac: oi dÔo
ubridikoÐ tÔpoi anaz thshc xepernoÔn se apotelesmatikìthta touc epimèrouc tÔpouc anaz -
thshc, epitugq�nontac, se arketèc peript¸seic, polÔ uyhlèc timèc akrÐbeiac kai an�klhshc
tautìqrona, en¸ h pio ftwq  sumperifor� parousi�zetai apì thn anaz thsh me lèxeic klei-
di�.

PÐnakac 5.10: Timèc twn metrik¸n Precision@n, Recall gia k�je er¸thma

5.2.5 Sumper�smata

Se aut n thn enìthta, parousi�same to GoNTogle, èna plaÐsio shmasiologik c epishmeÐw-
shc kai an�kthshc eggr�fwn, to opoÐo sundu�zei teqnologÐec An�kthshc PlhroforÐac kai
ShmasiologikoÔ istoÔ. To GoNTogle uposthrÐzei qeirokÐnhth kai autìmath epishmeÐwsh eg-
gr�fwn, qrhsimopoi¸ntac ontologÐec ennoi¸n. H leitourgikìthta autìmathc epishmeÐwshc
basÐzetai se ènan upokeÐmeno mhqanismì ekm�jhshc, pou ekmetalleÔetai keimenik  plhrofo-
rÐa kai plhroforÐa epishmei¸sewn (kl�seic thc ontologÐac).

Prokeimènou na xeper�soume ta meionekt mata thc klasik c anaz thshc me lèxeic klei-
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di� (polushmÐa nohm�twn, sunwnumÐa) kai thc shmasiologik c anaz thshc (anuparxÐa epish-
mei¸sewn me kl�seic thc ontologÐac), proteÐnoume mÐa ubridik  mèjodo anaz thshc h opoÐa
sundu�zei tic dÔo parap�nw epimèrouc kathgorÐec anaz thshc. Epiplèon, orÐzoume proqw-
rhmènec leitourgÐec shmasiologik c anaz thshc, pou dieukolÔnoun to qr sth, ìtan jèlei
na epekteÐnei thn anaz thsh se  dh anakthmèna apotelèsmata.

EpÐshc, pragmatopoi same mÐa melèth qrhst¸n h opoÐa katadeiknÔei thn apotelesmati-
kìthta thc mejìdou autìmathc epishmeÐwshc eggr�fwn, kaj¸c kai twn mejìdwn ubridik c
anaz thshc. Epìmena b mata beltÐwshc thc sugkekrimènhc doulei�c ja mporoÔsan na pe-
rilamb�noun ta ex c: (a) Ekmet�lleush thc diadikasÐac sullogistik c se ontologÐec gia
th beltÐwsh thc anaz thshc, (b) Enswm�twsh shmasiologik¸n proseggÐsewn epexergasÐac
fusik c gl¸ssac, (g) Enswm�twsh upost rixhc eleÔjerwn epishmei¸sewn (tagging) tau-
tìqrona me domhmènec se ontologÐec epishmei¸seic kai (d) beltÐwsh thc leitourgikìthtac
probol c eggr�fwn kai epishmeÐwshc tou ulopoihmènou ergaleÐou.



Kef�laio 6

Diaforopoihmènh An�kthsh
SqolÐwn Qrhst¸n se Koinwnik�
DÐktua

Se aut n thn enìthta parousi�zoume tic mejìdouc pou proteÐnoume gia diaforopoÐhsh sqo-
lÐwn qrhst¸n se eidhseografik� �rjra kai genikìtera se dedomèna koinwnik¸n diktÔwn
[106]. UposthrÐzoume ìti, an kai h diaforopoÐhsh basismènh mìno sto keimenikì perieqìme-
no twn stoiqeÐwn mporeÐ na eparkeÐ sto sen�rio thc anaz thshc eggr�fwn me lèxeic kleidi�,
ìpwc apodeiknÔetai apì th bibliografÐa, den eÐnai arketì, ìtan prìkeitai gia diaforopoÐhsh
sqolÐwn qrhst¸n. Gia autì to lìgo, sto plaÐsio pou proteÐnoume, orÐzoume exeidikeumèna
krit ria diaforopoÐhshc pou lamb�noun upìyh ta qarakthristik� twn sqolÐwn, me skopì na
par�goume tic antÐstoiqec diast�seic diaforopoÐhshc me th morf  dianusm�twn qarakthri-
stik¸n. Ta krit ria pou orÐzoume antistoiqoÔn sta ex c: keimenik  omoiìthta, sunaÐsjhma
pou ekfr�zetai sta sqìlia, onomatikèc ontìthtec, poiìthta graf c twn sqolÐwn, kaj¸c kai
sunduasmoÐ apì ta parap�nw. Sth sunèqeia, efarmìzoume algìrijmouc diaforopoÐhshc sta
sqìlia, qrhsimopoi¸ntac ta parap�nw krit ria. To apotèlesma thc parap�nw diadikasÐac
eÐnai èna uposÔnolo twn arqik¸n sqolÐwn pou perièqei eterogen  sqìlia, pou antiprosw-
peÔoun diaforetikèc ekf�nseic tou proc exètash �rjrou, diaforetik� eÐdh sunasisjhm�twn,
diaforetik  poiìthta graf c, ktl. PragmatopoioÔme peiramatik  axiolìghsh twn mejìdwn
mac, deÐqnontac ìti ta krit ria pou proteÐnoume epifèroun diakrit� pio eterogen  uposÔno-
la diaforopoihmènwn sqolÐwn se sÔgkrish me th basik  mèjodo diaforopoÐhshc mìno me
to keimenikì perieqìmeno. Tèloc, parousi�zoume mÐa prwtìtuph efarmog  pou ulopoieÐ to
parap�nw plaÐsio.

6.1 Eisagwg 

Sth sunèqeia parousi�zoume èna par�deigma pou katadeiknÔei th qrhsimìthta, all� kai,
diaisjhtik�, th logik  twn mejìdwn pou proteÐnoume. Gia thn perigraf  mac, all� kai
gia thn axiolìghsh twn mejìdwn, ìpwc ja doÔme sth sunèqeia, uiojetoÔme thn ènnoia twn
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DIVERSE COMMENTS CANDIDATE COMMENTS

Comment 1

US consumption

Ecology

Standard of living Government intervention

Comment 2

US consumption

Free market influence

Standard of living Government intervention

Comment 4

US consumption

Comparison with other countries

Standard of living Awareness of people

Comment 3

US consumption

C

High population Aw

Sq ma 6.1: Par�deigma diaforopoÐhshc basizìmeno stic mon�dec plhroforÐac - F�sh 1.

DIVERSE COMMENTS CANDIDATE COMMENTS

Comment 1

US consumption

Ecology

Standard of living Government intervention

Comment 2

US consumption

Free market influence

Standard of living Government intervention

Comment 4

US consumption

Comparison with other countries

Standard of living Awareness of people

Comment 3

US consumption

Comparison with other countries

High population Awareness of people

Sq ma 6.2: Par�deigma diaforopoÐhshc basizìmeno stic mon�dec plhroforÐac - F�sh 2.

mon�dwn plhroforÐac (information nuggets), pou orÐzetai sto [95] kai thn epekteÐnoume
sto dikì mac sen�rio. En suntomÐa, jewroÔme wc mon�da plhroforÐac gia sqìlia qrhst¸n
k�je ènnoia   jematik  kathgorÐa   upokathgorÐa pou sqetÐzetai me to kurÐwc �rjro  
k�je sqetik  �poyh/sunaÐsjhma   epèktash twn parap�nw ennoi¸n kai kathgori¸n, ta
opoÐa mporeÐ na entopistoÔn, eÐte sto kurÐwc �rjro, eÐte sta sqìlia tou. Me b�sh to
parap�nw, antikeimenikìc stìqoc thc diadikasÐac thc diaforopoÐhshc eÐnai na sugkentr¸sei
èna uposÔnolo sqolÐwn to opoÐo ja perièqei ìso to dunatìn perissìterec kai pio eterogeneÐc
mon�dec plhroforÐac pou na aforoÔn to kurÐwc �rjro.

Sthn Eikìna 6.1, parousi�zontai tèssera sqìlia sqetik� mè èna �rjro gia thn {kata-
n�lwsh stic H.P.A.} - {US consumption}. JewroÔme, q�rin eukolÐac thc parousÐashc, ìti
k�je sqìlio perièqei tèsseric diaforetikèc mon�dec plhroforÐac sqetizìmenec me to �rjro.
'Estw ìti to sqìlio 1 èqei  dh epilegeÐ wc to pr¸to apotèlesma tou diaforopoihmènou sunì-
lou apotelesm�twn. Se aut n thn perÐptwsh, stìqoc thc diadikasÐac diaforopoÐhshc eÐnai
na epilèxei èna apì ta enapomeÐnanta upoy fia sqìlia, megistopoi¸ntac thn eterogèneia
twn mon�dwn plhroforÐac sto sÔnolo apotelesm�twn pou ja prokÔyei. Apì ta upoy fia
sqìlia, to 3 èqei 3/4 mon�dec plhroforÐac diaforetikèc apì to  dh epilegmèno sqìlio 1,
ìntac, ètsi, to pio {diaforetikì} sqìlio apì to 1. To sqìlio 2 èqei 1/4 mon�dec diafore-
tikèc apì to 1, en¸ to sqìlio 4 èqei 2/4 diaforetikèc mon�dec apì to 1. 'Etsi, to sqìlio 3
eÐnai autì pou epilègetai wc to epìmeno apotèlesma (blèpe Eikìna 6.2).

En¸ sthn eikìna 6.1 ta upoy fia sqìlia sugkrÐnontai mìno me to sqìlio 1, ta pr�gmata
all�zoun sthn Eikìna 6.2. Ed¸, lìgw tou ìti to sÔnolo apotelesm�twn perièqei ta sqìlia 1
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kai 3, to pio {diaforetikì} upoy fio sqìlio eÐnai to 2, afoÔ perièqei th mon�da {Freemarket
influence} h opoÐa den perièqetai oÔte sto sqìlio 1, oÔte sto 3. Apì thn �llh pleur�, ìlec
oi mon�dec tou sqolÐou 4 perièqontai sta sqìlia tou sunìlou apotelesm�twn. Opìte, to
sqìlio 2 eÐnai autì pou epilègetai wc to epìmeno apotèlesma.

To parap�nw par�deigma katadeiknÔei p¸c h diaforopoÐhsh/eterogèneia enìc sunìlou
sqolÐwn ìson afor� se èna �rjro, mporeÐ na posotikopoihjeÐ kai na axiologhjeÐ mèsw twn
mon�dwn plhroforÐac pou ex�gontai apì to �rjro kai ta sqìli� tou. Parìla aut�, h er-
gasÐa thc anagn¸rishc ennoi¸n, jem�twn kai gnwm¸n, eÐnai polÔ dÔskolh, akìma kai ìtan
gÐnetai qeirokÐnhta apì k�poion krit . Akìma kai dhmofil  ergaleÐa exagwg c ontot twn,
jem�twn   sunaisjhm�twn den mporoÔn na anagnwrÐsoun ìlec tic ènnoiec pou perièqontai se
èna komm�ti keimènou   na anagnwrÐsoun me sunèpeia thn Ðdia ontìthta, h opoÐa perièqetai
se diaforetik� komm�tia keimènou, pijanìn me elafr� diaforetikèc morfèc. Gia par�deigma,
ìtan oi qr stec qrhsimopoioÔn ekfr�seic ìpwc {Republicans}, {conservatives}   {Bush’s
governance}, an�loga me ta sumfrazìmena tou �rjrou, up�rqei perÐptwsh na anafèrontai
akrib¸c sthn Ðdia ènnoia. Autì eÐnai praktik� adÔnato na anagnwrisjeÐ apì mÐa efarmog .
H kÔria suneisfor� thc doulei�c pou perigr�fetai se aut n thn enìthta eÐnai ta exeidikeu-
mèna se sqìlia qrhst¸n krit ria diaforopoÐhshc pou proteÐnoume, ta opoÐa prospajoÔn, me
èmmeso all� automatopoihmèno trìpo, na aiqmalwtÐsoun tic diaforèc twn ennoi¸n an� ta
sqìlia. Ta krit ria pou proteÐnoume aforoÔn ta akìlouja qarakthristik� twn sqolÐwn:

• Keimenikì perieqìmeno. Autì eÐnai to basikì krit rio diaforopoÐhshc pou qrhsimo-
poieÐtai kai sth bibliografÐa ìson afor� sth diaforopoÐhsh apotelesm�twn anaz th-
shc. O stìqoc eÐnai h an�kthsh sqolÐwn me ìso to dunatìn pio eterogenèc keimenikì
perieqìmeno.

• SunaÐsjhma. JewroÔme to sunaÐsjhma pou ekfr�zoun oi qr stec sta sqìli� touc.
Metr�me to sunaÐsjhma se mÐa 9-b�jmia klÐmaka, pou anaparist� arnhtikì, oudètero
kai jetikì sunaÐsjhma. Stìqoc eÐnai h sullog  sqolÐwn pou kalÔptoun èna omoiogenèc
f�sma sunaisjhm�twn.

• Onomatikèc ontìthtec. JewroÔme tic onomatikèc ontìthtec (Prìswpa, OrganismoÐ,
TopojesÐec) pou entopÐzontai sto �rjro kai sta sqìlia. Sth sunèqeia, exet�zoume
poiec apì autèc tic onomatikèc ontìthtec anafèrontai sto k�je sqìlio. Xan�, stìqoc
eÐnai to diaforopoihmèno sÔnolo sqolÐwn na perièqei ìso to dunatìn perissìtere-
c/diaforetikèc onomatikèc ontìthtec.

• SunaÐsjhma gÔrw apì onomatikèc ontìthtec. Gia k�je onomatik  ontìthta enìc �r-
jrou jewroÔme èna par�juro lèxewn gÔrw apì aut n kai ex�goume to sunaÐsjhma pou
ekfr�zetai se aut n thn perioq . Me autìn ton trìpo epikentr¸noume thn anagn¸rish
sunaisj matoc mìno stic onomatikèc ontìthtec.

• Poiìthta graf c sqolÐou. H poiìthta tou sqolÐou metr�tai se mÐa 7-b�jmia klÐmaka
kai exart�tai apì to pìso euan�gnwsto eÐnai to sqìlio. Stìqoc eÐnai h sullog 
sqolÐwn diaforetik c poiìthtac.



106 Kef�laio 6. Diaforopoihmènh An�kthsh SqolÐwn Qrhst¸n se Koinwnik� DÐktua

• Ajroistik  poiìthta graf c sqolÐou. JewroÔme, gia k�je qr sth, ìla ta sqìlia pou
èqei post�rei sunolik� gia ìla ta �rjra kai par�goume mÐa mèsh poiìthta graf c
gia k�je qr sth. Tìte, k�je sqìlio antiproswpeÔetai apì thn poiìthta graf c tou
antÐstoiqou qr sth.

Diex�goume mÐa analutik  peiramatik  an�lush pou deÐqnei thn apotelesmatikìthta twn
mejìdwn mac, en�ntia sth basik  mèjodo thc diaforopoÐhshc sqolÐwn mìno me b�sh to
keimenikì perieqìmeno. H axiolìghsh gÐnetai me th bo jeia tri¸n metrik¸n axiolìghshc pou
orÐzoume, me skopì na posotikopoi soume ton arijmì twn mon�dwn plhroforÐac (sunolik¸n
  diakrit¸n) pou katametr¸ntai se k�je diaforopoihmèno sÔnolo-apotelèsma, kaj¸c epÐshc
kai thn omoiogèneia twn mon�dwn plhroforÐac sta diaforetik� sÔnola sqolÐwn. Sqedìn ìlec
oi parallagèc thc mejìdou mac apodÐdoun kalÔtera apì th basik  mèjodo ìson afor� sthn
k�luyh diaforetik¸n mon�dwn plhroforÐac, me thn kalÔterh parallag  na èqei statistik�
shmantik� (statistically significant) kalÔterh apotelesmatikìthta.

Sunolik�, h suneisfor� thc perigrafìmenhc doulei�c eÐnai h akìloujh: (a) OrÐzoume
exeidikeumèna se sqìlia qrhst¸n krit ria diaforopoÐhshc, (b) ProteÐnoume mÐa parallag 
euristikoÔ algìrijmou diaforopoÐhshc pou apodÐdei polÔ kont� ston bèltisto dokimazìmeno
algìrijmo, (g) EpekteÐnoume thn ènnoia twn mon�dwn plhroforÐac sto sen�rio twn �rjrw-
n/sqolÐwn, orÐzontac diaisjhtikèc metrikèc gia na axiolog soume thn apotelesmatikìthta
twn mejìdwn, (d) PragmatopoioÔme mÐa analutik  axiolìghsh apodeiknÔontac thn apote-
lesmatikìthta twn mejìdwn mac kai (e) UlopoioÔme tic mejìdouc mac se èna prwtìtupo
sÔsthma pou trèqei p�nw apì èna dhmosÐwc diajèsimo sÔnolo dedomènwn apì �rjra kai
sqìlia.

6.2 DiadikasÐa diaforopoÐhshc sqolÐwn

Se aut n thn enìthta pr¸ta orÐzoume to prìblhma pou lÔnoume. Sth sunèqeia parousi�-
zoume analutik� ta proteinìmena krit ria diaforopoÐhshc kai perigr�foume thn ulopoÐhsh
tess�rwn algorÐjmwn diaforopoÐhshc pou efarmìzoume. Tèloc, basizìmenoi sta orismèna
krit ria, orÐzoume tic sunart seic omoiìthtac (tìso gia omoiìthta ìso kai gia eterogèneia
stoiqeÐwn) pou qrhsimopoioÔntai apì touc algìrijmouc.

6.2.1 Orismìc probl matoc

ProspajoÔme na lÔsoume to prìblhma thc an�kthshc k-eterogen¸n sqolÐwn qrhst¸n gia
èna �rjro. Sugkekrimèna, to prìblhma orÐzetai wc ex c:

Orismìc 6.2 (DiaforopoÐhsh sqolÐwn). 'Estw A èna �rjro kai N èna sÔnolo apì
sqìlia sto �rjro. Brec èna uposÔnolo S ⊂ N sqolÐwn pou megistopoieÐ mÐa sun�rthsh
stìqo f h opoÐa posotikopoieÐ thn eterogèneia twn sqolÐwn sto S.

Oi pio prìsfatec ergasÐec sth diaforopoÐhsh katapi�nontai me th diaforopoÐhsh a-
potelesm�twn anaz thshc, ìson afor� to antÐstoiqo er¸thma. To dikì mac sen�rio dia-
foropoÐhshc èqei arketèc omoiìthtec me th diaforopoÐhsh apotelesm�twn anaz thshc, gia
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par�deigma, to gegonìc ìti, kai stic dÔo peript¸seic, ta stoiqeÐa proc diaforopoÐhsh èqoun
keimenikèc perigrafèc. EpÐshc, kai stic dÔo peript¸seic, pèra apì thn eterogèneia, prèpei
na lhfjeÐ upìyh kai h omoiìthta twn proc diaforopoÐhsh stoiqeÐwn (apotelèsmata/sqìlia)
me ton antÐstoiqo basikì pìro (er¸thma/�rjro). Parìla aut�, up�rqoun kai ousi¸deic
diaforèc pou epib�lloun thn an�gkh an�lushc kai epèktashc/prosarmog c twn algorÐj-
mwn/krithrÐwn diaforopoÐhshc, eidik� gia to sen�rio thc diaforopoÐhshc sqolÐwn. Sth
sunèqeia analÔoume en suntomÐa autèc tic diaforèc pou jewroÔme pio krÐsimec:

• Basikìc pìroc. Ta erwt mata eÐnai sÔntoma se èktash kai, tic perissìterec forèc,
antiproswpeÔoun mÐa   lÐgec an�gkec anaz thshc, oi opoÐec eÐnai sten� sundedemè-
nec me tic ligostèc lèxeic tou erwt matoc. 'Etsi, sto sen�rio thc anaz thshc h
diaforopoÐhsh stoqeÔei kurÐwc sto diaqwrismì diaforetik¸n ekf�nsewn-ennoi¸n tw-
n lèxewn-ìrwn tou erwt matoc kai sthn parousÐash apotelesm�twn pou kalÔptoun
kalÔtera autèc tic ekf�nseic. Apì thn �llh pleur�, èna �rjro perièqei polÔ peris-
sìtero keÐmeno. Sugkekrimèna, apoteleÐtai apì mÐa oloklhrwmènh perigraf  enìc  
perissotèrwn jem�twn, pou mporeÐ na anafèrontai se epimèrouc jèmata. 'Etsi, den
up�rqei ènac periorismènoc arijmìc apì ènnoiec proc diaforopoÐhsh, ìpwc sthn ana-
z thsh apotelesm�twn. EpÐshc, oi ontìthtec proc diaforopoÐhsh mporeÐ na mhn eÐnai
sumpageÐc ènnoiec, all� na perièqoun upo-ènnoiec, ìpwc sto par�deigma twn Eikìnwn
6.1 kai 6.2, thc Enìthtac 6.1.

• StoiqeÐa proc diaforopoÐhsh. Upojètoume me asf�leia ìti ta perissìtera apote-
lèsmata anaz thshc pou epistrèfontai apì kajierwmènec mhqanèc anaz thshc eÐnai se
k�poio bajmì sqetik� me to antÐstoiqo er¸thma. Ta perissìtera apì aut� anamènetai
na perièqoun kal� domhmèno keÐmeno pou perigr�fei me saf neia èna   perissìtera
jèmata pou �ptontai tou erwt matoc, afoÔ h poiìthta aut¸n twn apotelesm�twn èqei
exakribwjeÐ apì touc mhqanismoÔc taxinìmhshc twn antÐstoiqwn mhqan¸n anaz thshc.
Apì thn �llh pleur�, ta sqìlia qrhst¸n perièqoun polÔ ligìtero keÐmeno kai mporeÐ
na èqoun polÔ eterogen  poiìthta (èlleiyh shmeÐwn stÐxhc, suntomografÐec   argk¸,
ktl.). EpÐshc, merik� sqìlia mporeÐ na eÐnai apant seic   sunèqeiec prohgoÔmenwn
sqolÐwn.

• 'Apoyh. Tic perissìterec forèc ta apotelèsmata anaz thshc perièqoun perigrafèc
ennoi¸n pou sqetÐzontai me touc ìrouc tou erwt matoc. Apì thn �llh pleur�, tic
perissìterec forèc ta sqìlia ekfr�zoun, se diaforetikì bajmì, apìyeic kai sunai-
sj mata sqetik� me tic proc suz thsh ènnoiec.

• Onomatikèc ontìthtec. Sto sen�rio twn �rjrwn/sqolÐwn, oi onomatikèc ontìthtec
anamènetai na paÐzoun shmantikì rìlo. EÐnai anamenìmeno arketèc apì tic ènnoiec pou
perigr�fontai se èna �rjro na sqetÐzontai me mÐa   perissìterec onomatikèc ontìthtec,
kaj¸c epÐshc kai oi qr stec na anafèrontai se onomatikèc ontìthtec, ìtan sqoli�zoun
èna jèma.
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6.2.2 Krit ria diaforopoÐhshc

Sth sunèqeia perigr�foume ta krit ria pou orÐzoume gia diaforopoÐhsh sqolÐwn qrhst¸n
se �rjra.

Keimenikì perieqìmeno.

JewroÔme thn keimenik  perigraf  tou sqolÐou, pou eÐnai to basikì krit rio diaforopoÐhshc
stic perissìterec douleièc pou katapi�nontai me th diaforopoÐhsh. H shmasÐa tou keimènou
sth diaforopoÐhsh eÐnai profan c. Gia k�je sqìlio, kataskeu�zoume to di�nusma ìrwn
(term vector) tou, me k�je stoiqeÐo tou dianÔsmatoc na antistoiqeÐ se k�je diakritì ìro
pou up�rqei se ìlo to s¸ma keimènwn pou perièqei ta �rjra kai ta sqìlia. H tim  tou k�je
stoiqeÐou tou dianÔsmatoc upologÐzetai kanonikopoi¸ntac th suqnìthta tou antÐstoiqou
ìrou mèsa sto sqìlio, me b�sh to sunolikì arijmì ìrwn tou sqolÐou.

SunaÐsjhma.

Exet�zoume to sunaÐsjhma pou ekfr�zetai apì touc qr stec mèsw twn sqolÐwn touc. Je-
wroÔme ìti to sunaÐsjhma (jetikì, arnhtikì   oudètero) eÐnai par�gontac diaforopoÐhshc,
afoÔ ekfr�zei tic apìyeic twn qrhst¸n p�nw sta jèmata tou �rjrou. Upì aut n thn ènnoia,
h paragwg  enìc sunìlou sqolÐwn pou kalÔptoun diaforetikèc diabajmÐseic sunaisj matoc
kai, kat� protÐmhsh, me omoiìmorfo trìpo, eunoeÐ thn eterogèneia.

OrÐzoume enni� kl�seic sunaisj matoc mèsa sto di�sthma [−4, 4], me −4 na upodhl¸-
nei polÔ arnhtikì sunaÐsjhma, 4 polÔ jetikì kai 0 oudètero sunaÐsjhma. H parap�nw
sÔmbash klhronomeÐtai apì to ergaleÐo pou qrhsimopoi same gia exagwg  sunaisj matoc
(Sentistrength - [103]). Parìla aut� mporeÐ na efarmosteÐ opoiosd pote arijmìc apì kl�-
seic/diabajmÐseic sunaisj matoc, qwrÐc na all�xei h logik  tou krithrÐou. Gia k�je sqìlio,
orÐzoume dÔo diaforetikoÔc trìpouc exagwg c sunaisj matoc apì thn keimenik  perigraf 
tou:

• Mègisto/el�qisto sunaÐsjhma. Exet�zoume sunolik� to keÐmeno tou sqolÐou.
Apì autì ex�goume to mègisto jetikì kai to el�qisto arnhtikì sunaÐsjhma.

• Mèso sunaÐsjhma. Exet�zoume k�je prìtash tou sqolÐou xeqwrist�, ex�gontac
tic antÐstoiqec timèc jetikoÔ kai arnhtikoÔ sunaisj matoc. Sth sunèqeia, paÐrnoume
th mèsh tim  jetikoÔ kai arnhtikoÔ sunaisj matoc p�nw stic prot�seic tou sqolÐou.

H exagwg  sunaisj matoc basÐzetai se sugkekrimènec lèxeic pou entopÐzontai sto keÐ-
meno kai antiproswpeÔoun jetikì   arnhtikì sunaÐsjhma. ProteÐnoume touc parap�nw dÔo
diaforetikoÔc trìpouc exagwg c sunaisj matoc, ètsi ¸ste na mporoÔme na anagnwrÐsoume
diaforetikèc ìyeic tou ekfrazìmenou sunaisj matoc. Gia par�deigma, èna sqìlio mporeÐ na
perièqei mìno mÐa prìtash me polÔ jetikì sunaÐsjhma sqetizìmeno me èna jèma tou �rjrou.
Apì thn �llh pleur�, to upìloipo sqìlio mporeÐ na eÐnai sunolik� arnhtikì proc to sÔnolo
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tou �rjrou. Me th di�krish pou proteÐnoume, mporoÔme na entopÐsoume aut  th diafor�,
mèsw thc exagwg c mèsou sunaisj matoc.

AfoÔ pragmatopoihjeÐ h exagwg  sunaisj matoc, gia k�je sqìlio kataskeu�zoume dÔo
dianÔsmata megèjouc enni� qarakthristik¸n, ìpou to k�je qarakthristikì antistoiqeÐ se
mÐa bajmÐda sunaisj matoc. K�je qarakthristikì mporeÐ na p�rei tim  1   0, an�loga me
to an to antÐstoiqo sunaÐsjhma èqei entopisteÐ   ìqi.

Onomatikèc ontìthtec.

Exet�zoume tic onomatikèc ontìthtec pou up�rqoun sto keÐmeno tou �rjrou kai twn sqolÐ-
wn. XeqwrÐzoume treic kathgorÐec: Prìswpa, OrganismoÔc kai TopojesÐec. JewroÔme tic
onomatikèc ontìthtec shmantikèc gia th diaforopoÐhsh, afoÔ pollèc forèc ta eidhseogra-
fik� �rjra peristrèfontai gÔrw apì autèc. Akìma kai ìtan èna �rjro afor� peristatik�
  katast�seic, sun jwc emplèkontai prìswpa   topojesÐec. Me dedomèno autì, eÐnai sh-
mantikì èna diaforopoihmèno sÔnolo sqolÐwn na perilamb�nei ìso to dunatìn perissìterec
diaforetikèc onomatikèc ontìthtec.

Gia k�je mÐa apì tic treic parap�nw kathgorÐec onomatik¸n ontot twn, orÐzoume xeqw-
rist� dianÔsmata qarakthristik¸n, me k�je qarakthristikì na antistoiqeÐ se mÐa diakrit 
onomatik  ontìthta pou èqei brejeÐ sto �rjro   sta sqìli� tou. Gia k�je sqìlio, oi timèc
tou k�je qarakthristikoÔ tou dianÔsmatoc eÐnai oi suqnìthtec twn antistoÐqwn onomatik¸-
n ontot twn mèsa se autì. Epiplèon, jewroÔme èna sunajroistikì di�nusma pou perièqei
ìlec tic onomatikèc ontìthtec, apì ìlec tic kathgorÐec, wc qarakthristik�. 'Etsi, suno-
lik�, orÐzoume tèssera dianÔsmata pou antiproswpeÔoun tic onomatikèc ontìthtec gia k�je
sqìlio.

SunaÐsjhma gÔrw apì onomatikèc ontìthtec.

Exet�zoume to sunaÐsjhma pou entopÐzetai kont� se onomatikèc ontìthtec. Gia k�je o-
nomatik  ontìthta jewroÔme èna par�juro ±5 lèxewn gÔrw apì aut n kai ex�goume to
sunaÐsjhma mìno gia th sugkekrimènh perioq . Skopìc eÐnai h eklèptunsh thc exagwg c
sunaisj matoc, epikentr¸nontac stic onomatikèc ontìthtec, oi opoÐec anamènetai na eÐnai
pio shmantikèc apì touc upìloipouc ìrouc tou keimènou tou sqolÐou.

Sth sunèqeia, jewroÔme to di�nusma onomatik¸n ontot twn kai, epekteÐnont�c to, orÐ-
zoume èna nèo di�nusma pou sth jèsh k�je qarakthristikoÔ onomatik c ontìthtac jewreÐ
enni� qarakthristik�, èna gia k�je bajmÐda sunaisj matoc.

Poiìthta graf c sqolÐou.

JewroÔme ìti h poiìthta graf c sqolÐou eÐnai par�gontac diaforopoÐhshc, afoÔ ekfr�zei
thn katalhptìthta tou Ðdiou tou sqolÐou. 'Etsi, eÐnai shmantikì èna sÔnolo apì sqìlia
na perilamb�nei diaforetik� epÐpeda poiìthtac. H katalhptìthta enìc keimènou ekfr�zetai
mèsw mÐac bajmolìghshc pou prokÔptei apì antÐstoiqh fìrmoula pou lamb�nei upìyh poio-
tik� qarakthristik� enìc keimènou, ìpwc m koc lèxewn kai prot�sewn. H pio diadedomènh
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apì autèc tic fìrmoulec eÐnai h Flesch Reading Ease Score1, h opoÐa sundu�zei mèso arijmì
sullab¸n an� lèxh kai mèso m koc prìtashc gia na par�gei mÐa bajmologÐa katalhptìthtac.
Sugkekrimèna, par�gei èna skor sto di�sthma [0, 100], me uyhlìterec timèc na upodeiknÔoun
eukolìtera keÐmena. Se autì to di�sthma orÐzoume ept� kl�seic anagnwsimìthtac. Gia k�je
sqìlio efarmìzoume th fìrmoula kai anajètoume mÐa kl�sh anagnwsimìthtac se autì. Sth
sunèqeia, kataskeu�zoume èna di�nusma ept� qarakthristik¸n kai anajètoume tim  1 sto
qarakthristikì pou antiproswpeÔei thn anagnwsimìthta tou sqolÐou kai 0 sta upìloipa
qarakthristik�.

Sunajroistik  poiìthta graf c sqolÐou.

JewroÔme k�je sqìlio qr sth xeqwrist� kai ex�goume to antÐstoiqo skor katalhptìthtac.
Sth sunèqeia, paÐrnoume to mèso ìro katalhptìthtac gia ìla ta sqìlia, gia ton k�je
qr sth, kai qarakthrÐzoume k�je sqìlio tou qr sth me to parap�nw mèso skor kai to
antÐstoiqo di�nusma katalhptìthtac.

6.2.3 ErmhneÐa twn sunart sewn-stìqwn kai algìrijmoi diaforopoÐhshc

Parak�tw perigr�foume touc tèsseric euristikoÔc algìrijmouc diaforopoÐhshc pou ulo-
poi same sthn trèqousa doulei�. Apì autoÔc, treic èqoun parousiasteÐ se prohgoÔmenh
ergasÐa [96] (MAXSUM1, MAXMIN, MONO-OBJECTIVE), en¸ o tètartoc eÐnai mÐa pa-
rallag  �plhstou algorÐjmou pou proteÐnoume, h opoÐa ulopoieÐ th logik  Max-Sum.

H logik  thc sun�rthshc stìqou Max-Sum eÐnai h megistopoÐhsh ìlwn twn an� dÔo
apost�sewn metaxÔ ìlwn twn stoiqeÐwn tou diaforopoihmènou sunìlou S. Oi Algìrijmoi
3 kai 4 dÐnoun dÔo proseggistikèc lÔseic gia thn parap�nw sun�rthsh stìqo.

O Algìrijmoc 3 parousi�zetai sto [96]. O algìrijmoc, se k�je b ma, exet�zei tic an�
dÔo apost�seic metaxÔ twn upoy fiwn stoiqeÐwn kai epilègei to zeÔgoc me th megalÔterh
metaxÔ tou apìstash, eis�gontac ta antÐstoiqa dÔo stoiqeÐa sto diaforopoihmèno sÔnolo
S. Dhlad , o algìrijmoc qwrÐzei to sÔnolo twn stoiqeÐwn se diaforopoihmèna kai upoy fia
kai pragmatopoieÐ touc upologismoÔc tou, se k�je b ma, mìno me b�sh ta upoy fia stoiqeÐa.

Algorithm 3 Produce diverse set of comments with MAXSUM1
Input: Set of candidate comments T, size of diverse set k
Output: Set of diverse comments S

S = ∅
for i = 1 → bk

2c do
Find (u, v) = argmaxx,y∈T d(x, y)
Set S = S ∪ {u, v}
Set T = T \ {u, v}

end for
If k is odd, add an arbitrary document to s

1http://www.readabilityformulas.com/flesch-reading-ease-readability-formula.php
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Sthn trèqousa ergasÐa, ulopoioÔme, epÐshc, ton algìrijmo 4 gia na proseggÐsoume th
sun�rthsh stìqo Max-Sum. Shmei¸noume ìti parallagèc thc genik c logik c tou algo-
rÐjmou mporeÐ na èqoun protajeÐ kai se �llec douleièc, gia par�deigma sto [97]. Parìla
aut�, mporeÐ na up�rqoun diaforèc sthn arqikopoÐhsh tou algorÐjmou, kaj¸c kai ston
akrib  orismì thc sun�rthshc apìstashc - omoiìthtac (distance-similarity function). O
sugkekrimènoc algìrijmoc arqikopoieÐ to diaforopoihmèno sÔnolo apotelesm�twn S eis�-
gontac sthn arq  to upoy fio sqìlio me th megalÔterh keimenik  omoiìthta me to �rjro.
Sth sunèqeia, se k�je b ma, epilègei to upoy fio sqìlio me thn megalÔterh apìstash apì
to kentroeidèc (centroid) tou sunìlou S, dhlad  to upoy fio sqìlio pou megistopoieÐ thn
akìloujh posìthta:

d(u, S) =
1
|S|

∑

x∈S

d(u, x) (6.1)

An kai o algìrijmoc stoqeÔei sth megistopoÐhsh thc Ðdiac sun�rthshc stìqou, h kÔria dia-
for� tou me ton algìrijmo 3 eÐnai ìti, se k�je b ma, exet�zei apost�seic metaxÔ upoyhfÐwn
kai  dh epilegmènwn sqolÐwn.

Algorithm 4 Produce diverse set of comments with MAXSUM2
Input: Set of candidate comments T, size of diverse set k
Output: Set of diverse comments S

S = ∅
Find the most relevant comment u and set S = {u}
For any x ∈ T \ S, define dMAX(x, S) = d(x, cs) where cs the centroid of the comments
contained in S

while |S| < k do
FIND u = argmaxx∈T dMAX(x, S)
Set S = S ∪ {u}
Set T = T \ {u}
Update cs

end while

EpideiknÔoume me grafikì trìpo th logik  twn dÔo algorÐjmwn sthn Eikìna 6.3. 'Estw
h genik  perÐptwsh ìpou ènac arijmìc sqolÐwn èqei  dh epilegeÐ kai eisaqjeÐ sto diafo-
ropoihmèno sÔnolo S (epilegmèna sqìlia). Ta upoy fia sqìlia anaparÐstantai wc kenoÐ
kÔkloi, en¸ ta  dh epilegmèna wc grammoskiasmènoi kÔkloi. O Algìrijmoc MAXSUM1
ja exet�sei ìlec tic an� dÔo apost�seic metaxÔ twn upoy fiwn sqolÐwn kai ja epilèxei
ta sqìlia C kai F , pou eÐnai ta pio apìmakra metaxÔ touc. O Algìrijmoc MAXSUM2
ja sugkrÐnei ìla ta upoy fia sqìlia me to sqìlio A (kentroeidèc tou sunìlou S) kai ja
epilèxei to pio apìmakro upoy fio, dhlad  to F . Shmei¸noume ìti, sto epìmeno b ma, to
kentroeidèc tou S epanupologÐzetai, opìte oi apost�seic twn upoy fiwn sqolÐwn apì to
nèo kentroeidèc A′ ja all�xoun.

H logik  thc sun�rthshc Max-Min eÐnai h megistopoÐhsh thc apìstashc metaxÔ twn
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selected  comment

diversified set's centroid

candidate comment

A

B

C

D

A

B

E

F

C

D

E

F

MAXSUM1 MAXSUM2

Sq ma 6.3: Algìrijmoi diaforopoÐhshc 3 kai 4

dÔo pio kontin¸n shmeÐwn mèsa sto diaforopoihmèno, telikì sÔnolo sqolÐwn S. Tèloc,
h sun�rthsh stìqoc Mono-objective stoqeÔei sthn tautìqronh megistopoÐhsh tìso thc
omoiìthtac enìc stoiqeÐou me to basikì pìro (sqìlio me �rjro), ìso kai thc apìstashc
metaxÔ twn stoiqeÐwn-sqolÐwn.

O Algìrijmoc 5 proseggÐzei th sun�rthsh stìqo Max-Min. O algìrijmoc (pou parou-
si�sthke sto [96]) arqikopoieÐ to diaforopoihmèno sÔnolo ìpwc akrib¸c kai o Algìrijmoc
3. Sth sunèqeia, se k�je b ma, gia k�je upoy fio sqìlio, brÐskei to kontinìtero tou sqì-
lio apì to sÔnolo S kai upologÐzei thn apìstas  touc dMIN . To upoy fio sqìlio me th
mègisth apìstash dMIN epilègetai gia eisagwg  sto S. Shmei¸noume ìti, sthn ulopoÐhs 
mac, all�xame th diadikasÐa arqikopoÐhshc, ètsi ¸ste na tautÐzetai me ton algìrijmo 2.

Algorithm 5 Produce diverse set of comments with MAXMIN
Input: Set of candidate comments T, size of diverse set k
Output: Set of diverse comments S

S = ∅
Find the most relevant comment u and set S = {u}
For any x ∈ T \ S, define dMIN (x, S) = minu∈S d(x, u)
while |S| < k do

FIND u = argmaxx∈T dMIN (x, S)
Set S = S ∪ {u}
Set T = T \ {u}

end while

Tèloc, o Algìrijmoc 6 proseggÐzei th sun�rthsh stìqo Mono-Objective. O algìrij-
moc, kat� thn arqikopoÐhsh, upologÐzei èna skor apìstashc gia k�je upoy fio sqìlio. To
skor autì stajmÐzei thn omoiìthta tou sqolÐou me to �rjro kai thn apìstas  tou apì ìla
ta upìloipa sqìlia. Ta parap�nw skor mènoun stajer� kat� thn upìloiph diadikasÐa tou
algorÐjmou. Sth sunèqeia, se k�je b ma, epilègetai proc eisagwg  sto S to sqìlio me to
megalÔtero skor.

H logik  twn AlgorÐjmwn 5 kai 6 faÐnetai sthn Eikìna 6.4. O MAXMIN ja exet�sei,
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Algorithm 6 Produce diverse set of comments with MONO-OBJECTIVE
Input: Set of candidate comments T, size of diverse set k
Output: Set of diverse comments S

S = ∅
for each xi ∈ T do

Calculate d(xi) = w(xi) + λ
|T |−1

∑
vεT d(xi, v)

end for
while |S| < k do

Find the candidate comment u = argmaxd(xi)
Set S = S ∪ {u}
Set T = T \ {u}

end while

se k�je b ma, ìlec tic an� dÔo apost�seic metaxÔ twn upoyhfÐwn kai twn epilegmènwn
sqolÐwn. Sth sunèqeia, ja epilèxei to E wc to sqìlio me thn mègisth el�qisth apìstash
apì k�poio epilegmèno sqìlio, proc eisagwg  sto S. Shmei¸noume ìti, se k�je epìmeno
b ma, ìlec oi apost�seic prèpei na epanupologistoÔn, afoÔ èna nèo sqìlio eisèrqetai sto
S. O MONO-OBJECTIVE ja upologÐsei, kat� thn arqikopoÐhsh, èna skor gia k�je
upoy fio sqìlio kai, èpeita, ja arqÐsei na eis�gei sqìlia sto S, basizìmenoc sta arqik¸c
upologismèna skor. Sthn perÐptws  mac, to sqìlio C ja eÐnai to pr¸to proc eisagwg ,
kaj¸c eÐnai profanèc ìti èqei th mègisth mèsh apìstash apì ìla ta �lla upoy fia sqìlia.

C

D

selected  comment

diversified set's centroid

candidate comment

A

B

C

D

E

F

E

F

MAXMIN MONO

Sq ma 6.4: Algìrijmoi diaforopoÐhshc 5 kai 6

Ta parap�nw paradeÐgmata katadeiknÔoun ìti diaforetikèc mèjodoi mporeÐ na epifèroun
diaforetik� telik� apotelèsmata, dhlad  diaforetik� sÔnola diaforopoihmènwn apotele-
sm�twn. MÐa �llh shmantik  parat rhsh eÐnai ìti oi algìrijmoi MAXSUM2 kai MAXMIN
epanupologÐzoun apost�seic metaxÔ upoy fiwn kai  dh epilegmènwn sqolÐwn se k�je b ma.
O MAXSUM1 epÐshc epanupologÐzei apost�seic, all� mìno metaxÔ upoy fiwn stoiqeÐwn
kai o MONO-OBJECTIVE diathreÐ kai qrhsimopoieÐ tic arqik� upologismènec apost�seic.
Gia autì to lìgo, perimènoume na up�rqoun diaforèc sthn apotelesmatikìthta, ìtan ja
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sugkrijoÔn metaxÔ touc oi algìrijmoi.
Sth sunèqeia, perigr�foume tic sunart seic apost�sewn pou efarmìzontai apì ton k�je

algìrijmo.

6.2.4 Sunart seic apost�sewn

Sthn Enìthta 6.2.2 perigr�fhkan oi ulopoi seic twn krithrÐwn diaforopoÐhshc, mèsw dia-
nusm�twn qarakthristik¸n pou antiproswpeÔoun di�forec ekf�nseic twn sqolÐwn. Oi al-
gìrijmoi diaforopoÐhshc qrhsimopoioÔn aut� ta dianÔsmata gia na upologÐzoun se k�je
b ma èna ajroistikì skor diaforopoÐhshc gia k�je sqìlio. Autì to skor, sth sunèqeia,
stajmÐzetai me to skor omoiìthtac tou sqolÐou me to �rjro gia na parag�gei èna telikì
skor, apì to opoÐo kajorÐzetai h epilog  tou epìmenou sqolÐou-apotelèsmatoc.

Prokeimènou na par�goume skor diaforopoÐhshc, prèpei na orÐzoume mÐa sun�rthsh h
opoÐa ja metr�ei thn apìstash metaxÔ dÔo stoiqeÐwn (sqolÐwn). UiojetoÔme thn eurèwc
qrhsimopoioÔmenh sun�rthsh omoiìthtac sunhmitìnou (cosine similarity function) kai orÐ-
zoume to skor diaforopoÐhshc metaxÔ dÔo stoiqeÐwn, u, v, wc proc mÐa di�stash-krit rio
diaforopoÐhshc i, wc ex c:

di(u, v) = 1− cosi(u, v)

ìpou cos(u, v) eÐnai kanonikopoihmèno sto di�sthma [0, 1]. Shmei¸noume ìti h kanonikopoÐhsh
gÐnetai sto epÐpedo tou k�je krithrÐou xeqwrist�. Dhlad , upologÐzoume th mègisth tim 
pou mporeÐ na p�rei k�poio sqìlio enìc sugkekrimènou krithrÐou kai diairoÔme ta antÐstoiqa
skor twn upoloÐpwn sqolÐwn me autì, gia k�je krit rio xeqwrist�.

Parìla aut�, h eterogèneia metaxÔ twn sqolÐwn den eÐnai o mìnoc stìqoc: ta sqìlia ja
prèpei na eÐnai, epiplèon, se k�poio bajmì sqetik� me to �rjro. 'Etsi, to telikì skor gia
k�je upoy fio sqìlio eÐnai to stajmismèno �jroisma tou sunolikoÔ skor diaforopoÐhs c
tou kai tou skor omoiìtht�c tou me to �rjro. OrÐzoume to skor omoiìthtac enìc sqolÐou
u me èna �rjro A, efarmìzontac p�li th sun�rthsh sunhmitìnou sta dianÔsmata ìrwn tou
�rjrou kai tou sqolÐou:

r(u,A) = cos(u, A)

Shmei¸noume ìti kai autì to skor kanonikopoieÐtai sto di�sthma [0, 1].
An�loga me ton algìrijmo diaforopoÐhshc pou efarmìzetai orÐzoume tèsseric tÔpouc

pou par�goun to telikì skor gia k�je upoy fio sqìlio u, prokeimènou na epilegeÐ gia
eisagwg  sto diaforopoihmèno uposÔnolo S, ìson afor� èna �rjro A to opoÐo èqei arqikì
sÔnolo upoy fiwn sqolÐwn T :

scoreMAXSUM1(u, v, A) = (1− w)· r(u,A) + r(v, A)
2

+ w·
4∑

i=1

λi· di(u, v)

ìpou (u, v) eÐnai èna zeÔgoc sqolÐwn, afoÔ autìc o algìrijmoc exet�zei zeÔgh sqolÐwn proc
eisagwg , i eÐnai h di�stash-krit rio diaforopoÐhshc, wε[0, 1] eÐnai to b�roc tou sunolikoÔ
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skor diaforopoÐhshc, ènanti tou skor omoiìthtac me to �rjro kai λiε[0, 1] eÐnai to b�roc
k�je epimèrouc skor diaforopoÐhshc, me

∑4
i=1 λi = 1.

scoreMAXSUM2(u,A) = (1− w)· r(u,A) + w·
4∑

i=1

λi· di(u,Ci)

ìpou Ci eÐnai to kentroeidèc tou trèqontoc diaforopoihmènou sunìlou ìson afor� th di�-
stash diaforopoÐhshc i.

scoreMAXMIN (u,A) = (1− w)· r(u,A) + w·
4∑

i=1

λi· di(u,min viu)

ìou min viu eÐnai to sqìlio apì to trèqon diaforopoihmèno sÔnolo me th mikrìterh apìstash
apì to upoy fio sqìlio u.

scoreMONO(u,A) = (1− w)· r(u,A) + w·
4∑

i=1

λi· 1
|T | − 1

∑

vεT

d(u, v)

6.3 Perigraf  sust matoc

Se aut n thn enìthta dÐnoume k�poiec teqnikèc leptomèreic tou sust matoc diaforopoÐhshc
pou ulopoi same kai perigr�foume sunoptik� th leitourgikìthta thc grafik c diepif�neiac
tou ergaleÐou.

DiairoÔme th diadikasÐa thc diaforopoÐhshc se dÔo st�dia: ProepexergasÐa kai E-
ktèlesh diaforopoÐhshc. H proepexergasÐa perilamb�nei to katèbasma eidhseografik¸n
�rjrwn kai twn antistoÐqwn sqolÐwn, thn epexergasÐa/an�lus  touc ¸ste na exaqjoÔn ta
dianÔsmata qarakthristik¸n twn krithrÐwn diaforopoÐhshc, all� kai ta dianÔsmata ìrwn
gia mètrhsh thc omoiìthtac sqolÐwn-�rjrwn kai thn apoj keus  touc sth b�sh tou su-
st matoc. H f�sh ektèleshc thc diaforopoÐhshc perilamb�nei to trèximo twn algorÐjmwn
diaforopoÐhshc p�nw sta paragmèna dianÔsmata qarakthristik¸n. 'Ola ta dedomèna, prin
kai met� thn epexergasÐa, apojhkeÔontai se mÐa sqesiak  b�sh (MySQL), to sq ma thc
opoÐac faÐnetai ston PÐnaka 6.1.

H efarmog  ulopoieÐtai se gl¸ssa Java. Ta dedomèna pou qrhsimopoi jhkan pro ljan
apì th diadiktuak  selÐda thc efhmerÐdac NY Times, qrhsimopoi¸ntac ta antÐstoiqa APIs.
Gia thn exagwg  sunaisj matoc apì ta sqìlia qrhsimopoi jhke to ergaleÐo SentiStrength2

([103]), en¸ gia thn exagwg  onomatik¸n ontot twn to ergaleÐo Stanford Named Entity
Recognizer3 ([102]).

H Eikìna 6.5 parousi�zei mÐa ojình thc ulopoihmènhc efarmog c. Sto p�nw mèroc thc
grafik c diepif�neiac {Article Search} o qr sthc mporeÐ na epilèxei èna �rjro kai na dei
ìlh th diajèsimh gia autì plhroforÐa (tÐtlo, perÐlhyh, basik  par�grafo). AfoÔ epilegeÐ
èna �rjro, ta sqìli� tou emfanÐzontai sto k�tw mèroc thc ojìnhc, taxinomhmèna an�loga

2http://sentistrength.wlv.ac.uk/
3http://nlp.stanford.edu/software/CRF-NER.shtml
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Table name Description

article data Stores the text and metadata of the articles

comment data Stores the text and metadata of the comments

article comments dterms Stores the distinct terms per article and its respective comments
and the respective term frequencies for the article

comments dterms Stores term frequencies for the comments

article cosine vector Stores the normalized term frequency vectors of the articles

comments cosine vector Stores all diversification criteria in the form of feature vectors
per comment

user com quality Stores the user aggregated feature vector for the Aggregate
Comment Writing Quality criterion

PÐnakac 6.1: Sq ma b�shc

Sq ma 6.5: Grafikì perib�llon efarmog c

me tic epilogèc tou qr sth. Sthn perioq  {Comments} parousi�zetai to sÔnolo twn sqo-
lÐwn, taxinomhmèna an� hmeromhnÐa. Sthn perioq  {Diverse Comments}, parousi�zetai èna
uposÔnolo diaforopoihmènwn sqolÐwn, diaforetikì, an�loga me thn epilog  tou algorÐjmou
kai twn krithrÐwn pou ègine apì to qr sth.

6.4 Peiramatik  axiolìghsh

6.4.1 Sugkrinìmenec mèjodoi

Se aut n thn enìthta parousi�zoume mÐa analutik  axiolìghsh twn algorÐjmwn kai twn kri-
thrÐwn pou perigr�fhkan prohgoumènwc. Wc basik  mèjodo proc sÔgkrish me tic mejìdouc
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mac jewroÔme thn afel  (an kai kajierwmènh sto sen�rio thc diaforopoÐhshc apotele-
sm�twn anaz thshc) mèjodo Content Diversity - CONTENTDIV , h opoÐa diaforopoieÐ ta
sqìlia qrhst¸n basizìmenh mìno sto krit rio thc keimenik c omoiìthtac. Oi upìloipec mèjo-
doi eÐnai k�poiec antiproswpeutikèc parallagèc thc mejìdou mac, ìson afor� sta krit ria
diaforopoÐhshc pou sundu�zoun. Oi sugkrinìmenec mèjodoi perigr�fontai parak�tw:

• Keimenik  diaforopoÐhsh - CONTENTDIV. H basik  mèjodoc sÔgkrishc pou
efarmìzei diaforopoÐhsh mìno p�nw sto keimenikì perieqìmeno.

• DiaforopoÐhsh sunaisj matoc - SENTIDIV. H parallag  pou diaforopoieÐ
mìno p�nw sto anagnwrizìmeno sunaÐsjhma twn sqolÐwn.

• DiaforopoÐhsh onomatik¸n ontot twn - NEDIV. H parallag  pou diaforo-
poieÐ mìno p�nw stic anagnwrizìmenec onomatikèc ontìthtec.

• DiaforopoÐhsh sunaisj matoc onomatik¸n ontot twn - NESENTIDIV. H
parallag  pou diaforopoieÐ p�nw sto sunaÐsjhma pou anagnwrÐzetai gÔrw apì tic
anagnwrizìmenec onomatikèc ontìthtec tou sqolÐou.

• Ubridik  diaforopoÐhsh - SEMIHYBRID. H parallag  pou diaforopoieÐ sun-
du�zontac ta krit ria thc keimenik c omoiìthtac, tou sunaisj matoc kai twn onomati-
k¸n ontot twn, ìpwc parousi�sthke sthn arqik  mac douleia, sto [106].

• Ektetamènh ubridik  diaforopoÐhsh - HYBRID. H parallag  pou diaforopoieÐ
sundu�zontac ìla proteinìmena krit ria.

K�je mÐa apì tic parap�nw mejìdouc sundu�sthke me kajènan apì touc tèsseric algo-
rÐjmouc diaforopoÐhshc pou parousi�sthkan sthn Enìthta 6.2.3: MAXSUM1, MAXSUM2,
MAXMIN kai MONO-OBJECTIVE . Shmei¸noume ed¸ ìti, stic mejìdouc pou sundÔazan
krit ria, ta skor twn epimèrouc krithrÐwn stajmÐzontan isodÔnama ¸ste na paraqjeÐ to
telikì skor diaforopoÐhshc.

Epiplèon, gia ìlec tic mejìdouc jètoume èna stajerì b�roc w = 0.7 gia to skor dia-
foropoÐhshc kai antÐstoiqa b�roc (1 − w) = 0.3 gia to skor omoiìthtac me to �rjro. Me
autìn ton trìpo jèloume na exasfalÐsoume mÐa epark  keimenik  omoiìthta twn diaforopoi-
hmènwn sqolÐwn me to �rjro, h opoÐa ja bohjoÔse na exaleifjoÔn akraÐa/�sqeta sqìlia.
Parìla aut�, jètoume th barÔthta thc diaforopoÐhshc uperdipl�sia apì th barÔthta thc
omoiìthtac me to �rjro, ètsi ¸ste to skor omoiìthtac na mhn ephre�zei katalutik� thn
epilog  eterogen¸n sqolÐwn.

6.4.2 SÔnolo dedomènwn axiolìghshc

Gia thn axiolìghsh parag�game èna sÔnolo eidhseografik¸n �rjrwn kai twn antistoÐqwn
sqolÐwn qrhst¸n apì thn efhmerÐda New York Times. H diadiktuak  èkdosh thc efhmerÐdac
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prosfèrei èna kal� organwmèno API gia thn an�kthsh �rjrwn4 kai sqolÐwn (The Com-
munity API5). K�je �rjro/sqìlio sunodeÔetai apì ta metadedomèna tou, ìpwc hmeromhnÐa,
jematik  kathgoriopoÐhsh, qr sthc, ktl.

Gia na sugkentr¸soume mÐa epark  posìthta �rjrwn, kateb�same �rjra mèsw tou API,
qrhsimopoi¸ntac th lèxh-kleidÐ {financial}. Aut  h diadikasÐa mac epèstreye 2800 �rjra,
gia ta opoÐa exet�same an up�rqoun sqìlia. Telik� anasÔrame 1935 �rjra me èna sÔnolo
293303 sqolÐwn, to opoÐo dÐnei èna mèso lìgo 152 sqolÐwn an� �rjro. Shmei¸noume ìti,
afoÔ (a) h lèxh-kleidÐ pou qrhsimopoi same eÐnai arket� genik  kai (b) anazhteÐtai kai sto
keÐmeno twn �rjrwn, to epestrammèno sÔnolo �rjrwn den periorÐzetai mìno se oikonomik�
�rjra, ìntac arket� genikì ¸ste na perièqei kai �llec jematikèc perioqèc, ìpwc politik ,
epiqeir seic, ktl.

6.4.3 MejodologÐa axiolìghshc kai metrikèc

H axiolìghsh pragmatopoi jhke wc ex c: Epilèxame tuqaÐa 10 �rjra kai to sÔnolo twn
sqolÐwn gia to kajèna. Gia k�je mÐa apì tic èxi parallagèc pou parousi�sthkan sthn
Enìthta 6.4.1, epistrèfoume èna sÔnolo apì 10 diaforopoihmèna sqìlia. K�je mÐa apì tic
parallagèc efarmìzetai se k�je ènan apì touc tèsseric algorÐjmouc, k�ti pou katal gei
se 24 sunduasmoÔc proc axiolìghsh.

H axiolìghsh sto sen�riì mac basÐzetai sthn ènnoia twn mon�dwn plhroforÐac, h opoÐa
parousi�zetai sto [95]. Se ekeÐno to sen�rio (diaforopoÐhsh apotelesm�twn anaz thshc), oi
mon�dec mporeÐ na eÐnai diaforetikèc apant seic enìc erwt matoc - er¸thshc,   diaforetikèc
ekf�nseic jem�twn/ennoi¸n pou antistoiqoÔn stouc ìrouc tou erwt matoc. Sto dikì mac
sen�rio, thc diaforopoÐhshc sqolÐwn, prosarmìzoume ton orismì twn mon�dwn plhroforÐac:

Orismìc 6.3 (Mon�da plhroforÐac). Mon�da plhroforÐac eÐnai k�je ènnoia   jema-
tik  kathgorÐa   upokathgorÐa pou sqetÐzetai me to kurÐwc �rjro   k�je sqetik  �po-
yh/sunaÐsjhma   epèktash twn parap�nw ennoi¸n kai kathgori¸n, ta opoÐa mporeÐ na ento-
pistoÔn, eÐte sto kurÐwc �rjro, eÐte sta sqìlia tou.

Fusik�, o parap�nw orismìc den eÐnai arket� austhrìc kai, gia autì, h efarmog  tou
sta Ðdia �rjra/sqìlia mporeÐ na d¸sei diaforetik� apotelèsmata, an�loga me thn austh-
rìthta kai thn proswpik  antÐlhyh tou k�je anjr¸pou epishmeiwt . Parìla aut�, eÐnai
ènac bolikìc orismìc gia to sen�rio axiolìghs c mac, afoÔ epitrèpei thn antistoÐqish thc
eterogèneiac se jèmata kai ènnoiec pou entopÐzontai stic keimenikèc perigrafèc �rjrwn kai
sqolÐwn kai dieukolÔnei twn orismì kat�llhlwn metrik¸n diaforopoÐhshc:
Metrik  1 (Nugget Coverage - NC@n). Me thn pr¸th metrik  prospajoÔme na
posotikopoi soume thn èktash thc k�luyhc twn mon�dwn plhroforÐac apì ta sqìlia pou
perièqontai se èna sÔnolo-apotèlesma, gia k�je dokimazìmenh mèjodo. Ousiastik�, eÐnai
mÐa metrik  basismènh sthn Precision at N metrik  kai metr�ei pìsec mon�dec plhroforÐac,
sunolik�, entopÐzontai sta sqìlia tou diaforopoihmènou sunìlou. OrÐzetai wc ex c:

4http://developer.nytimes.com/docs/read/article search api
5http://developer.nytimes.com/docs/community api
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NC@n =
∑n

k=1 Ik

n· |I|
ìpou n eÐnai o arijmìc twn sqolÐwn tou sunìlou, Ik o arijmìc twn diakrit¸n mon�dwn
plhroforÐac pou perièqontai sto sqìlio k kai |I| o sunolikìc arijmìc diakrit¸n mon�dwn
plhroforÐac. AfoÔ o mègistoc arijmìc diakrit¸n mon�dwn plhroforÐac se èna sqìlio eÐnai
|I|, opìte |Ik| ≤ |I|, h metrik  eÐnai kanonikopoihmènh sto di�sthma [0, 1].
Metrik  2: (Distinct Nugget Coverage). Aut  h metrik  eÐnai sumplhrwmatik  me thn
pr¸th kai metr�ei to lìgo twn diakrit¸n mon�dwn plhroforÐac pou brÐskontai sta sqìlia
enìc sunìlou, proc to sunolikì arijmì diakrit¸n mon�dwn:

DN@n =
∑|I|

i=1 DFIi

|I|
ìpou to DFIi orÐzetai wc ex c:

DFIi =

{
1 : FIi > 0
0 : FIi = 0

ìpou FIi eÐnai h suqnìthta thc mon�dac i sto sÔnolo twn sqolÐwn tou diaforopoihmènou
sunìlou n sqolÐwn.
Metrik  3: (nugget Uniformity NU@n). Me aut n thn metrik  metr�me thn ete-
rogèneia twn mon�dwn mèsa sto sÔnolo sqolÐwn, apait¸ntac oi mon�dec na eÐnai ìso to
dunatìn pio omoiìmorfa katanemhmènec. Thn orÐzoume wc th diakÔmansh twn suqnot twn
twn mon�dwn sto diaforopoihmèno sÔnolo sqolÐwn, wc proc thn mèsh tim  twn suqnot twn.
OrÐzontac th mèsh tim  twn suqnot twn twn mon�dwn wc:

Ī =
∑|I|

i=1 FIi

|I|
tìte h metrik  orÐzetai wc:

NU@n =
∑|I|

i=1(FIi − Ī)2

|I|
Gia k�je �rjro, afoÔ kai oi 24 sunduasmoÐ mejìdwn-algorÐjmwn trèxoun, krat�me to

diakritì sÔnolo sqolÐwn pou prokÔptei sundu�zontac ta 10 pr¸ta sqìlia apì k�je mèjodo.
Krat�me mìno ta anagnwristik� twn sqolÐwn kai afairoÔme k�je plhroforÐa proèleushc
tou sqolÐou, dhlad  apì poiec apì tic 24 mejìdouc proèkuye. Sth sunèqeia, ekteloÔme ta
akìlouja dÔo b mata:
a) Exagwg  mon�dwn plhroforÐac. AfoÔ diab�soume k�je �rjro kai ta antÐstoiqa
sqìli� tou, par�goume qeirokÐnhta èna sÔnolo me ìlec tic diakritèc mon�dec plhroforÐac
pou sqetÐzontai me ta jèmata tou �rjrou. Me autìn ton trìpo dhmiourgoÔme mÐa dexamen 
apì mon�dec plhroforÐac. Shmei¸noume ìti epilèxame na ex�goume mon�dec plhroforÐac, e-
ktìc apì to �rjro, kai apì ta sqìli� tou, afoÔ, ìpwc dhl¸noume sthn Eisagwg , jewroÔme
ta sqìlia polÔtima metadedomèna tou �rjrou, pou to sumplhr¸noun kai to emploutÐzoun.
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Article’s main topic Indicative nuggets

Tax evasion Tax evasion, Ethics, Law and Legislation, Politics

Obama’s anti-foreclosure plan Housing bubble, Politics, People’s irresponsibility, Mortgage crisis

Scandal with politician and bankers Bailout, Bank’s name, Legislation, Corruption, Discrimination

Financial reform related to elections Goldman Sachs, Subprime mortgage crisis, Economic ideologies, Wall Street

Federal loans on energy programs Alternative energy, Politics, Competitiveness, Financial crisis, Political parties

US consumption rate Consumption comparisons, Free-market economy, Solutions, Self criticism

Democrats nominations Clintons unite Republicans, Obama represents change, Critisism on candidates

Prescriptions decrease: consequences/reasons Critisism on corporations, Economical drug solutions, Patients examples

Obama measures on financial crisis Critisize irresponsible americans, Blame free market, Measures are moderate

Relation between successful people/elite colleges Community college inferior to others, How students exploit education matters

PÐnakac 6.2: Axiologhmèna �rjra kai endeiktikèc mon�dec plhroforÐac

Shmei¸noume, epÐshc, ìti aut  h diadikasÐa periel�mbane perissìterec apì mÐa epanal yeic
an� om�da �rjrou-sqolÐwn: orismènec forèc, afoÔ anakalÔptame mÐa nèa mon�da plhrofo-
rÐac, epistrèfame pÐsw kai epanexet�zame to �rjro kai ta prohgoÔmena sqìlia, ètsi ¸ste
na bebaiwjoÔme ìti se k�je sqìlio anatÐjento ìlec oi sqetikèc me autì mon�dec.

Gia thn parap�nw diadikasÐa dokim�sthkan, epiplèon, kai autìmatec mèjodoi exagwg c
mon�dwn plhroforÐac. Sugkekrimèna, qrhsimopoi same to OpenCalais Web Service6, èna
ergaleÐo pou ex�gei autìmata shmasiologik� metadedomèna apì keÐmeno: onomatikèc ontì-
thtec, gegonìta kai sumb�nta. EpÐshc, qrhsimopoi same to AlchemyAPI7, to opoÐo epÐshc
analÔei keÐmeno kai epistrèfei afhrhmènec ènnoiec. Ta apotelèsmata, ìmwc, pou proèkuyan
 tan polÔ qamhl c poiìthtac se sqèsh me tic mon�dec plhroforÐac pou anagnwrÐsthkan
qeirokÐnhta, opìte aporrÐyame thn sugkekrimènh, autìmath, ekdoq  axiolìghshc.

b) EpishmeÐwsh sqolÐwn. Sth sunèqeia, anajètoume se dÔo exwterikoÔc kritèc/epishmeiwtèc
thn epishmeÐwsh twn sqolÐwn me mon�dec plhroforÐac: Parousi�zoume stouc epishmeiwtèc:
(a) to keÐmeno tou �rjrou, (b) to diakritì sÔnolo sqolÐwn pou prokÔptoun apì ta pr¸ta
10 epestrammèna sqìlia, apì ìlec tic mejìdouc, xan�, apallagmèna apì plhroforÐa pro-
èleushc, ¸ste na mhn ephreastoÔn oi kritèc, gia par�deigma, parathr¸ntac k�poio motÐbo
proèleushc sqolÐwn apì sugkekrimènh mèjodo kai (g) to sÔnolo twn mon�dwn plhroforÐa-
c. ZhteÐtai apì touc kritèc na epishmei¸soun k�je sqìlio me tic mon�dec plhroforÐac pou
pisteÔoun ìti perièqei. AfoÔ gÐnei aut  h diadikasÐa gia ìla ta sqìlia twn axiologoÔmenwn
�rjrwn, efarmìzoume tic parap�nw metrikèc axiolìghshc. Shmei¸noume ìti den epibarÔnou-
me touc epishmeiwtèc me th diadikasÐa thc anagn¸rishc mon�dwn plhroforÐac: mporoÔn na
epilèxoun mìno mon�dec apì th dexamen  tou b matoc (a).

Ston PÐnaka 6.2 parousi�zoume ta dèka axiologhjènta �rjra, mazÐ me k�poiec endeikti-
kèc mon�dec plhroforÐac gia to kajèna.

6www.opencalais.com
7http://www.alchemyapi.com/api/concept/
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6.4.4 Apotelèsmata axiolìghshc

Stic Eikìnec 6.6 kai 6.7 parousi�zoume grafikèc parast�seic gia Nugget Coverage kai Dis-
tinct Nugget Coverage, gia tic jèseic kat�taxhc sqolÐwn apì 1 èwc 10. UpenjumÐzoume ìti
kai oi dÔo metrikèc eÐnai kanonikopoihmènec sto di�sthma [0, 1]. Oi grafikèc parousi�zontai
an� algìrijmo, gia eukolÐa parousÐashc. Gia thn Nugget Coverage, h pr¸th parat rhsh
eÐnai ìti oi algìrijmoi MAXSUM2 kai MAXMIN eÐnai diakrit� pio apotelesmatikoÐ apì
touc �llouc dÔo kai, epiplèon, akoloujoÔn mÐa pio sunep /omal  sumperifor�, ìson afor�
sth jèsh kat�taxhc, gia ìlec tic dokimazìmenec parallagèc. H deÔterh parat rhsh eÐnai
ìti h basik  mèjodoc sÔgkrishc (CONTENTDIV ) apodÐdei sqedìn p�nta qeirìtera apì tic
proteinìmenec parallagèc, akìma kai se epÐpedo algorÐjmou xeqwrist�. Tèloc, h paral-
lag  pou sundu�zei onomatikèc ontìthtec kai sunaÐsjhma (NESENTIDIV ), eÐnai diakrit�
apotelesmatikìterh apì ìlec tic �llec parallagèc kai th basik  mèjodo, kai akoloujeÐ-
tai apì thn parallag  pou sundu�zei ìla ta krit ria (HYBRID) kai thn parallag  twn
onomatik¸n ontot twn (NEDIV ).

Sq ma 6.6: Nugget Coverage an� algìrijmo

Gia th metrik  Distinct Nugget Coverage isqÔoun sqedìn oi Ðdiec parathr seic me thn
exaÐresh thc mejìdou CONTENTDIV h opoÐa eÐnai anap�nteqa apotelesmatik  ston algì-
rijmo MONO-OBJECTIVE , all�, kai p�li, qeirìterh apì thn parallag  NESENTIDIV
stouc algorÐjmouc MAXSUM2 kai MAXMIN .

Gia na tonÐsoume kalÔtera tic diaforèc metaxÔ twn mejìdwn, jewroÔme, stouc PÐnakec
6.3, 6.4, 6.5 kai 6.6 tic timèc Nugget Coverage kai Distinct Nugget Coverage mìno gia tic 5
kai 10 pr¸tec jèseic kat�taxhc, xeqwrist�. EpÐshc, shmei¸noume ton kalÔtero algìrijmo
an� parallag  krithrÐwn (teleutaÐa gramm ), thn kalÔterh parallag  krithrÐwn an� al-
gìrijmo, (teleutaÐa st lh) kai ton sunolik� kalÔtero sunduasmì parallag c/algorÐjmou.
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Sq ma 6.7: Distinct Nugget Coverage an� algìrijmo

O sunduasmìc MAXMIN/NESENTIDIV xepern�ei ìlouc touc �llouc sunduasmoÔc se a-
potelesmatikìthta. Epiplèon, belti¸nei thn apotelesmatikìthta thc basik c mejìdou kat�
65%, 54%, 27% kai 15% gia ta NC@5, NC@10, DN@5 kai DN@10 antÐstoiqa. Oi epÐ
toic ekatì diaforèc metaxÔ tou MAXMIN/NESENTIDIV kai thc basik c mejìdou eÐnai
antÐstoiqa: 7.3%, 6.1%, 11.8% and 9.5%.

Algorithm CONTENTDIV SENTIDIV NEDIV NESENTIDIV HYBRID SEMIHYBRID Best Criterion

per Algorithm

MAXSUM1 0.055 0.036 0.109* 0.115* 0.061* 0.061 NESENTIDIV

MAXSUM2 0.103 0.104 0.134 0.175* 0.147* 0.103 NESENTIDIV

MAXMIN 0.106 0.123 0.137 0.186* 0.146 0.108 NESENTIDIV

MONO 0.113 0.056 0.113 0.119* 0.081 0.081 NESENTIDIV

Best Algorithm MONO MAXMIN MAXMIN MAXMIN MAXSUM2 MAXMIN MAXMIN/

per criterion NESENTIDIV

PÐnakac 6.3: Nugget Coverage sth jèsh 5

Algorithm CONTENTDIV SENTIDIV NEDIV NESENTIDIV HYBRID SEMIHYBRID Best Criterion

per Algorithm

MAXSUM1 0.064 0.085 0.094 0.112* 0.079* 0.079 NESENTIDIV

MAXSUM2 0.090 0.110 0.125 0.17*1 0.139* 0.103 NESENTIDIV

MAXMIN 0.102 0.115 0.128 0.174* 0.131 0.107 NESENTIDIV

MONO 0.113 0.069 0.094 0.141* 0.088 0.088 NESENTIDIV

Best Algorithm MONO MAXMIN MAXMIN MAXMIN MAXSUM2 MAXMIN MAXMIN/

per criterion NESENTIDIV

PÐnakac 6.4: Nugget Coverage at position sth jèsh 10

EpÐshc, anafèroume timèc statistik c shmasÐac twn diafor¸n metaxÔ twn parallag¸-
n kai thc basik c mejìdou, qrhsimopoi¸ntac to T-Test8 me di�sthma empistosÔnhc 95%.
Se k�je gramm  twn Pin�kwn 6.3, 6.4, 6.5 kai 6.6, shmei¸nontai me asterÐsko oi paralla-

8http://www.socialresearchmethods.net/kb/stat t.php
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Algorithm CONTENTDIV SENTIDIV NEDIV NESENTIDIV HYBRID SEMIHYBRID Best Criterion

per Algorithm

MAXSUM1 0.242 0.182 0.394 0.364* 0.273* 0.273 NEDIV

MAXSUM2 0.355 0.357 0.411 0.536* 0.431 0.342 NESENTIDIV

MAXMIN 0.368 0.399 0.421 0.556* 0.445 0.351 NESENTIDIV

MONO 0.438 0.250 0.406 0.375 0.375 0.375 CONTENTDIV

Best Algorithm MONO MAXMIN MAXMIN MAXMIN MAXMIN MONO MAXMIN/

per criterion NESENTIDIV

PÐnakac 6.5: Distinct Nugget Coverage sth jèsh 5

Algorithm CONTENTDIV SENTIDIV NEDIV NESENTIDIV HYBRID SEMIHYBRID Best Criterion

per Algorithm

MAXSUM1 0.394 0.576 0.546 0.485* 0.515* 0.515 SENTIDIV

MAXSUM2 0.485 0.545 0.560 0.692* 0.625* 0.538 NESENTIDIV

MAXMIN 0.516 0.557 0.572 0.720* 0.594 0.543 NESENTIDIV

MONO 0.625 0.531 0.531 0.500* 0.531 0.531 CONTENTDIV

Best Algorithm MAXMIN MAXMIN MAXMIN MAXMIN MAXSUM2 MAXMIN MAXMIN/

per criterion NESENTIDIV

PÐnakac 6.6: Distinct Nugget Coverage sth jèsh 10

gèc ekeÐnec twn opoÐwn h diafor� sthn apotelesmatikìthta apì th basik  mèjodo CON-
TENTDIV eÐnai statistik� shmantik . Shmei¸noume ìti o kalÔteroc sunduasmìc paral-
lag c/algorÐjmou, MAXMIN/NESENTIDIV eÐnai statistik� shmantik� kalÔteroc apì
opoiond pote sunduasmì basik c mejìdou/algorÐjmou.

Exet�zontac tic parap�nw grafikèc kai pÐnakec eÐnai arket� profanèc ìti oi onomati-
kèc ontìthtec eÐnai èna shmantikì krit rio diaforopoÐhshc sqolÐwn qrhst¸n. H apotele-
smatikìthta tou krithrÐou enisqÔetai akìma perissìtero, ìtan sundu�zetai me anagn¸rish
sunaisj matoc gÔrw apì tic onomatikèc ontìthtec. Autì dikaiologeÐtai pijanìtata apì
to gegonìc ìti poll� jèmata pou perigr�fontai se eidhseografik� �rjra eÐnai arket� pi-
janìn na sqetÐzontai me prìswpa   organismoÔc, opìte oi onomatikèc ontìthtec bohjoÔn
sthn apotelesmatikìterh aiqmal¸tish aut¸n twn jem�twn. Epiplèon, h eterogèneia sto
sunaÐsjhma gÔrw apì autèc tic onomatikèc ontìthtec pijanìn sunep�getai kai eterogèneia
twn antistoÐqwn jem�twn. DeÔteron, katadeiknÔetai ìti pio ekleptusmèna krit ria apì thn
apl  keimenik  omoiìthta eÐnai pio apotelesmatik�. Tèloc, o algìrijmoc MAXMIN eÐnai
apotelesmatikìteroc ìlwn twn �llwn, me elafr� qeirìtero ton MAXSUM2 . Kai oi dÔ-
o apodÐdoun diakrit� kalÔtera apì touc MAXSUM1 kai MONO-OBJECTIVE . H kÔria
diafor� metaxÔ twn dÔo kalÔterwn kai twn dÔo qeirìterwn algorÐjmwn eÐnai ìti oi pr¸toi
upologÐzoun, se k�je b ma, apost�seic metaxÔ upoy fiwn kai  dh epilegmènwn sqolÐwn,
en¸ oi deÔteroi, apost�seic mìno metaxÔ upoyhfÐwn sqolÐwn.

H Eikìna 6.8 kai oi PÐnakec 6.7,6.8 parousi�zoun ta apotelèsmata gia thn trÐth metrik ,
thn Nugget Uniformity, h opoÐa posotikopoieÐ tic diaforèc stic suqnìthtec twn mon�dwn
plhroforÐac se k�je diaforopoihmèno sÔnolo-apotèlesma. UpenjumÐzoume ìti h sugke-
krimènh metrik  den eÐnai kanonikopoihmènh kai qamhlìterec timèc upodhl¸noun megalÔterh
apotelesmatikìthta. Se aut n thn metrik , an kai h sunolik� kalÔterh apìdosh gia tic
metrikèc NU@5, NU@10 epitugq�netai apì thn parallag  SENTIDIV , den up�rqei k�poia
parallag  h opoÐa xek�jara xepern�ei ìlec tic upìloipec, se ìlec tic peript¸seic. Epiplè-
on, eÐnai fanerì ìti oi metrikèc pou apodÐdoun kal� stic dÔo pr¸tec metrikèc (pou aforoÔn
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Sq ma 6.8: Nugget Uniformity an� algìrijmo

sthn k�luyh mon�dwn plhroforÐac), apodÐdoun sqetik� �sqhma se aut n thn metrik , kai to
antÐstrofo. Autì mporeÐ na dikaiologhjeÐ apì to gegonìc ìti, ìso aux�netai o arijmìc twn
entopizìmenwn mon�dwn plhroforÐac se èna diaforopoihmèno sÔnolo sqolÐwn, anamènetai
pio dhmofileÐc mon�dec (dhlad  mon�dec pou antistoiqoÔn se pio dhmofileÐc ènnoiec, jèmata
kai apìyeic) na suneisfèroun perissìtero sthn aÔxhsh, en¸ gia mikrì arijmì sunolik¸n mo-
n�dwn, oi diaforèc stic epimèrouc suqnìthtec twn diaforetik¸n mon�dwn anamènontai epÐshc
mikrèc. EpÐshc, anamènetai na up�rqoun k�poiec akraÐec mon�dec plhroforÐac, dhlad  mon�-
dec pou emfanÐzontai se el�qista sqìlia, antiproswpeÔontac ligìtero dhmofileÐc ekf�nseic
tou �rjrou. Opìte, ìtan o sunolikìc arijmìc mon�dwn aux�netai, oi sugkekrimènec mon�dec
anamènetai na paramènoun lÐgec, ephre�zontac arnhtik� tic timèc thc Nugget Uniformity.
Fusik�, h Nugget Coverage kai eidik� h Distinct Nugget Coverage eÐnai pio shmantikèc
metrikèc gia to prìblhma thc diaforopoÐhshc, opìte h idanik  mèjodoc diaforopoÐhshc ja
èprepe na epilègetai kurÐwc me b�sh autèc. Apì thn �llh pleur�, up�rqoun parallagèc
pou sunistoÔn mÐa mèsh lÔsh, ìpwc oi parallagèc NEDIV, HYBRID me touc algorÐjmouc
MAXMIN kai MAXSUM2 .

Shmei¸noume ìti, antijètwc me tic dÔo pr¸tec metrikèc (pou prosidi�zoun metrikèc akrÐ-
beiac), de jewroÔme qr simo na pragmatopoi soume test statistik c shmantikìthtac sth
Nugget Uniformity, afoÔ, afenìc men h metrik  den eÐnai kanonikopoihmènh, afetèrou de ta
apotelèsmata den ja eÐqan k�poia diaisjhtik  shmasÐa.

Sthn Eikìna 6.9, parousi�zetai h mèsh tim  thc apotelesmatikìthtac k�je algorÐjmou
p�nw se ìlec thc parallagèc. H grafikèc epibebai¸noun tic prohgoÔmenec parathr seic
ìson afor� sthn uperoq  twn algorÐjmwn MAXMIN kai MAXSUM2 stic dÔo metrikèc
k�luyhc mon�dwn kai thn ustèrhs  touc, antÐstoiqa, sthn metrik  omoiomorfÐac.

OmoÐwc, sthn Eikìna 6.10, parousi�zetai h mèsh apotelesmatikìthta k�je parallag c,
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Sq ma 6.9: Mèsh apotelesmatikìthta k�je algorÐjmou diaforopoÐhshc p�nw se ìlec tic
parallagèc krithrÐwn
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Sq ma 6.10: Mèsh apotelesmatikìthta k�je parallag c krithrÐwn p�nw se ìlouc touc
algìrijmouc diaforopoÐhshc



6.5 Sumper�smata 127

Algorithm CONTENTDIV SENTIDIV NEDIV NESENTIDIV HYBRID SEMIHYBRID Best Criterion

per Algorithm

MAXSUM1 0.259 0.149 0.612 0.850 0.272 0.272 SENTIDIV

MAXSUM2 0.659 0.662 0.940 1.041 1.018 0.678 CONTENTDIV

MAXMIN 0.688 0.793 0.954 1.112 0.974 0.677 SEMIHYBRID

MONO 0.496 0.265 0.621 0.866 0.304 0.304 SENTIDIV

Best Algorithm MAXSUM1 MAXSUM1 MAXSUM1 MAXSUM1 MAXSUM1 MAXSUM1 MAXSUM1/

per criterion SENTIDIV

PÐnakac 6.7: Nugget Uniformity sth jèsh 5

Algorithm CONTENTDIV SENTIDIV NEDIV NESENTIDIV HYBRID SEMIHYBRID Best Criterion

per Algorithm

MAXSUM1 0.898 0.795 1.330 2.107 0.834 1.016 SENTIDIV

MAXSUM2 1.565 2.122 2.718 3.407 2.649 1.805 CONTENTDIV

MAXMIN 1.983 2.079 2.760 3.245 2.509 1.969 SEMIHYBRID

MONO 1.547 0.5273 1.309 2.929 0.984 0.984 SENTIDIV

Best Algorithm MAXSUM1 MONO MONO MAXSUM1 MAXSUM1 MONO MONO/

per criterion SENTIDIV

PÐnakac 6.8: Nugget Uniformity sth jèsh 10

p�nw se ìlouc touc algorÐjmouc. Kai ed¸ epibebai¸nontai prohgoÔmenec parathr seic
ìson afor� thn statistik� shmantik  uperoq  thc parallag c NESENTIDIV stic metrikèc
k�luyhc mon�dwn kai tic bolikìthtac twn parallag¸n NEDIV kai HYBRID , oi opoÐec
èqoun mÐa mèsh apìdosh kai stic treic metrikèc.

6.5 Sumper�smata

Se aut n thn enìthta, parousi�same mÐa prwtìtuph prosèggish gia diaforopoÐhsh sqolÐwn
qrhst¸n se �rjra kai, genikìtera, se perieqìmeno koinwnik¸n diktÔwn. Eis�gagame krit -
ria diaforopoÐhshc, exeidikeumèna gia sqìlia qrhst¸n kai ta efarmìsame se sunduasmì me
tèsseric euristikoÔc algìrijmouc (treic kajierwmènouc kai mÐa dik  mac parallag ), orÐzo-
ntac tic kat�llhlec sunj kec arqikopoÐhshc kai sunart seic omoiìthtac kai sun�jroishc
apost�sewn. Ulopoi same ta parap�nw se mÐa prwtìtuph, epitrapèzia efarmog  h opoÐa
trèqei se dedomèna enìc anoiqtoÔ sunìlou dedomènwn. H peiramatik  axiolìghsh, h opoÐa
basÐzetai se metrikèc axiolìghshc diaforopoÐhshc pou orÐsame gia to sugkekrimèno prìblh-
ma, katèdeixe thn apotelesmatikìthta twn mejìdwn mac, apènanti sthn tetrimmènh lÔsh thc
diaforopoÐhshc mìno me b�sh to keimenikì perieqìmeno. To plaÐsio pou anaptÔxame eÐnai
arket� genikì gia na efarmosteÐ se di�fora sen�ria diaforopoÐhshc, ìpwc diaforopoÐhsh
suzht sewn se fìroum, diaforopoÐhsh tweets, diaforopoÐhsh anart sewn se mplogk, ktl.

H mellontik  doulei� ègkeitai sth beltÐwsh tou krithrÐou {Sun-sqoliasmìc Qrhst¸n},
efarmìzontac algorÐjmouc jematik c sustadopoÐhshc prokeimènou na meiwjeÐ h araiìthta
twn dianusm�twn qarakthristik¸n tou krithrÐou kai na epaneleqjeÐ h apotelesmatikìtht�
tou. Epiplèon, jèloume na exet�soume an ubridikoÐ sunduasmoÐ algorÐjmwn mporoÔn na
d¸soun kalÔtera apotelèsmata. Tèloc, skopeÔoume na exet�soume thn apotelesmatikì-
thta tou proteinìmenou plaisÐou se �lla sen�ria kai na exat�soume pijanèc belti¸sei-
c/exeidikeÔseic tou plaisÐou gia ta sugkekrimèna sen�ria.





Kef�laio 7

Loipèc ergasÐec

Se aut n thn enìthta, parousi�zoume ergasÐec gia tic opoÐec pragmatopoi jhke mÐa pr¸th
proergasÐa kat� th di�rkeia thc didaktorik c diatrib c, all� den apoteloÔn domikì kom-
m�ti thc diatrib c. H pr¸th doulei� afor� diaforopoÐhsh apotelesm�twn anaz thshc me
lèxeic kleidi� se shmasiologik�, domhmèna dedomèna (RDF) [105] kai h deÔterh afor� mo-
ntelopoÐhsh twn allag¸n pou pragmatopoioÔntai se onomasÐec sugkekrimènwn biologik¸n
ontot twn, me ap¸tero skopì thn apotelesmatik  anaz ths  touc [114, 115]. Kai oi dÔo
douleièc, parìlo pou brÐskontai se pr¸imo st�dio, pragmatopoioÔn mÐa arqik  montelopoÐh-
sh twn antistoÐqwn problhm�twn kai apoteloÔn èna pr¸to, shmantikì b ma gia thn epÐlus 
touc.

7.1 DiaforopoÐhsh anaz thshc se shmasiologik� dedomèna

Se aut n thn enìthta, parousi�zoume mÐa pr¸th prosèggish tou probl matoc thc diaforo-
poÐhshc apotelesm�twn anaz thshc se shmasiologik� dedomèna. To prìblhma ègkeitai sthn
an�kthsh enìc sunìlou apì k shmasiologik� apotelèsmata anaz thshc me lèxeic kleidi�, ta
opoÐa ja parousi�zoun th megalÔterh dunat  eterogèneia, tìso apì �poyh perieqomènou,
ìso kai apì �poyh dom c kai susqetÐsewn, miac kai anaferìmaste se domhmèna dedomèna
(RDF) pou mporeÐ na akoloujoÔn sugkekrimèno sq ma kai pou susqetÐzontai metaxÔ touc
me th bo jeia idiot twn. An kai h diaforopoÐhsh apotelesm�twn anaz thshc se adìmhta
dedomèna (p.q. istoselÐdec) eÐnai eujÔ prìblhma, afoÔ stìqoc eÐnai h sullog  apotelesm�-
twn eterogen¸n wc proc to perieqìmeno, den isqÔei to Ðdio gia domhmèna dedomèna. H lÔsh
pou proteÐnoume eÐnai èna plaÐsio pou ja sundu�zei di�forec ptuqèc twn shmasiologik¸n
dedomènwn (perieqìmeno, sq ma, dom , susqetÐseic ontot twn) kai ja par�gei eterogen 
sÔnola apì gr�fouc - apotelèsmata, oi opoÐoi ja antistoiqoÔn men stic lèxeic kleidi� tou
antÐstoiqou erwt matoc, all� ja diaforopoioÔn tic ontìthtec - kìmbouc, tic idiìthtec -
akmèc pou touc sundèoun kai tic kl�seic thc ontologÐac pou touc qarakthrÐzoun. H sugke-
krimènh doulei� brÐsketai upì sqediasmì/an�ptuxh aut  th stigm , parìla aut� faÐnetai
na eÐnai h pr¸th ergasÐa pou aggÐzei, èstw kai se prokatarktikì st�dio, to prìblhma thc
diaforopoÐhshc RDF dedomènwn.

129
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7.1.1 Perigraf  probl matoc kai kÐnhtro

Kaj¸c ènac meg�loc arijmìc apì etaireÐec, organismoÔc kai idrÔmata (p.q., Europeana,
DBpedia, data.gov, GeoNames) èqoun arqÐsei na uiojetoÔn sig� sig� to par�deigma twn
diasundedemènwn dedomènwn kai na dhmosieÔoun/diaqeirÐzontai ta dedomèna touc se RDF
prìtupa, h ulopoÐhsh proqwrhmènwn, apodotik¸n kai apotelesmatik¸n teqnik¸n anaz th-
shc RDF dedomènwn kajÐstatai shmantik  prìklhsh. Aut  h an�gkh enisqÔetai apì th
saf  protÐmhsh twn qrhst¸n na ekteloÔn anaz thsh me lèxeic kleidi� kai na apofeÔgoun
pio domhmènouc trìpouc/gl¸ssec erwt sewn (p.q. SPARQL), odhg¸ntac thn ereunhtik 
koinìthta proc aut n thn kateÔjunsh [70, 71, 72].

Oi perissìterec douleièc pou katapi�nontai me to parap�nw prìblhma epistrèfoun ta
pio sqetik� RDF apotelèsmata sth morf  gr�fwn   dèntrwn. H sqetikìthta enìc apo-
telèsmatoc me to er¸thma orÐzetai tupik� me b�sh (a) thn keimenik  omoiìthta metaxÔ tou
keimènou twn ontot twn tou apotelèsmatoc kai twn ìrwn tou erwt matoc kai (b) th sune-
ktikìthta apotelèsmatoc to opoÐo shmaÐnei ìti protimoÔntai gr�foi   dèntra ìso to dunatìn
mikrìterou megèjouc. To meionèkthma eÐnai ìti aut  h strathgik  odhgeÐ, pollèc forèc, se
sÔnola apì apotelèsmata me meg�lh epik�luyh. Epiplèon, shmantik  plhroforÐa endèqetai
na q�netai, afoÔ dÔo proc anaz thsh ontìthtec mporeÐ na sundèontai me èna meg�lo, plhn
ìmwc qr simo apì pleur�c plhroforÐac monop�ti. Tètoiou eÐdouc apotelèsmata pijanìn
aporrÐptontai, lìgw thc apaÐthshc gia mikr� megèjh apotelesm�twn. Tèloc, oi perissìte-
rec proseggÐseic den exet�zoun th dom  kai th shmasiologÐa pou parèqontai apì to RDF
montèlo. Gia par�deigma, mÐa prosèggish anaz thshc me lèxeic kleidi� se shmasiologik�
dedomèna ja èprepe na antimetwpÐzei tic akmèc tou RDF, dhlad  tic idiìthtec pou sundèoun
tic ontìthtec metaxÔ touc, wc polÐtec pr¸thc kathgorÐac, afoÔ oi sugkekrimènec idiìthtec
perièqoun, èmmesa, shmasiologÐa gia tic ontìthtec pou sundèoun.

Sq ma 7.1: SusqetÐseic metaxÔ twn ontot twn Scarlett Johansson, Woody Allen
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Wc par�deigma, èstw ènac qr sthc pou y�qnei gia {Scarlett Johansson, Woody Allen},
p�nw sto sÔnolo dedomènwn thc DBpedia. MÐa apotelesmatik  kai exantlhtik  prosèg-
gish ja èprepe, toul�qiston se arqikì st�dio, na exet�sei ìlouc touc pijanoÔc trìpouc
me touc opoÐouc sundèontai ontìthtec pou antistoiqoÔn stic lèxeic kleidi� tou erwt matoc.
AfoÔ up�rqoun di�foroi rìloi kai susqetÐseic pou antistoiqoÔn stic exetazìmenec ontì-
thtec (p.q. o Woody Allen mporeÐ na eÐnai eÐte skhnojèthc eÐte hjopoiìc), h parap�nw
prosèggish ja odhgoÔse se èna uperbolik� meg�lo kai sÔnjeto sÔnolo apotelesm�twn, to
opoÐo pijanìtata ja perieÐqe arket� epikaluptìmena/parìmoia apotelèsmata. H plhj¸ra
diaforetik¸n sunduasm¸n twn endi�meswn apotelesm�twn apaiteÐ èna mhqanismì o opoÐoc
ja mei¸nei thn epik�luyh plhroforÐac. Autì mporeÐ na epiteuqjeÐ eis�gontac mÐa diadika-
sÐa diaforopoÐhshc apotelesm�twn kat� thn an�kthsh kai taxinìmhsh twn apotelesm�twn.
Idanik�, to sÔsthma ja èprepe na epistrèfei apotelèsmata pou kalÔptoun diaforetikèc
ìyeic twn diasundèsewn metaxÔ twn proc anaz thsh ontot twn. Sto par�deigm� mac, sto
er¸thma {Scarlett Johansson, Woody Allen} ja èprepe na epistrèfontai, se diaforetik�
apotelèsmata, plhroforÐec gia tainÐec ìpou sumprwtagwnÐsthsan, gia koin� brabeÐa pou
èqoun p�rei, gia �llouc hjopoioÔc me touc opoÐouc sundèontai, ktl.

An kai to prìblhma thc diaforopoÐhshc apotelesm�twn èqei melethjeÐ ektetamèna gia
anaz thsh adìmhtwn dedomènwn (eggr�fwn, istoselÐdwn), h domhmènh fÔsh twn RDF dedo-
mènwn apaiteÐ diaforetik� krit ria kai mejìdouc. Oi perissìterec sÔgqronec proseggÐseic
gia anaz thsh me lèxeic kleidi� se gr�fouc [70, 71, 74] periorÐzoun ta apotelèsmat� touc se
morf  dèntrwn (eidikìtera, parallagèc twn Steiner dèntrwn). Mìno merikèc douleièc epitrè-
poun apotelèsmata se morf  gr�fwn [72, 73]. MetaxÔ aut¸n, h doulei� sto [72] eÐnai h pio
sqetik  me th dik  mac. Parìla aut�, den exet�zei to prìblhma thc diaforopoÐhshc kai oÔte
lamb�nei upìyh to sq ma twn dedomènwn. MÐa diaforetik  optik  akoloujeÐtai sto [75],
ìpou èna er¸thma lèxewn kleidi¸n metafr�zetai pr¸ta se èna sÔnolo pijan¸n domhmènwn
erwthm�twn kai, sth sunèqeia, ta pio eterogen  apì aut� ta erwt mata apotim¸ntai.

7.1.2 Diaforopoi¸ntac apotelèsmata anaz thshc se RDF dedomèna

JewroÔme ènan RDF gr�fo G(V, E), ìpou V eÐnai to sÔnolo twn kìmbwn tou kai E twn
akm¸n tou. Proairetik�, o gr�foc G mporeÐ na susqetisteÐ me èna RDF sq ma, to opoÐo
ja orÐzei ierarqÐec apì kl�seic kai idiìthtec. 'Estw q = {{t1, t2, . . . , tm}, k, ρ} èna er¸thma
apoteloÔmeno apì m ìrouc (lèxeic kleidi�), mÐa par�metroc k pou prosdiorÐzei to mègisto
arijmì apotelesm�twn kai mÐa par�metroc ρ pou kajorÐzei to mègisto m koc monopatioÔ
metaxÔ kìmbwn pou antistoiqoÔn se lèxeic kleidi� (ìpwc ja exhghjoÔn argìtera). 'Estw
epÐshc mÐa sun�rthsh M : t → Vt pou antistoiqÐzei mÐa lèxh (fr�sh) se èna sÔnolo apì
kìmbouc Vt ⊆ V .

Orismìc 7.4 ('Ameso monop�ti lèxewn kleidi¸n). 'Estw dÔo kìmboi u, v ∈ V pou
antistoiqoÔn se dÔo ìrouc (fr�seic) t, s enìc erwt matoc q, dhlad  u ∈ Vt kai v ∈ Vs. 'Estw
P èna monop�ti an�mesa stouc u kai v. To P onom�zetai �meso monop�ti lèxewn kleidi¸n an
den perièqei k�poion �llo kìmbo pou antistoiqÐzetai se k�poion ìro tou erwt matoc q.
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Orismìc 7.5 (Apotèlesma). 'Estw ènac RDF gr�foc G kai èna er¸thma q. 'Enac upo-
gr�foc Gq tou G apoteleÐ apotèlesma tou q p�nw ston G, e�n: (a) gia k�je lèxh (fr�sh)
kleidÐ sto q, up�rqei akrib¸c ènac kìmboc v ston Gq tètoioc ¸ste v ∈ Vt (eponomazìmenoc
kìmboc lèxhc kleidÐ) kai (b) gia k�je zeÔgoc kìmbwn lèxhc kleidÐ u, v ston Gq, up�rqei èna
monop�ti an�mes� touc me mègisto m koc ρ kai (g) gia k�je zeÔgoc kìmbwn lèxhc kleidÐ u, v

ston Gq, up�rqei to polÔ èna �meso monop�ti lèxewn kleidi¸n an�mes� touc kai (d) k�je
kìmboc pou den eÐnai kìmboc lèxhc kleidÐ brÐsketai endi�mesa se èna monop�ti pou sundèei
kìmbouc lèxhc kleidÐ.

Oi parap�nw orismoÐ odhgoÔn se apotelèsmata pou perièqoun an� dÔo sundèseic (mono-
p�tia) metaxÔ ìlwn twn lèxewn kleidi¸n enìc erwt matoc. Dhlad , me b�sh ta parap�nw,
apaitoÔme ta apotelèsmata na èqoun morf  gr�fwn kai ìqi el�qistwn dèntrwn. Aut  h
apaÐthsh basÐzetai sth diaÐsjhsh tou ìti jèloume na d¸soume èmfash sthn plhrìthta twn
sqèsewn metaxÔ twn ìrwn tou erwt matoc, par� sthn apaÐthsh tou apotelèsmatoc el�qi-
stou megèjouc.

'Estw t¸ra mÐa sun�rthsh r : (Gq, q) → [0, 1] pou posotikopoieÐ th sqetikìthta enìc
apotelèsmatoc Gq me to er¸thma q kai mÐa sun�rthsh d : (Gq, G

′
q) → [0, 1] pou metr�ei thn

anomoiìthta (apìstash) metaxÔ dÔo apotelesm�twn Gq kai G′
q. 'Estw, epÐshc, h fr,d mÐa

monìtonh antikeimenik  sun�rthsh pou sundu�zei ta dÔo krit ria kai anajètei skor se èna
sÔnolo apotelesm�twn R tou erwt matoc q, metr¸ntac pìso sqetik� eÐnai ta apotelèsmata
me to er¸thma kai pìso eterogen  metaxÔ touc. Sthn perÐptwsh pou |R| > k, stìqoc
thc diaforopoÐhshc eÐnai na epilèxei èna uposÔnolo k apotelesm�twn ¸ste h antikeimenik 
sun�rthsh na megistopoieÐtai. Tupik�, to parap�nw mporeÐ na oristeÐ wc ex c:

Orismìc 7.6 (Diaforopoihmèno sÔnolo apotelesm�twn). 'Estw ènac RDF gr�foc
G, èna er¸thma q kai oi sunart seic r, d kai fr,d ìpwc perigr�fhkan parap�nw. 'Estw R to
sÔnolo apotelesm�twn. To diaforopoihmèno sÔnolo apotelesm�twn Rk eÐnai èna uposÔnolo
tou R me mègejoc k, tètoio ¸ste: Rk = argmax

R′⊆R,|R′|=k

fr,d(R′).

Akolouj¸ntac thn parap�nw prosèggish prèpei na oristoÔn kat�llhla oi sunart seic
r, d kai fr,d. Sto [96] orÐzontai di�forec antikeimenikèc sunart seic stìqoi kai melet¸ntai
ta qarakthristik� touc. Oi Ðdiec sunart seic mporoÔn na efarmostoÔn kai sth dik  mac
perÐptwsh, afoÔ h leitourgÐa touc eÐnai anex�rthth apì ta upokeÐmena dedomèna. Gia autì,
sth sunèqeia, epikentr¸noume se mÐa genik  perigraf  twn sunart sewn omoiìthtac kai
anomoiìthtac r, d, sto sen�riì mac.

7.1.3 Krit ria diaforopoÐhshc

H basik  prìklhsh diaforopoÐhshc eÐnai h enswm�twsh qarakthristik¸n shmasiologÐac
kai dom c stic sunart seic omoiìthtac kai anomoiìthtac. Sth sunèqeia, orÐzoume k�poia
krit ria gia autì to skopì.

H omoiìthta enìc apotelèsmatoc me èna er¸thma lamb�nei upìyh dÔo par�gontec. O
pr¸toc afor� sthn keimenik  omoiìthta an�mesa stouc kìmbouc (ontìthtec) tou RDF gr�-
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fou kai stouc ìrouc tou erwt matoc. O deÔteroc par�gontac afor� sth sunektikìthta
kai akrÐbeia twn apotelesm�twn, h opoÐa mporeÐ na exasfalisteÐ apì ton orismì 7.5. Aut 
eÐnai mÐa endo-apotelesmatik  metrik  h opoÐa apaiteÐ thn eswterik  omoiogèneia enìc a-
potelèsmatoc. Gia par�deigma, aut  h metrik  ja èdine megalÔtero skor se èna monop�ti
tou opoÐou oi akmèc antistoiqoÔn sthn Ðdia RDF idiìthta. Epiplèon, to RDF sq ma mpo-
reÐ na lhfjeÐ upìyh, gia par�deigma upologÐzontac skor elaqÐstou koinoÔ progìnou (least
common ancestor).

H anomoiìthta metaxÔ apotelesm�twn mporeÐ na oristeÐ mèsw thc sÔgkrishc antÐstoi-
qwn monopati¸n an�mesa se diaforetik� grafoapotelèsmata. H sÔgkrish aut  ja l�mbane
upìyh domikèc idiìthtec, ìpwc megèjh monopati¸n   koinèc akmèc kai shmasiologik  plhro-
forÐa, ìpwc kl�seic kai idiìthtec pou antistoiqoÔn se kìmbouc kai akmèc twn monopati¸n.
Stìqoc ed¸ eÐnai, gia k�je apotèlesma, ta monop�tia na eÐnai ìmoia me ta �lla monop�tia
tou Ðdiou apotelèsmatoc, all� ìso gÐnetai pio anìmoia me ta antÐstoiqa monop�tia �llwn
apotelesm�twn.

7.2 Org�nwsh kai anaz thsh biologik¸n ontot twn

7.2.1 Eisagwg 

'Ena apì ta probl mata pou kaloÔntai na epilÔsoun biologikèc om�dec eÐnai h susqètish-
taÐriasma dÔo sugkekrimènwn ontot twn: genes (gonÐdia) kai miRNAs. Gia tètoiec ontìth-
tec prokÔptoun jèmata allag c onomatologÐac me thn p�rodo tou qrìnou. Se pr¸th f�sh,
sth sugkekrimènh doulei�, katapiast kame me allagèc onomatologÐac se miRNAs, en¸ pa-
r�llhlh prosèggish ja mporoÔse na akoloujhjeÐ kai gia tic onomatologÐec twn gonidÐwn.

'Ustera apì melèth arqeÐwn ekdìsewn biologik¸n onom�twn, sta opoÐa krateÐtai kai
stoiqei¸dhc plhroforÐa tautopoÐhshc allag¸n onomatologi¸n, anagnwrÐsthkan oi ex c pe-
ript¸seic diafor¸n sta onìmata:

• Allag  onìmatoc me thn p�rodo tou qrìnou.

• Diaforetik� (tautìqrona) qrhsimopoioÔmena onìmata me lÐgo allagmèno k�poio mèroc
tou onìmatoc (p.q. k�poio noÔmero sthn arq    to tèloc)

• Entel¸c diaforetik� onìmata.

Up�rqoun biologikèc istoselÐdec oi opoÐec parèqoun tic plhroforÐec (p.q. onìmata kai
k�poia qarakthristik�) gia ìla ta gonÐdia1 2 3 kai gia ìla ta miRNAs 4 pou gnwrÐzoume.
'Omwc, kaj¸c h èreuna proqwr�ei, nèec ontìthtec anakalÔptontai, l�jh tou pareljìntoc
diorj¸nontai ktl. Gia to lìgo autì anane¸netai kai h plhroforÐa stic sugkekrimènec
istoselÐdec. Oi palièc ekdìseic diathroÔntai kai autèc se k�poia morf , en¸, tautìqrona me

1http://www.ensembl.org/
2http://www.ncbi.nlm.nih.gov/, http://www.genenames.org/
3http://www.ihop-net.org/UniPub/iHOP/
4http://www.mirbase.org/
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k�je kainoÔria èkdosh, dÐnetai kai k�poio diff arqeÐo (arqeÐo allag¸n) to opoÐo perilamb�nei
allagèc pou èqoun sumbeÐ se sqèsh me thn prohgoÔmenh èkdosh.

En prokeimènw, ta miRNAs, qwrÐzontai se 2 kathgorÐec: ta hairpins kai ta matures.
Praktik�, ta hairpins par�goun ta matures (sqèsh m se n). Stic perissìterec peript¸seic,
to ìnoma tou hairpin eÐnai Ðdio   parìmoio me tou mature. 'Ena shmantikì prìblhma eÐnai
ìti oi biolìgoi, sta arqeÐa pou parousi�zontai parak�tw, kwdikopoioÔn thn plhroforÐa
me b�sh ta hairpins. Antijètwc, kwdikopoioÔn tic dhmosieÔseic me b�sh ta matures. To
deÔtero, kai pio shmantikì, prìblhma eÐnai ìti oi ontìthtec twn miRNAs all�zoun me to
qrìno (onomatologÐa, akoloujÐa, k.a.), all� kai susqetÐzontai metaxÔ touc me diafìrwn
eid¸n susqetÐseic (Ðdia oikogèneia, Ðdio eÐdoc, k.a.).

PlhroforÐec pou sqetÐzontai me tic allagèc twn hairpins kwdikopoioÔntai apì to mir-
Base5, mÐa dhmofil  b�sh biologik¸n ontot twn, sta akìlouja arqeÐa:

• miRNA.dat: To sugkekrimèno arqeÐo sugkentr¸nei ìlec tic plhroforÐec pou ana-
fèrontai se k�je hairpin miRNA thc trèqousac èkdoshc (anagnwristikì, ìnoma,
sqetizìmena matures, shmantikèc sqetizìmenec dhmosieÔseic, akoloujÐa k.a.).

• miRNA.diff: To sugkekrimèno arqeÐo sugkentr¸nei genikèc plhroforÐec gia tic al-
lagèc pou èqoun sumbeÐ se sqèsh me tic prohgoÔmenec ekdìseic. Apì ì,ti èqoume
diapist¸sei oi allagèc autèc periorÐzontai stic ex c peript¸seic:

– NEW: Prìkeitai gia k�poio kainoÔrio miRNA.

– DELETE: Prìkeitai gia k�poio miRNA pou up rqe se prohgoÔmenh èkdosh
thc b�shc, ìmwc diagr�fhke sthn trèqousa gia k�poion lìgo. Ta miRNA pou
gÐnontai DELETE eggr�fontai sto arqeÐo dead. Up�rqoun 2 upopeript¸seic:
to miRNA na diagr�fetai entel¸c   na diagr�fetai kai na deÐqnei se k�poio
�llo me to opoÐo me k�poio trìpo sqetÐzetai.

– SEQUENCE: Prìkeitai gia k�poio miRNA tou opoÐou h akoloujÐa èqei tropo-
poihjeÐ se sqèsh me prohgoÔmenec ekdìseic.

– NAME: Prìkeitai gia k�poio miRNA to opoÐo èqei kainoÔrio ìnoma/anagnwristikì
(autì pou anafèretai). Gia par�deigma, sthn èkdosh 13 up rqe to bta-mir-26a,
to opoÐo metonom�sthke sthn èkdosh 14 se bta-mir-26a-2.

– MATURE: Allag  sto mature pou par�getai apì to sugkekrimèno hairpin.

– SUNDUASMOI: twn sequence, name kai mature se eniaÐa allag .

• miRNA.dead: To sugkekrimèno arqeÐo sugkentr¸nei ìla ta miRNA ta opoÐa èqoun
pia diagrafeÐ. To arqeÐo autì eÐnai auxhtikì, me thn ènnoia ìti se k�je nèa èkdosh to
arqeÐo autì perièqei ì,ti perieÐqe kai to antÐstoiqo arqeÐo sthn prohgoÔmenh èkdosh,
sun k�poiec epiplèon eggrafèc.

5http://www.mirbase.org/index.shtml
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• miFam.dat: To sugkekrimèno arqeÐo organ¸nei ta hairpin miRNAs se oikogèneiec,
dhlad  se om�dec twn opoÐwn koinì qarakthristikì eÐnai ta parìmoia matures.

Epiplèon, apì melèth twn parap�nw arqeÐwn kai suzht seic me touc biolìgouc, katal -
xame ìti di�fora miRNAs mporeÐ na susqetÐzontai metaxÔ touc me tic parak�tw susqetÐseic:

• 'Idio paragìmeno mature.

• 'Idio family (oikogèneia), dhlad  parìmoio paragìmeno mature.

• 'Idio eÐdoc.

• 'Idioc aÔxwn arijmìc sto ìnoma tou miRNA.

• Sun-ekfrazìmena miRNAs.
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Sq ma 7.2: MontelopoÐhsh biologik¸n allag¸n/susqetÐsewn

MÐa pr¸th prosp�jeia montelopoÐhshc twn pijan¸n allag¸n kai susqetÐsewn pou mpo-
reÐ na aforoÔn èna miRNA faÐnetai sto parak�tw par�deigma:

Sq ma b�shc

'Ola ta dedomèna apì ta diajèsima arqeÐa èqoun organwjeÐ kai fortwjeÐ stouc akìloujouc
pÐnakec.

To zhtoÔmeno apì ìla ta parap�nw eÐnai h org�nwsh enìc mhqanismoÔ anaz thshc kai
taxinìmhshc apotelesm�twn, ètsi ¸ste, ìtan ènac qr sthc y�qnei sth b�sh tou PubMed6

6http://www.ncbi.nlm.nih.gov/pubmed/
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biosearch.hairpins

hid : int(11)

hname : varchar(30)

version : int(11)

vchange : int(11)

comment : varchar(200)

PÐnakac 7.1: hairpins: PÐnakac pou organ¸nei ìlec tic allagèc twn hairpins krat¸ntac
ìnoma, anagnwristikì, allag , kai èkdosh tou mirbase sthn opoÐa ègine h allag .

biosearch.famtable

fid : int(11)

fname : varchar(30)

fhid : int(11)

fhname : varchar(30)

fversion : int(11)

PÐnakac 7.2: famtable: PÐnakac pou organ¸nei tic omadopoi seic twn hairpins se oikogè-
neiec, an� èkdosh tou mirbase.

biosearch.mattable

hid : int(11)

mid : int(11)

mname : varchar(50)

PÐnakac 7.3: mattable: PÐnakac pou susqetÐzei hairpins me matures.

biosearch.mature

mid : int(11)

mname : varchar(30)

version : int(11)

mchange : int(11)

PÐnakac 7.4: mature: PÐnakac pou organ¸nei ìlec tic allagèc twn matures krat¸ntac
ìnoma, anagnwristikì, allag , kai èkdosh tou mirbase sthn opoÐa ègine h allag .

biosearch.pubstable

hid : int(11)

prank : int(11)

pid : int(11)

PÐnakac 7.5: pubstable: PÐnakac pou susqetÐzei hairpins me shmantikèc dhmosieÔseic.

biosearch.weight

chid : int(11)

chweight : float

chname : varchar(100)

PÐnakac 7.6: weight: PÐnakac pou krat�ei to b�roc k�je allag c kai susqètishc.

biosearch.searchtable

mid : int(11)

mname : varchar(50)

msyn : varchar(50)

mweight : float

mschange : int(11)

PÐnakac 7.7: searchtable: PÐnakac pou telik� ja krat�ei gia k�je hairpin, ìla ta sqetizì-
mena onìmata, mazÐ me sugkekrimèno b�roc pou ja èqei upologisteÐ apì to ranking montèlo
mac.

gia dhmosieÔseic sqetikèc me èna mature miRNA, na tou epistrèfei apotelèsmata me b�sh
ìlec tic dunatèc susqetÐseic pou prokÔptoun apì aut� pou perigr�fhsan parap�nw, kat�l-
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lhla taxinomhmènec kai me tic kat�llhlec epexhg seic ìson afor� sthn proèleush thc k�je
dhmosÐeushc. Mesoprìjesma, stìqoc mac eÐnai h prosj kh training mhqanismoÔ, ètsi ¸ste
h barÔthta k�je susqètishc na prokÔptei apì tic anazht seic kai tic epilogèc pou èkanan
sto pareljìn oi qr stec.

Montèlo dedomènwn

Sto parak�tw sq ma parousi�zetai èna pijanì montèlo org�nwshc dedomènwn me b�sh thn
prohgoÔmenh an�lush.

 

Sq ma 7.3: MontelopoÐhsh biologik¸n ontot twn kai susqetÐsewn se morf  ekdìsewn

Algìrijmoc di�sqishc gr�fou ekdìsewn biologik¸n ontot twn

Sth sunèqeia orÐzoume mÐa pr¸th ekdoq  enìc algorÐjmou di�sqishc kai enìc algorÐjmou
eurethrÐashc twn parap�nw orismènwn montèlwn dedomènwn. O algìrijmoc di�sqishc basÐ-
zetai sto Sq ma 7.3.
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Algorithm 7 Traversal Algorithm
1. Start from the name that was searched by the user (circles in the green area).
2. Go backward and forward gathering changes (blue arrows between circles) between
different names of the SAME entity (hairpin).
a. Assign weights on the different names based on the gathered changes between two
different names.
3. Go to the last version of the entity containing the searched name and find relations
with other entities.
a. Assign weights relating the LAST names of each entity.
4. Combine weights from 2. and 3.
S = ∅

Algorithm 8 Index Creation
1. Create a first conventional inverted index, indexing bio entities.
2. Query the first index and combine returned scores and the database stored relations
(weights):
a. Query for a name and all its synonyms
b. Create fake replicated docs: 1 for each synonym:
i. Replicated documents have no content (text), only the same title and a field with the
name and a field with value: (synonym score*corresponding weight).
c. Create a second index containing both initial and fake documents
3. When asking, pose the initial query (a) to title and content fields and (b) to the
synonyms fields. In this way, the documents regarding the initial name are returned
from the first query and the documents regarding the synonyms from the second query.
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SÔnoyh

H paroÔsa ergasÐa epikentr¸netai se probl mata anataxinìmhshc apotelesm�twn me qr sh
mejodologi¸n mhqanik c m�jhshc, euristik¸n algorÐjmwn kai shmasiologik c metaplhrofo-
rÐac, me skopì thn exatomÐkeush, diaforopoÐhsh kai sunduasmì twn apotelesm�twn anaz -
thshc. Sugkekrimèna, proteÐnontai kai ulopoioÔntai mejodologÐec gia (a) ton emploutismì
twn arqik¸n dedomènwn ekpaÐdeushc sunart sewn taxinìmhshc apotelesm�twn, gia taqÔ-
terh ekpaÐdeush qwrÐc epiplèon epib�runsh twn qrhst¸n, (b) th sunergatik  ekpaÐdeush
pollapl¸n sunart sewn taxinìmhshc kai thn epilektik  qrhsimopoÐhs  touc, me skopì th
beltÐwsh thc poiìthtac ekpaÐdeushc, (g) prosarmostik  anaz thsh me th bo jeia shmasio-
logik¸n dedomènwn (ubridik  anaz thsh shmasiologik� epishmeiwmènwn eggr�fwn, exatomi-
keumènh anaz thsh shmasiologik¸n dedomènwn, diaforopoÐhsh anaz thshc shmasiologik¸n
dedomènwn) kai (d) diaforopoÐhsh sqolÐwn qrhst¸n se koinwnik� dÐktua. Oi parap�nw
mejodologÐec eÐnai arket� euèliktec ¸ste na mporoÔn na uiojethjoÔn apì diaforetikèc pro-
seggÐseic susthm�twn anaz thshc, exatomÐkeushc kai diaforopoÐhshc kai mporoÔn na efar-
mostoÔn se plhj¸ra akadhmaðk¸n kai emporik¸n susthm�twn (diadiktuakèc   epitrapèziec
mhqanèc anaz thshc, yhfiakèc biblioj kec k.a.).

Oi epekt�seic thc up�rqousac doulei�c aforoÔn tic ex c kateujÔnseic:

1. Epèktash/beltÐwsh twn Ðdiwn twn mejìdwn, ìpwc proteÐnetai sthn perigraf  thc mel-
lontik c doulei�c twn epimèrouc ergasi¸n.

2. Efarmog  twn parap�nw mejodologi¸n se di�fora episthmonik� pedÐa me kat�llh-
lh prosarmog  touc ¸ste na ikanopoioÔn tic sugkekrimènec apait seic thc ek�stote
perioq c. 'Hdh èqei gÐnei mÐa pr¸th proergasÐa gia efarmog  twn parap�nw se biolo-
gikèc b�seic dedomènwn kai sugkekrimèna se anaz thsh biologik¸n dhmosieÔsewn me
b�sh sÔnjetec onomatologÐec biologik¸n ontot twn.

3. Epèktash kai beltÐwsh thc efarmog c twn parap�nw mejodologi¸n se dedomèna shma-
siologikoÔ istoÔ ¸ste na upologÐzontai, plèon, h dom  twn dedomènwn kai oi sqèseic
pou ta sundèoun, wc epiplèon sunist¸sec gia thn exatomÐkeush/diaforopoÐhsh twn
apotelesm�twn anaz thshc. H diatrib  exètase se shmantikì bajmì aut n thn kateÔ-
junsh, all�, adiamfisb thta, up�rqei perij¸rio epèktashc thc doulei�c   eisagwg c

139
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nèwn/diaforetik¸n mejìdwn.
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[92] Chandra, B., and Halldórsson, M. M. Approximation Algorithms for Dispersion
Problems. In Journal of Algorithms, volume 38, issue 2, pages 438•-465, 2001.

[93] Carbonell, J., and Goldstein, J. The use of MMR, diversity-based reranking for
reordering documents and producing summaries. In Proceedings of the 21st annual
international ACM SIGIR conference on Research and development in information
retrieval (SIGIR ’98), pages 335–336, 1998.

[94] Chen, H., and Karger, D. R. Less is more: probabilistic models for retrieving fewer
relevant documents. In Proceedings of the 29th annual international ACM SIGIR
conference on Research and development in information retrieval (SIGIR ’06), pages
429–436, 2006.

[95] Clarke, C. L.A., Kolla, M., Cormack, G. V., Vechtomova, O., Ashkan, A., Büttcher,
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Par�rthma Aþ

Metafr�seic Xènwn 'Orwn

Met�frash Agglikìc ìroc
adìmhta dedomèna unstructured data
an�drash qr sth user feedback
an�kthsh plhroforÐac information retrieval
anataxinìmhsh reranking
anestrammèno euret rio inverted index
antikeÐmeno object
�plhsth euristik  greedy heuristic
apìluth/sqetik  sqetikìthta absolute/relative relevance
apìspasma snippet
b�roc weight
basik  al jeia ground truth
basismènoc sthn klÐsh online gradient-based
gl¸ssa ontologi¸n istoÔ Web Ontology Language - OWL
d lwsh statement
dedomèna anaz thshc clickthrough data
di�dosh energopoÐhshc spreading activation
di�nusma bar¸n weight vector
di�nusma qarakthristik¸n feature vector
di�nusma ìrwn term vector
diaforopoÐhsh diversification
diqotìmhsh partition
exagwg  plhroforÐac Information Extraction
exatomÐkeush anaz thshc searc personalization
el�qistoc koinìc prìgonoc least common ancestor
eleÔjerh epishmeÐwsh tagging
ènnoia concept
epigraf  label
eterogèneia diversity
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euristik  heuristic
euristik  austhr c an�jeshc hard assignment heuristic
idiìthta property
istorikì anaz thshc search history
kajolikì anagnwristikì pìrou Internationalized Resource Identifier - IRI
kainotomÐa novelty
kanonikopoihmèno ajroistikì kèrdoc normalized discount cumulative gain - NDCG@n

kateujunìmenoc, onomatismènoc gr�foc directed labelled graph
kathgìrhma predicate
kathgoriopoÐhsh classification
kentroeidèc centroid
keimenik  omoiìthta textual similarity
kl�ssh class
krÐsh sqetikìthtac apotelèsmatoc relevance judgment
lexilìgio vocabulary
mègisth oriak  sqetikìthta maximal marginal relevance
megistopoÐhsh thc prosdokÐac expectation maximization - EM
mèsh akrÐbeia mean average precision - MAP
mhqanèc dianusm�twn st rixhc support vector machines - SVM
mhqanik  m�jhsh machine learning
mon�da plhroforÐac information nugget
mplogk blog
n-gr�mma n-gram
ontologÐa ontology
onomatik  ontìthta named entity
pagkìsmioc istìc World Wide Web
paragwg  prot�sewn recommendation
plhroforiak  an�gkh information need
polwmènoc biased
pìroc resource
prosèggish basismènh sth mn mh memory based approach
prosèggish basismènh se montèlo model based approach
prosomoiwmènh anìpthsh simulated annealing
prìtash erwthm�twn query suggestion
profÐl profile
skopìc anaz thshc search intent
skor score
shmasiologikìc istìc semantic web
statistik� shmantikìc statistically significant
sumperifor� anaz thshc search behavior
sumfrazìmena context
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sun�rthsh anataxinìmhshc apotelesm�twn ranking function
sun�rthsh-krit rio criterion function
sun�rthsh apìstashc distance function
sun�rthsh omoiìthtac similarity function
sun�rthsh sunhmitìnou cosine function
sunedrÐa anaz thshc search session
sunergatikì filtr�risma collaborative filtering
sustadopoÐhsh clustering
sq ma schema
taÐriasma motÐbwn gr�fwn graph pattern matching
tetragwnikìc programmatismìc quadratic programming
upokeÐmeno subject
filtr�risma filtering
fìroum forum
qarakthristikì feature
y foc pleioyhfÐac majority vote
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KrÐseic 'Arjrwn

• Epitrop  KrÐshc

– ECIR’14, ECIR’13, CIKM’11(Posters), SIGIR’10

• Exwterikìc Krit c
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– EDBT, ICDE, TPDL, IJAIT, IJDWM (2013)

– ECIR, TPDL, IS, DKE, WIDM, SETN (2012)

– EDBT, SIGMOD, SIGMOD, CIKM, KAIS, WISE, WEBDB, DOLAP, DESIRE
(2011)

– SIGIR, KAIS, DEXA, WISE, ECDL, SETN (2010)

– CIKM, JIS, AIAI, SITIS, ECI, PSI (2009)

– JIR, WIDM, INEWS (2008)
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Ergasiak  EmpeirÐa
• IPSUP, E. K. Ajhn�, Ell�da (11/2008 - s mera)

Bohjìc èreunac - UpotrofÐa epimìrfwshc, exeidÐkeushc kai episthmonik c ekpaÐdeu-
shc. Tm ma Katanemhmènwn Plhroforiak¸n Susthm�twn kai DiadiktÔou.
An�ptuxh efarmog¸n shmasiologikoÔ qarakthrismoÔ kai anaz thshc.
An�ptuxh efarmog¸n diaqeÐrishc biologik¸n dedomènwn kai dhmosieÔsewn.
An�ptuxh algorÐjmwn kai mejodologi¸n gia exatomÐkeush thc anaz thshc.

• IEL, E. K. Ajhn�, Ell�da (2/2007 - 10/2008)
Mhqanikìc logismikoÔ - UpotrofÐa epimìrfwshc, exeidÐkeushc kai episthmonik c ek-
paÐdeushc. Tm ma Hlektronik c LexikografÐac kai Glwssik¸n Pìrwn, èrgo 'Ekfra-
sh.
An�ptuxh efarmog c exagwg c polulektik¸n ekfr�sewn apì s¸mata keimènwn me b�-
sh grammatikoÔc kanìnec kai statistikèc mejìdouc (Perl).
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An�ptuxh b�shc dedomènwn kai efarmog c diaqeÐrishc kai epishmeÐwshc polulektik¸n
ekfr�sewn (MySQL, Java, NetBeans).
An�ptuxh efarmog¸n olokl rwshc twn parap�nw me ergaleÐa kai teqnologÐec tou
I.E.L., ìpwc to Morfologikì Lexikì, ton Grammatikì Epishmeiwt  kai thn OntologÐa
thc 'Ekfrashc (C++, Protege).

Teqnikèc Ikanìthtec

• Programmatismìc: Perl, C, C#, C++, Java, Hadoop, Hbase, Pig, SQL, HTML,
PHP, XML, XSLT, Javascript, Ajax.

• 'Alla: MySQL, Semantic Web technologies (RDF(S)/OWL/SPARQL, Protege,
RDF Stores)

Xènec Gl¸ssec

• Agglik� (Cambridge Proficiency)

• Germanik� (Mittelstufenprufung)


