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PROLOGOS

AntikeÐmeno aut c thc diatrib c apoteleÐ h exereÔnhsh thc qr shc eufu¸n teqni-

k¸n se mejodologÐec an�lushc keimènou. H upologistik  nohmosÔnh kai o rìloc pou

mporeÐ na èqei sthn an�lush thc keimenik c plhroforÐac (�fjonhc stic mèrec mac),

axiopoi¸ntac ploÔsiec phgèc gn¸shc (eleÔjera diajèsimec mèsw tou Pagkìsmiou I-

stoÔ) apotèlesan to kÐnhtro gia thn ekpìnhsh aut c thc diatrib c. EÐnai apotèlesma

miac ereunhtik c poreÐac pou xekÐnhse to 2007 sto Ergast rio Eufu¸n Susthm�-

twn kai ephrèase kajoristik� th diamìrfwsh thc proswpikìtht�c mou kai kurÐwc

ton trìpo skèyhc mou. O ploÔtoc twn gn¸sewn pou apèkthsa, oi prokl seic pou

antimet¸pisa kai kurÐwc h ìlh ereunhtik  diadikasÐa pou od ghse sta apotelèsmata

aut c thc diatrib c perigr�foun sto el�qisto merik� apì ta qarakthristik� aut c

thc makrìqronhc poreÐac.

Se ìlh th di�rkeia thc ekpìnhshc thc diatrib c, par¸n  tan o epiblèpwn kajhgh-

t c k. Andrèac-Ge¸rgioc Stafulop�thc, ton opoÐo ja  jela na euqarist sw jerm�

gia thn empistosÔnh pou èdeixe sto prìswpì mou, th st rixh kai thn polÔtimh bo jei�

tou tìso se episthmonikì ìso kai proswpikì epÐpedo. Oi gn¸seic, h empeirÐa kai to

diarkèc endiafèron tou me sunodeÔoun se ìlh th makrìqronh sunergasÐa mac apì tic

proptuqiakèc mou spoudèc mou èwc kai s mera, kai èqoun sumb�lei kajoristik� sth

diamìrfwsh thc paroÔsac diatrib c all� kai thc proswpikìtht�c mou. EuqaristÐec

ofeÐlw kai stouc kajhghtèc EMP k. Stèfano Kìllia kai k. Panagi¸th Tsan�ka,

mèlh thc sumbouleutik c epitrop c, gia to endiafèron kai th st rix  touc aut� ta

qrìnia. Ja  jela epÐshc na euqarist sw touc k. Gi¸rgo Karagi�nnh, Kajhght 

EMP, k. Gi�nnh Maòstro, EpÐkouro Kajhght  EMP, k. Gi¸rgo St�mou, Lèktora
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EMP, kaj¸c kai thn k. Elènh EujumÐou, Did�ktora GlwssologÐac, Ereun tria A'

sto InstitoÔto AJHNA/IEL gia thn tim  pou mou èkanan na eÐnai mèlh thc epitrop c

axiolìghshc thc diatrib c.

Xeqwristì rìlo sthn olokl rwsh thc diatrib c diadram�tise o did�ktwr kai meta-

didaktorikìc ereunht c tou ErgasthrÐou Eufu¸n Susthm�twn k. Gi¸rgoc Siìlac, o

opoÐoc eÐqe kajhmerin  enasqìlhsh kai emplok  me thn ereunhtik  mou ergasÐa kai me

parìtrune kai sumboÔleue gia tic kateujÔnseic thc èreun�c mou. EpÐshc, ja  jela na

euqarist sw ìla ta (palai� kai nèa) mèlh tou ErgasthrÐou Eufu¸n Susthm�twn kai

idiaÐtera touc Apìstolo Marak�kh, Qr sto PaterÐtsa, Mhn� Pertsel�kh, Dhm trh

Frosuni¸th, Alèxandro Qortar� did�ktorec EMP, kaj¸c kai touc Gi¸rgo Alexan-

drÐdh, 'Arh LanarÐdh, Gi¸rgo Stratogi�nnh, Qr sto Ferlè, QristÐna Qrist�kou upo-

y fiouc did�ktorec EMP gia th sunergasÐa pou eÐqame, thn projumÐa na bohj soun

se opoiod pote z thma parousiazìtan sth di�rkeia ekpìnhshc thc diatrib c aut c.

Tèloc, ja  jela na euqarist sw touc goneÐc mou, touc fÐlouc mou kai ta aga-

phmèna mou prìswpa gia th sumpar�stas  touc se ìla th di�rkeia ekpìnhshc thc

diatrib c.

Ger�simoc Span�khc

Aj na, IoÔlioc 2012



PERILHYH

H ragdaÐa aÔxhsh tou ìgkou twn diajèsimwn yhfiak¸n eggr�fwn ta teleutaÐ-

a qrìnia dhmiourgeÐ thn an�gkh dhmiourgÐac susthm�twn org�nwshc kai diaqeÐris c

touc. H keimenik  plhroforÐa me th morf  yhfiak¸n eggr�fwn apoteleÐ mÐa ter�stia

phg  plhrofori¸n pou anaptÔssetai mèra me th mèra lìgw kai thc ex�plwshc tou

Pagkìsmiou IstoÔ, o opoÐoc s mera diajètei meg�lec posìthtec eleÔjerou keimènou.

O ìgkoc twn diajèsimwn eggr�fwn apaiteÐ apodotikèc teqnikèc apoj keushc kai ana-

par�stas c touc ston upologist  kaj¸c kai apotelesmatikèc mejìdouc org�nwshc,

diaqeÐrishc, anaz thshc kai epexergasÐac. H suneisfor� thc diatrib c ent�ssetai

sthn perioq  thc apodotik c kai pio pl rouc anapar�stashc eggr�fwn kai thc a-

potelesmatik c an�lushc problhm�twn pou sqetÐzontai me ta èggrafa (org�nwsh,

omadopoÐhsh ktl).

H qr sh thc gl¸ssac eÐnai exairetik� polÔplokh, k�ti to opoÐo dhmiourgeÐ di�-

fora probl mata sthn prosp�jeia anapar�stashc eggr�fwn ston upologist : Ta

no mata pou krÔbontai se èna keÐmeno lìgw twn sqèsewn pou up�rqoun an�mesa stic

lèxeic, h plhroforÐa pou uponoeÐtai lìgw prìterhc   ek fÔsewc gn¸shc, paromoi¸-

seic, metaforèc ktl eÐnai merik� apì ta probl mata pou anakÔptoun kai se sunduasmì

me thn upologistik  poluplokìthta pou eis�getai lìgw tou meg�lou ìgkou twn eg-

gr�fwn den èqoun epitrèyei mèqri s mera na brejeÐ èna stajerì kai apodotikì montèlo

anapar�stashc.

Sta plaÐsia thc diatrib c exet�zontai oi basikèc mon�dec anapar�stashc twn eg-

gr�fwn (sullabèc, lèxeic, prot�seic/fr�seic) kai pio sugkekrimèna to montèlo tou

q¸rou dianusm�twn (Vector Space Model, VSM), to opoÐo qrhsimopoieÐtai eurèwc gia

xiii



thn anapar�stash eggr�fwn. Oi lèxeic apoteloÔn thn kuriìterh mon�da anapar�sta-

shc eggr�fwn kai par� ta meionekt mata pou parousi�zoun wc mon�da anapar�stashc

(meg�loc q¸roc anaz thshc, di�spash om�dwn lèxewn ktl) paramènoun èwc kai s -

mera sto epÐkentro twn perissotèrwn montèlwn. Ex�llou, den eÐnai tuqaÐo pwc oi

mhqanèc anaz thshc ston Pagkìsmio Istì leitourgoÔn b�sei lèxewn-kleidi¸n. B�sei

thc idèac tou ìti opoiad pote omoiìthta   sqèsh metaxÔ eggr�fwn mporeÐ na anaqjeÐ

ston kajorismì thc sqèshc twn lèxewn pou ta apoteloÔn kai b�sei thc parat rhshc

pwc h anaz thsh me lèxeic-kleidi� paramènei o kuriìteroc trìpoc anaz thshc, h dia-

trib  proteÐnei mÐa mèjodo prosdiorismoÔ thc shmasiologik c sqèshc lèxewn. Stìqoc

eÐnai na brejeÐ èna bajmwtì mètro pou ja posotikopoieÐ thn opoiad pote sqèsh (su-

nwnumÐa, uperwnumÐa, antwnumÐa ktl) up�rqei metaxÔ dÔo opoiwnd pote lèxewn kai

giautì to skopì axiopoieÐ thn plhroforÐa pou parèqetai apì to ierarqikì lexikì W-

ordNet kaj¸c kai ta lexiko-suntaktik� prìtupa pou ex�gontai apì ta apotelèsmata

anaz thshc gia tic en lìgw lèxeic pou epistrèfontai apì k�poia mhqan  anaz thshc.

AnagnwrÐzontac tic adunamÐec enìc montèlou anapar�stashc me lèxeic all� kai

twn periorism¸n pou jètei èna bajmwtì mètro susqètishc lèxewn, to epìmeno b ma

thc diatrib c eÐnai h eisagwg  enìc nèou montèlou anapar�stashc pou de ja ba-

sÐzetai stic lèxeic tou eggr�fou, all� ja eis�gei shmasiologikì perieqìmeno sthn

anapar�stash b�sei twn ennoi¸n (concepts) (oi opoÐec mporeÐ na apoteloÔntai apì

parap�nw thc miac lèxhc). Gia to skopì autì axiopoieÐtai h Wikipedia pou lìgw tou

auxanìmenou ìgkou thc kai thc dom c thc (ierarqik  dìmhsh, pl reic kalogrammènec

prot�seic, katatopistikoÐ tÐtloi �rjrwn ktl) parèqei pollèc dunatìthtec enÐsqushc

thc shmasiologÐac twn eggr�fwn, mèsw qarakthristik¸n pou kataskeu�zontai apì

gnwrÐsmata ta opoÐa ex�gontai apì th Wikipedia. To montèlo pou parousi�zetai o-

dhgeÐ se anaparast�seic tìso pio ploÔsiec (shmasiologik�) ìso kai pio sumpiesmènec

(apì �poyh apait sewn q¸rou) se sqèsh me to klassikì montèlo VSM.

AfoÔ plèon up�rqei diajèsimo èna kalÔtero montèlo anapar�stashc eggr�fwn,

h diatrib  phgaÐnei sto epìmeno epÐpedo kai den exet�zei plèon tic sqèseic an�mesa

stic lèxeic tou eggr�fou, all� ta jèmata me ta opoÐa asqoloÔntai meg�lec sullogèc
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eggr�fwn, proteÐnontac dÔo mejodologÐec omadopoÐhshc eggr�fwn b�sei tou perie-

qomènou touc. Kai stic dÔo mejodologÐec kurÐarqo rìlo diadramatÐzei to montèlo

anapar�stashc eggr�fwn b�sei thc Wikipedia qrhsimopoi¸ntac ta qarakthristik�

pou èqoun kataskeuasteÐ. H pr¸th mejodologÐa basÐzetai stic pio shmantikèc ènnoiec

thc sullog c twn eggr�fwn pou exet�zetai kai dhmiourgeÐ gr gora kai apodotik� mÐa

ierarqik  dendrik  dom  om�dwn stic opoÐec katanèmontai ta èggrafa b�sei tou pe-

rieqomènou touc. H dom  eÐnai kateujunìmenh apì to qr sth wc proc to b�joc kai to

pl�toc tou dèntrou (kai sunakìlouja elègqontai kai oi jematikèc perioqèc stic opoÐec

qwrÐzontai ta èggrafa). H deÔterh mejodologÐa axiopoieÐ touc Auto-OrganoÔmenouc

Q�rtec (Self Organizing Maps, SOM) wc ergaleÐo gia thn omadopoÐhsh eggr�fwn.

Mèsa apì trÐa b mata ulopoieÐtai h ekpaÐdeush enìc Auto-OrganoÔmenou Q�rth,

tropopoihmènou tìso wc proc thn arqikopoÐhsh kai th dhmiourgÐa tou plègmatoc twn

neur¸nwn (pou gÐnetai b�sei miac diadikasÐac pou basÐzetai sto montèlo anapar�-

stashc me qr sh thc Wikipedia), ìso kai wc proc th diadikasÐa thc ekpaÐdeushc,

epitaqÔnont�c th katalutik�. Sto tèloc thc ekpaÐdeushc parèqetai h dunatìthta

ierarqik c omadopoÐhshc twn parìmoiwn neur¸nwn tou Q�rth se om�dec, en¸ h opti-

kopoÐhsh dÐnei me akrÐbeia thn topologik  sqèsh twn om�dwn (jematik¸n perioq¸n).

H ousiastik  sumbol  thc diatrib c sunoyÐzetai sth dunatìthta qr shc eufu¸n

teqnik¸n me axiopoÐhsh diafìrwn phg¸n gn¸shc, ¸ste na beltiwjoÔn zht mata pou è-

qoun na k�noun me thn apodotik  anapar�stash kai antimet¸pish zhthm�twn an�lushc

twn oloèna kai megalÔterwn se ìgko eggr�fwn. K�je mejodologÐa pou anaptÔqjhke

axiolog jhke peiramatik� me qr sh sunìlwn dedomènwn, ta opoÐa qrhsimopoioÔntai

eurèwc apì thn episthmonik  koinìthta en¸ èginan kai sugkrÐseic me tic shmantikì-

terec mejìdouc sto k�je pedÐo èreunac.





ABSTRACT

The rapid proliferation of digital text documents during the last years raises the

need to create efficient organization and management systems. The textual content

of digital documents is a huge source of information that grows every day, assisted by

the global growth of the Internet, which contains large quantities of plain text. The

size of available documents demands efficient ways to store and represent informa-

tion using computers, as well as efficient methods for its organization, management,

search and editing. The contribution of this PhD thesis rests in the fields of effi-

cient and more thorough representation of documents and the efficient analysis of

problems related with them (organization, classification etc.)

The use of language is particularly complicated and creates various problems in

the attempt to represent documents using computers. The meanings and senses that

exist latently in a document because of the context, the relations between the words,

the implied information (derived from natural or earlier knowledge), metaphors etc.

are some of the problems that emerge, which, combined with the computational

complexity that is introduced by the large size of documents, have not allowed for

a stable and efficient way of representation to be found until today.

In this PhD thesis we examine the basic units of document representation (syl-

lables, words, phrases/sentences) and specifically the Vector Space Model (VSM)

which is widely used for document representation based on words. Words are the

main unit of document representation and, despite the drawbacks (large search

space, breaking of multi-words etc.) introduced, they still are the base of most

models. It is no random fact that World Wide Web search engines utilize keywords.
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Based on the idea that documents consist of words and therefore, every similarity

or relation between documents can be reduced to the determination of the relation

between the words that consist them and given the observation that searching with

keywords is the main way of searching, this PhD thesis proposes a method of de-

termining the semantic relation between words. The main goal is to find a scalar

measure that quantifies any relation (synonym, antonym, hypernym etc.) between

any two words. For this reason, the method utilizes the information provided by the

hierarchical dictionary WordNet as well as the lexico-syntactic patterns extracted

from the search results returned by a search engine using those words.

Recognizing the weaknesses of a representation model based on words as well

as the limitations that are bound by the scalar measurement of word relatedness,

the next step in this PhD thesis is the introduction of a new representation model,

which is not based on document words, but rather includes semantics in the rep-

resentation, based on its named entities-concepts (which can contain more than

one word). Wikipedia is utilized for this purpose, since its increasing size and rich

structure (hierarchical organization, full well-written sentences, informative article

headers etc.) provide many capabilities to enhance the document semantics with

characteristics created by attributes derived from Wikipedia. The presented model

leads to representations not only richer, but also more compressed ones, compared

to the VSM model.

The introduction of a better representation mode allows the PhD thesis to ex-

amine not only the relations between the words-senses of a document, but also the

topics appearing in large document collections through the proposal of two doc-

ument clustering techniques (according to their content). In both techniques the

Wikipedia based representation model plays an important role utilizing the con-

structed features. The first technique is based on the most important concepts of

the document collection examined and creates fast and efficiently a hierarchical tree

structure of the groups that documents are clustered to, according to their content.

The depth and width of the tree structure is fully controlled by the user. The second
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technique utilizes Self Organizing Maps (SOM) as a tool for document clustering.

Self Organizing Map’s initialization and initial neuron structure (grid) is modified

to the original SOM algorithm (utilizing the Wikipedia based representation model)

and training is carried out in three steps in accelerated time compared to the original

process. At the end of training, user has the possibility to hierarchically organize

similar neurons of the map.

The actual contribution of this PhD thesis is summarized in the possibility of

using intelligent techniques and utilizing various source of knowledge in order to

improve aspects or solve problems related to the efficient representation and analysis

of the growing in size documents. In order to derive useful conclusions, at every stage

of the research and for each proposed method the results of appropriately designed

and performed experiments and comparisons are provided, which do not focus only

on the overall evaluation of the methodologies, but, in parallel, intend to justify the

particular choices and to prove their merits.





Kat�logoc Suntm sewn

20-NG : 20-NewsGroup

BOW : Bag-of-Words

CHC : Conceptual Hierarchical Clustering

DoSO : Document Self Organizer

IDF : Inverse Document Frequency

NP : Noun Phrase

POS : Part-of-Speech

rSVM : Regression Support Vector Machine

SOM : Self-Organizing Map

SVM : Support Vector Machine

TF : Term Frequency

URL : Uniform Resource Locator

VSM : Vector Space Model

WWW : World Wide Web
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Kef�laio 1

Eisagwg 

Sth sÔgqronh epoq  me ton oloèna auxanìmeno ìgko plhrofori¸n, kajÐstatai a-
nagkaÐa h swst  diaqeÐrish kai org�nwsh thc diajèsimhc plhroforÐac. H �narqh
an�ptuxh tou Pagkìsmiou IstoÔ (WWW) mac epitrèpei na ton jewr soume wc mia
ter�stia apoj kh dedomènwn keimènou, ta opoÐa ìmwc tic perissìterec forèc den
eÐnai organwmèna ìpwc ja  jele ènac qr sthc prokeimènou na entopÐsei thn plhro-
forÐa pou ton endiafèrei. H an�gkh gia apodotikèc kai uyhl c poiìthtac mejìdouc
an�lushc kai anaz thshc keimènou kajÐstatai epitaktik .

1.1 Probl mata - Prokl seic

Xekin¸ntac apì ton proswpikì upologist  tou kajenìc kai epekteÐnontac thn ana-
z thsh ston Pagkìsmio Istì, h diajesimìthta eggr�fwn eÐnai polÔ meg�lh kai autì
èqei san sunèpeia na dusqeraÐnetai h apotelesmatik  diaqeÐris  touc. O kuriìteroc
trìpoc prìsbashc sta èggrafa pou up�rqoun sto Pagkìsmio Istì eÐnai mèsw thc
diadikasÐac exìruxhc keimènou (text mining) dhlad  thc an�kthshc plhroforÐac u-
yhl c poiìthtac apì aut� ta èggrafa me di�forec teqnikèc (ìpwc statistikèc). Oi
mhqanèc anaz thshc (ìpwc èqoun anaptuqjeÐ ston Pagkìsmio Istì) kai �lloi ka-
t�logoi org�nwshc qrhsimopoioÔntai gia th diaqeÐrish twn yhfiak¸n eggr�fwn kai
thn apotelesmatik  an�kths  touc. Parìla aut�, ta apotelèsmata apì mÐa anaz -
thsh se mÐa antÐstoiqh mhqan  sto WWW den eÐnai pollèc forèc ta anamenìmena
gia to qr sth (eidik� ìso to er¸thma gÐnetai pio sÔnjeto). An dokim�sei k�poioc
na anazht sei èggrafa sqetik� me th lèxh apple, eÔkola diapist¸nei th sÔgqush
pou up�rqei an�mesa sto gnwstì froÔto kai sth gnwst  etaireÐa. To prìblhma pou
parathreÐtai ed¸, eÐnai pwc par' ìlh thn exèlixh twn algorÐjmwn exìruxhc keimènou
(pou qrhsimopoioÔntai apì mhqanèc anaz thshc), h anaz thsh s mera exakoloujeÐ
na gÐnetai me b�sh lèxeic-kleidi� (keywords). Xek�jara apaiteÐtai enÐsqush proc dÔo
kurÐwc kateujÔnseic:

• th dunatìthta erwt sewn sto WWW me fusik  gl¸ssa kai ìqi mìno me th
qr sh apl¸n lèxewn   fr�sewn,

• th beltÐwsh twn anaparast�sewn kai susqetÐsewn thc grapt c plhroforÐac
sto WWW.

H enÐsqush aut  ìmwc den eÐnai tìso eÔkolh. To prohgoÔmeno par�deigma me th
lèxh apple eÐnai èna mikrì deÐgma thc idiaiterìthtac thc gl¸ssac kai twn problh-
m�twn pou anakÔptoun kai ta opoÐa kaleÐtai s mera na antimetwpÐsei h episthmonik 
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koinìthta (enÐote me sunergasÐec me polloÔc kl�douc thc epist mhc: teqnht  noh-
mosÔnh, glwssologÐa klp). To meÐzon er¸thma pou dhmiourgeÐtai eÐnai an mporoÔn
na anaptuqjoÔn eufueÐc teqnikèc pou ja dÐnoun th dunatìthta ston upologist  na
antimetwpÐsei ta èggrafa ìpwc perÐpou o anjr¸pinoc nouc. H ap�nthsh sto er¸thma
autì, autìmata epilÔei kai ìla ta shmantikìtera zht mata pou èqoun na k�noun me
diaqeÐrish eggr�fwn (an�kthsh, omadopoÐhsh ktl).

1.1.1 H org�nwsh thc plhroforÐac sth shmerin  epoq 

O Pagkìsmioc Istìc s mera kataklÔzetai apì disekatommÔria èggrafa ta opoÐa pe-
rièqoun tic perissìterec forèc eleÔjero keÐmeno qwrÐc k�poia org�nwsh. O Shma-
siologikìc Istìc (Semantic Web) [Shadbolt et al., 2006] apoteleÐ mia prosp�jeia
kalÔterhc org�nwshc twn perieqomènwn tou (klassikoÔ) IstoÔ pou ja odhg sei se
perissìterec dunatìthtec exagwg c plhroforÐac apì ta èggrafa kai ja bohj sei
touc upologistèc na katanooÔn pio eÔkola thn keimenik  (kai �llh) plhroforÐa. H
org�nwsh thc plhroforÐac sta yhfiak� èggrafa mporeÐ na faneÐ kalÔtera sto Sq ma
1.1.

Sq ma 1.1: 'Axonec org�nwshc thc plhroforÐac sta keimenik� dedomèna

H ousÐa tou ShmasiologikoÔ IstoÔ ègkeitai sto ìti to nìhma thc diajèsimhc plhro-
forÐac prèpei na apodÐdetai polÔ kal� se morf  katanoht  tìso apì anjr¸pouc, ìso
kai apì hlektronikoÔc upologistèc, dieukolÔnontac th metaxÔ touc sunergasÐa. O
trìpoc me ton anaptÔssetai o Shmasiologikìc Istìc eÐnai an�logoc me autìn tou sÔg-
qronou Pagkìsmiou IstoÔ. To pr¸to b ma sth diamìrfwsh tou Pagkìsmiou IstoÔ
tou mèllontoc eÐnai h dhmiourgÐa nhsÐdwn plhroforÐac organwmènhc shmasiologik�.
Oi nhsÐdec autèc sig�-sig� ja diasundejoÔn metaxÔ touc prosfèrontac dunatìthtec
gia thn an�ptuxh prohgmènwn kai eufu¸n efarmog¸n. To epìmeno b ma eÐnai h a-
xiopoÐhsh tou plègmatoc plhrofori¸n pou dhmiourgeÐtai, sÔmfwna me tic prooptikèc
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pou parèqei h shmasiologik  (pia) org�nws  touc. H dunatìthta epèktashc aut c
thc dom c tou ShmasiologikoÔ IstoÔ se opoiad pote klÐmaka (apì ènan proswpikì
upologist  kai apì mÐa mikr  sullog  keimènwn se meg�la dÐktua upologist¸n kai
ter�stiouc ìgkouc keimènwn) parèqei shmantik� pleonekt mata sto pedÐo org�nw-
shc keimenik c plhroforÐac: logikìterh org�nwsh eggr�fwn, apotelesmatikìterh
anaz thsh keimènwn, automatopoÐhsh kai olokl rwsh efarmog¸n epexergasÐac kai
an�lushc keimènou k.t.l.

Aut  h nèa morf  tou IstoÔ apaiteÐ sust mata ta opoÐa ja organ¸noun tic plh-
roforÐec me sugkekrimènec apait seic (apaiteÐtai shmasiologikì perieqìmeno, ontolo-
gÐec, pr�ktorec klp). Ta zht mata pou prèpei na antimetwpistoÔn apì ta sust mata
teqnologi¸n ShmasiologikoÔ IstoÔ (all� kai genikìtera) pou asqoloÔntai me keime-
nik  plhroforÐa eÐnai ta akìlouja:

• Sullog  keimènwn: To pr¸to kai aparaÐthto b ma eÐnai h aparaÐthth sullog 
twn antÐstoiqwn plhrofori¸n pou apoteloÔn th b�sh dhmiourgÐac opoioud pote
sust matoc.

• Anapar�stash/EpishmeÐwsh keimènwn: To k�je keÐmeno pou sullègetai prèpei
na perigrafeÐ me ìmoio trìpo me ta upìloipa kai ìso to dunatìn pio apodotik�
(tìso gia to upologistikì sÔsthma ìso kai gia ton �njrwpo pou to diaqeirÐ-
zetai).

• Aposaf nish ennoi¸n: H aposaf nish tou swstoÔ no matoc twn lèxewn pou
perièqontai sta keÐmena (kai kat' epèktash tou jèmatoc twn keimènwn) apote-
leÐ p�nta mÐa energ  prìklhsh, kaj¸c oi lèxeic èqoun diaforetik� no mata,
all�zoun kai exelÐssontai diaqronik�.

• Org�nwsh keimènwn: Sto plaÐsio autì ent�ssontai mejodologÐec kai teqnikèc
pou ja organ¸soun/omadopoi soun/katat�xoun ta keÐmena se kathgorÐec b�-
sei twn apait sewn tou qr sth kai b�sei twn metaxÔ touc shmasiologik¸n ( 
�llwn) omoiot twn/diafor¸n.

• Enhmèrwsh sullog c: 'Ena shmantikì z thma eÐnai pwc ja enhmerwjeÐ mia sul-
log  keimènwn me tic teleutaÐec plhroforÐec   pwc ja gÐnei mÐa allag  sta
keÐmena thc sullog c aut c k.o.k.

• DiaqeÐrish erwtapokrÐsewn: Perilamb�nei akrib¸c ton trìpo leitourgÐac miac
mhqan c anaz thshc sto WWW. O qr sthc upob�lei erwt mata sqetik� me
autì pou ton endiafèrei kai to sÔsthma prèpei na mporeÐ na apokrijeÐ an�loga.

• ParousÐash apotelesm�twn: Up�rqei an�gkh gia ìso to dunatìn kalÔterh
optik  apeikìnish tou apotelèsmatoc kai ousiastik  euqrhstÐa sthn an�kthsh
twn apotelesm�twn.

O Shmasiologikìc Istìc basÐzetai en polloÐc sth qr sh ontologi¸n pou pro-
sfèroun dunatìthtec gia perigraf  kai anapar�stash diafìrwn jematik¸n perio-
q¸n enisqÔontac ètsi to shmasiologikì perieqìmeno twn keimènwn. Parìla aut�, h
kataskeu  ontologi¸n eÐnai mÐa diadikasÐa akrib , enÐote kai qronobìra, epomènwc
katab�llontai prosp�jeiec na axiopoihjoÔn eufueÐc teqnikèc gia thn org�nwsh kai
axiopoÐhsh thc adìmhthc (kai fjhn c) plhroforÐac pou up�rqei �fjonh sto WWW.
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H paroÔsa diatrib  prospajeÐ na apant sei apotelesmatik� se arketèc apì tic
parap�nw prokl seic ent�ssont�c ètsi tic mejodologÐec pou anaptÔssontai sth ge-
nikìterh skopi� pou up�rqei perÐ pl rouc axiopoÐhshc twn meg�lwn posot twn kei-
menik c plhroforÐac pou up�rqoun ston Pagkìsmio Istì.

1.1.2 Anapar�stash keimènou kai probl mata

To kuriìtera probl mata pou antimetwpÐzontai kat� thn apìpeira anapar�stashc
enìc keimènou/eggr�fou èqoun na k�noun me to pwc ja dojeÐ h dunatìthta antistoÐ-
qhshc miac lèxhc se mÐa ènnoia (mia diadikasÐa dhlad , parìmoia me aut n pou k�nei o
anjr¸pinoc nouc ìtan diab�zei èna keÐmeno). Up�rqoun di�forec kathgorÐec problh-
m�twn pou melet¸ntai analutik� sto Kef�laio 2. Pio sugkekrimèna, parathroÔntai
oi ex c dÔo basikoÐ tÔpoi problhm�twn pou èqoun na k�noun me:

• ennoiakèc/kathgorikèc sqèseic kai idiìthtec: OfeÐlontai stic idiìthtec twn en-
noi¸n kai eÐnai anex�rthtec thc gl¸ssac pou eÐnai grammèno èna keÐmeno. Gia
par�deigma h lèxh <<s¸ma>> sqetÐzetai tìso me th lèxh <<qèri>> ìso kai me th lèxh
<�njrwpoc >> lìgw twn antÐstoiqwn susqetÐsewn pou up�rqoun metaxÔ aut¸n
twn lèxewn.

ParadeÐgmata ennoiak¸n sqèsewn eÐnai oi metabatikèc sqèseic uperwnumÐac-
upwnumÐac (gnwstèc kai wc sqèseic IS-A), oi sqèseic merwnumÐac (gnwstèc kai
wc sqèseic PART-OF) kai h sqèsh antwnumÐac. EÐnai fanerì pwc o upologi-
st c den èqei dunatìthta na entopÐsei (qwrÐc k�poia prìterh gn¸sh) tètoiec
sqèseic.

• lektikèc sqèseic kai idiìthtec: AforoÔn sugkekrimènec lektikèc ontìthtec (pè-
ran thc ènnoiac pou èqoun) kai exart¸ntai apì thn ek�stote gl¸ssa. Gia
par�deigma, h anafor� sth fr�sh <<leukì krasÐ>> odhgeÐ sto sumpèrasma pwc
prìkeitai gia ta krasi� pou to qr¸ma touc eÐnai anoiqtìqrwmo, kÐtrino, xanjì
(all� ìqi akrib¸c leukì) kai profan¸c èqei nìhma mìno efìson qrhsimopoihjeÐ
wc fr�sh (dhlad  kai me tic dÔo lèxeic mazÐ).

Genikìtera, mia lèxh mporeÐ na èqei di�forec ènnoiec kai h di�krish metaxÔ
touc epitugq�netai sto ek�stote perib�llon qr shc thc lèxhc (perikeÐmenh
plhroforÐa-context). To sugkekrimèno prìblhma eÐnai h legìmenh amfishmÐa
(word ambiguity) kai perilamb�nei tic peript¸seic thc omwnumÐac/polushmÐac
(ìtan dhlad  oi lèxeic gr�fontai me ton Ðdio akrib¸c trìpo all� èqoun diafore-
tik  shmasÐa, gia par�deigma h lèxh <�tomo>> ìtan anafèretai se prìswpa kai sto
swmatÐdio thc fusik c   lèxh <<gr�mma>> pou anafèretai mporeÐ na anafèretai
sto qarakt ra tou alfab tou kai sthn epistol ).

EpÐshc, sthn kathgorÐa aut  ent�ssetai kai to prìblhma thc sunwnumÐac twn
lèxewn (ìtan k�poiec lèxeic moir�zontai mÐa toul�qiston koin  ènnoia), ìpwc
gia par�deigma oi lèxeic <<lij�ri>> kai <<pètra>>. Genik� isqÔei pwc gia mÐa ènnoia
eÐnai pijanì na up�rqoun perissìterec thc miac lektikèc ontìthtec pou thn
ekfr�zoun kai sunistoÔn to SÔnolo SunwnÔmwn gia thn ènnoia aut , ìpwc
epÐshc up�rqoun kai di�foroi bajmoÐ sunwnumÐac.

Tèloc, up�rqoun kai k�poiec om�dec lèxewn (multi-words) pou èqoun nìhma
mìno efìson qrhsimopoioÔntai mazÐ sto keÐmeno kai fusik� qrei�zontai epiplè-
on gn¸seic (tìso apì ton �njrwpo kai polÔ perissìtero apì ton upologist )
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pèran twn grammatik¸n kai ennoiak¸n gia thn katanìhsh tou pragmatikoÔ pe-
rieqomènou touc. Gia par�deigma, up�rqoun sunduasmoÐ lèxewn pou sunjètoun
ekfr�seic ìpwc <<diasthmikì lewforeÐo>>   <<gewgrafikì m kos>> pou an qrhsi-
mopoihjoÔn mìnec touc èqoun teleÐwc diaforetikì nìhma.

Me thn eisagwg  twn parap�nw problhm�twn, eis�getai antÐstoiqa kai to prì-
blhma thc omoiìthtac/sqetikìthtac metaxÔ lèxewn (  �llwn mon�dwn pou apartÐ-
zoun èna keÐmeno). O pr¸toc bajmìc susqètishc èqei na k�nei me omoiìthta lìgw
k�poiac apì tic sqèseic pou perigr�fhkan parap�nw (sunwnumÐa/antwnumÐa, uperw-
numÐa/upwnumÐa). Se deÔtero bajmì exet�zetai h suggèneia lèxewn b�sei thc qr shc
touc sta keÐmena, an dhlad  k�poiec lèxeic teÐnoun na emfanÐzontai se parìmoia le-
ktik� perib�llonta. Se aut  thn perÐptwsh den eÐnai aparaÐthto na up�rqei sqèsh
(shmasiologik    �llh) metaxÔ twn lèxewn.

AntimetwpÐzontac ennoiologik� to èggrafo eis�getai to er¸thma-prìblhma tou
poia eÐnai h basik  mon�da ènnoiac (kai poia h sqèsh thc me th basik  mon�da dom c
tou eggr�fou): to mìrfhma? h lèxh? h prìtash? H ap�nthsh sto er¸thma autì
den eÐnai monos manth kaj¸c to pragmatikì nìhma enìc eggr�fou kajorÐzetai apì
th sunistamènh-shmasÐa pou dÐnei h tautìqronh parousÐa ìlwn twn ennoiologik¸n
mon�dwn entìc thc exetazìmenhc keimenik c posìthtac, dhlad  qrei�zetai na up�r-
qei gn¸sh gia olìklhro to perieqìmeno enìc eggr�fou kaj¸c h parousÐa epiplèon
mon�dwn (p.q. epiplèon lèxewn) mporeÐ na tropopoieÐ to nìhma.

Apì ta parap�nw gÐnetai fanerì pwc prokÔptoun �peiroi sunduasmoÐ metaxÔ twn
mon�dwn thc gl¸ssac dhmiourg¸ntac ètsi èna meg�lo q¸ro gia th lÔsh tou probl -
matoc (pou eÐnai h katanìhsh tou pragmatikoÔ no matoc twn eggr�fwn). AnagkaÐa
eÐnai h eisagwg  afenìc arijmhtik¸n anaparast�sewn twn eggr�fwn (duadikèc, dia-
nÔsmata, pÐnakec ktl) pou ja exuphret soun thn ìpoia epexergasÐa kai an�lush all�
kai h axiopoÐhsh eufu¸n statistik¸n teqnik¸n kai teqnik¸n mhqanik c m�jhshc gia
thn apodotik  an�lush.

1.1.3 H spoudaiìthta thc shmasiologik c gn¸shc sthn
epexergasÐa kai an�lush lìgou

Apì ta probl mata pou perigr�fhkan parap�nw, gÐnetai safèc pwc h shmasiologik 
gn¸sh kai plhroforÐa pou proèrqetai apì suggèneiec / ènnoiec / kathgoriopoi seic
lèxewn eÐnai meg�lhc shmasÐac gia thn katanìhsh apì ton upologist  thc pragmatik c
shmasÐac twn keimènwn, ¸ste na mporoÔn na anaptuqjoÔn efarmogèc epexergasÐac
kai an�lushc aut¸n. ParadeÐgmata tètoiwn efarmog¸n eÐnai:

• MontelopoÐhsh kai Paragwg  Gl¸ssac: Prìkeitai gia thn katanìhsh thc lei-
tourgÐac thc gl¸ssac me prìbleyh twn kat�llhlwn lektik¸n akolouji¸n  
antikat�stash me paremfereÐc. SpoudaÐec efarmogèc up�rqoun sthn autìmath
anagn¸rish omilÐac   qeirìgrafou keimènou, sthn orjografik  diìrjwsh kaj¸c
kai se dialogik� sust mata   sth mhqanik  met�frash.

• Exagwg  PlhroforÐac (Information Extraction): Prìkeitai gia efarmogèc pou
o qr sthc eis�gei se èna sÔsthma mia er¸thsh (  plhroforÐa en gènei) kai a-
namènei eÐte mia ap�nthsh eÐte mÐa lÐsta keimènwn pou perièqoun th zhtoÔmenh
plhroforÐa. Se tètoiec efarmogèc eÐnai autonìhth h an�gkh qr shc shmasio-
logik c gn¸shc ¸ste na brejoÔn parìmoiec lèxeic   na prosdioristeÐ to jèma

G. Span�khc - EufueÐc Teqnikèc Shmasiologik c An�lushc & Anaz thshc Keimènou 5



Kef�laio 1. Eisagwg 

tou keimènou. PolÔ gnwstèc efarmogèc sthn kathgorÐa aut  eÐnai oi mhqanèc
anaz thshc sto diadÐktuo.

• Exìruxh Keimènou (Text Mining): Prìkeitai gia thn exagwg  plhroforÐac u-
yhloÔ epipèdou (sun jwc mh-prìtera gnwst c) apì di�forec graptèc phgèc
me stìqo to sunduasmì kai thn axiopoÐhs  touc touc ¸ste na prokÔyoun nèa
gegonìta   upojèseic. H diafor� apì thn (pio genik ) Exagwg  PlhroforÐac
eÐnai pwc sthn teleutaÐa o qr sthc sun jwc gnwrÐzei thn ap�nthsh (èqei dojeÐ
apì k�poion �llo) kai to prìblhma sthn ousÐa eÐnai h an�deixh miac  dh gnw-
st c plhroforÐac. AntÐjeta, sthn Exìruxh Keimènou stìqoc eÐnai h anak�luyh
plhroforÐac �gnwsthc, pou den èqei katagrafeÐ èwc t¸ra.

• Aposaf nish ShmasÐac Lèxewn (Word Sense Disambiguation): EÐnai h diadi-
kasÐa prosdiorismoÔ thc swst c shmasÐac miac amfÐshmhc/polÔshmhc lèxhc.

Genik�, ja mporoÔse kaneÐc na pei pwc h sugkèntrwsh shmasiologik c gn¸shc apì
lexik�, jhsauroÔc, dÐktua, ontologÐec kai �llec phgèc gn¸shc me skopì th beltÐwsh
efarmog¸n pou èqoun na k�noun me epexergasÐa kai an�lush keimènwn eÐnai èna b ma
parapèra sth dhmiourgÐa (akìma pio) eufu¸n susthm�twn pou ja leitourgoÔn oloèna
kai perissìtero me th logik  tou anjr¸pinou nou.

1.1.4 KrÐsima probl mata

KrÐsima jèmata ta opoÐa apoteloÔn p�nta anoiqt� kai endiafèronta ereunhtik� zht -
mata ston kl�do thc exìruxhc kai an�kthshc keimènou eÐnai ta akìlouja :

1. Anapar�stash keimènou: Gia ton eukolìtero qeirismì touc ta keÐmena eÐnai
aparaÐthto na metatrèpontai eÔkola kai apodotik� apì th morf  pou eÐnai dia-
jèsima se k�poia �llh pou na perigr�fei epark¸c to perieqìmenì touc. EÐnai
safèc pwc to sugkekrimèno z thma apoteleÐ apì mìno tou xeqwrist  ereunhtik 
kateÔjunsh (na up�rqoun dhlad  teqnikèc petuqhmènhc anapar�stashc eggr�-
fwn) all� eÐnai kai �rrhkta sundedemèno me ta epìmena trÐa probl mata (pwc
ja anaparastajoÔn ta èggrafa prokeimènou na gÐnei epexergasÐa touc).

2. Shmasiologik  Susqètish Lèxewn (Word Semantic Relatedness): Ta mètra sh-
masiologik c susqètishc lèxewn qrhsimopoioÔntai se pollèc efarmogèc ìpwc
aposaf nish shmasÐac lèxewn (word sense disambiguation), epèktash erwt se-
wn (query expansion), epis mansh selÐdwn sto WWW (web page annotation)
k.t.l.

3. KathgoriopoÐhsh/OmadopoÐhsh Eggr�fwn (Text Categorization/Clustering):
Se ter�stiec sullogèc eggr�fwn eÐnai idiaÐtera qr simh h apodotik  omado-
poÐhs  touc ¸ste na epitugq�netai kalÔterh org�nwsh, perÐlhyh, plo ghsh
kai an�kths  touc. Eidik� h omadopoÐhsh eggr�fwn (den perilamb�nei kamÐa
ek twn protèrwn gn¸sh gia tic kathgorÐec twn eggr�fwn) eÐnai èna dÔskolo
èrgo apì th fÔsh tou pou dusqeraÐnetai lìgw twn fainomènwn thc <�raiìthtac
>> (sparsity) kai thc meg�lhc di�stashc twn dedomènwn keimènou all� kai thc
polÔplokhc shmasiologÐac thc fusik c gl¸ssac.

4. Exagwg  Jèmatoc apì KeÐmeno (Topic Extraction): Oi perissìterec sÔgqro-
nec ergasÐec jewroÔn pwc sta keÐmena up�rqoun di�fora jèmata, dhlad  oi
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lektikèc mon�dec pou sugkrotoÔn èna keÐmeno an koun se di�fora jèmata kai
ìtan sunjètontai mazÐ dhmiourgoÔn to èggrafo pou exet�zetai. H anak�luyh
aut¸n akrib¸c twn jem�twn pou up�rqoun wc <<krummènh>> plhroforÐa sta keÐ-
mena apoteleÐ èna qr simo ergaleÐo gia thn epis mansh aut¸n twn eggr�fwn
kai katìpin th qr sh touc gia thn org�nwsh, perÐlhyh kai anaz ths  touc.

1.2 Suneisfor� thc diatrib c

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

1. Melèth twn dunatot twn qr shc exwterik¸n phg¸n gn¸shc stic up�rqousec
mejodologÐec anapar�stashc keimènou kai pio sugkekrimèna :

• Qr sh tou lexikoÔ WordNet gia thn exagwg  perissotèrwn sqèsewn su-
sqètishc metaxÔ lèxewn,

• Qr sh twn apotelesm�twn anaz thshc sto WWW gia exagwg  plhrofo-
rÐac gia th shmasiologik  susqètish lèxewn ìtan anazhtoÔntai plhrofo-
rÐec gia autèc,

• Oloklhrwmènh qr sh thcWikipedia gia th dhmiourgÐa enìc nèou montèlou
anapar�stashc eggr�fwn: Enswm�twsh �rjrwn thc Wikipedia se k�je
èggrafo mèsa apì thn antistoÐqhsh enìc   perissotèrwn lèxewn me to an-
tÐstoiqo �rjro thc Wikipedia, dhmiourg¸ntac ètsi tic ènnoiec (concepts)
tou eggr�fou kai qrhsimopoi¸ntac autèc antÐ tou montèlou BOW. Qrh-
simopoieÐtai ìlh h plhroforÐa pou parèqetai apì th Wikipedia dhlad 
perieqìmeno �rjrwn, eiserqìmenoi/exerqìmenoi sÔndesmoi ktl en¸ par�l-
lhla anaptÔssetai kai mèjodoc aposaf nishc twn ennoi¸n.

2. An�ptuxh eufu¸n teqnik¸n gia thn apotelesmatikìterh an�lush keimènou se
di�forec efarmogèc ìpwc:

• Shmasiologik  susqètish lèxewn: An�ptuxh ubridik c teqnik c pou e-
kmetalleÔetai ton arijmì emfanÐsewn sta apotelèsmata anaz thshc, touc
tÐtlouc, ta snippets kai ta urls pou epistrèfontai apì mÐa mhqan  ana-
z thshc sto WWW. H mèjodoc enisqÔei to montèlo BOW me exagwg 
lexiko-suntaktik¸n protÔpwn apì ta apotelèsmata anaz thshc gia ìlec
tic shmasiologikèc sqèseic pou upagoreÔontai apì to lexikì WordNet
(sun¸numa, uper¸numa, ant¸numa, mer¸numa). Qr sh mhqan¸n dianusm�-
twn upost rixhc (Support Vector Machines, SVM) gia thn epÐlush tou
probl matoc palindrìmhshc (<<regression>>) pou prokÔptei.

• Ierarqik  OmadopoÐhsh Eggr�fwn: AnaptÔssontai dÔo teqnikèc omado-
poÐhshc eggr�fwn (eidik� anaptuqjeÐsec gia èggrafa). Kai oi dÔo mèjodoi
leitourgoÔn ierarqik�, dhmiourg¸ntac dendrikèc domèc k�nontac eÔkolh
thn plo ghsh sta èggrafa all� kai thn anaz ths  touc.

• OptikopoÐhsh Meg�lwn Sullog¸n Eggr�fwn: Me axiopoÐhsh tou montè-
lou twn Auto-OrganoÔmenwn Qart¸n (SOM) lamb�nontai disdi�statec
apeikonÐseic twn neur¸nwn stouc opoÐouc antistoiqÐzontai ta èggrafa, a-
potup¸nontac pl rwc tic topologikèc sqèseic metaxÔ twn eggr�fwn all�
kai twn jematik¸n perioq¸n stic opoÐec ent�ssontai, pragmatopoi¸ntac
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ètsi kai exagwg  twn jem�twn me ta opoÐa asqoleÐtai h sullog  eggr�-
fwn.

1.3 Dom  thc diatrib c

H diatrib  aut  apoteleÐtai apì akìmh 5 Kef�laia.
To Kef�laio 2 eis�gei ton anagn¸sth sto prìblhma thc shmasiologÐac pou du-

sqeraÐnei thn anapar�stash keimènwn ston upologist . Parousi�zontai ta probl -
mata thc shmasiologÐac lèxewn, fr�sewn, prot�sewn kai kajorÐzontai oi stìqoi enìc
montèlou anapar�stashc eggr�fwn ston upologist  (enswm�twsh ìso to dunatìn
perissìterhc plhroforÐac kai apodotik  qr sh). GÐnetai mÐa pr¸th eisagwg  sto kÔ-
rio montèlo anapar�stashc (montèlo q¸rou dianusm�twn, VSM) kai entopÐzontai ta
probl mata pou anakÔptoun kai kajistoÔn anagkaÐa thn enÐsqush thc shmasiologÐac
tou upologist .

Sto Kef�laio 3 exet�zetai to z thma thc statistik c shmasiologÐac kai ana-
ptÔssetai mÐa mejodologÐa gia thn posotikopoÐhsh thc shmasiologik c susqètishc
lèxewn. Axiolog¸ntac to rìlo twn lèxewn stic shmerinèc mejìdouc anapar�stashc
kai anaz thshc eggr�fwn (p.q. stic mhqanèc anaz thshc), h mejodologÐa proteÐnei
èna bajmwtì mètro pou exet�zei ìlec tic pijanèc sqèseic dÔo lèxewn kai apofasÐ-
zei mèsw miac tim c gia th sqetikìthta dÔo opoiwnd pote lèxewn. H mejodologÐa
sugkrÐnetai me tic up�rqousec mejìdouc thc bibliografÐac.

AnagnwrÐzontac tic adunamÐec thc anapar�stashc eggr�fwn me lèxeic (all� kai
twn periorism¸n pou parousi�zontai mèsw thc qr shc enìc bajmwtoÔ mètrou shma-
siologik c susqètishc lèxewn), sto Kef�laio 4 gÐnetai mÐa episkìphsh twn mejìdwn
anapar�stashc eggr�fwn. AnaptÔssontai ta kuriìtera montèla pou èqoun protajeÐ
kai diereunhjeÐ kai katìpin parousi�zetai analutik� to montèlo anapar�stashc b�sei
twn ennoi¸n pou anaptÔqjhke sta plaÐsia thc diatrib c me qr sh plhroforÐac apì
th Wikipedia. To montèlo autì afenìc eis�gei perissìterh shmasiologÐa, afetè-
rou sumpièzei kat� polÔ to q¸ro anapar�stashc (se sqèsh me to klassikì montèlo
q¸rou dianusm�twn).

Sto Kef�laio 5 eis�getai o q¸roc twn ennoi¸n (antÐ tou q¸rou twn lèxewn)
gia thn antimet¸pish tou zht matoc thc omadopoÐhshc eggr�fwn kai parousi�zontai
analutik� oi mejodologÐec pou anaptÔqjhkan (sugkritik� me tic mejìdouc thc biblio-
grafÐac). To apotèlesma eÐnai h kataskeu  ierarqik¸n om�dwn stic opoÐec qwrÐzontai
ta èggrafa miac sullog c en¸ mèsw thc deÔterhc mejodologÐac eÐnai dunat  kai h
topologik  anapar�stash twn sqèsewn metaxÔ twn eggr�fwn (kai sunakìlouja twn
jem�twn ta opoÐa pragmateÔontai) se èna disdi�stato q¸ro.

Tèloc, sto Kef�laio 6 parousi�zontai ta sumper�smata kai porÐsmata thc diatri-
b c kaj¸c kai katagr�fontai oi mellontikèc kateujÔnseic sth sugkekrimènh perioq 
èreunac.

�
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Kef�laio 2

To prìblhma thc shmasiologÐac

<<He was white and shaken, like a dry martini.>>
P.G. Wodehouse, Cocktail Time (1958)

2.1 Genik� gia th shmasiologÐa

H shmasiologÐa thc anjr¸pinhc gl¸ssac, o trìpoc dhlad  metabÐbashc nohm�twn
mèsw thc gl¸ssac, eÐnai èna antikeÐmeno pou apasqoleÐ epist monec apì polloÔc
q¸rouc (glwssolìgouc, filosìfouc ktl) kai prìsfata kai epist monec apì to q¸ro
thc teqnht c nohmosÔnhc. H basikìterh je¸rhsh pou mporeÐ na k�nei kaneÐc (kai
eÐnai kai h pio logik  ston anjr¸pino nou) eÐnai pwc h h shmasÐa miac prìtashc,
suntÐjetai apì tic shmasÐec twn lèxewn pou thn apoteloÔn, oi opoÐec dÐnontai apì
orismoÔc, ìpwc autoÔc pou brÐskei kaneÐc sta lexik�. Aut  h antimet¸pish sÔmfwna
me ton [Saeed, 1997] odhgeÐ se 3 probl mata:

• To anadromikì prìblhma tou orismoÔ twn lèxewn: Efìson gia th shmasÐa twn
lèxewn qrei�zetai h anafor� se lexik�, tìte gia ton kajorismì thc shmasÐac
k�je lèxhc, apaiteÐtai h eÔresh thc shmasÐac tou orismoÔ thc. Gia na epiteuqjeÐ
autì ja prèpei gia k�je lèxh tou orismoÔ, na gÐnei anafor� xan� sto lexikì
k.o.k. odhg¸ntac arket� gr gora se faÔlouc kÔklouc.

• H akrÐbeia twn orism¸n: To nìhma twn lèxewn brÐsketai sto mualì twn an-
jr¸pwn pou miloÔn th gl¸ssa, san èna eÐdoc gn¸shc. H gn¸sh aut  suqn�
sugqèetai me th genik  gn¸sh twn anjr¸pwn gia ton kìsmo (en¸ de ja prèpei
na upotimhjeÐ to gegonìc pwc k�je �njrwpoc èqei diaforetikèc gn¸seic ap'
ìlouc touc �llouc). Gia par�deigma, an gia th lèxh <<f�laina>> qrhsimopoihjeÐ o
orismìc <<meg�lo jhlastikì pou zei sth j�lassa>> tìte eÐnai ègkuro na jewrh-
jeÐ �rage pwc ìpoioc gnwrÐzei th shmasÐa thc lèxhc <<jhlastikì>> de gnwrÐzei th
shmasÐa thc lèxhc <<f�laina>>? 'Ena �llo prìblhma eÐnai ìti oi qr stec de qrh-
simopoioÔn k�je lèxh me thn Ðdia shmasÐa. Gia par�deigma mporeÐ ènac fusikìc
na katalabaÐnei th lèxh <årm >> diaforetik� apì k�poion pou den xèrei fusik .

• H idiaiterìthta thc perÐstashc: Pollèc forèc se mÐa prìtash, h pragmatik 
shmasÐa thc qr shc miac lèxhc eÐnai katanoht  mìno me qr sh thc koin c logi-
k c. Gia par�deigma, h prìtash <<wraÐoc kairìc!>> èqei polÔ diaforetikì nìhma
ìtan lègetai mia hliìlousth mèra kai ìtan lègetai mia mèra pou brèqei katar-
raktwd¸c (eirwnik�). EpÐshc, Ðswc k�poiec forèc eÐnai anagkaÐa h koin  logik 
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k�poiou gia na bgei k�poio sumpèrasma. P.q. k�poioc pou lèei se èna fÐlo tou
se èna mpar <<p ge treic h ¸ra>> kai sthn ousÐa ennoeÐ <<Jèlw na fÔgoume>>.

'Eqoun gÐnei di�forec prosp�jeiec na antimetwpistoÔn ta parap�nw probl mata
(ìpwc me qr sh metagl¸ssac   diaqwrismì thc shmasÐac se dÔo sunist¸sec (mÐa gia
k�je qr sh kai mÐa exart¸menh apì thn perÐstash) ) all� genik� paramènoun anoiqt�
probl mata thc episthmonik c koinìthtac.

Apì ta parap�nw gÐnetai saf c h poluplokìthta thc shmasiologÐac thc gl¸ssac
kai epomènwc oi duskolÐec pou anakÔptoun sthn oriojèthsh twn diafìrwn problh-
m�twn. Ta probl mata aut� gÐnontai pio èntona, ìtan qrei�zetai h gl¸ssa (me th
morf  enìc keimènou) na anaparastajeÐ ston upologist  (o opoÐoc wc gnwstìn den
èqei genik  gn¸sh all� mìnon ìti tou parèqei o qr sthc). AnakÔptei loipìn to me-
g�lo stoÐqhma thc dhmiourgÐac keimenikoÔ perieqomènou katanohtoÔ (kai epomènwc
epexerg�simou) apì ton upologist . Jewr¸ntac to f�sma thc shmasiologÐac twn
dedomènwn tou Sq matoc 2.1 mporeÐ na pei kaneÐc pwc ìso pio <<dexi�>> brÐsketai to
perieqìmeno, tìso pio polÔ uperisqÔoun ta ex c qarakthristik�:

• prosbasimìthta kai dunatìthta axiopoÐhshc apì upologistèc,

• ligìterh amfishmÐa   amfisb thsh,

• epanaqrhsimopoÐhsh kai epektasimìthta,

• sjenarìthta se allagèc,

• duskolÐa ulopoÐhshc

Pìsec ìmwc eÐnai oi peript¸seic pou oi ekfr�seic pou emfanÐzontai se èna keÐmeno
brÐskontai <<dexi�>> ston �xona autì?

Sq ma 2.1: F�sma shmasiologÐac

2.2 Probl mata sthn prosp�jeia katanìhshc
thc shmasiologÐac

Apì polÔ pali� up�rqei h �poyh [W.N. & D.A., 1955] pwc apì th melèth meg�lwn
sullog¸n keimènou, eÐnai dunatì na katanohjeÐ h anjr¸pinh shmasiologÐa kai h prag-
matik  qr sh twn lèxewn. H statistik  melèth thc sunemf�nishc lektik¸n mon�dwn
se meg�lec sullogèc keimènwn ègine akìma pio èntonh lìgw thc diajesimìthtac eggr�-
fwn (palaiìtera mèsw thc yhfiopoÐhs c touc, ta prìsfata qrìnia mèsw thc meg�lhc
an�ptuxhc tou WWW). H melèth kai an�lush aut¸n twn sullog¸n keimènou den
èrqetai ìmwc qwrÐc probl mata. Tèssera eÐnai ta pio basik�:
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• De lamb�netai upìyin h eggen c paramìrfwsh twn diafìrwn ptuq¸n tou shma-
siologikoÔ q¸rou lìgw thc allhlex�rthshc twn ennoi¸n,

• Den aniqneÔontai sunemfanÐseic afhrhmènwn dom¸n (om�dec lèxewn pou emfanÐ-
zontai se sugkekrimènh morf  p.q.), eidik� ìtan den èqoun sqèsh metaxÔ touc,

• Up�rqei èlleiyh thc exwterik c gn¸shc pou èna �tomo lamb�nei mèsw thc m�-
jhshc kai thc empeirÐac,

• GÐnetai h upìjesh pwc oi lèxeic apoteloÔn atomikèc ontìthtec.

2.2.1 H eggen c paramìrfwsh tou shmasiologikoÔ q¸-
rou

MÐa basik  arq  pou up�rqei stic perissìterec mejodologÐec an�lushc keimènwn
( [Lund & Burgess, 1996], [Fletcher & Linzie, 1998]) eÐnai pwc <<h shmasÐa miac lèxhc
mporeÐ na jewrhjeÐ wc mÐa jèsh sto shmasiologikì q¸ro kai h di�stash tou q¸rou
autoÔ kaj¸c kai h jèsh thc k�je lèxhc se autìn mporoÔn na brejoÔn apì tic apo-
st�seic metaxÔ twn diafìrwn lèxewn>>. H �poyh aut  uponoeÐ pwc brÐskontac tic
apost�seic (dhlad  pìso diafèroun shmasiologik�) an�mesa se ìlec tic lèxeic eÐnai
dunatìn na gÐnei mÐa topojèthsh se èna n-di�stato q¸ro ìpou to n ja kajorÐzei tic
shmasiologikèc sunist¸sec. 'Amesh sunèpeia thc �poyhc aut c eÐnai pwc oi lèxeic ja
èqoun sugkekrimènec stajerèc topojesÐec sto shmasiologikì q¸ro, k�ti to opoÐo den
eÐnai entel¸c lanjasmèno all� parablèpei to gegonìc pwc oi jèseic sto shmasiologi-
kì q¸ro eÐnai (shmasiologik�) allhlexart¸menec. H orj  je¸rhsh eÐnai pwc prèpei
k�je lèxh na mporeÐ na metakinhjeÐ sto shmasiologikì q¸ro an�loga me th shmasÐa
(pou exart�tai kai apì to lexilogikì perib�llon) sto opoÐo ja qrhsimopoihjeÐ.

Gia par�deigma, h lèxh stulì brÐsketai (sto shmasiologikì q¸ro) pio kont� se
lèxeic ìpwc molÔbi, gr�fw, qartÐ klp all� an k�poioc ekeÐ pou p.q. gr�fei qrhsi-
mopoi sei to stulì gia na xÔsei ta malli� tou, tìte autom�twc to stulì metakineÐtai
shmasiologik� proc �llec lèxeic ìpwc xÔnw, fagoÔra klp. Epomènwc, pèran tou
entopismoÔ thc kÔriac shmasÐac miac lèxhc eÐnai aparaÐthth kai h exètash thc lèxhc
(kai thc shmasÐac thc) sto perib�llon pou qrhsimopoieÐtai k�je for�.

2.2.2 Entopismìc afhrhmènwn dom¸n sunemf�nishc

H an�kthsh gn¸sewn gia th shmasiologÐa miac sugkekrimènhc lèxhc epitrèpei thn
axiolìghsh thc poiìthtac twn sqèsewn an�mesa se aut  th lèxh kai se �llec. U-
p�rqoun toul�qiston dÔo b�seic gia autèc tic sqèseic [Chalmers et al., 1992]. Gia
par�deigma, h prìtash O Gi�nnhc eÐnai pragmatikì kuparÐssi anafèretai se k�poia
qarakthristik� tou Gi�nnh kai tou kuparissioÔ (sth sugkekrimènh perÐptwsh eÐnai to
yhlìc kai leptìc).

'Omwc, sthn prìtash O Gi�nnhc eÐnai pragmatikìc kunhgìc me tic gunaÐkec den
uponoeÐtai pwc o Gi�nnhc kunhg�ei tic gunaÐkec kai tic skot¸nei, all� jewreÐtai
pwc h sqèsh tou me tic gunaÐkec eÐnai kal , analogik� me th sqèsh tou kunhgoÔ me
to j ram� tou. H analogÐa tou pr¸tou paradeÐgmatoc eÐnai kajar� prosdioristik 
(anafèretai sta koin� <<epifaneiak�>> qarakthristik�) en¸ h analogÐa tou deÔterou
paradeÐgmatoc eÐnai kurÐwc sqetik  kai basÐzetai se sumperiforiak� qarakthristik�.

To pr¸to eÐdoc analogi¸n mporeÐ na entopisteÐ apì teqnikèc sunemf�nishc en¸
to deÔtero (pou apoteleÐ kai th b�sh ìlwn twn analogi¸n [Gentner, 1983]) ìqi.
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2.2.3 Qr sh plhrofori¸n exwterik c gn¸shc

'Ena exÐsou shmantikì prìblhma pou parathreÐtai eÐnai pwc up�rqei shmantikìc ìg-
koc plhroforÐac pou jewreÐtai gnwstìc apì ton �njrwpo kai eÐnai sqetikìc me thn
prìtash pou anafèretai k�poio keÐmeno. Gia par�deigma, èstw h fr�sh oi patèrec
eÐnai p�nta arsenikoÔ gènouc ìpwc kai h fr�sh Up�rqei ènac ak ruqtoc pìlemoc an�-
mesa sto Isra l kai thn PalaistÐnh. Kai stic dÔo autèc prot�seic-dhl¸seic up�rqei
gn¸sh h opoÐa den eÐnai gnwst  (ek twn protèrwn) se kanèna prìgramma an�lushc
keimènou, all� oi �njrwpoi èqoun th dunatìthta na k�noun qr sh (pollèc forèc upo-
suneÐdhta) twn sqetik¸n kai shmasiologik¸n plhrofori¸n gia th shmasÐa miac lèxhc
  miac prìtashc, p.q. giatÐ ènac patèrac eÐnai p�nta arsenikoÔ gènouc   poia akrib¸c
eÐnai h kat�stash pou epikrateÐ an�mesa se PalaistÐnh kai Isra l.

2.2.4 Oi lèxeic den eÐnai atomikèc ontìthtec

'Estw èna par�deigma gia mÐa er¸thsh basismènh sto uposuneÐdhto apì thn ergasÐa
[French, 1988]:
<<Me bajmì apì to 1 (�sqhmo) èwc to 10 (�risto) axiologeÐste to ìnoma Flugly wc:

• ìnoma miac di�shmhc hjopoioÔ tou Hollywood,

• ìnoma enìc logist  se mia tainÐa tou W.C. Fields>>

Oi �njrwpoi mporoÔn na k�noun aut  thn axiolìghsh polÔ eÔkola. To ìnoma
Flugly jewreÐtai kak c poiìthtac gia ìnoma miac hjopoioÔ, en¸ mporeÐ na jewrhjeÐ
axioprepèc gia èna logist . Pwc prokÔptei ìmwc aut  h gn¸sh, efìson jewreÐtai
pwc kaneÐc den èqei xanadeÐ th lèxh Flugly?

Pio sugkekrimèna, h lèxh Flugly perièqei to ìqi euq�risto gia to autÐ laruggikì
g, epÐshc èqei to f¸nhma ug kai perièqei kai th lèxh ugly.

To z thma pou katadeiknÔei to parap�nw par�deigma eÐnai pwc oi lèxeic perièqoun
krÐsimec plhroforÐec (pou prokÔptoun apì ta morf mata kai ta fwn mata pou em-
perièqoun) pou suneisfèroun sth shmasÐa thc lèxhc kai ston trìpo thc antÐlhy c
thc apì touc anjr¸pouc. H pijan  epèktash thc an�lushc se epÐpedo gramm�twn  
sullab¸n den eÐnai sÐgouro pwc ja èqei ta epijumht� apotelèsmata, q¸ria tou ìti
ja odhg sei to prìblhma se ènan upologistik� megalÔtero q¸ro.

2.3 ShmasiologÐa sto epÐpedo twn lèxewn

H lektik  shmasiologÐa (lexical semantics) paradosiak� èqei touc ex c stìqouc:

1. na anaparast sei th shmasÐa k�je lèxhc,

2. na katadeÐxei pwc oi shmasÐec twn lèxewn miac gl¸ssac sqetÐzontai.

To basikìtero prìblhma eÐnai pwc mÐa lèxh mporeÐ na sqetÐzetai tìso me �llec
lèxeic pou brÐskontai sthn Ðdia prìtash all� kai me lèxeic pou den eÐnai paroÔsec.
Gia par�deigma, an k�poioc diab�sei thn prìtash Mìlic eÐda th mhtèra sou na bgaÐnei
apì to spÐti, katalabaÐnei pwc o gr�fwn eÐde mia gunaÐka. Autì to opoÐo uponoeÐtai
eÐnai pwc eÐte up�rqei k�poia sqèsh metaxÔ twn lèxewn mhtèra kai gunaÐka, eÐte pwc h
lèxh mhtèra perièqei èna shmasiologikì stoiqeÐo gunaÐka wc mèroc thc shmasÐac thc.
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Se k�je perÐptwsh autì pou kajÐstatai safèc eÐnai pwc oi sqèseic metaxÔ lèxewn
eÐnai shmeÐo anafor�c ston trìpo me ton opoÐo domeÐtai h gl¸ssa.

Up�rqoun di�foroi trìpoi me touc opoÐouc mporeÐ na sqetÐzontai dÔo lèxeic kai
pio sugkekrimèna mÐa lèxh mporeÐ na an kei tautìqrona se perissìterec thc miac
sqèseic, dhmiourg¸ntac èna dÐktuo sundèsewn metaxÔ twn lèxewn, to legìmeno lexikì.
Parak�tw paratÐjentai oi sunhjèsterec morfèc sqèsewn metaxÔ lèxewn.

2.3.1 OmwnumÐa

JewreÐtai h pio apl  kai shmasiologik� h ligìtero endiafèrousa sqèsh an�mesa se
lèxeic. Paradosiak�, h omwnumÐa jewreÐtai wc mÐa sqèsh metaxÔ lèxewn pou èqoun thn
Ðdia profor� all� diaforetik  orjografÐa kai shmasÐa, p.q. s kw-sÔko, mÐla-m la,
lÐph-lÔph ktl.

2.3.2 PolushmÐa

Up�rqei mia eidopoiìc diafor� an�mesa sthn omwnumÐa kai sthn polushmÐa. Kai oi
dÔo asqoloÔntai me pollaplèc ènnoiec thc Ðdiac graf c miac lèxhc all� h omwnumÐa
proôpojètei pwc den up�rqei kamÐa sqèsh an�mesa stic diaforetikèc ènnoiec thc Ðdiac
lèxhc. Autì eÐnai kai h diafor� thc se sqèsh me thn polushmÐa, sthn opoÐa oi ènnoiec
jewroÔntai sqetizìmenec metaxÔ touc (kai giautì sta di�fora lexik� parousi�zontai
k�tw apì to Ðdio l mma). EpÐshc, ta polÔshma èqoun koin  etumologÐa, se antÐje-
sh me ta om¸numa, ta opoÐa exelÐqthkan apì diaforetikèc phgèc kai sumptwmatik�
katèlhxan na èqoun thn Ðdia morf , p.q. gr�mma (stoiqeÐo alfab tou, epistol ) ktl.

2.3.3 SunwnumÐa

H sunwnumÐa afor� diaforetikèc lèxeic pou èqoun ìmwc thn Ðdia shmasÐa, p.q.  remoc-
 suqoc, m�za-Ôlh, pl�nh-ap�th, sunoq -enìthta, dikhgìroc-sun goroc ktl. Apì ta
prohgoÔmena paradeÐgmata gÐnetai fanerì pwc h sunj kh thc apìluthc sunwnumÐac
den isqÔei (sqedìn potè) gia touc ex c lìgouc:

• dÔo lèxeic sp�nia emfanÐzoun pl rh tautìthta perigrafik c, ekfrastik c kai
koinwnik c shmasÐac giatÐ sun jwc diaforopoioÔntai se k�poia apì ta trÐa
eÐdh shmasÐac: p.q. oi lèxeic astunomikìc-mp�tsoc èqoun thn Ðdia perigrafik 
shmasÐa all� diaforopoioÔntai sthn ekfrastik  kaj¸c to deÔtero pollèc forèc
eÐnai fortismèno me th sunaisjhmatik  st�sh tou gr�fonta. AntÐstoiqa, oi
lèxeic mpak�liko-pantopwleÐo èqoun Ðdia perigrafik  shmasÐa all� diafèroun
wc proc to epÐpedo Ôfouc.

• akìma kai an dÔo lèxeic emfanÐzoun tautìthta sto eÐdoc thc shmasÐac up�rqoun
peript¸seic pou de mporeÐ na qrhsimopoihjeÐ h Ðdia lèxh se ìla ta perib�llonta.
Gia par�deigma sthn prìtash H j�lassa eÐnai  remh/ suqh up�rqei tautìthta
metaxÔ twn sunwnÔmwn  remoc/ suqoc, den isqÔei ìmwc to Ðdio gia thn prìtash
'Ase me  suqo/ remo.

2.3.4 AntwnumÐa

H antwnumÐa afor� lèxeic pou èqoun entel¸c antÐjeth shmasÐa. H ènnoia bèbaia tou
<<antijètou>> eÐnai idiaÐtera genik , me parìmoio trìpo pou perigr�fhke kai h ènnoia
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thc sunwnumÐac parap�nw. Up�rqoun di�forec sqèseic kai bajmoÐ antwnumÐac pou
perigr�fontai parak�tw:

1. apl� ant¸numa: Prìkeitai gia zeÔgh lèxewn sumplhrwmatik�, dhlad  to <<jeti-
kì>> tou enìc upodhl¸nei to <�rnhtikì>> tou �llou kai antÐstrofa, p.q. zwntanìc-
nekrìc, epituqÐa-apotuqÐa (enìc diagwnÐsmatoc). H qr sh dhlad  se mia prì-
tash thc lèxhc zwntanìc uponoeÐ to ìqi nekrìc,

2. diabajmismèna ant¸numa: Prìkeitai gia zeÔgh lèxewn pou to <<jetikì>> tou enìc
den upodhl¸nei aparaÐthta to <<arnhtikì>> tou �llou, p.q. ploÔsioc-ftwqìc,
gr goroc-argìc, ìmorfoc-�sqhmoc. H sqèsh aut  èqei na k�nei kurÐwc me
epÐjeta kai èqei dÔo qarakthristik�: sun jwc up�rqoun kai endi�mesec lèxeic
(p.q. an�mesa stic lèxeic zestìc-krÔoc up�rqei h lèxh qliarìc), oi ìroi eÐnai
sun jwc sqetikoÐ (p.q. èna qontrì molÔbi eÐnai pio leptì apì èna leptì korÐtsi)
kai tèloc sun jwc o ènac ìroc eÐnai pio koinìc (p.q. h koin  er¸thsh eÐnai pìso
yhlìc eÐsai? kai ìqi pìso kontìc eÐsai?),

3. <<an�poda>> ant¸numa: H an�podh sqèsh up�rqei sun jwc metaxÔ lèxewn pou
perigr�foun kÐnhsh kai h mÐa deÐqnei mÐa kateÔjunsh kai h �llh thn antÐjeth,
p.q. p�nw-k�tw, mèsa-èxw, �nodoc-k�jodoc,

4. antÐstrofa ant¸numa: Afor� lèxeic pou èqoun metaxÔ touc mÐa sqèsh kai ana-
lìgwc th skopi� qrhsimopoieÐtai h mÐa   h �llh, p.q. ergodìthc-ergazìmenoc,
katèqw-an kw.

2.3.5 UpwnumÐa/UperwnumÐa

H upwnumÐa eÐnai mÐa sqèsh sumperÐlhyhc. 'Ena up¸numo perilamb�nei th shmasÐa
miac pio genik c lèxhc, p.q. oi lèxeic g�ta kai skÔloc eÐnai up¸numa thc lèxhc z¸o,
oi lèxeic adelf  kai mhtèra eÐnai up¸numa thc lèxhc gunaÐka. H pio genik  lèxh
kaleÐtai uper¸numo. Pollèc lèxeic enìc lexikoÔ sundèontai metaxÔ touc me sqèseic
upwnumÐac/uperwnumÐac kai an parastajoÔn ìlec, tìte to prokÔpton shmasiologikì
dÐktuo sqhmatÐzei mia taxinomÐa. Par�deigma miac tètoiac taxinomÐac faÐnetai sto
Sq ma 2.2. Sth sugkekrimènh perÐptwsh to diplos�ino eÐnai up¸numo tou gerakioÔ
kai autì eÐnai up¸numo tou poulioÔ.

Sq ma 2.2: Par�deigma taxinomÐac
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2.3.6 MerwnumÐa

H merwnumÐa eÐnai ènac ìroc pou qrhsimopoieÐtai gia na perigr�yei mÐa sqèsh PART-
OF an�mesa se lèxeic, p.q. oi lèxeic ex¸fullo kai selÐda eÐnai mer¸numa tou biblÐou.
H merwnumÐa mporeÐ na anaparastajeÐ epÐshc me taxinomikèc sqèseic (ierarqik�) ìpwc
akrib¸c h sqèsh upwnumÐac. 'Ena par�deigma faÐnetai sto Sq ma 2.3.

Sq ma 2.3: Par�deigma merwnumÐac

Ta qarakthristik� thc merwnumÐac eÐnai ligìtero saf  apì aut� thc upwnumÐac.
Ta mer¸numa mporeÐ na diafèroun an�loga me to pìso aparaÐthto eÐnai to <<mèroc >>
gia to <ílon>> (p.q. h mÔth jewreÐtai aparaÐthth gia to prìswpo ìqi ìmwc h sofÐta
gia to spÐti). EpÐshc, h merwnumÐa diafèrei apì thn upwnumÐa ìson afor� th me-
tabatikìthta. Se mÐa sqèsh upwnumÐac isqÔei p�nta h metabatik  idiìthta, p.q. to
nÔqi eÐnai mer¸numo tou daqtÔlou kai to d�qtulo eÐnai mer¸numo tou qerioÔ, ètsi
mporeÐ kaneÐc na pei pwc to qèri èqei nÔqia. Den isqÔei ìmwc to Ðdio gia th merwnumÐa
tz�mi-par�juro-dwm�tio, kaj¸c de mporeÐ kaneÐc na pei pwc to dwm�tio èqei tz�mi.

2.3.7 O rìloc twn lèxewn sth shmasiologÐa

PolloÐ jewroÔn pwc oi lèxeic kai oi shmasÐec touc eÐnai qr simec efìson parèqoun
ta aparaÐthta efìdia gia thn katanìhsh tou no matoc miac prìtashc (kai epagwgik�
olìklhrou tou keimènou). Apì thn perigraf  twn parap�nw sqèsewn gÐnetai fanerì
pwc oi allhlepidr�seic an�mesa stic lèxeic eÐnai pollèc kai se arketèc peript¸seic
allhlepikaluptìmenec (dÔo lèxeic mporeÐ na sundèontai me parap�nw thc miac sqè-
seic). DhmiourgeÐtai ètsi èna ploÔsio shmasiologikì dÐktuo an�mesa se lèxeic pou
kajorÐzei ti shmaÐnoun oi lèxeic all� kai pwc qrhsimopoioÔntai.

Gnwstik�, h shmasÐa thc lexik c shmasiologÐac ègkeitai sto gegonìc pwc oi lèxeic
apoteloÔn onìmata gia sugkekrimènec ènnoiec/idèec (concepts). Gia par�deigma, stic
perissìterec gl¸ssec den up�rqei mÐa kai mình lèxh pou na onomatÐzei th murwdi� enìc
rod�kinou   th malak  perioq  dèrmatoc sto k�tw mèroc tou p qh tou qerioÔ (parìti
ja mporoÔse). Epiprìsjeta, eÐnai arket� sunhjismèno gia mÐa gl¸ssa na epilègei na
lexikograf sei diaforetikèc lèxeic, an�loga me tic sun jeiec, thn par�dosh kai thn
exèlix  thc. 'Ena par�deigma (daneismèno apì th filosofÐa) anafèrei pwc den up�rqei
kamÐa gl¸ssa pou na èqei mÐa lèxh pou na perigr�fei antikeÐmena ta opoÐa  tan pr�sina
prin thn 1h IanouarÐou 2000 kai gal�zia met�. O kajènac ja mporoÔse na epino sei
mia tètoia lèxh (p.q. pras�zia) all� prokÔptoun autìmata poll� erwt mata: EÐnai
eÔlogh h epilog  miac tètoiac lèxhc? MporeÐ na up�rxei mia tètoia lèxh? Poia eÐnai
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h sqèsh thc me tic upìloipec lèxeic kai pwc ent�ssetai sto ìlo oikodìmhma thc
gl¸ssac?

O entopismìc susthmatik¸n protÔpwn pou kajorÐzoun tic shmasÐec kai th qr sh
twn lèxewn mporeÐ na d¸sei apant seic se erwt mata ìpwc ta parap�nw. Genik�
up�rqoun dÔo par�llhlec kateujÔnseic: apì th mÐa pleur� oi fusikèc kl�seic twn
lèxewn pou moi�zoun suntaktik� metaxÔ touc (p.q. h kl�sh twn ousiastik¸n) kai
èqoun parìmoio trìpo qr shc kai apì thn �llh oi shmasiologikèc kl�seic twn lèxewn
dhlad  oi lèxeic pou èqoun thn Ðdia ènnoia.

Katal gontac, mporeÐ kaneÐc na pei pwc h melèth tou pwc h jemeli¸dhc dom  thc
shmasÐac miac lèxhc allhlepidr� me tic di�forec suntaktikèc domèc (ìpwc qrhsimo-
poioÔntai sto graptì kai proforikì lìgo), bohj� sthn exereÔnhsh thc fÔshc thc
gl¸ssac, thc antÐlhyhc kai thc gn¸shc. Aut  th dunatìthta se sunduasmì me th
dunamik  thc statistik c shmasiologÐac, axiopoieÐ h diatrib  sto Kef�laio 3.

2.4 ShmasiologÐa se epÐpedo fr�sewn, prot�-
sewn kai dom c

Proqwr¸ntac parapèra apì to epÐpedo twn lèxewn, h shmasiologÐa gÐnetai pio sÔn-
jeth. Poia eÐnai h epìmenh domik  mon�da pou prèpei na melethjeÐ? H fr�sh? H
prìtash? H par�grafoc? Stic epìmenec paragr�fouc gÐnetai mÐa prosp�jeia susth-
matikopoÐhshc thc prosèggishc.

2.4.1 Om�dec lèxewn (Multi-words)

O ìroc om�dec lèxewn   polulèxeic (Multi-words) anafèretai se dÔo   perissìterec
lèxeic pou emfanÐzoun metaxÔ touc mÐa sunoq  (suntaktik  kai shmasiologik ). Emfa-
nÐzontai se di�forec suntaktikèc kai grammatikèc morfèc an�loga me th gl¸ssa pou
melet�tai k�je for�, p.q. san dÔo ousiastik� se onomastik  (atmosfairik  pÐesh)  
to èna na brÐsketai se genik  (�rma m�qhc), san sunduasmìc ousiastik¸n/epijètwn
me �rjra   projèseic (h ¸ra h kal , keraunìc en aijrÐa), san rhmatikèc ekfr�seic
(eÐmai èxw fren¸n) k.o.k.

Oi om�dec lèxewn èqoun to kÔrio qarakthristikì [Baldwin et al., 2003] pwc den
èqoun kamÐa omoiìthta metaxÔ touc se epÐpedo lexilogikì, morfologikì, suntakti-
kì, shmasiologikì, statistikì, epomènwc den up�rqei dunatìthta safoÔc entopismoÔ
touc. Epiprosjètwc, emfanÐzontai na eÐnai <<mh-aposunjèsimec >>, dhlad  de gÐnetai na
antikatast seic mÐa   kai perissìterec apì tic lèxeic touc me �llh, qwrÐc na qajeÐ
h shmasÐa (kai pollèc forèc to nìhma). Stic perissìterec gl¸ssec, oi lexilogikèc
phgèc (ìpwc lexik�, jhsauroÐ, ontologÐec) parousi�zoun èlleiyh k�luyhc kai ana-
for�c twn polulektik¸n om�dwn, k�ti to opoÐo k�nei ton entopismì touc akìma pio
dÔskolo.

Ta probl mata pou parousi�zoun oi polulektikèc om�dec sunoyÐzontai sta akì-
louja:

• de mporoÔn na prosdioristoÔn saf  ìria gia to jematikì pedÐo twn polulekti-
k¸n om�dwn,

• apì upologistik c apìyewc, h anagn¸rish twn polulektik¸n om�dwn eÐnai èna
anoiqtì ereunhtik� (kai qr simo) z thma se ìlec tic efarmogèc pou emplèketai
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PÐnakac 2.1: KÔria qarakthristik� shmasiologÐac se epÐpedo prot�sewn

Qarakthristikì Par�deigma

SunwnumÐa O Gi�nnhc eÐnai eleÔjeroc
O Gi�nnhc den èqei pantreuteÐ potè

Sunepagwg  O K¸stac skìtwse th MarÐa
H MarÐa eÐnai nekr 

AntÐfash O Gi�nnhc mìlic gÔrise apì th JessalonÐkh
O Gi�nnhc den èqei p�ei potè sth JessalonÐkh

Proôpìjesh H MadrÐth èqei d marqo gunaÐka
Up�rqei d marqoc sth MadrÐth

TautologÐa Oi ploÔsioi �njrwpoi eÐnai ploÔsioi

keÐmeno all� apousi�zoun apì ta perissìtera lexik� logikoÔ megèjouc,

• den up�rqei antistoiqÐa an�mesa stic di�forec gl¸ssec kaj¸c gia mÐa polule-
ktik  om�da se mÐa gl¸ssa den up�rqei akrib c antistoiqÐa stic upìloipec.

Up�rqoun arketèc mejodologÐec entopismoÔ twn polulektik¸n om�dwn ( [Lin,
1999], [Schone & Jurafsky, 2001], [Bannard et al., 2003], [Mccarthy et al., 2007],
[Katz, 2006], [Piao et al., 2006], [Aline et al., 2007], [Korkontzelos & Manandhar,
2010]) kai axiopoioÔn kurÐwc statistik� mètra sunemf�nishc   �llec mh-epiblepìmenec
grafoeideÐc mejìdouc. To kuriìtero meionèkthm� touc eÐnai to gegonìc pwc den up�r-
qei èna safèc plaÐsio epibebaÐwshc thc orjìthtac tou entopismoÔ twn polulektik¸n
mon�dwn. Oi perissìterec mejodologÐec axiologoÔntai xeqwrist�   se mikrèc om�-
dec se diaforetikèc sullogèc keimènwn kai me diaforetikèc paramètrouc, epomènwc
eÐnai dÔskoloc o èlegqìc touc. Parìla aut�, exakoloujeÐ na paramènei h an�gkh
entopismoÔ twn polulektik¸n ekfr�sewn se èna keÐmeno, kaj¸c perièqoun shmantikì
shmasiologikì perieqìmeno.

Eidik  perÐptwsh om�dwn lèxewn apoteloÔn oi onomatikèc fr�seic. Prìkeitai gia
om�dec lèxewn pou perilamb�noun sunhjèstera k�poio ousiastikì se sunduasmì me
k�poio epÐjeto, k�poion prosdiorismì ktl (p.q. Prìedroc twn Hnwmènwn Politei¸n).
H shmasÐa touc perigr�fetai analutik� sthn Par�grafo 4.2.1. Se sqèsh me tic
om�dec lèxewn èqoun to pleonèkthma pwc me apl� ergaleÐa epexergasÐac fusik c
gl¸ssac (p.q. k�poion analut  pou epishmaÐnei tic lèxeic me ta antÐstoiqa mèrh
lìgou) eÐnai dunatì na entopistoÔn sunduasmoÐ pou odhgoÔn se onomatikèc fr�seic.
EpÐshc, jewreÐtai pwc stic onomatikèc fr�seic perièqetai to shmantikìtero nìhma
twn prot�sewn (se sqèsh me lèxeic pou an koun se �lla mèrh tou lìgou ìpwc p.q.
ta r mata).

2.4.2 ShmasiologÐa sta upìloipa domik� stoiqeÐa twn
keimènwn

Exet�zontac th shmasiologÐa enìc keimènou se epÐpedo prot�sewn ( /kai fr�sewn)
to z thma gÐnetai arket� sÔnjeto, parìla aut� up�rqoun di�fora qarakthristik� pou
mporoÔn na sunanthjoÔn se prot�seic kai sugkentr¸nontai ston PÐnaka 2.1.

Ta parap�nw qarakthristik� apoteloÔn merik� apì ta probl mata pou parath-
roÔntai se epÐpedo prot�sewn kai (genikeÔontac) se epÐpedo keimènwn metaxÔ touc.
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Pwc mporoÔn dÔo prot�seic sun¸numec na anagnwristoÔn kai na jewrhjoÔn isodÔna-
mec? Pwc mporeÐ h gn¸sh (pou sugkentr¸netai apì mÐa proôpìjesh) na sugkentrwjeÐ?
H ap�nthsh tètoiwn erwthm�twn den eÐnai eÔkolh qwrÐc eparkeÐc anaparast�seic kei-
mènou kai kurÐwc qwrÐc thn eisagwg  exwterik c gn¸shc (o anagn¸sthc eis�getai
sqetik� sthn Par�grafo 4.3).

2.5 Anazht¸ntac montèla anapar�stashc kei-
mènou ston upologist 

Ta perissìtera keÐmena pou up�rqoun s mera (kai up�rqoun se di�forec diajèsimec
hlektronikèc morfèc) de mporoÔn na diabastoÔn kai na katanohjoÔn apì ton upo-
logist  ìpwc sumbaÐnei me ton �njrwpo. O �njrwpoc blèpontac èna keÐmeno mporeÐ
autom�twc na anagnwrÐsei ta sustatik� pou to apoteloÔn (prot�seic, lèxeic all�
kai shmeÐa stÐxhc, eidik� sÔmbola klp) kai polÔ perissìtero mporeÐ na katano sei
th shmasÐa tìso miac lèxhc memonwmèna all� kai se sqèsh me tic perikeÐmenec lèxeic
(context). Gia na mporèsei o upologist c (arqik�) na anagnwrÐsei touc ìrouc enìc
keimènou (sustatik�), prèpei na prohghjeÐ mÐa diadikasÐa metatrop c tou se �llh
morf  (suqn� kaleÐtai kai deiktodìthsh) pou sthn ousÐa apoteleÐ thn anapar�stash
tou keimènou ston upologist . P�nw se aut  th diadikasÐa basÐzetai kai to mo-
ntèlo q¸rou dianusm�twn (Vector Space Model) pou parousi�zetai analutik� sthn
Par�grafo 2.5.2.

O stìqoc thc anapar�stashc keimènwn eÐnai na brejeÐ èna montèlo to opoÐo ja
ikanopoieÐ dÔo, suqn� allhlosugkrouìmenec, proôpojèseic:

• thn enswm�twsh ìso to dunatìn perissìterhc apì thn plhroforÐa pou peri-
kleÐoun ta keÐmena

• thn apodotik  qr sh tou ¸ste na eÐnai apl  kai kurÐwc gr gorh.

H kataskeu  enìc tètoiou montèlou apoteleÐ akìmh kai s mera meg�lh prìklhsh
gia to ereunhtikì pedÐo thc anapar�stashc keimènwn, kurÐwc lìgw tou meg�lou ìgkou
twn keimènwn all� kai thc ter�stiac posìthtac plhroforÐac pou perikleÐetai se
aut� (faner c   uponooÔmenhc). To pr¸to prìblhma pou entopÐzetai eÐnai pwc h
upologistik  poluplokìthta pou prokÔptei an anaparastajeÐ èna keÐmeno ìso to
dunatìn plhrèstera eÐnai apagoreutik  gia opoiad pote efarmog . Ac skefteÐ kaneÐc
pwc h gl¸ssa diajètei ekatont�dec qili�dec lèxeic, en¸ o arijmìc twn trìpwn me touc
opoÐouc mporoÔn na sunduastoÔn kai na sqhmatÐsoun ekfr�seic, prot�seic kai keÐmena
eÐnai polÔ makri� apì ta ìria dunatot twn opoioud pote upologistikoÔ sust matoc
s mera kai pijanìtata gia arket� akìmh qrìnia. To deÔtero prìblhma èqei na k�nei
me th fÔsh tou graptoÔ lìgou: Sqedìn p�ntote up�rqei k�poiou eÐdouc plhroforÐa
<<krummènh>> pÐsw apì tic lèxeic. Aut  mporeÐ na prokÔptei gia par�deigma apì to
stul   Ôfoc graf c   apì ton trìpo qeirismoÔ twn shmeÐwn stÐxhc. No mata pou
prokÔptoun apì metaforèc kai paromoi¸seic eÐnai eÔkola antilhpt� apì ton �njrwpo
�lla ìqi apì mia mhqan . Ta orjografik� l�jh shmatodotoÔn gia to sÔsthma mÐa
kainoÔria, entel¸c �gnwsth, lèxh en¸ zht mata ìpwc h aisjhtik , episthmonik   
yuqagwgik  axÐa enìc keimènou eÐnai amfilegìmena akìma kai gia touc anjr¸pouc.

Stic epìmenec Paragr�fouc gÐnetai mia pr¸th eisagwg  stouc trìpouc anapar�-
stashc eggr�fwn me qr sh tou upologist , èqontac kat� nou tic dÔo proôpojèseic
pou parousi�sthkan parap�nw.
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2.5.1 Sumpiesmènec morfèc anapar�stashc keimènwn

Sqetik� me thn pr¸th proôpìjesh pou anafèrjhke sthn prohgoÔmenh Par�grafo, to
kuriìtero er¸thma pou prèpei na apanthjeÐ eÐnai ti akrib¸c ja apotelèsei th basik 
mon�da thc anapar�stashc (poioi ja eÐnai dhlad  oi ìroi tou). Oi epilogèc eÐnai
arketèc kai sunoyÐzontai ston PÐnaka 2.2.

PÐnakac 2.2: EpÐpeda anapar�stashc keimènou ston upologist 

EpÐpedo 'Oroc

Prwtarqikì Qarakt rac
Upo-sullabikì Mìrfhma
Upo-lektikì Sullab 
Lektikì Lèxh (token)

Polu-lektikì Prot�seic/fr�seic k.a.
Suntaktikì / Shmasiologikì ShmasÐec/ènnoiec k.a.

Oi mèqri t¸ra algìrijmoi jewroÔn wc pio apodotik  thn anapar�stash me lèxeic,
ex ou kai stic mhqanèc anaz thshc epikratoÔn akìmh oi erwt seic me lèxeic-kleidi�.
AfoÔ kajoristeÐ h basik  mon�da anapar�stashc(ìroc), to epìmeno b ma eÐnai na
kajoristeÐ to b�roc k�je tètoiac mon�dac sto keÐmeno. Kai ed¸ èqoun protajeÐ
di�fora sq mata pou kajorÐzoun th barÔthta enìc ìrou ìpwc ta akìlouja:

• logikì montèlo (boolean): an�loga me thn parousÐa   ìqi tou ìrou sto èggra-
fo,

• suqnìthta ìrou sto èggrafo: pìsec forèc emfanÐzetai k�je ìroc se k�je
èggrafo,

• suqnìthta ìrou sthn om�da eggr�fwn: an up�rqoun poll� èggrafa diajèsima,
se pìsa apì aut� emfanÐzetai ènac ìroc.

Epilègontac to eÐdoc twn ìrwn kai èna sq ma st�jmishc tou b�rouc touc sto
keÐmeno, h (sumpiesmènh) anapar�stash tou keimènou ston upologist  eÐnai plèon
ètoimh. 'Ena par�deigma thc diadikasÐac gia dÔo èggrafa, qrhsimopoi¸ntac to logikì
montèlo (boolean) faÐnetai sto Sq ma 2.4. Apì to sq ma autì gÐnetai fanerì pwc
mporoÔn na sugkrijoÔn dÔo (  perissìtera) èggrafa b�sei twn koin¸n ìrwn.

2.5.2 To montèlo q¸rou dianusm�twn (Vector Space Mo-
del, VSM)

Apì to par�deigma tou Sq matoc 2.4, gÐnetai emfan c o trìpoc leitourgÐac tou ba-
sikoÔ montèlou anapar�stashc, tou montèlou q¸rou dianusm�twn (Vector Space
Model, VSM,   Bag-of-Words, BOW). Sto montèlo autì, jewreÐtai katarq�c mÐa
sullog  eggr�fwn (sto parap�nw par�deigma eÐnai dÔo, all� sun jwc eÐnai polÔ
perissìtera), h opoÐa eÐnai epijumhtì na anaparastajeÐ. Gia to skopì autì qrhsimo-
poioÔntai dianÔsmata (gia k�je èggrafo thc sullog c), megèjouc ìso to lexilìgio
thc sullog c eggr�fwn pou qrhsimopoieÐtai san b�sh). AxÐzei na shmeiwjeÐ pwc to
montèlo BOW agnoeÐ th seir� twn lèxewn kai asqoleÐtai mìno me to pìsec forèc
emfanÐzontai. 'Etsi, se mÐa sullog , k�je èggrafo j anaparÐstatai dhlad  apì èna
di�nusma dj = (w1,j, w2,j, ..., wM,j) ìpou m eÐnai to sÔnolo twn diaforetik¸n lèxewn
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Sq ma 2.4: Par�deigma anapar�stashc 2 eggr�fwn me qr sh tou logikoÔ montèlou

kai wi,j eÐnai to b�roc thc lèxhc i sto en lìgw èggrafo j. To b�roc autì (h tim 
dhlad  thc sunist¸sac k�je dianÔsmatoc) deÐqnei th sumbol  thc sugkekrimènhc lè-
xhc sth shmasiologÐa tou eggr�fou. Sto par�deigma tou Sq matoc 2.4 ta b�rh eÐnai
duadik� (apousÐa/parousÐa ìrou) all� sun jwc epilègetai k�poia stajmismènh tim 
pou upologÐzetai apì tic akìloujec exis¸seic:

tfi,j =
ni,j∑
k nk,j

(2.1)

ìpou ni,j eÐnai o arijmìc twn emfanÐsewn tou exetazìmenou ìrou ti sto èggrafo dj
kai o paranomast c antistoiqeÐ sto �jroisma ìlwn twn emfanÐsewn ìlwn twn ìrwn
sto èggrafo dj.

idfi = log
N

dfi
(2.2)

ìpou N eÐnai o sunolikìc arijmìc twn eggr�fwn kai dfi eÐnai o arijmìc twn eggr�fwn
pou perièqoun ton ìro ti.

B�sei aut¸n twn exis¸sewn, to b�roc enìc ìrou i se èna èggrafo j upologÐzetai
apì thn parak�tw exÐswsh :

wi,j = (tf − idf)i,j = tfi,j · idfi (2.3)

ìpou mÐa uyhl  tim  epitugq�netai apì ìrouc uyhl c suqnìthtac (sto sugkekrimèno
èggrafo) kai qamhl c suqnìthtac se ìlh th sullog . Epomènwc, ta b�rh teÐnoun na
apokleÐoun polÔ koinoÔc ìrouc.

Kat' autìn ton trìpo efìson up�rqoun N diaforetik� èggrafa kai M diaforeti-
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koÐ ìroi, to apotèlesma eÐnai h dhmiourgÐa enìc pÐnaka ìrwn-eggr�fwn pou oi grammèc
anaparistoÔn ta èggrafa kai oi st lec touc ìrouc kai oi sunist¸sec tou pÐnaka eÐ-
nai ta b�rh wi,j (ìpwc perigr�fhkan parap�nw). DhmiourgeÐtai dhlad  ènac pÐnakac
bar¸n W megèjouc N ×M ìpwc faÐnetai parak�tw.

W =


w1,1 w1,2 ... w1,M

w2,1 w2,2 ... w2,M

... ... ... ...
wN−1,1 wN−1,2 ... wN−1,M

wN,1 wN,2 ... wN,M

 (2.4)

2.5.3 H an�gkh gia enÐsqush thc shmasiologÐac tou u-
pologist 

Me th diadikasÐa pou perigr�fhke sthn prohgoÔmenh Par�grafo, periorÐzetai o ìg-
koc thc plhroforÐac twn keimènwn stic domikèc mon�dec touc kai sta b�rh touc. 'Ena
apì ta shmantikìtera zht mata pou dusqeraÐnei thn anaz thsh me lèxeic-kleidi� eÐnai
h agnìhsh tuqìn shmasiologik¸n sqèsewn metaxÔ lèxewn (kai to opoÐo eÐnai anèfikto
efìson o upologist c den èqei thn anjr¸pinh eufuòa). Ta kuriìtera probl mata thc
shmasiologÐac analÔjhkan sthn Par�grafo 2.2 kai stic epìmenec dÔo (2.3 kai 2.4)
ègine prosp�jeia aposÔnjeshc twn problhm�twn aut¸n se epÐpedo lektikì, prota-
siakì kai eurÔtero.

Apì thn parap�nw melèth, gÐnetai loipìn epitaktik  h an�gkh axiopoÐhshc dia-
jèsimwn pìrwn ¸ste na parasqejeÐ ston upologist  h aparaÐthth gn¸sh gia na
prosomoi�sei th dr�sh tou anjr¸pou. Gia par�deigma sto Sq ma 2.4 pou epilègetai
h duadik  anapar�stash me b�sh tic lèxeic, o upologist c den èqei trìpo na gnw-
rÐzei pwc oi ìroi Julius Caesar prèpei na meÐnoun enwmènoi kai ìqi na sp�soun se
2 diaforetikoÔc (diìti katastrèfetai ètsi to nìhm� touc). O monadikìc trìpoc na
katano sei o upologist c tètoia probl mata eÐnai mèsw thc eisagwg c gn¸shc gia
thn enÐsqush thc shmasiologÐac tou upologist .

Prosp�jeiec gia thn eisagwg  shmasiologÐac èqoun gÐnei axiopoi¸ntac thn tu-
qìn morfopoÐhsh thc plhroforÐac (formatting) sto keÐmeno, parìla aut� autì eÐnai
k�ti pou sth genik  perÐptwsh den isqÔei afoÔ ta perissìtera keÐmena (sto WW-
W) eÐnai diajèsima se eleÔjerh morf  (plain text). MoiraÐa, kajÐstatai anagkaÐa
h sÔndesh twn pìrwn tou keimènou me phgèc gn¸shc, ¸ste na dojeÐ h dunatìthta
ston upologist  na katano sei mèroc aut¸n pou katanoeÐ o �njrwpoc koit¸ntac èna
keÐmeno.

Tètoiec peript¸seic plhroforÐac (kai epomènwc gn¸shc gia ton upologist ) pou
ja antimetwpÐsoun ta probl mata pou anafèrjhkan eÐnai p.q. oi akìloujec:

• phgèc sunwnÔmwn lèxewn (p.q. garbage sun¸numo me rubbish),

• ierarqÐec lèxewn (p.q. h lèxh animals eÐnai upersÔnolo thc lèxhc cat)

• lÐstec polulektik¸n om�dwn (p.q. Julius Caesar, President of the USA)

An�loga me to perieqìmeno twn keimènwn, mporoÔn na qrhsimopoihjoÔn ontolo-
gÐec, lexik� (ìpwc to WordNet) kai taxinomÐec eÐte me genikìtero jèma (p.q. oiko-
nomÐa, biologÐa)   pio sugkekrimèno (p.q. makrooikonomÐa, eisìdhma, iologÐa ktl).
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Ta teleutaÐa qrìnia h exèlixh tou Pagkìsmiou IstoÔ se èna kajolikì, apokentrwmè-
no, plouralistikì plhroforiakì sÔsthma, suneq¸c anaptussìmeno me ter�stio ìgko
plhroforÐac (eleÔjera diajèsimhc), èqei odhg sei se domèc plhroforÐac ìpwc h Wi-
kipedia pou to kÔrio qarakthristikì touc eÐnai pwc paramènoun p�nta enhmerwmènec
on-line (se antidiastol  me tic ontologÐec   ta lexik� ta opoÐa apaiteÐtai na enhme-
r¸nontai qeirwnaktik� kai off-line).

H qr sh tètoiwn phg¸n gn¸shc eis�gei di�fora pleonekt mata sthn an�lush
keimènou:

1. PeriorÐzetai h posìthta twn diaforetik¸n protÔpwn kai sunduasm¸n twn glws-
sik¸n fainomènwn: H gn¸sh pou parèqetai apì k�poia exwterik  phg  dÐnei th
dunatìthta dhmiourgÐac periorism¸n, ¸ste oi anaparast�seic keimènou na gÐ-
nontai pio ploÔsiec shmasiologik� all� kai na apoktoÔn kalÔtero nìhma,

2. AntimetwpÐzontai zht mata sunwnumÐac, polushmÐac, anafor¸n kai sqèsewn,

3. H exwterik  gn¸sh mporeÐ na axiopoihjeÐ se zht mata proepexergasÐac keimènou
(prin thn telik  tou anapar�stash ston upologist ) ¸ste na dhmiourghjeÐ tìso
ènac sunep c lexilogikìc q¸roc anafor�c, ìso mÐa sunep c ierarqÐa ennoi¸n.

Fusik�, h eisagwg  tètoiwn phg¸n gn¸shc den èrqetai qwrÐc dil mmata kai pijan�
meionekt mata. H exantlhtik  qr sh ìlwn twn dunat¸n phg¸n gn¸shc kai h exonuqi-
stik  touc anaz thsh ¸ste na entopistoÔn ìlec oi dunatèc morfèc axiopoÐhs c stouc
sta èggrafa aux�nei upèrogka ton upologistikì fìrto, se shmeÐo apagoreutikì gia
opoiad pote epexergasÐa. Sto Kef�laio 4 ja gÐnei mÐa analutikìterh parousÐash
twn montèlwn anapar�stashc keimènwn (kai twn apl¸n all� kai aut¸n me exwterik 
phg  gn¸shc) kai ja eisaqjeÐ èna montèlo anapar�stashc eggr�fwn pou axiopoieÐ
(qwrÐc ìmwc na epibarÔnei apagoreutik�) exwterik  phg .

�
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Kef�laio 3

AxiopoÐhsh statistik c
shmasiologÐac gia thn
posotikopoÐhsh thc susqètishc
lèxewn

<<You shall know a word, by the company it keeps>>
J. R. Firth (1957)

3.1 Genik� perÐ statistik c shmasiologÐac kai
shmasiologik c susqètishc lèxewn

H oloèna kai megalÔterh diajesimìthta keimènwn (me th sunakìloujh ploÔsia sul-
log  lèxewn, fr�sewn ktl) odhgeÐ sto eÔlogo er¸thma: EÐnai dunatìn mèsa apì thn
parat rhsh twn protÔpwn pou emfanÐzontai oi di�forec lèxeic na exaqjeÐ plhroforÐa
gia th shmasÐa touc? Kai an nai, poia eÐnai ta ìria se aut  thn prosèggish?

H statistik  shmasiologÐa [Furnas et al., 1984] eÐnai ènac genikìc ìroc pou qrh-
simopoieÐtai gia na apant sei se aut  thn er¸thsh, perilamb�nei dhlad  ìlec ekeÐnec
tic mejìdouc pou meletoÔn to pwc mporoÔn na efarmostoÔn ta statistik� prìtupa
thc qr shc lèxewn, ¸ste na katanohjeÐ h shmasÐa touc. Pio analutik�, exet�ze-
tai h shmasiologik  omoiìthta metaxÔ mon�dwn keimènou (lèxeic, fr�seic, prot�seic
ktl) b�sei thc statistik c an�lushc protÔpwn sunemf�nishc twn mon�dwn aut¸n.
H statistik  shmasiologÐa esti�zei stic shmasÐec twn lèxewn kai stic metaxÔ touc
sqèseic se antÐjesh me tic paradosiakèc teqnikèc exìruxhc keimènou pou asqoloÔntai
me olìklhra èggrafa, sullogèc eggr�fwn, exagwg  onom�twn ktl.

H lèxh apoteleÐ th basikìterh (kai pio fusik ) mon�da pou apartÐzei ta keÐmena,
epomènwc eÐnai logikì se pr¸th f�sh na exetasteÐ h dunatìthta ektÐmhshc mejìdwn
an�lushc keimènou se autì to pr¸to epÐpedo. 'Opwc èqei anaferjeÐ  dh sta proh-
goÔmena Kef�laia, o upologist c den èqei th dunatìthta na gnwrÐzei th sqèsh dÔo
lèxewn me ton Ðdio trìpo pou èqei anjr¸pinoc nouc, dunatìthta pou ja  tan idiaÐtera
qr simh se ìlec tic efarmogèc pou epexerg�zontai keÐmena.

EÐnai fanerì pwc o shmasiologikìc susqetismìc dÔo lèxewn eÐnai polÔplokoc kai
den eÐnai monos mantoc. Up�rqoun pollèc pleurèc kai probl mata thc shmasiologÐac
(ìpwc perigr�fhkan sto Kef�laio 2) ta opoÐa eis�goun duskolÐec sthn axiolìghsh
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thc susqètishc lèxewn. Sto Kef�laio autì exet�zetai h dunatìthta << eujugr�mmishc
>> ìlwn twn pleur¸n shmasiologÐac gia th dhmiourgÐa enìc (kat� to dunatìn) antikei-
menikoÔ posotikoÔ bajmwtoÔ mètrou ektÐmhshc thc shmasiologik c susqètishc dÔo
(  kai perissìterwn lèxewn), enìc mètrou dhlad  thc apìstashc sto shmasiologikì
q¸ro.

Sto shmeÐo autì, prèpei na gÐnei di�krish metaxÔ tou ìrou thc shmasiologik c
omoiìthtac kai thc shmasiologik c susqètishc lèxewn [Budanitsky & Hirst, 2006].
H shmasiologik  omoiìthta èqei na k�nei kurÐwc me to qarakthristikì thc sunwnumÐ-
ac  /kai thc uperwnumÐac lèxewn. Gia par�deigma oi lèxeic car kai automobile eÐnai
sun¸numec en¸ h lèxh vehicle eÐnai uper¸numo thc lèxhc car. H shmasiologik  su-
sqètish posotikopoieÐ to bajmì ston opoÐo dÔo lèxeic sqetÐzontai, jewr¸ntac ìqi
mìno th sunwnumÐa all� kai k�je �llh pijan  sqèsh. Gia par�deigma up�rqoun lèxeic
pou sundèontai me th sqèsh thc merwnumÐac (h lèxh finger kai h lèxh hand), antwnu-
mÐac (lèxeic me antÐjeth shmasÐa ìpwc hot, cold) kai genik� k�je �llhc sqèshc pou
den eÐnai aparaÐthto na perigr�fetai ìpwc oi parap�nw (ìpwc oi lèxeic penguin kai
Antarctica).

Sto upìloipo mèroc tou KefalaÐou parousi�zontai oi up�rqousec teqnikèc shma-
siologik c susqètishc lèxewn kai katìpin parousi�zetai analutik� mÐa mejodologÐa
pou anaptÔqjhke sth b�sh thc statistik c shmasiologÐac kai upologÐzei th susqèti-
sh dÔo lèxewn. O stìqoc thc prosèggishc (b�sei kai ìswn anafèrjhkan parap�nw)
eÐnai dittìc:

• h exètash thc an�lushc keimènou sto epÐpedo thc lèxhc (pio sunhjismèno epÐ-
pedo èwc t¸ra),

• h exagwg  enìc bajmwtoÔ mètrou pou ja posotikopoieÐ me èna noÔmero th
shmasiologik  susqètish dÔo lèxewn kai ja enswmat¸nei ìlec tic sqèseic (p.q.
sun¸numec, mer¸numec) axiolog¸ntac to pìso sqetikèc eÐnai dÔo lèxeic.

3.2 Up�rqousec teqnikèc shmasiologik c su-
sqètishc lèxewn

Ta mètra shmasiologik c susqètishc lèxewn qrhsimopoioÔntai se pollèc efarmogèc
ìpwc aposaf nish ènnoiac lèxhc [Resnik, 1999], epèktash erwt sewn [Vélez et al.,
1997], epis mansh selÐdwn sto WWW [Cimiano et al., 2004], epomènwc eÐnai logikì
kat� kairoÔc na èqoun protajeÐ poll� mètra.

DhmiourgoÔmenec me to qèri b�seic ìpwc to WordNet [Fellbaum, 1998] kwdiko-
poioÔn tic sqèseic metaxÔ twn lèxewn. Mèqri t¸ra èqoun protajeÐ di�fora mètra
pou orÐzoun th susqètish metaxÔ lèxewn, basizìmena sth dom  tou WordNet ( [Res-
nik, 1995], [Lin, 1998], [Jarmasz, 2003], [Grefenstette, 1992], [Budanitsky & Hirst,
2006]). Eidikìtera, sth mèjodo twn [Jiang & Conrath, 1997] axiopoieÐtai h susqètish
lèxewn b�sei thc jèshc touc sthn ierarqik  org�nwsh tou WordNet se sunduasmì
me tic klassikèc mejìdouc an�kthshc plhroforÐac apì èggrafa. 'Omwc eÐnai koin�
apodektì, pwc oi mèjodoi pou basÐzontai se lexilogikèc phgèc pou sunthroÔntai me
to qèri, èqoun di�fora meionekt mata ìpwc: qrìnoc kai prosp�jeia gia thn diat rhsh
twn dedomènwn, apousÐa di�forwn onom�twn, neologism¸n, teqnik¸n ìrwn k.t.l..

Apì thn �llh meri�, oi selÐdec tou WWW èqoun exeliqteÐ se mÐa polÔ qr simh
phg  plhrofori¸n gia di�fora zht mata upologismoÔ susqètishc. 'Ena apìspasma
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apotelesm�twn mhqan¸n anaz thshc faÐnetai sto Sq ma 3.1, apì to opoÐo faÐnontai
oi qr simec plhroforÐec pou epistrèfontai organwmènec se mia dom  pou perièqei ton
tÐtlo thc selÐdec, èna apìspasma apì to èggrafo pou perièqei th lèxh (snippet)
kai to URL thc selÐdac. Ta domhmèna apotelèsmata mporoÔn na apotelèsoun mÐa
phg  gn¸shc gia th qr sh thc lèxhc (  twn lèxewn pou anazhtoÔntai) kai m�lista
dunamik� prosarmozìmenhc an�loga me thn org�nwsh twn apotelesm�twn apì th
mhqan  anaz thshc.

Sq ma 3.1: Par�deigma plhrofori¸n apì apotelèsmata mhqan c anaz thshc gia ton ìro
data mining

Sthn ergasÐa tou [Turney, 2001] prot�jhke h qr sh tou mètrou Point-Wise Mu-
tual Information se sunduasmì me thn an�kthsh plhrofori¸n apì ta apotelèsmata
anaz thshc sto WWW gia thn anagn¸rish sunwnÔmwn. Sthn ergasÐa twn [Sahami
& Heilman, 2006] upologÐsthke h shmasiologik  omoiìthta metaxÔ dÔo erwt sewn
qrhsimopoi¸ntac ta snippets pou epistrèfontai apì mÐa mhqan  anaz thshc gia tic
sugkekrimènec erwt seic. Gia k�je er¸thsh sullègontai ta snippets apì mÐa mhqan 
anaz thshc ta opoÐa sqhmatÐzoun èna di�nusma bar¸n TF − IDF (ìpwc anafèrjh-
ke sthn Par�grafo 2.5.2). H shmasiologik  omoiìthta metaxÔ twn dÔo erwt sewn
orÐzetai eÔkola wc to eswterikì ginìmeno metaxÔ twn dÔo kentroeid¸n twn dÔo dia-
nusm�twn.

Sthn ergasÐa twn [Chen et al., 2006], proteÐnetai èna montèlo <<diploÔ>> elègqou
tou keimènou pou epistrèfetai apì ta snippets gia ton upologismì thc shmasiologik c
omoiìthtac. Gia dÔo lèxeic P kai Q, sullègontai ta snippets gia k�je lèxh pou
epistrèfontai apì mÐa mhqan  anaz thshc. Katìpin, metrioÔntai oi emfanÐseic thc
lèxhc P sta snippets thc lèxhc Q kai oi emfanÐseic thc lèxhc Q sta snippets thc
lèxhc P (ètsi exhgeÐtai o diplìc èlegqoc). Autèc oi timèc sundu�zontai grammik� kai
upologÐzetai èna mètro omoiìthtac metaxÔ P kai Q.

Sthn ergasÐa twn [Strube & Ponzetto, 2006], gÐnetai qr sh thc Wikipedia wc
ex c: Dojèntoc enìc zeÔgouc lèxewn w1, w2, to sÔsthma (Wikirelate!) brÐskei ta
�rjra thc Wikipedia pou perièqoun tic dÔo autèc lèxeic stouc tÐtlouc touc. Katìpin,
h shmasiologik  susqètish upologÐzetai b�sei tou perieqomènou twn �rjrwn aut¸n
  b�sei thc apìstashc upologismènhc sthn ierarqÐa twn kathgori¸n thc Wikipedia.

Me qr sh thc Wikipedia upologÐzoun kai oi [Gabrilovich & Markovitch, 2007] th
shmasiologik  susqètish lèxewn (  fr�sewn). H kÔria diafor� touc apì th mèjodo
tou Wikirelate! eÐnai pwc dÐnoun th dunatìthta susqètishc twn lèxewn ìqi mìno me
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�rjra thc Wikipedia pou perièqoun tic lèxeic all� me �rjra pou èqoun sqèsh en
gènei me tic lèxeic. H mèjodoc pou akoloujeÐtai kataskeu�zei èna shmasiologikì
diermhnèa pou antistoiqÐzei tic lèxeic (  fr�seic) thc fusik c gl¸ssac se mÐa ako-
loujÐa (di�nusma) �rjrwn thc Wikipedia stajmismènh b�sei thc sqetikìthtac me thn
eÐsodo (lèxeic).

Sthn ergasÐa [Iosif & Potamianos, 2007] eis�getai èna mh-epiblepìmeno montèlo,
sto opoÐo gia na upologisteÐ h omoiìthta metaxÔ dÔo lèxewn P kai Q, eÐnai aparaÐthth
h metafìrtwsh enìc arijmoÔ apì ta èggrafa pou epistrèfei h mhqan  anaz thshc stic
uyhlìterec jèseic gia thn er¸thsh P AND Q kai katìpin efarmìzontai dÔo mètra
<< eurèwc perieqomènou>> (wide-context) kai <<periorismènou perieqomènou>> (narrow
context).

Sthn ergasÐa twn [Bollegala et al., 2007] prot�jhke mÐa mèjodoc pou ekmetalleÔ-
etai pl rwc, ta sunolik� apotelèsmata thc anaz thshc (page counts) kai to keÐmeno
twn apospasm�twn (snippets) pou epistrèfontai apì mia mhqan  anaz thshc. OrÐze-
tai èna mètro omoiìthtac an�mesa stic lèxeic P kai Q qrhsimopoi¸ntac ton arijmì
twn epistrefìmenwn selÐdwn gia tic erwt seic gia tic lèxeic P , Q kai ex�gontac
lexiko-suntaktik� prìtupa apì ta aposp�smata keimènou pou epistrèfontai apì th
mhqan  anaz thshc.

Sunoptik�, ta qarakthristik� twn diafìrwn ergasi¸n thc bibliografÐac me tic
kalÔterec epidìseic faÐnontai ston PÐnaka 3.1.

PÐnakac 3.1: Qarakthristik� twn diafìrwn mejìdwn shmasiologik c omoiìth-
tac/susqètishc lèxewn

Apotelèsmata
anaz thshc

page
counts

snippets Wikipedia Metafìrtwsh
eggr�fwn

Prìtupa WordNet Paradosiakèc
Teqnikèc IR

Paradosiak�
metrik�

Q Q

Sahami Q Q Q
CODC Q Q
SemSim Q Q Q Q Q
Jiang Q Q
CS(W/WS) Q Q
Wikirelate! Q Q
Gabrilovich Q Q

H mejodologÐa pou anaptÔssetai sto up�rqon Kef�laio basÐzetai sto WordNet
to opoÐo parousi�zetai analutik� amèswc met�.

3.2.1 H lexilogik  b�sh WordNet

To WordNet apoteleÐ mÐa lexilogik  b�sh pou organ¸netai gÔrw apì logikèc om�dec
pou kaloÔntai synsets (ènnoiec). K�je synset perilamb�nei mÐa lÐsta sun¸numwn
lèxewn   om�dwn lèxewn (collocations) ìpwc <<take in>>, sunodeuìmenh apì to mèroc
tou lìgou (Part of Speech, POS) pou an kei kai deÐktec pou perigr�foun tic sqèseic
an�mesa sta di�fora synsets. MÐa lèxh   om�da lèxewn mporeÐ na emfanÐzetai se
perissìtera tou enìc synset kai se perissìtera tou enìc mèrh tou lìgou.

'Ena par�deigma gia th lèxh hand faÐnetai sto Sq ma 3.2.
Oi deÐktec kajorÐzoun dÔo eÐdh sqèsewn: lexilogikèc kai shmasiologikèc. Oi

lexilogikèc sqèseic èqoun na k�noun me tic lèxeic pou moi�zoun metaxÔ touc mor-
fologik�. Oi shmasiologikèc sqèseic (pou èqoun ligìtero tetrimmèno perieqìmeno
kai prosfèroun dunatìthtec org�nwshc twn lèxewn) perigr�foun tic sqèseic metaxÔ
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Sq ma 3.2: Synsets apì to WordNet gia th lèxh hand (ousiastikì kai r ma)

twn lèxewn b�sei thc shmasÐac touc kai perilamb�noun: uperwnumÐec/upwnumÐec, an-
twnumÐec, sunepagwgèc kai merwnumÐec. Sto Sq ma 3.3 faÐnontai merik� paradeÐgmata
tètoiwn sqèsewn gia th lèxh hand.

Sq ma 3.3: Sun¸numa, mer¸numa kai uper¸numa gia k�poiec ènnoiec thc lèxhc hand apì
to WordNet

Ta ousiastik� kai r mata organ¸nontai ierarqik� b�sei twn sqèsewn uperwnu-
mÐac/upwnumÐac metaxÔ twn synsets en¸ ta epÐjeta organ¸nontai se om�dec b�sei
enìc kentrikoÔ synset. Ja mporoÔse kaneÐc na pei pwc to WordNet <<xèrei>> pwc to
maÔro eÐnai to antÐjeto tou leukoÔ kai pwc ta pouli� eÐnai z¸a. ExaitÐac aut¸n twn
idiot twn, arketèc ergasÐec qrhsimopoÐhsan to WordNet ¸ste na emploutÐsoun thn
anapar�stash tou keimènou [Breaux & Reed, 2005].

3.3 MejodologÐa exagwg c shmasiologik c o-
moiìthtac lèxewn

H mèjodoc pou anaptÔssetai me stìqo th dhmiourgÐa enìc bajmwtoÔ mètrou ektÐmhshc
thc shmasiologik c susqètishc lèxewn basÐzetai sthn axiopoÐhsh twn plhrofori¸n

G. Span�khc - EufueÐc Teqnikèc Shmasiologik c An�lushc & Anaz thshc Keimènou 27



Kef�laio 3. Statistik  shmasiologÐa gia thn posotikopoÐhsh susqètishc lèxewn

pou ex�gontai apì ta apotelèsmata twn mhqan¸n anaz thshc gia tic lèxeic autèc.
Analutik� ta b mata thc mejìdou eÐnai ta akìlouja:

1. Qr sh keimènou (tÐtloc kai snippets) gia ta apotelèsmata anaz thshc k�je
lèxhc ¸ste na anaparastajeÐ dianusmatik� me qr sh tou montèlou BOW kai
ektÐmhsh enìc pr¸tou mètrou susqètishc (RelBOW , Par�grafoc 3.3.1),

2. Kataskeu  enìc deÔterou mètrou ektÐmhshc thc susqètishc (RelSVM) pou ja
qrhsimopoieÐ dianÔsmata gia k�je zeÔgoc lèxewn, twn opoÐwn oi sunist¸sec
ja apoteloÔntai apì b�rh pou èqoun na k�noun me mètra sunemf�nishc twn
lèxewn kai me ta lexiko-suntaktik� prìtupa pou ex�getai apì ta apotelèsmata
anaz thshc. Pio analutik�, h diadikasÐa gia thn kataskeu  twn dianusm�twn
aut¸n perilamb�nei ta ex c:

(aþ) Upologismìc mètrwn sunemf�nishc kai exagwg  twn lexiko-suntaktik¸n
protÔpwn pou emfanÐzontai ston tÐtlo, sto snippet kai to url apì ta apo-
telèsmata anaz thshc gia to zeÔgoc lèxewn pou exet�zetai (Par�grafoc
3.3.2),

(bþ) Epilog  twn shmantikìterwn apì aut� ta qarakthristik� ¸ste na morf¸-
soun to telikì di�nusma qarakthristik¸n (Par�grafoc 3.3.3),

(gþ) EkpaÐdeush miac mhqan c dianusm�twn upost rixhc (rSVM, regression sup-
port vector machine) b�sei enìc sunìlou lèxewn (twn opoÐwn eÐnai gnwst 
h sqèsh) kai to apotèlesma thc opoÐac ja qrhsimopoihjeÐ wc èna deÔtero
mètro gia ton upologismì susqètishc twn lèxewn (Par�grafoc 3.3.4)

'Enac grammikìc sunduasmìc twn dÔo mètrwn (tou RelBOW kai tou RelSVM) e-
pitrèpei thn posotikopoÐhsh thc sunolik c shmasiologik c susqètishc metaxÔ dÔo
lèxewn (Reltotal):

Reltotal = λRelSVM + (1− λ)RelBOW (3.1)

ìpou to λ ∈ (0, 1) eÐnai mia par�metroc b�rouc k�je mejìdou sto telikì ubridikì
mètro.

3.3.1 Perigraf  tou mètrou RelBOW

H paradosiak  mèjodoc anapar�stashc eggr�fwn (Bag of Words, BOW) perigr�fh-
ke sto Kef�laio 2.5.2 (exis¸seic 2.1-2.3) kai uiojeteÐtai kai ed¸. Sthn prosèggis 
jewreÐtai èna sÔnolo dedomènwn (S) apoteloÔmeno apì lèxeic (w). 'Eqei  dh anafer-
jeÐ pwc ta apotelèsmata anaz thshc sto WWW organ¸nontai se 3 tm mata: ton
tÐtlo thc selÐdac, to apìspasma keimènou (snippet) apì th selÐda (pou sun jwc pe-
rièqei th lèxh pou anazhteÐtai) kai to URL thc selÐdac. Ta trÐa aut� mèrh perièqoun
polÔtimec plhroforÐec gia to nohmatikì perieqìmeno miac lèxhc kai h upìjesh pou
gÐnetai (kai epibebai¸netai apì ta peir�mata pou gÐnontai) eÐnai pwc k�je tm ma èqei
diaforetik  suneisfor� kai giautì to lìgo ja exetastoÔn qwrist�. Stìqoc eÐnai h
anapar�stash k�je lèxhc w me èna èggrafo d, to opoÐo dhmiourgeÐtai apì ta apo-
telèsmata anaz thshc sto WWW gia thn en lìgw lèxh w. Epoptik�, h diadikasÐa
faÐnetai sto Sq ma 3.4.

Pio sugkekrimèna, anakt¸ntai ta 1000 pr¸ta apotelèsmata gia th lèxh w kai
katìpin en¸nontai ìloi oi tÐtloi kai ta aposp�smata (snippets) se èna èggrafo (d).
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Sq ma 3.4: Epoptik  diadikasÐa upologismoÔ tou mètrou RelBOW

'Etsi, k�je lèxh sto sÔnolo dedomènwn anaparÐstatai apì èna tètoio èggrafo, sto o-
poÐo efarmìzontai oi sun jeic teqnikèc keimenik c proepexergasÐac (apaloif  lèxewn
qwrÐc nìhma (stop-words), peristol  (stemming). Epomènwc, prokÔptei èna sÔnolo
eggr�fwn ìpou k�je èggrafo d antistoiqeÐ se mÐa lèxh w. Met� apì aut  th diadi-
kasÐa, an epilegoÔn ìloi oi diaforetikoÐ ìroi (ti) pou emfanÐzontai se ìla ta èggrafa
d, dhmiourgeÐtai to lexikì (dict) tou sunìlou dedomènwn. ParaleÐpontai oi ìroi twn
opoÐwn h posìthta

∑N
j=0(tf − idf)i,j eÐnai mikrìterh apì èna kat¸fli (k�poia polÔ

mikr  tim ). QrhsimopoieÐtai h exÐswsh 2.3, ìpou to i anafèretai stouc ìrouc ti, to j
anafèretai sta èggrafa d kai N eÐnai o sunolikìc arijmìc twn eggr�fwn (dhlad  twn
lèxewn pou up�rqoun sto sÔnolo dedomènwn). Enallaktik�, an den tejeÐ kat¸fli
mporoÔn na sumperilhfjoÔn ìloi oi ìroi ti.

Gia k�je èggrafo d (epomènwc gia k�je lèxh w) dhmiourgeÐtai èna di�nusma v(w),
sto opoÐo k�je sunist¸sa i tÐjetai sthn tim  tf − idf (ìpwc prokÔptei apì thn e-
xÐswsh 2.3) tou ìrou ti gia to sugkekrimèno èggrafo. Epomènwc, prokÔptoun |S|
dianÔsmata (ìpou |S| eÐnai o arijmìc twn lèxewn tou sunìlou dedomènwn). H sqèsh
metaxÔ dÔo lèxewn w1, w2 upologÐzetai apì ton suntelest  Dice metaxÔ twn antistoÐ-
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qwn dianusm�twn, qrhsimopoi¸ntac thn parak�tw exÐswsh :

RelBOW (w1, w2) =
2 · v(w1) · v(w2)

||v(w1)||2 + ||v(w2)||2
(3.2)

ìpou : v(w1) · v(w2) eÐnai to eswterikì ginìmeno twn dÔo dianusm�twn kai ||v|| eÐnai
h eukleÐdia nìrma tou dianÔsmatoc v. Analutik� o algìrijmoc faÐnetai sto Sq ma
3.5.

Upologismìc RelBOW

1: ListOfTermstot ← NULL
2: for all lèxeic w apì to S do
3: - ènwse tÐtlouc kai snippets apì ta 1000 pr¸ta apotelèsmata tou

query(w) se èna èggrafo d
4: - ap�loiye lèxeic qwrÐc nìhma, ef�rmose peristol  kai kanonikopoÐhsh
5: - p�re th lÐsta me touc ìrouc ListOfTermsw pou antiproswpeÔoun to

èggrafo d (dhlad  th lèxh w) kai upolìgise to tf me qr sh thc exÐswshc
2.1

6: end for
7:

8: for all diaforeikoÔc ìrouc ti pou emfanÐzontai sth lÐsta ListOfTermsw
do

9: - upolìgise idf me qr sh thc exÐswshc 2.2
10: - upolìgise to tf − idfi me qr sh thc exÐswshc 2.3
11: if

∑N
j=0 tf − idfi,j ≥ threshold then

12: - b�le to ti sth lÐsta ListOfTermstot
13: end if
14: end for
15:

16: - H lÐsta ListOfTermstot qrhsimopoieÐtai gia to sqhmatismì tou
dianÔsmatoc v

17: for all words w from dataset S do
18: - Sqhm�tise kai gèmise me timèc to v(w) pou antiproswpeÔei th lèxh w
19: end for
20:

21: for lèxeic w1 kai w2 do
22: - Upolìgise to mètro RelBOW b�sei thc exÐswshc 3.2
23: end for

Sq ma 3.5: Perigraf  tou mètrou RelBOW

H mèjodoc pou perigr�fhke èqei 3 meionekt mata : (1) sp�ei tic ekfr�seic pou a-
poteloÔntai apì dÔo   perissìterec lèxeic se entel¸c anex�rthtouc ìrouc, (2) jewreÐ
tic lèxeic me pollèc shmasÐec san mÐa kai (3) antistoiqÐzei sun¸numec lèxeic se dia-
foretikoÔc ìrouc, opìte ìtan efarmìzetai mình thc èqei mikr  apotelesmatikìthta.
Epomènwc, eÐnai aparaÐthth h enswm�twsh shmasiologik¸n plhrofori¸n kai ennoio-
logik¸n protÔpwn gia thn enÐsqush thc dunatìthtac prìbleyhc thc sqetikìthtac
lèxewn.
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3.3.2 Exagwg  qarakthristik¸n apì ta apotelèsmata
anaz thshc sto WWW

3.3.2.1 Mètra basismèna se metrhtèc selÐdwn (page counts)

H basik  idèa pou uposthrÐzei aut� ta mètra eÐnai to gegonìc pwc h sunemf�nish lè-
xewn sta apotelèsmata anaz thshc eÐnai èndeixh shmasiologik c sqetikìtht�c touc.
Aut  h sunemf�nish ekfr�zetai apì tic selÐdec pou epistrèfontai apì thn anaz thsh
gia P AND Q (èstw pwc P kai Q eÐnai èna zeÔgoc lèxewn kai to AND eÐnai logikì).
Parìla aut�, eÐnai logikì na mh lhfjeÐ upìyin mìno to apotèlesma thc anaz thshc
P AND Q, all� kai o arijmìc twn eggr�fwn pou perièqoun mìno th mÐa lèxh (P  
Q) xeqwrist�.

JewroÔntai tèssera dhmofil  mètra sunemf�nishc pou ekfr�zoun th shmasio-
logik  sqetikìthta me qr sh twn metrht¸n selÐdwn. O sumbolismìc pou qrhsimo-
poieÐtai gia touc metrhtèc selÐdwn(page counts) apì mÐa mhqan  anaz thshc eÐnai o
akìloujoc: To H(P ) sumbolÐzei ton arijmì selÐdwn gia thn anaz thsh P , H(Q)
sumbolÐzei ton arijmì selÐdwn gia thn anaz thsh Q, kai H(P

∩
Q) sumbolÐzei ton

arijmì selÐdwn gia thn anaz thsh P AND Q.

O suntelest c Jaccard orÐzetai (gia dÔo lèxeic P kai Q) wc ex c :

Jaccard(P,Q) =
H(P

∩
Q)

H(P ) +H(Q)−H(P
∩

Q)
(3.3)

O suntelst c Overlap orÐzetai wc ex c :

Overlap(P,Q) =
H(P

∩
Q)

min(H(P ), H(Q))
(3.4)

O suntelest c Dice orÐzetai wc ex c :

Dice(P,Q) =
2 ·H(P

∩
Q)

H(P ) +H(Q)
(3.5)

Tèloc, o suntelest c PMI, Point-Wise Mutual Information) orÐzetai wc ex c :

PMI(P,Q) = log
H(P

∩
Q)

N
H(P )
N
· H(Q)

N

(3.6)

ìpou to N anafèretai ston arijmì twn selÐdwn pou exet�zontai apì th mhqan  ana-
z thshc. O arijmìc autìc mporeÐ na jewrhjeÐ N = 1010, sÔmfwna kai me tic selÐdec
pou epistrèfontai apì th mhqan  anaz thshc Google (genik� k�poioc polÔ meg�loc
arijmìc jewreÐtai kat�llhloc).

Merik� paradeÐgmata upologismoÔ twn parap�nw mètrwn gia k�poia tuqaÐa zeÔ-
gh lèxewn faÐnontai ston PÐnaka 3.2. 'Hdh apì ta polÔ apl� mètra aut� faÐnetai
pwc lèxeic anìmoiec ìpwc ta zeÔgh fruit/car, monk/implement parousi�zoun mikrèc
timèc, antÐjeta me lèxeic pio ìmoiec (coast/shore, cat/dog). Kai p�li tonÐzetai pwc
endiafèrei h sqetik  omoiìthta (dhlad  h sqetikìthta) twn lèxewn (p.q. oi lèxeic
cat-dog jewroÔntai exÐsou sunafeÐc me tic sun¸numec coast-shore).
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PÐnakac 3.2: Par�deigma upologismoÔ twn mètrwn sunemf�nishc sta apotelèsmata ana-
z thshc

coast/shore cat/dog journey/voyage bird/bridge fruit/car monk/implement
H(P ) 962.000.000 3.050.000.000 680.000.000 712.000.000 1.150.000.000 108.000.000
H(Q) 382.000.000 2.590.000.000 380.000.000 135.000.000 4.770.000.000 245.000.000

H(P ∪Q) 22.3000.000 1.910.000.000 206.000.000 96.000.000 654.000.000 6.370.000
Jaccard(P,Q) 0.1989 0.5121 0.2412 0.1278 0.1242 0.0184
Overlap(P,Q) 0.5838 0.7375 0.5421 0.7111 0.5687 0.0590

Dice(P,Q) 0.3318 0.6773 0.3887 0.2267 0.2209 0.0361
PMI(P,Q) 0.7831 0.3834 0.9016 0.9995 0.0764 0.3815

3.3.2.2 Exagwg  lexiko-suntaktik¸n protÔpwn apì ton tÐtlo, to
snippet kai to url

'Estw to akìloujo par�deigma apotelèsmatoc anaz thshc gia thn er¸thsh “cats
AND dogs” (To AND eÐnai logikì):

Title: Friends of Cats & Dogs - Home
Snippet: The Friends of Cats and Dogs Foundation (Los Amigos de Gatos y Perros
Foundacion) seeks to help stray animals, pets, and their owners through various ...
URL: www.fcdf.org/cats-and-dogs.html

FaÐnetai pwc kai oi dÔo lèxeic (cats, dogs) emfanÐzontai kai ston tÐtlo, kai sto
snippet kai sto url me ta akìlouja prìtupa :

• “Cats & Dogs” ston tÐtlo,

• “Cats and Dogs” sto snippet,

• “cats-and-dogs” sto url.

E�n oi lèxeic anaz thshc antikatastajoÔn apì touc qarakt rec X kai Y antÐ-
stoiqa, tìte ex�getai èna prìtupo “X & Y” gia ton tÐtlo, èna prìtupo “X and Y”
gia to snippet kai èna prìtupo “X-and-Y” gia to URL.

'Etsi, jewr¸ntac ìlec tic sqèseic shmasiologik c omoiìthtac pou up�rqoun sto
WordNet (sunwnumÐa, uperwnumÐa, merwnumÐa, antwnumÐa), up�rqei h dunatìthta na
exaqjoÔn p�ra poll� tètoia prìtupa gia zeÔgh lèxewn an�loga me th metaxÔ touc
sqèsh, me mia diadikasÐa pou perigr�fetai sto Sq ma 3.6.

'Oson afor� sthn paroÔsa mèjodo, ulopoi jhke o algìrijmoc pou faÐnetai sto
Sq ma 3.7 gia thn exagwg  lexiko-suntaktik¸n protÔpwn, epekteÐnontac twn algì-
rijmo tou [Bollegala et al., 2007], lamb�nontac upìyin ìqi mìno ta snippets all� kai
touc tÐtlouc kai ta URLs.

Dedomènou enìc sunìlou T apì zeÔgh lèxewn, anakt¸ntai ta apotelèsmata tou
Google gia autì to zeÔgoc lèxewn kai gÐnetai qwrist  epexergasÐa ston tÐtlo, sto
snippet kai sto url. Gia k�je èna apì aut� ta tm mata kai gia ìla ta apotelèsmata
diathroÔntai mìno ekeÐna pou perièqoun kai tic dÔo lèxeic. Exet�zetai to perieqìmeno
metaxÔ twn dÔo aut¸n lèxewn kai paraleÐpontai ìsec peript¸seic èqoun parap�nw
apì 4 lèxeic  /kai lèxeic diaforetikèc apì mÐa eureÐa lÐsta koin¸n lèxewn (DiadikasÐa
GetPatterns sto Sq ma 3.7). (Oi upìloipec lèxeic eÐnai polÔ sugkekrimènec gia to
zeug�ri twn lèxewn kai paÔoun na eÐnai genik� prìtupa). UpologÐzetai h suqnìthta
k�je protÔpou kai kataskeu�zetai mÐa lÐsta twn pio koin¸n protÔpwn gia ton tÐtlo,
to snippet kai to url twn apotelesm�twn.
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Sq ma 3.6: DiadikasÐa exagwg c protÔpwn b�sei twn  dh gnwst¸n sqèsewn metaxÔ
lèxewn

EÐnai profanèc, pwc gia ton entopismì twn pio shmantik¸n protÔpwn, ta opoÐa
kai kajorÐzoun tic sqèseic metaxÔ twn lèxewn, prèpei na qrhsimopoihjeÐ èna meg�lo
sÔnolo dedomènwn ekpaÐdeushc. Gia thn exagwg  protÔpwn gia ìlec tic sqèseic
lèxewn pou uposthrÐzontai apì to WordNet, epilègontai 5 diaforetikèc kl�seic,
pou k�je mÐa perièqei 1800 zeÔgh sunwnÔmwn, 1800 zeÔgh uperwnÔmwn, 1800 zeÔgh
merwnÔmwn, 1800 zeÔgh antwnÔmwn kai 1800 zeÔgh mh-sqetizìmenwn lèxewn, ìlec
proerqìmenec apì to WordNet. Me thn epexergasÐa twn apotelesm�twn gia ìla ta
zeÔgh lèxewn, prokÔptoun poll� diaforetik� prìtupa pou perigr�foun tic 4 sqèseic
pou anafèrjhkan parap�nw all� kai prìtupa pou emfanÐzontai se mh-sqetizìmenec
lèxeic.

3.3.3 Epilog  qarakthristik¸n gia thn exagwg  twn
shmantikìterwn protÔpwn

Profan¸c, den eÐnai efiktì na ekpaideuteÐ opoiod pote montèlo (sthn perÐptws  mac
èna rSVM) me ènan p�ra polÔ meg�lo arijmì protÔpwn, opìte kajÐstatai anagkaÐa
h qr sh k�poiac teqnik c epilog c qarakthristik¸n ¸ste na epilegoÔn ta prìtupa
pou èqoun th megalÔterh diakritik  ikanìthta metaxÔ twn kl�sewn.

QrhsimopoieÐtai h idèa thc epilog c qarakthristik¸n metaxÔ poll¸n kl�sewn twn
[Forman, 2004] gia na brejoÔn ta pio shmantik� prìtupa gia k�je mÐa apì tic 4
shmasiologikèc kathgorÐec. O algìrijmoc faÐnetai analutik� sto Sq ma 3.8.

O stìqoc eÐnai h kat�taxh twn protÔpwn b�sei thc ikanìtht�c touc na diakrÐnoun
k�je arqik  kl�sh (sun¸numa, uper¸numa, mer¸numa, ant¸numa), pou apì dw kai
sto ex c ja kaleÐtai jetik  kl�sh, apènanti se mÐa �llh (pou ja kaleÐtai arnhtik 
kl�sh), apoteloÔmenh apì ìlec tic upìloipec kl�seic mazÐ (dhlad  an ta sun¸numa
eÐnai h jetik  kl�sh, tìte h arnhtik  ja perièqei ènan an�logo arijmì apì uper¸numa,
ant¸numa kai mer¸numa). Gia thn epÐteuxh tou stìqou autoÔ orÐzetai èna krit rio
M . Gia k�je prìtupo pou èqei exaqjeÐ, kataskeu�zetai ènac pÐnakac sun�feiac ìpwc
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Exagwg  protÔpwn apì ta apotelèsmata anaz thshc

1: for all zeÔgh lèxewn (A,B) apì ìlec tic kl�seic (sun¸numa, uper¸numa,
mer¸numa, ant¸numa, mh-sqetizìmenec) lèxewn do

2: T ← GetAllTitles(query(A,B))
3: S ← GetAllSnippets(query(A,B))
4: U ← GetAllURLS(query(A,B))
5: NT ← 0
6: NS ← 0
7: NU ← 0
8: end for
9:

10: for all tÐtlouc t apì to sÔnolo T do
11: NT ← NT + GetPatterns(t, A,B)
12: TitlePatterns← CountFrequency NT
13: end for
14: return TitlePatterns
15:

16: for all snippets s apì to sÔnolo S do
17: NS ← NS + GetPatterns(s, A,B)
18: SnippetPatterns← CountFrequency NS
19: end for
20: return SnippetPatterns
21:

22: for all urls u apì to sÔnolo U do
23: NU ← NU + GetPatterns(u,A,B)
24: URLPatterns← CountFrequency NU
25: end for
26: return URLPatterns

Sq ma 3.7: Algìrijmoc exagwg c protÔpwn apì ta apotelèsmata anaz thshc

faÐnetai ston PÐnaka 3.3. Se autìn ton pÐnaka, to A dhl¸nei th suqnìthta tou
protÔpou sth jetik  kl�sh, to B dhl¸nei th suqnìthta tou protÔpou sthn arnhtik 
kl�sh, to U dhl¸nei th sunolik  suqnìthta ìlwn twn protÔpwn gia th jetik  kl�sh
kai to V dhl¸nei th sunolik  suqnìthta ìlwn twn protÔpwn gia thn arnhtik  kl�sh.

PÐnakac 3.3: Epilog  qarakthristik¸n rSVM: PÐnakac sun�feiac gia to prìtupo x

Prìtupo x Prìtupo ektìc x
Suqnìthta gia thn ek�stote jetik  kl�sh A C = U − A
Suqnìthta gia thn ek�stote arnhtik  kl�sh B D = V −B

Gia th mèjodo pou anaptÔssetai orÐzontai ta mètra Mutual Information (MI) kai
Information Gain (IG) [Manning & Schútze, 1999] wc akoloÔjwc :

MI = log
A
N

(A+B)
N
· (A+C)

N

(3.7)
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Epilog  protÔpwn gia thn exeÔresh twn pio shmantik¸n

1: for all kl�seic c sunwnÔmwn, uperwnÔmwn, antwnÔmwn, merwnÔmwn do
2: - kat�taxe ìla ta gnwrÐsmata sÔmfwna me to krit rio M gia to upo-

z thma tou diaqwrismoÔ thc kl�shc c se sqèsh me ìlec tic �llec kl�seic
mazÐ

3: - apoj keuse thn kat�taxh qarakthristik¸n gia thn kl�sh c
4: end for
5:

6: while lÐsta qarakthristik¸n (list) den èqei sumplhrwjeÐ do
7: - k�lese to dromologht  Round-Robin gia thn epilog  thc epìmenhc

kl�shc c
8: - epèlexe to epìmeno gn¸risma f apì thn M -kat�taxh gia thn kl�sh c
9: - sugq¸neuse to f me th lÐsta list an den up�rqei  dh
10: end while

Sq ma 3.8: Algìrijmoc epilog c twn shmantikìterwn lexiko-suntaktik¸n protÔpwn

IG = e(A+ C,B +D)− [
A

N
· e(A,B) +

C

N
· e(C,D)] (3.8)

ìpou
e(x, y) = − x

x+ y
· log x

x+ y
− y

x+ y
· log y

x+ y
(3.9)

kai b�sei aut¸n orÐzetai èna kainoÔrio mètro shmantikìthtac twn protÔpwn (pattern
importance, PI):

PI =

{ IG, e�n MI > 0

0, e�n MI ≤ 0
(3.10)

To mètro autì ìpwc orÐzetai paraleÐpei prìtupa pou èqoun tim  gia to MI arnh-
tik , epeid  arnhtik  tim  gia to MI uponoeÐ (mèsw thc exÐswshc 3.7) logarijmikì
ìrisma me tim  mikrìterh tou 1, dhlad  ìti o paranomast c eÐnai megalÔteroc tou
arijmhtik . Apì seir� peiram�twn, faÐnetai pwc autì sumbaÐnei diìti eÐte to B  /kai
to C eÐnai ènac meg�loc arijmìc, èndeixh ìti to prìtupo eÐnai (arket�) pio suqnì stic
upìloipec kl�seic par� se aut n pou exet�zoume.

Me qr sh thc exÐswshc 3.10, dhmiourgoÔntai katat�xeic qarakthristik¸n gia k�je
kl�sh kai èpeita mèsa apì mÐa diadikasÐa Round Robin epilègontai ta pio shmantik�
(b�sei thc diakritik c touc ikanìthtac) gnwrÐsmata gia k�je kl�sh se sqèsh me tic
�llec. MporeÐ epÐshc na qrhsimopoihjeÐ èna kat¸fli sthn epilog  twn qarakthri-
stik¸n, an�logo me to pìso meg�lo di�nusma qarakthristik¸n eÐnai epijumhtì. Ston
PÐnaka 3.4 parousi�zontai ta 5 pio diakritik� prìtupa gia ton tÐtlo, to snippet kai
to url. EpishmaÐnetai pwc ta prìtupa aut� eÐnai diaforetik� gia k�je tm ma twn
apotelesm�twn, to opoÐo uponoeÐ pwc up�rqei epiplèon plhroforÐa sth dom  twn
apotelesm�twn anaz thshc all� kai pwc ta prìtupa aut� den exart¸ntai apì th
sqèsh apì thn opoÐa èqoun proèljei (sunwnumÐa ktl) all� kajorÐzoun (genik�) th
susqètish twn lèxewn.
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PÐnakac 3.4: 5 shmantikìtera prìtupa apì �poyh ikanìthtac kajorismoÔ thc shmasiolo-
gik c susqètishc lèxewn (anexart twc eÐdouc sqèshc)

TÐtloi Snippets URLs

X or Y X, Y X-or-Y
X in Y X for Y X+Y
X (Y X in Y X/Y
X: Y X & Y XandY
X vs. Y X, or Y X-Y

3.3.4 DhmiourgÐa tou dianÔsmatoc qarakthristik¸n kai
ekpaÐdeush rSVM

To di�nusma qarakthristik¸n gia k�je zeÔgoc lèxewn (P kai Q) kataskeu�zetai
sÔmfwna me thn akìloujh diadikasÐa: Sullègontai ta apotelèsmata apì to Google
gia thn anaz thsh <<P AND Q>> (to AND eÐnai logikì) kai diaqwrÐzontai oi tÐtloi,
ta snippets kai ta url. SÔmfwna me th diadikasÐa pou perigr�fhke sthn Par�grafo
3.3.2.1 upologÐzontai ta mètra omoiìthtac basismèna sta page counts kai enswma-
t¸nontai me ta qarakthristik� pou dhmiourgoÔntai apì th diadikasÐa tou kefalaÐou
3.3.2.2. Me th diadikasÐa aut  dhmiourgeÐtai èna di�nusma qarakthristik¸n di�stashc
ìswn eÐnai ta gnwrÐsmata pou èqoume epilèxei (an�loga me to kat¸fli pou tÐjetai
sth diadikasÐa Round-Robin) sun tèssera pou eÐnai ta mètra twn page counts. To
di�nusma autì faÐnetai epoptik� sto Sq ma 3.9.

Sq ma 3.9: Perigraf  dianÔsmatoc gia ton upologismì tou mètrou RelSVM

Me th qr sh enìc sunìlou ekpaÐdeushc pou perièqei zeÔgh lèxewn twn opoÐwn
xèroume to mètro thc susqètishc ekpaideÔetai èna rSVM. Met� thn ekpaÐdeush è-
qoume th dunatìthta upologismoÔ thc susqètishc metaxÔ dÔo opoiond pote lèxewn.
Stic mhqanèc dianusm�twn upost rixhc gia palindrìmhsh (regression) (rSVM) [Col-
lobert et al., 2001], o skopìc eÐnai h prosèggish thc sunarthsiak c ex�rthshc miac
metablht c y apì èna sÔnolo anex�rthtwn metablht¸n x (pou apoteloÔn to q¸ro
eisìdou, sumbolizìmenou kai wc X).

Sta probl mata palindrìmhshc, h arqik  upìjesh eÐnai pwc h sqèsh metaxÔ twn
anex�rthtwn kai twn exarthmènwn metablht¸n dÐnetai apì mÐa nteterminstik  sun�r-
thsh sun k�poio jìrubo ϵ:

y = f(x) + ϵ (3.11)

To z thma eÐnai na brejeÐ mÐa sunarthsiak  morf  gia thn f pou na mporeÐ swst�
na problèpei nèec peript¸seic pou den èqoun dojeÐ gia ekpaÐdeush sto SVM. Autì
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gÐnetai mèsa apì thn ekpaÐdeush tou montèlou se èna sÔnolo dedomènwn, mia diadikasÐa
pou perilamb�nei thn stadiak  beltistopoÐhsh miac sun�rthshc sf�lmatoc :

error =
1

2
wTw + C

N∑
i=1

ξi + C
N∑
i=1

ξ′i (3.12)

ìpou C eÐnai h par�metroc qwrhtikìthtac pou kajorÐzei thn exisorrìphsh metaxÔ
sf�lmatoc ekpaÐdeushc kai tou perijwrÐou, w eÐnai to di�nusma twn qarakthristik¸n
(w ∈ X), i eÐnai ènac deÐkthc pou deÐqnei ta N paradeÐgmata ekpaÐdeushc ξi, ξ′i eÐnai
par�metroi gia to qeirismì mh-diaqwrÐsimwn dedomènwn.

H elaqistopoÐhsh tou sf�lmatoc gÐnetai sÔmfwna me tic akìloujec exis¸seic :

wT · ϕ(xi) + b− yi ≤ ϵ+ ξ′i (3.13)

yi −wT · ϕ(xi)− b ≤ ϵ+ ξi (3.14)

ξ′i, ξi ≥ 0 (3.15)

ìpou b eÐnai mÐa stajer� (b ∈ R) kai ϕ(xi) eÐnai mia sun�rthsh pou qrhsimopoieÐtai
gia thn perÐptwsh pou ta dedomèna sto sÔnolo ekpaÐdeushc eÐnai mh grammik� (ìpwc
ed¸) kai mèsw aut c thc sun�rthshc gÐnetai prosp�jeia gia grammikì diaqwrismì.

Oi exis¸seic 3.3.4 èwc 3.3.4 pou perigr�foun to prìblhma thc beltistopoÐhshc
epilÔontai me pollaplasiastèc Lagrange (λi) [Baraff, 1996] kai h epif�neia apìfashc
eÐnai:

L =
N∑
i=1

λi −
N∑
i=1

N∑
j=1

λiλjyiyjϕ(xi) · ϕ(xj) (3.16)

me ton periorismì thc exÐswshc 3.3.4 kai ton epiplèon periorismì:

N∑
i=1

λiyi = 0 (3.17)

To eswterikì ginìmeno ϕ(xi) · ϕ(xj) onom�zetai sun�rthsh pur na (kernel fu-
nction) K kai mporeÐ na eÐnai grammik , poluwnumik , aktinik  sun�rthsh b�shc
(Radial Basis Function, (RBF)), sigmoeid c ktl.

H morf  tou pur na RBF (pou epilègetai sta epìmena) eÐnai h akìloujh (gia
dedomèna xi, xj):

K(xi, xj) = e−γ·d(xi,xj) (3.18)

ìpou γ eÐnai mia par�metroc (prosdiorÐzetai peiramatik�) kai d eÐnai h eukleÐdeia
apìstash twn dianusm�twn.

To montèlo ekpaÐdeushc beltistopoieÐtai se sqèsh me tic paramètrouc C kai γ. O
RBF pur nac èqei ta kalÔtera apotelèsmata apì tic �llec peript¸seic (grammikìc,
poluwnumikìc) kai giautì epilègetai gia ta peir�mata.
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3.4 'Elegqoc mejodologÐac exagwg c shmasio-
logik c susqètishc lèxewn

3.4.1 SÔnola dedomènwn (datasets)

H mejodologÐa pou perigr�fhke sthn Par�grafo 3.3 elègqjhke se sÔnola dedomè-
nwn (datasets) thc bibliografÐac pou asqoloÔntai me to Ðdio z thma. Pio sugkekri-
mèna, gia th diadikasÐa thc ekpaÐdeushc tou SVM (mètro RelSVM , Par�grafoc 3.3.4,
qrhsimopoi jhke to sÔnolo dedomènwn (zeÔgh lèxewn) Similarity-353 [Finkelstein
et al., 2002] apì to opoÐo exairèjhkan ta 28 zeÔgh tou sunìlou dedomènwn Miller-
Charles [Miller & Charles, 1991] ta opoÐa qrhsimopoi jhkan gia to mètro RelBOW

(Par�grafoc 3.3.1) all� kai gia ton èlegqo thc mejìdou. To sÔnolo Miller-Charles
apoteleÐtai apì 28 zeÔgh lèxewn twn opoÐwn h omoiìthta èqei axiologhjeÐ apì 38 an-
jr¸pouc. Ta zeÔgh èqoun timèc omoiìthtac pou kumaÐnontai apì 0 (pl rwc anìmoiec
lèxeic) èwc 4 (apìluth sunwnumÐa). Kai ta dÔo sÔnola dedomènwn parousi�zontai
sto Par�rthma Bþ.

Sto shmeÐo autì ja prèpei na tonisteÐ h anuparxÐa enìc meg�lou kai axiìpistou
sunìlou dedomènwn me shmasiologik� sqetikèc (kai �sqetec) lèxeic. To WordNet
parèqei poll� zeÔgh lèxewn kai qrhsimopoi¸ntac èna mètro (ìpwc aut� pou perigr�-
fontai sthn Par�grafo 3.2), eÐnai dunatì na paraqjoÔn poll� zeÔgh lèxewn mazÐ me
thn tim  omoiìtht�c touc. Genik� ìmwc, h axiolìghsh thc susqètishc dÔo lèxewn a-
kìma kai apì anjr¸pouc eÐnai sqetik  kai basÐzetai se pollèc paramètrouc, epomènwc
genik� eÐnai dÔskolo na up�rqei èna sÔnolo dedomènwn eparkèc.

3.4.2 Epilog  paramètrwn

Gia to mètro RelBOW , anakt jhkan ta 1000 pr¸ta apotelèsmata anaz thshc sto
WWW gia tic diaforetikèc lèxeic tou sunìlou Miller-Charles kai èpeita me th diadi-
kasÐa pou perigr�fetai sto Sq ma 3.5, upologÐzetai h omoiìthta metaxÔ twn zeug¸n
lèxewn tou sunìlou. K�je lèxh anaparÐstatai apì èna èggrafo pou apoteleÐtai apì
touc tÐtlouc kai ta snippets twn 1000 pr¸twn apotelesm�twn pou epistrèfontai apì
th mhqan  anaz thshc Google. Profan¸c, to lexikì sth sugkekrimènh perÐptwsh
(k�je lèxh tou lexikoÔ eÐnai ènac ìroc sto di�nusma anapar�stashc twn eggr�fwn)
perièqei ìlec tic lèxeic apì ìla ta èggrafa. To meionèkthma tou mètrou autoÔ, eÐnai
pwc an jèlei kaneÐc na upologÐsei th shmasiologik  susqètish k�poiac lèxhc pou den
up�rqei sto lexikì (me k�poia �llh), ja prèpei na epanasqhmatistoÔn ta dianÔsmata
qarakthristik¸n ¸ste na antanakloÔn tic allagèc pou eis�gontai apì thn kainoÔria
lèxh (kai �ra to kainoÔrio èggrafo).

Gia to mètro RelSVM , ekpaideÔetai èna rSVM [Joachims, 1999] me pur na RBF.
Sthn peiramatik  diadikasÐa dokim�sthkan kai oi upìloipoi sun jeic pur nec (gram-
mikìc, poluwnumikìc ktl) all� oi RBF eÐnai oi pio apotelesmatikoÐ kai giautì epilè-
qjhkan. Oi par�metroi pou qrhsimopoi jhkan gia to SVM (kai jewroÔntai bèltistec)
faÐnontai ston PÐnaka 3.5.

H sumperifor� tou mètrou RelSVM se sqèsh me ton arijmì twn protÔpwn pou
qrhsimopoi jhkan san gnwrÐsmata kai se sqèsh me ton arijmì twn apotelesm�twn
anaz thshc pou qrhsimopoi jhkan faÐnetai sto Sq ma 3.10 wc proc thn susqètish
twn apotelesm�twn sto sÔnolo Miller-Charles. ParathreÐtai pwc qr sh enìc mikroÔ
arijmoÔ apotelesm�twn kai enìc mikroÔ arijmoÔ qarakthristik¸n dÐnei mikrèc timèc
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PÐnakac 3.5: Bèltistec par�metroi gia to SVM pou qrhsimopoieÐtai sto mètro RelSVM

Par�metroc Tim 

Pur nac RBF
γ 0.1
C 20

Sq ma 3.10: Epirro  tou arijmoÔ apotelesm�twn anaz thshc kai qarakthristik¸n sto
mètro RelSVM

susqètishc. Kaj¸c aux�netai o arijmìc twn qarakthristik¸n kai ( ) o arijmìc twn
apotelesm�twn, epitugq�netai aÔxhsh thc susqètishc. Epiplèon, faÐnetai pwc ìso
perissìtera apotelèsmata kai gnwrÐsmata qrhsimopoioÔntai, h susqètish arqÐzei kai
fjÐnei, pijan¸c epeid  to di�nusma qarakthristik¸n gÐnetai arket� araiì. KalÔterh
susqètish epitugq�netai ìtan qrhsimopoieÐtai ènac sqetik� mikrìc arijmìc apotele-
sm�twn kai ènac sqetik� meg�loc arijmìc qarakthristik¸n. Autì exhgeÐtai kurÐwc
apì to gegonìc, pwc mìno ta pr¸ta apotelèsmata anaz thshc tou Google perièqoun
shmantikèc kai poiotikèc plhroforÐec gia to zeÔgoc twn lèxewn, all� kai p�li qrei�-
zetai prosoq  kaj¸c endeqìmenh qr sh polÔ mikroÔ arijmoÔ apotelesm�twn odhgeÐ
se meÐwsh thc tim c thc susqètishc xan�. Ta peir�mata èdeixan pwc h qr sh 50 a-
potelesm�twn anaz thshc me èna ploÔsio di�nusma (di�stashc 811) epilègontac èna
qamhlì kat¸fli sth diadikasÐa pou perigr�fetai sto Sq ma 3.8 gia thn epilog  twn
protÔpwn.

'Epeita apì ton upologismì twn dÔo anex�rthtwn mètrwn, ègine peiramatismìc sto
sÔnolo ekpaÐdeushc sqetik� me thn par�metro λ thc exÐswshc me stìqo th st�jmish
twn dÔo mètrwn. Ta apotelèsmata pou parousi�zontai ed¸, anakt jhkan me λ = 0.7
kai kanonikopoioÔntai sto di�sthma [0, 1] gia tic an�gkec thc sÔgkrishc me prohgoÔ-
menec mejìdouc.
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3.4.3 Apotelèsmata

H mèjodoc pou anaptÔqjhke sugkrÐjhke wc proc thn epÐdos  thc gia ta 28 zeÔgh
tou sunìlou Miller-Charles se sqèsh me tic kuriìterec mejìdouc thc bibliografÐac.
Ta apotelèsmat� parousi�zontai ston PÐnaka 3.6. H mèjodoc [Jiang & Conrath,
1997] qrhsimopoieÐ th shmasiologik  ierarqik  dom  tou WordNet kai epitugq�nei
thn kalÔterh susqètish an�mesa stic << antagwnistikèc >> mejìdouc pou basÐzontai se
ontologÐec. Stic mejìdouc pou qrhsimopoioÔn apotelèsmata anaz thshc, ta mètra
pou basÐzontai sta page counts èqoun th qamhlìterh susqètish me to PMI na eÐnai
to pio akribèc. Oi mèjodoi twn [Sahami & Heilman, 2006] kai [Iosif & Potamianos,
2007] (mh-epiblepìmenec) epitugq�noun mÐa mètria tim  susqètishc en¸ h mèjodoc
twn [Bollegala et al., 2007] èqei th deÔterh kalÔterh tim  qrhsimopoi¸ntac ìmwc
mìno sun¸numec lèxeic.

PÐnakac 3.6: SÔgkrish mejìdwn shmasiologik c susqètishc lèxewn sto sÔnolo Miller-
Charles

Mètra miller-
charles

jaccard dice overlap PMI Sahami CODC SemSim Jiang Binary
CS

Proteinìmenh

cord-smile 0.13 0.06 0.07 0.08 0.03 0.09 0 0 0.35 0.4 0.23
rooster-voyage 0.08 0.02 0.02 0.03 0.04 0.20 0 0.02 0.08 0 0.29

noon-string 0.08 0.13 0.14 0.11 0.30 0.08 0 0.02 0.18 0.16 0.32
glass-magician 0.11 0.08 0.08 0.27 0.37 0.14 0 0.18 0.68 0.18 0

monk-slave 0.55 0.22 0.23 0.12 0.71 0.10 0 0.38 0.39 0.19 0.32
coast-forest 0.42 0.92 0.92 0.32 0.55 0.25 0 0.41 0.29 0.76 0.45
monk-oracle 1.1 0.07 0.08 0.07 0.32 0.05 0 0.33 0.34 0.47 0.31
lad-wizard 0.42 0.07 0.08 0.05 0.33 0.15 0 0.22 0.32 0.37 0.31

forest-graveyard 0.84 0.10 0.11 0.35 0.59 0 0 0.55 0.19 0.11 0.19
food-rooster 0.89 0.04 0.05 0.39 0.28 0.08 0 0.06 0.4 0.35 0.45

coast-hill 0.87 1 1 0.40 0.53 0.29 0 0.87 0.71 0.18 0.42
car-journey 1.16 0.37 0.39 0.43 0.22 0.19 0.29 0.29 0.33 0.52 0.44

crane-implement 1.68 0.22 0.24 0.13 0.61 0.15 0 0.13 0.59 0.1 0.25
brother-lad 1.66 0.16 0.17 0.33 0.52 0.24 0.38 0.34 0.28 0.58 0.41
bird-crane 2.97 0.24 0.26 0.27 0.57 0.22 0 0.88 0.73 0.59 0.60
bird-cock 3.05 0.33 0.35 0.23 0.53 0.06 0.50 0.59 0.73 0.44 0.53
food-fruit 3.08 0.91 0.91 1 0.57 0.18 0.34 1 0.63 0.79 0.79

brother-monk 2.82 0.18 0.19 0.37 0.55 0.27 0.55 0.38 0.91 0.63 0.47
asylum-madhouse 3.61 0.07 0.08 0.13 1 0.21 0 0.77 0.97 0.51 0.76

furnace-stove 3.11 0.33 0.35 0.14 0.96 0.31 0.93 0.89 0.39 1 0.91
magician-wizard 3.5 0.25 0.27 0.23 0.78 0.23 0.67 1 1 0.59 0.94
journey-voyage 3.84 0.50 0.52 0.21 0.52 0.52 0.42 1 0.88 0.75 0.89

coast-shore 3.7 0.88 0.89 0.53 0.71 0.38 0.52 0.95 0.99 0.5 0.61
implement-tool 2.95 0.50 0.52 0.55 0.53 0.42 0.42 0.68 0.97 0.8 0.72

boy-lad 3.76 0.18 0.19 0.52 0.54 0.47 0 0.97 0.88 0.67 0.75
automobile-car 3.92 0.55 0.57 0.69 0.37 1 0.69 0.98 1 0.76 1
midday-noon 3.42 0.18 0.20 0.25 0.94 0.29 0.86 0.82 1 0.74 0.92

gem-jewel 3.84 0.37 0.39 0.15 0.68 0.21 1 0.69 1 0.53 0.95
Correlation 1 0.27 0.28 0.38 0.62 0.58 0.69 0.83 0.83 0.71 0.88

Ac shmeiwjeÐ pwc mèjodoi pou axiopoioÔn ta snippets apì ta apotelèsmata ana-
z thshc (Sahami, CODC, Bollegala) parousi�zoun emfan¸c kalÔtera apotelèsmata
deÐqnontac afenìc th qrhsimìtht� touc kai afetèrou giatÐ h proteinìmenh mèjodoc
pou axiopoieÐ pl rwc tìso ta apotelèsmata anaz thshc ìso kai tic shmasiologikèc
sqèseic tou WordNet epitugq�nei thn uyhlìterh susqètish (èwc t¸ra). EpÐshc, to
sÔnolo Miller-Charles, (MC) perièqei arketèc amfÐshmec lèxeic (p.q. father, oracle,
crane) to opoÐo dhmiourgeÐ prìblhma sta metrik� pou basÐzontai sta page counts kai
de jewroÔn to perib�llon pou qrhsimopoieÐtai h lèxh.

Ston PÐnaka 3.7 faÐnetai h suneisfor� k�je mètrou (RelBOW , RelSVM) all� kai
twn epimèrouc (page counts, lexiko-suntaktik� prìtupa) sto telikì mètro (Reltotal).
Gia thn epirro  twn page counts ekpaideÔthke to rSVM me dianÔsmata 4 qarakthristi-
k¸n (ìsa kai ta mètra pou basÐzontai sta page counts) en¸ antÐstoiqa h Ðdia diadikasÐa
ègine gia ta lexiko-suntaktik� prìtupa. Apì ta noÔmera tou PÐnaka gÐnetai safèc pwc
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h megalÔterh epirro  sto telikì apotèlesma eÐnai apì ta lexiko-suntaktik� prìtupa
(profan¸c lìgw twn polÔ koin¸n lèxewn tou sunìlouMC up�rqoun pollèc sunup�r-
xeic touc se tÐtlouc, snippets kai urls), parìla aut� h beltÐwsh pou epitugq�netai,
afenìc me th qr sh twn page counts, afetèrou me th qr sh tou RelBOW deÐqnei pwc
to k�je mètro kai h k�je mèjodoc èqei th dik  thc suneisfor�. Ta page counts kai to
RelBOW eÐnai sÐgoura aparaÐthta se peript¸seic zeug¸n lèxewn pou den emfanÐzontai
suqn� se poll� prìtupa, en¸ o sunduasmìc touc me ta lexiko-suntaktik� prìtupa
belti¸nei aisjht� to telikì apotèlesma.

PÐnakac 3.7: Epirro  twn diafìrwn sunistws¸n sto sunolikì mètro shmasiologik c
susqètishc Reltotal

Mèjodoc Susqètish sto sÔnolo MC

RelBOW 0.64
RelSVM 0.81

Mìno page counts 0.57
Mìno lexiko-suntaktik� prìtupa 0.77

Reltotal 0.88

Tèloc, sto Sq ma 3.11 faÐnetai h katanom  twn protÔpwn pou apartÐzoun tic
sunist¸sec tou dianÔsmatoc tou rSVM ìson afor�:

• poia eÐnai h shmasiologik  sqèsh (sunwnumÐa, antwnumÐa, uperwnumÐa, merwnu-
mÐa) sthn opoÐa sunant�tai pio suqn� to sugkekrimèno prìtupo kai

• poio eÐnai to mèroc twn apotelesm�twn anaz thshc (tÐtloc, snippet, url) sto
opoÐo sunant�tai pio suqn� to sugkekrimèno prìtupo (kanonikopoihmèno se
sqèsh me to mègejoc twn an�logwn keimènwn se lèxeic kai qarakt rec).

Apì to Sq ma autì gÐnontai saf  ta ex c:

• Epitugq�netai h << eujugr�mmish>> ìlwn twn dunat¸n sqèsewn tou WordNet,
¸ste suneisfèroun perÐpou isìtima ston upologismì tou mètrou susqètishc
twn lèxewn. Epanalamb�netai pwc h mejodologÐa exet�zei genik� th sqèsh dÔo
lèxewn kai ìqi mìno an eÐnai sun¸numec,

• Analogik�, ta perissìtera prìtupa ex�gontai apì touc tÐtlouc twn apotele-
sm�twn, k�ti pou exhgeÐtai logik� efìson oi tÐtloi genik� eÐnai katatopistikoÐ,
perigrafikoÐ kai safeÐc gia to perieqìmeno twn eggr�fwn touc. H plhroforÐa
aut  epibebai¸nei kai to gegonìc pwc up�rqei xeqwrist  barÔthta an�loga me
to mèroc twn apotelesm�twn anaz thshc pou exet�zetai, k�ti pou epibebai¸nei
thn arqik  upìjesh pwc up�rqei plhroforÐa sth dom  twn apotelesm�twn twn
mhqan¸n anaz thshc.

�
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Sq ma 3.11: Proèleush protÔpwn sto di�nusma tou rSVM
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Anapar�stash keimènou

H petuqhmènh anapar�stash eggr�fwn apoteleÐ basik  proôpìjesh gia thn opoiad -
pote diadikasÐa apodotik c an�lushc keimenik¸n dedomènwn. Autì sumbaÐnei exaitÐac
thc anikanìthtac twn perissotèrwn algorÐjmwn an�lushc keimènou na ermhneÔoun
swst� ta èggrafa sthn prwtìtuph morf  touc, opìte kajÐstatai anagkaÐa mia dia-
dikasÐa deiktodìthshc (indexing) apì èna keÐmeno dj se mÐa pio sumpiesmènh anapa-
r�stash tou perieqomènou tou. To prìblhma thc epilog c tou kat�llhlou montèlou
anapar�stashc gia èna èggrafo den èqei monadik  lÔsh, afoÔ exart�tai apì ti jewreÐ
o kajènac shmantikì se k�je keÐmeno (to legìmeno shmasiologikì kai ennoiologikì
prìblhma).

MÐa pr¸th eisagwg  sta montèla anapar�stashc eggr�fwn ègine sthn Par�grafo
2.5, ìpou kai parousi�sthke to basikì montèlo anapar�stashc eggr�fwn (VSM).
Parak�tw ja gÐnei mÐa kÔria episkìphsh twn mejìdwn anapar�stashc keimènou kai
ja protajeÐ to montèlo pou anaptÔqjhke me qr sh exwterik c gn¸shc sta plaÐsia
thc diatrib c.

4.1 Episkìphsh montèlou q¸rou dianusm�twn
(Vector-Space-Model)

'Opwc anafèrjhke  dh sto Kef�laio 2.5.2, to klassikì montèlo anapar�stashc eg-
gr�fwn eÐnai to montèlo tou q¸rou dianusm�twn (Vector Space Model, VSM   “Bag-
of-Words”, BOW), to opoÐo anaparist� k�je èggrafo miac sullog c (apì èstw su-
nolik� M to pl joc èggrafa) me èna di�nusma di�stashc ìsec oi diaforetikèc lèxeic
thc sullog c (èstw N), odhg¸ntac se ènan pÐnaka di�stashc N ×M ìpwc faÐnetai
parak�tw:

W =


w1,1 w1,2 ... w1,M

w2,1 w2,2 ... w2,M

... ... ... ...
wN−1,1 wN−1,2 ... wN−1,M

wN,1 wN,2 ... wN,M

 (4.1)

Kat� kairoÔc èqoun protajeÐ di�forec proseggÐseic wc proc ton trìpo upolo-
gismoÔ twn tf kai idf all� h genik  idèa paramènei Ðdia (ìpwc diatup¸jhke stic
exis¸seic 2.1 èwc 2.3). To montèlo VSM apoteleÐ to shmantikìtero ergaleÐo sta
sust mata an�kthshc plhroforÐac (Information Retrieval) ed¸ kai dekaetÐec [Berry
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et al., 1999] lìgw tou basikoÔ tou pleonekt matoc pou eÐnai h upost rixh thc sqe-
tik c kat�taxhc eggr�fwn me eterogeneÐc morfèc se sqèsh me erwt seic (queries).
Oi erwt seic anaparÐstantai apì dianÔsmata thc Ðdiac di�stashc me ta èggrafa. H
kat�taxh susqètishc twn eggr�fwn se sqèsh me tic erwt seic gÐnetai b�sei miac
sun�rthshc omoiìthtac se sqèsh me to di�nusma thc er¸thshc. 'Oson afor� sth su-
n�rthsh omoiìthtac, poll� sust mata qrhsimopoioÔn to sunhmÐtono thc gwnÐac twn
dianusm�twn wc eÔkola ulopoi simo kai me jetikìtera apotelèsmata se sqèsh me thn
EukleÐdeia Apìstash: Gia par�deigma sto Sq ma 4.1 to èggrafo d1 eÐnai <<pio kont�>>
sthn er¸thsh q an qrhsimopoihjeÐ h apìstash sunhmitìnou en¸ to èggrafo d2 eÐnai
<<pio kont�>> an qrhsimopoihjeÐ h eukleÐdeia apìstash. Di�fora �lla mètra apìsta-
shc èqoun protajeÐ gia diaforetikèc efarmogèc kai b�seic dedomènwn. AntÐstoiqa, h
Ðdia sun�rthsh omoiìthtac mporeÐ na qrhsimopoihjeÐ kai gia thn apeujeÐac sÔgkrish
eggr�fwn metaxÔ touc.

Sq ma 4.1: Susqètish dÔo dianusm�twn eggr�fwn me to di�nusma miac er¸thshc

4.1.1 ProepexergasÐa keimènwn

Gia kalÔterh apìdosh tou montèlou VSM lamb�noun q¸ra dÔo teqnikèc proepexer-
gasÐac twn keimènwn prin th mìrfwsh tou dianÔsmatoc anapar�stashc: h afaÐresh
twn koin¸n lèxewn (stop words) kai h peristol  (stemming) twn katal xewn. H
afaÐresh twn koin¸n lèxewn paraleÐpei �rjra, projèseic (p.q. and, the), lèxeic dh-
lad  oi opoÐec emfanÐzontai pollèc forèc kai se ìla (sqedìn) ta èggrafa, �ra h
diakritik  touc ikanìthta eÐnai polÔ mikr  kai ètsi mei¸netai epiplèon kai o upolo-
gistikìc fìrtoc. H peristol  twn katal xewn aposkopeÐ sto na af sei tic lèxeic
mìno me th rÐza toÔ l mmatìc touc, ¸ste na antimetwpÐzontai wc ìmoiec lèxeic pou
diafèroun grammatik� mìno (p.q. learn, learning, learner).

H proepexergasÐa aut  mei¸nei k�pwc ton upologistikì fìrto kai belti¸nei ta
apotelèsmata, parìla aut� den katafèrnei na xeper�sei ta dÔo basik� probl ma-
ta tou montèlou pou eÐnai h meg�lh di�stash twn dianusm�twn kai h �gnoia gia th
shmasiologik /suntaktik  sqèsh twn lèxewn.
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4.1.2 Teqnikèc meÐwshc thc di�stashc tou dianÔsmatoc
anapar�stashc

Pèran apì th qr sh diaforetik¸n mon�dwn wc sunist¸sec gia thn kataskeu  tou
dianÔsmatoc anapar�stashc, èqoun anaptuqjeÐ kai teqnikèc apeujeÐac meÐwshc thc
di�stashc tou dianÔsmatoc (me qr sh eÐte twn lèxewn, eÐte twn ìrwn, eÐte �llhc
mon�dac). Stic teqnikèc meÐwshc di�stashc pou anaptÔssontai parak�tw gÐnetai a-
nafor� se lèxeic all� ennoeÐtai pwc h diadikasÐa eÐnai h Ðdia sthn perÐptwsh �llwn
mon�dwn. Stìqoc thc diadikasÐac eÐnai h kat�taxh ìlwn twn lèxewn twn eggr�fwn
pou up�rqoun diajèsima, b�sei k�poiou krithrÐou, ¸ste na mporèsei na gÐnei epilog 
twn shmantikìterwn.

4.1.2.1 Mèjodoc meÐwshc di�stashc b�sei thc suqnìthtac sta èg-
grafa

Wc suqnìthta miac lèxhc i sta èggrafa (Document Frequency) orÐzetai o ìroc dfi
ìpwc up�rqei sthn ExÐswsh 2.2, dhlad  wc o arijmìc twn eggr�fwn (apì ta diajèsima
thc sullog c) sta opoÐa emfanÐzetai o ìroc i.

H basik  idèa pÐsw apì autì to mètro eÐnai pwc polÔ sp�niec lèxeic (�ra me
mikr  suqnìthta) eÐte den perièqoun shmantik  plhroforÐa eÐte den ephre�zoun th
sunolik  epÐdosh. Sun jwc h diadikasÐa aut  efarmìzetai met� thn afaÐresh twn
koin¸n lèxewn kai thn peristol  twn katal xewn.

Me th qr sh thc suqnìthtac sta èggrafa (DF ) san krit rio epilog c twn su-
nistws¸n (�ra twn lèxewn), mìno oi ìroi me uyhlèc suqnìthtec qrhsimopoioÔntai.
Par� thn aplìthta thc mejìdou, jewreÐtai pwc mporeÐ na èqei ikanopoihtik� apotelè-
smata [Yang & Pedersen, 1997]. Tèloc, eÐnai autonìhto pwc an up�rqoun m èggrafa
kai n lèxeic h poluplokìthta thc mejìdou eÐnai O(mn).

4.1.2.2 Lanj�nousa Shmasiologik  Deiktodìthsh (Latent Seman-
tic Indexing, LSI)

B�sei tou mèsou tetragwnikoÔ sf�lmatoc, h An�lush KurÐwn Sunistws¸n (Principal
Component Analysis, PCA) eÐnai h kalÔterh grammik  mèjodoc deutèrac t�xewc gia
th meÐwsh thc di�stashc dedomènwn kai basÐzetai ston pÐnaka sundiakÔmanshc twn
metablht¸n [Fodor, 2002]. K�poiec forèc sto pedÐo thc epexergasÐac keimènou eÐnai
gnwst  wc Di�spash Idiazous¸n Tim¸n (Singular Value Decomposition (SVD).

H SVD dèqetai san ìrisma ènan pÐnaka X kai ton anaparist� me ènan pÐnaka X̂ me
mikrìterh di�stash kai me tètoio trìpo ¸ste h apìstash (nìrma-2) an�mesa stouc
dÔo pÐnakec (stouc dÔo q¸rouc) na eÐnai el�qisth :

∆ =
∥∥∥X− X̂

∥∥∥ (4.2)

H nìrma-2 gia touc pÐnakec eÐnai to isodÔnamo thc EukleÐdeiac apìstashc gia ta
dianÔsmata.

Pio analutik�, o stìqoc thc PCA (moiraÐa kai thc SVD) eÐnai h meÐwsh thc di�sta-
shc twn dedomènwn me thn eÔresh lÐgwn orjog¸niwn diast�sewn pou eÐnai gnwstèc
wc kÔriec sunist¸sec kai eÐnai grammikoÐ sunduasmoÐ twn arqik¸n metablht¸n me th
megalÔterh diakÔmansh. H pr¸th kÔria sunist¸sa eÐnai o grammikìc sunduasmìc me
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th megalÔterh diakÔmansh, h deÔterh kÔria sunist¸sa aut  me th deÔterh megalÔte-
rh diakÔmansh pou eÐnai kai orjog¸nia proc thn pr¸th k.o.k. Jewrhtik�, up�rqoun
tìsec kÔriec sunist¸sec ìsoc kai o arijmìc twn arqik¸n metablht¸n all� gia ta
perissìtera dedomèna jewreÐtai pwc arkeÐ na qrhsimopoihjoÔn merikèc apì tic kÔ-
riec sunist¸sec qwrÐc ap¸leia plhroforÐac. EÐnai autonìhto pwc sto z thma twn
eggr�fwn ta dedomèna eÐnai ta èggrafa kai oi sunist¸sec oi lèxeic.

H Lanj�nousa Shmasiologik  Deiktodìthsh (LSI) arqik� dhmiourg jhke gia na
antimetwpistoÔn ta probl mata pou prokÔptoun exaitÐac thc sunwnumÐac kai thc polu-
shmÐac twn lèxewn. AnalÔontac tic susqetÐseic twn ìrwn sta èggrafa thc sullog c,
h LSI prospajeÐ na metasqhmatÐsei ta arqik� dianÔsmata anapar�stashc se èna nèo,
mikrìtero dianusmatikì q¸ro (oi sunist¸sec tou eÐnai oi <<lanj�nousec >>). Me to me-
tasqhmatismì autì, èggrafa pou anafèrontai sto Ðdio jèma (pijan¸c me diaforetikèc
lèxeic) topojetoÔntai <<kont�>> sto nèo dianusmatikì q¸ro.

H LSI eÐnai mia efarmog  thc mejìdou SVD se ènan pÐnaka pou apoteleÐtai apì
ìla ta dianÔsmata twn eggr�fwn, eÐnai dhlad  di�stashc |n| × |m| an n eÐnai oi ìroi
kai m ta èggrafa. Mèsw thc SVD o arqikìc q¸roc di�stashc n prob�lletai se
èna q¸ro di�stashc k ìpou n >> k me thn tim  tou k na epilègetai metaxÔ 100
kai 150. H diafor� thc LSI me thn PCA eÐnai pwc h teleutaÐa efarmìzetai mìno se
tetragwnikoÔc pÐnakec en¸ h LSI efarmìzetai se opoiond pote pÐnaka.

OrÐzontac majhmatik� to prìblhma, o arqikìc pÐnakac lèxewn-eggr�fwn Xn×m

analÔetai wc ginìmeno tri¸n pin�kwn T , S kai D wc ex c:

Xn×m = Tn×mSm×m(Dm×m)
T (4.3)

ìpou n eÐnai o arijmìc twn lèxewn, m o arijmìc twn eggr�fwn kai oi pÐnakec
T, D èqoun orjog¸niec st lec. Oi pÐnakec T kai D anaparistoÔn tic lèxeic kai ta
èggrafa sto nèo q¸ro. O diag¸nioc pÐnakac S perièqei tic idi�zousec timèc tou pÐnaka
X. Epilègontac mìno tic pr¸tec k seirèc twn pin�kwn T, S, D tìte to ginìmenì touc
eÐnai o pÐnakac X̂ sto nèo q¸ro :

X̂n×m = Tn×kSk×k(Dm×k)
T (4.4)

o opoÐoc profan¸c eÐnai kai h kalÔterh prosèggish b�sei thc mikrìterhc apìstashc
∆ ìpwc orÐsthke sthn ExÐswsh 4.2.

Se aut  thn anapar�stash oi st lec tou pÐnaka SkT
T
k eÐnai oi ìroi ìpwc <<pro-

b�llontai>> sto nèo q¸ro (oi lanj�nontec lèxeic   sunist¸sec dhlad ) kai oi st lec
tou pÐnaka Dk eÐnai ta èggrafa probeblhmèna sto nèo q¸ro. Ac shmeiwjeÐ pwc h
nèa anapar�stash tou eggr�fou j eÐnai to di�nusma S−1

k TT
kX(:, j) ìpou to X(:, j)

upodhl¸nei th j-st lh tou pÐnaka X. Sqhmatik� h leitourgÐa thc LSI faÐnetai sto
Sq ma 4.2.

H upìjesh pou gÐnetai sthn LSI (kai genik� se opoiad pote parìmoia teqnik 
meÐwshc di�stashc) eÐnai pwc oi nèec diast�seic apoteloÔn kalÔterh anapar�stash
gia ta èggrafa. MÐa kritik  sthn SVD eÐnai pwc -ìpwc kai �llec mèjodoi pou ba-
sÐzontai sth meÐwsh tou tetragwnikoÔ sf�lmatoc- èqei sqediasteÐ gia omoiìmorfa
katanemhmèna dedomèna all� k�ti tètoio den isqÔei sta dedomèna keimènou. 'Ena akì-
ma problhmatikì qarakthristikì thc SVD eÐnai pwc afoÔ h anakataskeu  tou pÐnaka
X basÐzetai se kanonik  katanom , mporeÐ na odhg sei se arnhtikèc timèc, to opoÐo
fusik� den èqei fusik  shmasÐa sthn perÐptwsh twn eggr�fwn.

H LSI jewreÐ pwc oi nèec diast�seic apoteloÔn ta <<lanj�nonta>> jèmata ta opoÐa
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Sq ma 4.2: Par�deigma leitourgÐac thc LSI

perigr�fontai apì th sullog  twn eggr�fwn. Gia thn akrÐbeia, omadopoioÔntai su-
n jwc diast�seic pou apoteloÔntai apì lèxeic pou moi�zoun (ex ou kai prokÔptoun
ta lanj�nonta jèmata. Parìla aut�, h fusik  ermhneÐa twn nèwn diast�sewn mporeÐ
na eÐnai dÔskolh tic perissìterec forèc.

Tèloc, up�rqoun kai parallagèc tou klassikoÔ montèlou thc LSI, pou uiojetoÔn
thn pijanotik  logik  (Probabilstic LSI, PLSI [Hofmann, 1999c]). To arqikì montèlo
thc PLSI xekin� apì mÐa sullog  eggr�fwn kai me mÐa genÐkeush tou algorÐjmou
MegistopoÐhshc Anamon c (Expectation Maximization, EM) mporeÐ na antimetwpÐsei
zht mata sunwnumÐac   polushmÐac. Se antÐjesh me thn klassik  LSI, h pijanotik 
prosèggish èqei stèreh statistik  b�sh kai orÐzei pl rwc èna montèlo dhmiourgÐac
eggr�fwn.

4.1.3 Parallagèc montèlou VSM

Sthn arqik  morf  tou montèlou VSM qrhsimopoi jhke wc sunist¸sa k�je dianÔ-
smatoc h lèxh, h opoÐa apoteleÐ kai th basik  mon�da k�je eggr�fou. Apì ed¸
prokÔptei kai h onomasÐa Bag-Of-Words gia thn anapar�stash twn eggr�fwn. To
prìblhma pou dhmiourgeÐtai eÐnai pwc agnoeÐtai h shmasiologik  susqètish twn lè-
xewn (p.q. sthn perÐptwsh pou se èna èggrafo up�rqei h fr�sh <<data mining>>, to
montèlo BOW ja thn èspage se dÔo amfÐshmec lèxeic: <<data>> kai <<mining>>. EÐ-
nai fanerì pwc q�netai h pragmatik  ènnoia thc fr�shc (pou kalÔptetai mìno an oi
dÔo lèxeic krathjoÔn mazÐ). 'Etsi, kat� kairoÔc èqoun protajeÐ di�forec paralla-
gèc tou montèlou BOW ìpou antÐ twn apl¸n lèxewn, mporoÔn na qrhsimopoihjoÔn
�llec mon�dec (kai antÐstoiqa na apotelèsoun tic sunist¸sec twn dianusm�twn twn
eggr�fwn).

4.1.3.1 Anapar�stash me b�sh ta N-gr�mmata

Ta N-gr�mmata eÐnai mÐa teqnik  anapar�stashc keimènou pou metasqhmatÐzei ta èg-
grafa se dianÔsmata meg�lhc di�stashc, ìpou k�je sunist¸sa tou dianÔsmatoc an-
tistoiqeÐ se mÐa diadoqik  akoloujÐa qarakt rwn m kouc N (p.q. ta trigr�mmata pe-
rilamb�noun ìlec tic akoloujÐec me 3 qarakt rec). EÐnai safèc pwc h di�stash tou
dianÔsmatoc anapar�stashc me qr sh twn N-gramm�twn mporeÐ na eÐnai polÔ meg�lh
gia sqetik� qamhlèc timèc tou N , par� thn proepexergasÐa pou gÐnetai (metatrop 
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kefalaÐwn se pez�, afaÐresh eidik¸n sumbìlwn klp).

H diadikasÐa thc exagwg c twn N-gramm�twn apì èna èggrafo prosomoi�zetai me
thn kÐnhsh enìc parajÔrou di�stashc N apì qarakt ra se qarakt ra apì thn arq 
tou eggr�fou èwc to tèloc tou. K�je pijan  jèsh tou parajÔrou autoÔ kalÔptei
N qarakt rec kai orÐzei èna monadikì N-gramma. Se aut  th diadikasÐa, qarakt rec
pou den eÐnai gr�mmata antikajÐstantai apì to di�sthma (space) kai dÔo   perissìtera
diadoqik� diast mata antimetwpÐzontai wc èna.

Se sqèsh me thn afaÐresh twn koin¸n lèxewn kai thn peristol  twn katal xewn,
h anapar�stash me ta N-gr�mmata pleonekteÐ wc proc to ìti eÐnai ligìtero euaÐsjhth
se grammatik�   tupografik� sf�lmata kai den apaiteÐ glwssologikèc   �llec plh-
roforÐec me apotèlesma na mporeÐ na qrhsimopoihjeÐ anex�rthta apì th gl¸ssa pou
eÐnai grammènh to keÐmeno. Ap' thn �llh pleur� ìmwc, h anapar�stash aut  (ìpwc
anafèrjhke) de mei¸nei th di�stash tou dianÔsmatoc anapar�stashc.

4.1.3.2 Anapar�stash me b�sh om�dec lèxewn

Oi ìroi pou apoteloÔntai apì om�dec lèxewn mporoÔn na qrhsimopoihjoÔn wc suni-
st¸sec twn dianusm�twn twn eggr�fwn. Se perÐptwsh pou epilegeÐ aut  h anapar�-
stash, up�rqei h dunatìthta gia shmantik  meÐwsh thc di�stashc twn dedomènwn kai
giautì jewreÐtai pwc eÐnai kalÔterh apì thn anapar�stash me b�sh tic aplèc lèxeic.
Ta apotelèsmata arqik�  tan enjarruntik� all� ìqi gia ìlec tic jematikèc kathgo-
rÐec eggr�fwn [Zhang et al., 2004], kaj¸c èprepe na brejeÐ ènac apodotikìc trìpoc
na entopistoÔn oi lèxeic tou keimènou pou apoteloÔn ènan ìro. Gia thn epÐteuxh tou
stìqou autoÔ qrhsimopoioÔntai glwssologikèc kai statistikèc plhroforÐec [Frantzi
et al., 1998].

Oi glwssologikèc plhroforÐec perilamb�noun kurÐwc thn epis mansh twn lèxewn
me b�sh to mèroc tou lìgou to opoÐo eÐnai kai katìpin thn epexergasÐa touc (fil-
tr�risma) ¸ste na krathjoÔn oi sun jeic sunduasmoÐ mer¸n tou lìgou pou dÐnoun
ìrouc. Oi statistikèc plhroforÐec èqoun na k�noun me thn an�jesh se upoy fiouc
ìrouc enìc mètrou pou deÐqnei kat� pìso eÐnai pijanì na apoteloÔn ènan pragmatikì
ìro b�sei qarakthristik¸n twn lèxewn pou apoteloÔn touc ìrouc. Gia par�deigma
mporeÐ na axiopoihjeÐ h suqnìthta emf�nishc tou upoy fiou ìrou se mia sullog 
eggr�fwn, o arijmìc twn lèxewn klp

Sthn kateÔjunsh tou entopismoÔ twn ìrwn pou up�rqoun se èna keÐmeno su-
neisfèrei kai h exètash twn geitonik¸n lèxewn tou ìrou (<<context>>). H idèa aut 
basÐzetai sto gegonìc pwc lèxeic pou qrhsimopoioÔntai me parìmoiouc lexilogikoÔc
trìpouc eÐnai upoy fiec gia na eÐnai sun¸numec, epomènwc oi lèxeic thc geitoni�c enìc
ìrou mporoÔn na qrhsimopoihjoÔn wc upìdeixh thc shmasÐac touc. H parat rhsh
aut  epekteinìmenh, mporeÐ na axiopoihjeÐ gia ton entopismì twn om�dwn lèxewn pou
apoteloÔn ìrouc. Gia par�deigma, e�n k�poio sugkekrimèno epÐjeto èqei thn t�sh na
prohgeÐtai ìrwn (p.q. to epÐjeto consistent na prohgeÐtai iatrik¸n ìrwn) tìte autì
axiopoieÐtai kat�llhla. AntÐstoiqa, mporeÐ na epektajeÐ pèran apì epÐjeta kai se
ousiastik� kai r mata.

Oi sugkekrimènec mèjodoi parìti mei¸noun th di�stash tou dianÔsmatoc anapa-
r�stashc èqoun to meionèkthma pwc apaiteÐtai shmantikìc ìgkoc doulei�c gia th
dhmiourgÐa twn statistik¸n dedomènwn en¸ den up�rqei k�poioc sÐgouroc trìpoc na
elegqjeÐ h orjìthta twn ìrwn pou ex�gontai telik� (prèpei na gÐnei qeirokÐnhta).
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4.1.3.3 Anapar�stash b�sei prot�sewn /fr�sewn

H lèxh apoteleÐ th basik  mon�da org�nwshc tou keimènou, parìla aut� up�rqoun
arketèc mejodologÐec pou axiopoioÔn th dom  tou keimènou se prot�seic (  fr�seic)
[Zamir & Etzioni, 1998], [Hammouda & Kamel, 2004].

Stic perissìterec peript¸seic to èggrafo anaparÐstatai wc èna di�nusma prot�-
sewn (kai ìqi lèxewn ìpwc sto klassikì montèlo BOW):

di = {sij : j = 1, ..., pi} (4.5)

sij = {tijk : k = 1, ..., lij;wij} (4.6)

ìpou di eÐnai to èggrafo i, si,j eÐnai h j prìtash sto èggrafo i, pi eÐnai o arijmìc
twn prot�sewn sto èggrafo i, tijk eÐnai o ìroc k sthn prìtash sij, lij eÐnai to m koc
thc prìtashc sij dhlad  o arijmìc twn ìrwn pou thn apoteloÔn, wi,j eÐnai to b�roc
pou anatÐjetai sthn prìtash sij.

Ta b�rh twn prot�sewn anatÐjentai sun jwc lamb�nontac upìyin th dom  tou
keimènou (tÐtloc, epikefalÐdec, keÐmeno me èntonh   pl�gia graf  ktl). O parap�nw
orismìc de lamb�nei upìyin tou th suqnìthta twn prot�sewn (  mèrouc aut¸n) san
b�roc thc prìtashc all� mporeÐ na tropopoihjeÐ gia na lhfjeÐ   sunhjèstera na
qrhsimopoihjeÐ gia to taÐriasma fr�sewn an�mesa se èggrafa. H mejodologÐa au-
t  anaparist� ta èggrafa diathr¸ntac th dom  twn prot�sewn ìpwc parousi�zetai
arqik� (to montèlo BOW jewreÐ apl� th suqnìthta twn lèxewn). 'Etsi, gÐnetai axio-
poÐhsh twn plhrofori¸n thc dom c afenìc twn prot�sewn kai afetèrou tou keimènou.

AfoÔ kajoristoÔn oi fr�seic tou keimènou, to epìmeno b ma eÐnai na brejeÐ mÐa
ikanopoihtik  mèjodoc anapar�stas c touc. DÔo enallaktikèc èqoun protajeÐ: ta
Suffix trees [Manber & Myers, 1990]   oi gr�foi [Hammouda & Kamel, 2004]. Kai
stic dÔo peript¸seic anaptÔssontai teqnikèc upologismoÔ omoiìthtac eggr�fwn b�sei
twn fr�sewn touc. 'Ena par�deigma anapar�stashc me gr�fo faÐnetai sto Sq ma 4.3.

To pleonèkthma mejìdwn anapar�stashc me mon�dec megalÔterec thc lèxhc (p.q.
prot�seic) eÐnai pwc oi om�dec lèxewn emperièqoun shmantikìtero shmasiologikì pe-
rieqìmeno all� to meionèkthma eÐnai pwc up�rqei kÐndunoc ìso aux�netai h monadikì-
thta kai h idiaiterìthta twn prot�sewn, tìso na mei¸netai h dunatìthta sÔgkrishc
antÐstoiqwn posot twn metaxÔ keimènwn. Gia to lìgo autì, epilègetai wc prosfo-
rìteroc trìpoc anapar�stashc mÐa endi�mesh lÔsh metaxÔ twn lèxewn kai twn pro-
t�sewn pou exet�zetai sthn epìmenh Par�grafo kai eÐnai oi onomatikèc fr�seic.

4.2 Anapar�stash me onomatikèc fr�seic (noun
phrases)

4.2.1 H shmasÐa twn onomatik¸n fr�sewn sta keÐmena

Grammatik�, oi onomatikèc fr�seic (noun phrases   gia suntomÐa NP) eÐnai fr�seic
pou apoteloÔntai apì èna ousiastikì, antwnumÐa   �llh onomatik  lèxh pou sun jwc
sunodeÔetai apì k�poia tropopoihtik  lèxh ìpwc èna epÐjeto. Oi onomatikèc fr�seic
jewreÐtai pwc eÐnai koinèc se ìlec tic gl¸ssec (endeqìmena me diaforèc sth sÔnjesh
twn fr�sewn an�loga me tic idiaiterìthtec thc k�je gl¸ssac).
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Sq ma 4.3: Par�deigma anapar�stashc tri¸n eggr�fwn qrhsimopoi¸ntac gr�fouc

Parak�tw parousi�zontai oi sunhjèsterec peript¸seic onomatik¸n fr�sewn (a-
foroÔn sthn agglik  gl¸ssa pou qrhsimopoieÐtai sth diatrib  gia lìgouc sÔgkrishc
me diejneÐc ergasÐec all� eÔkola mporoÔn na genikeutoÔn/prosarmostoÔn se �llec
gl¸ssec). Sto Sq ma 4.4 analÔontai orismènec sun jeic peript¸seic onomatik¸n
fr�sewn:

• Ousiastik� apì mìna touc mporoÔn na apoteloÔn onomatik  fr�sh (kÔria onì-
mata, mazik� ousiastik�, arijm sima ousiastik� kai antwnumÐec -pou jewroÔntai
perÐptwsh ousiastikoÔ-) (4.4(aþ)),

• Ousiastik� mazÐ me k�poio prosdiorismì (4.4(bþ)),

• 'Ena   perissìtera ousiastik� emfanÐzontai se genik  pt¸sh (4.4(gþ)),

• Ousiastikì me k�poio epÐjeto (4.4(dþ))

JewreÐtai genik¸c pwc ta ousiastik� diadramatÐzoun shmantikì rìlo se pollèc
gl¸ssec (ìpwc h agglik ). 'Eqei parathrhjeÐ [Algeo, 1995] pwc mazÐ me ta r mata
apoteloÔn to megalÔtero mèroc twn prot�sewn kai pwc to shmasiologikì perieqìmeno
twn prot�sewn up�rqei kurÐwc sta ousiastik�. Pio sugkekrimèna, h shmasÐa twn
NP (kai kat epèktash kai twn ousiastik¸n) katadeiknÔetai kai me pio prìsfatec
ergasÐec [Keizer, 2007] pou anadeiknÔoun tic domikèc, leitourgikèc kai keimenikèc
diast�seic twn NP kai tic allhlepidr�seic metaxÔ aut¸n twn diast�sewn.

O rìloc twn onomatik¸n fr�sewn katadeiknÔetai perissìtero an prospaj sei
kaneÐc na tic entopÐsei se èna keÐmeno. Gia par�deigma sto Sq ma 4.5 èqoun shmeiwjeÐ
me èntonh graf  oi onomatikèc fr�seic kai faÐnetai eÔkola pwc katalamb�noun to
megalÔtero mèroc tou keimènou (kai �ra kajorÐzoun èntona kai to perieqìmenì tou).
To epìmeno b ma (pou analÔetai sthn epìmenh Par�grafo) eÐnai pwc ja entopistoÔn
epark¸c oi onomatikèc fr�seic enìc keimènou.
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(αʹ) Μόνο ουσιαστικά (βʹ) Ουσιαστικά με προσδιοριστικό

(γʹ) Ουσιαστικά με άλλα (δʹ) Ουσιαστικά με επίθετο (τροποποιητι-
κό)

Sq ma 4.4: ParadeÐgmata onomatik¸n fr�sewn

In his social history of venereal disease, No Magic Bullet, Allan M.
Brandt describes the controversy in the US military about preventing
venereal disease among soldiers during World War I . Should there
be a disease prevention effort that recognized that many young
American men would succumb to the charms of French prostitutes
, or should there be a more punitive approach to discourage sexual
contact ? Unlike the New Zealand Expeditionary forces , which gave
condoms to their soldiers , the United States decided to give American
soldiers after-the-fact, and largely ineffective, chemical prophylaxis .
American soldiers also were subject to court martial if they contracted
a venereal disease . These measures failed. More than 383,000
soldiers were diagnosed with venereal diseases between April 1917 and
December 1919 and lost seven million days of active duty . Only
influenza , which struck in an epidemic , was a more common illness
among servicemen

Sq ma 4.5: Par�deigma keimènou me shmeiwmènec tic onomatikèc fr�seic

4.2.2 MejodologÐec entopismoÔ onomatik¸n fr�sewn

'Hdh apì thn perigraf  twn onomatik¸n fr�sewn, eÐnai fanerì pwc apaiteÐtai mÐa
diadikasÐa epis manshc tou keimènou me ta mèrh tou lìgou pou antistoiqoÔn oi lèxeic
tou. Katìpin, paÐrnontac touc kat�llhlouc sunduasmoÔc mer¸n tou lìgou prokÔ-
ptoun oi onomatikèc fr�seic. H sunhjèsterh mejodologÐa pou qrhsimopoieÐtai gia
ton entopismì twn onomatik¸n fr�sewn eÐnai h kat�tmhsh chunking, pou qwrÐzei kai
epishmaÐnei akoloujÐec me pollèc lèxeic (ìpwc faÐnetai sto Sq ma 4.6). Th diadi-
kasÐa thc kat�tmhshc akoloujeÐ h epis mansh twn mer¸n tou lìgou pou an koun
oi lèxeic thc prìtashc (Part-Of-Speech (POS) tagging). Ta mikr� kouti� deÐqnoun
thn kat�tmhsh sto epÐpedo thc lèxhc (kai thn epis mansh twn mer¸n tou lìgou) en¸
ta meg�la kouti� deÐqnoun thn kat�tmhsh se uyhlìtero epÐpedo. K�je èna apì ta
meg�la kouti� eÐnai èna tm ma (chunk).

Met� thn kat�tmhsh, h diadikasÐa thc epilog c tmhm�twn (pou den epikalÔptontai)
kai apoteloÔn onomatikèc fr�seic kaleÐtai Kat�tmhsh se Onomatikèc Fr�seic (Noun
Phrase Chunking). Gia par�deigma, sthn prìtash tou Sq matoc 4.7, eÐnai epijumhtì
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Sq ma 4.6: Par�deigma kat�tmhshc keimènou kai epis manshc mer¸n tou lìgou

na entopistoÔn oi onomatikèc fr�seic Sally, Up, the Air, the local theater, Elm Street.

Sq ma 4.7: Par�deigma suntaktik c an�lushc

Up�rqoun di�fora sust mata ta opoÐa èqoun anaptuqjeÐ (eidik� ton teleutaÐo
kairì) kai entopÐzoun onomatikèc fr�seic se keÐmeno. Oi mejodologÐec pou qrhsimo-
poioÔntai ja mporoÔsan na qwristoÔn se dÔo kathgorÐec:

• analutèc keimènou basismènoi se statistikoÔc kanìnec: Prìkeitai gia thn pio
apl  perÐptwsh entopismoÔ onomatik¸n fr�sewn kai basÐzetai sth qr sh apl¸n
kanìnwn (p.q. èna �rjro pou prohgeÐtai ousiastikoÔ apoteleÐ (mazÐ me to ousia-
stikì) onomatik  fr�sh) pou perigr�fontai wc morf  afhrhmènhc grammatik c
me qr sh autom�twn.

• teqnikèc mhqanik c m�jhshc: Proôpojètei thn Ôparxh poll¸n paradeigm�twn
apì ta opoÐa prèpei to sÔsthma na m�jei touc kanìnec kai antÐstoiqa na touc
enhmer¸nei. Oi teqnikèc autèc basÐzontai se statistikèc kai pijanotikèc me-
jìdouc. Sthn kathgorÐa aut  ent�ssontai kai teqnikèc ìpwc h m�jhsh me
megistopoÐhsh thc entropÐac, me qr sh montèlwn Markov   me qr sh mhqan¸n
dianusm�twn upost rixhc.

Ta pleonekt mata kai ta meionekt mata twn parap�nw teqnik¸n (wc epÐ to pleÐ-
ston sumplhrwmatik� metaxÔ touc) sunoyÐzontai ston PÐnaka 4.1.

Ta teleutaÐa qrìnia, anaptÔssontai kai sust mata ta opoÐa proqwroÔn èna b ma
parapèra apì ton entopismì twn onomatik¸n fr�sewn, kaj¸c tic katat�ssoun kai
se sugkekrimèno eÐdoc (p.q. kÔria onìmata, topojesÐec ktl). To z thma autì kaleÐ-
tai Entopismìc Ep¸numwn Ontot twn (Named Entity Tagging) kai gia par�deigma
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PÐnakac 4.1: SÔgkrish mejìdwn exagwg c onomatik¸n fr�sewn

Pleonekt mata Meionekt mata
Aplèc teqnikèc
exagwg c b�sei
kanìnwn

Meg�lh eukolÐa ulopoÐhshc Oi kanìnec den eÐnai pl reic

Den apaiteÐtai sÔnolo ekpaÐ-
deushc

DuskolÐa eisagwg c nèwn ka-
nìnwn

Teqnikèc mhqani-
k c m�jhshc

DiaqeÐrish pio sÔnjetwn   �-
gnwstwn fainomènwn (exaire-
tik� qr simo dedomènwn twn
�peirwn glwssik¸n sundua-
sm¸n)

ApaiteÐtai meg�lo sÔnolo ek-
paÐdeushc

EukolÐa prosarmog c kai a-
najèshc bar¸n stouc kanìnec
pou dhmiourgoÔntai autìmata

SÔnjeth ulopoÐhsh an�loga me
to montèlo pou epilègetai

Meg�lec apait seic mn mhc gia
thn apoj keush twn grammati-
k¸n protÔpwn

sthn prìtash tou Sq matoc 4.7 èna tètoio sÔsthma eÐnai epijumhtì na entopÐsei ìti
h lèxh Sally apoteleÐ mia ontìthta-ìnoma en¸ h fr�sh Up in the Air apoteleÐ mia
�llh ontìthta-tainÐa. H klassik  perÐptwsh EntopismoÔ Onom�twn Ontot twn pe-
rilamb�nei ton entopismì 3 basik¸n kathgori¸n lèxewn (  om�dwn lèxewn) pou eÐnai:
'Atoma, OrganismoÐ kai TopojesÐec (Person-Organization-Location).

ParadeÐgmata tètoiwn susthm�twn up�rqoun poll� ìpwc to sÔsthma OpenNLP
NameFinder [OpenNLP, 2012], to sÔsthma Illinois NER [Ratinov & Roth, 2009],
to sÔsthma Stanford NER [Stanford, 2009] kai to sÔsthma LingPipe [Alias-i, 2008].
Koinì qarakthristikì ìlwn aut¸n twn (prìsfata anaptuqjèntwn) susthm�twn eÐnai
pwc xefeÔgoun apì thn palaiìterh logik  qr shc algorÐjmwn pou basÐzontan se
stajeroÔc kai qeirwnaktik� kataskeuasmènouc kanìnec exagwg c kai qrhsimopoioÔn
teqnikèc mhqanik c m�jhshc. EpÐshc, oi perissìterec mèjodoi katal goun sto sum-
pèrasma pwc h qr sh exwterik c phg c gn¸shc kai genik� exwterik¸n gnwrism�twn
bohj� katalutik� sth beltÐwsh thc apìdoshc enìc sust matoc anagn¸rishc ontot -
twn.

IdiaÐterh mneÐa qrei�zetai se sust mata ìpwc to KNOWITALL [Etzioni et al.,
2005] ta opoÐa qrhsimopoioÔn teqnikèc mh-epiblepìmenhc m�jhshc, anexart twc tou
eÐdouc tou perieqomènou megèjouc twn sullog¸n. Meg�lo pleonèkthm� touc eÐnai
pwc ex�goun plhroforÐa qwrÐc na up�rqoun prokajorismèna paradeÐgmata ekpaÐdeu-
shc, parìla aut� sun jwc qrei�zontai dÔo st�dia gia thn exagwg  twn ontot twn:
sto pr¸to entopÐzontai b�sei k�poiwn sugkekrimènwn kanìnwn   protÔpwn ta upo-
y fia onìmata proc exagwg  kai sto deÔtero st�dio elègqetai h orjìthta exagwg c
k�je ontìthtac b�sei statistik¸n   �llwn mejìdwn pou antimetwpÐzoun ton Pagkì-
smio Istì wc mia ter�stia apoj kh gn¸shc kai thn axiopoioÔn kat�llhla.

H katakleÐda apì th melèth ìlwn twn parap�nw susthm�twn (entopismoÔ onto-
t twn kai onomatik¸n fr�sewn) eÐnai pwc afenìc oi onomatikèc fr�seic perièqoun
to shmantikìtero shmasiologikì perieqìmeno twn prot�sewn (kai kat epèktash twn
keimènwn) kai afetèrou pwc peraitèrw shmasiologik  enÐsqush tou keimènou mporeÐ
na gÐnei mìno mèsw eisagwg c gn¸shc apì exwterik  phg . Basismènh se autoÔc touc

G. Span�khc - EufueÐc Teqnikèc Shmasiologik c An�lushc & Anaz thshc Keimènou 53



Kef�laio 4. Anapar�stash keimènou

dÔo �xonec (onomatikèc fr�seic kai plhroforÐa apì exwterik  phg  gn¸shc eÐnai kai
h mejodologÐa pou proteÐnetai sthn Par�grafo 4.4.

4.3 MejodologÐec anapar�stashc eggr�fwn me
qr sh exwterik c gn¸shc

'Opwc èqei anaferjeÐ  dh sto Kef�laio 2.5.2, to montèlo BOW emfanÐzei di�fora
meionekt mata ta opoÐa to kajistoÔn mh-apodotikì se zht mata an�kthshc kai genik�
an�lushc eggr�fwn. K�je sÔsthma to opoÐo anaptÔssetai me stìqo na epexergasteÐ
(kathgoriopoÐhsh, omadopoÐhsh, exagwg  jèmatoc klp) èggrafa prèpei na mporeÐ
na kalÔyei kat� to dunatìn tic shmasiologikèc sqèseic kai ènnoiec twn lèxewn pou
qrhsimopoioÔntai se aut�.

MÐa pr¸imh prosp�jeia gia to jèma, ègine me th qr sh thc <<perikeÐmenhc plh-
roforÐac >> (<<contextual information>>) [Pullwitt, 2002]). Sth sugkekrimènh ergasÐa
eis�getai èna nèo dianusmatikì montèlo, to opoÐo qrhsimopoieÐ gnwrÐsmata basismèna
se kathgorÐec prot�sewn pou perièqoun epiplèon plhroforÐa, wc enallaktik  pro-
sèggish sto klassikì montèlo BOW. Sto pr¸to st�dio, to èggrafo qwrÐzetai se
prot�seic, jewr¸ntac pwc k�je prìtash mporeÐ na jewrhjeÐ wc mÐa sqetik� autìnomh
nohmatik  enìthta. Gia thn anapar�stash twn prot�sewn qrhsimopoieÐtai to klas-
sikì BOW montèlo, opìte k�je èggrafo mporeÐ na kwdikopoihjeÐ wc to kentroeidèc
twn dianusm�twn ìlwn twn prot�sewn. H parat rhsh twn suggrafèwn eÐnai pwc en¸
se mikr� èggrafa oi lÐgec prot�seic parousi�zoun kanonik  katanom , ta megalÔtera
èggrafa parousi�zoun anomoiìmorfh katanom  èqontac ta kentroeid  metatopismèna.
Sth f�sh aut  eis�gontai oi kathgorÐec twn prot�sewn (wc neur¸nec enìc montè-
lou auto-organoÔmenou q�rth), stic opoÐec gÐnetai antistoÐqish ìlwn twn prot�sewn
b�sei k�poiac sun�rthshc omoiìthtac, to opoÐo lamb�nei q¸ra sto deÔtero st�dio.

Di�forec proseggÐseic èqoun gÐnei ¸ste na dhmiourghjoÔn oi kat�llhlec phgèc
gn¸shc (genikoÔ skopoÔ) pou ja emploutÐsoun to perieqìmeno twn eggr�fwn. Sthn
pr¸th kathgorÐa aut¸n twn prospajei¸n perilamb�nontai proseggÐseic pou axio-
poioÔn teqnikèc exagwg c plhroforÐac ìpwc taÐriasma protÔpwn (pattern matching),
suntaktik  an�lush fusik c gl¸ssac (natural language parsing), statistik  m�jhsh
(statistical learning) k.a. [Suchanek et al., 2006], [Agichtein et al., 2001], [Cafarella
et al., 2005], [Cunningham et al., 2002], [Etzioni et al., 2004]. Koinì qarakthristikì
ìlwn twn parap�nw mejìdwn eÐnai pwc h epÐteuxh an�klhshc recall �nw tou 90% gia
èna sugkekrimèno pedÐo sun jwc odhgeÐ se ap¸leia thc akrÐbeiac precision kai genik�
ta apotelèsmat� touc parìti ikanopoihtik� kai uposqìmena, de sugkrÐnontai me ekeÐna
pou dhmiourgoÔn phgèc gn¸shc pou kataskeu�zontai qeirokÐnhta kai ìqi autìmata.

Oi teleutaÐec ereunhtikèc ergasÐec sto prìblhma qrhsimopoioÔn di�forec mejo-
dologÐec ìpwc o emploutismìc thc an�lushc kai thc optikopoÐhshc twn eggr�fwn me
shmasiologik� gnwrÐsmata apì gn¸sh pou proèrqetai apì exwterikèc phgèc [Breaux
& Reed, 2005].

Tètoiec phgèc gn¸shc perilamb�noun ontologÐec ìpwc to WordNet [Fellbaum,
1998], to Cyc   OpenCyc [Matuszek et al., 2006], to SUMO [Niles & Pease, 2001],
kai pl joc �llwn ontologi¸n pou periorÐzontai se sugkekrimèno pedÐo. (ìpwc to
SNOMED 1 kai to GeneOntology2. To kÔrio pleonèkthma aut¸n twn phg¸n gn¸shc

1http://www.snomed.org
2http://www.geneontology.org
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eÐnai pwc plhroÔn uyhlèc prodiagrafèc poiìthtac all� kataskeu�zontai qeirokÐnh-
ta, epomènwc, up�rqei to prìblhma thc qamhl c k�luyhc kai tou uyhloÔ kìstouc
sunt rhshc. Sthn kathgorÐa twn kataskeuasmènwn phg¸n gn¸shc ent�ssetai kai h
Wikipedia, mÐa apì tic megalÔterec online diajèsimec egkuklopaÐdeiec, h opoÐa ìmwc
èqei to pleonèkthma pwc sunthreÐtai apì plhj¸ra ekatommurÐwn qrhst¸n, me apo-
tèlesma oi anane¸seic tou ulikoÔ na eÐnai �mesec (gia par�deigma mporeÐ kaneÐc na
dei poia eÐnai h trèqousa teleutaÐa èkdosh tou agaphmènou tou leitourgikoÔ   poioc
eÐnai o twrinìc prìedroc twn HPA akìma kai an aut� sunèbhsan mìlic mÐa mèra prin).
Giautì to lìgo, h Wikipedia (  h enallaktik  morf  thc DBPedia) qrhsimopoieÐtai
eurèwc ton teleutaÐo kairì wc phg  gn¸shc emploutismoÔ twn eggr�fwn ( [Bizer
et al., 2009], [Suchanek et al., 2008], [Navigli & Ponzetto, 2010]).

Oi [Bunescu & Pasca, 2007] sthn ergasÐa touc qrhsimopoioÔn mÐa mhqan  dianu-
sm�twn upost rixhc pou ekpaideÔetai na entopÐzei onìmata anjr¸pwn me b�sh thn
idiìtht� touc, en¸ gÐnetai kai aposaf nish sthn perÐptwsh onom�twn me �llec idiìth-
tec. Ta apotelèsmata eÐnai ikanopoihtik� all� periorÐzontai mìno se kÔria onìmata.

To sÔsthma Wikify! [Mihalcea & Csomai, 2007] enopoieÐ se mÐa diadikasÐa ton
entopismì lèxewn-kleidi¸n (keywords) kai thc aposaf nishc ennoi¸n lèxewn b�sei
tou perieqomènou thc Wikipedia. Parìla aut� h epis mansh enìc mikroÔ posostoÔ
(4.5% me 6%) twn lèxewn twn eggr�fwn de jewreÐtai ikanopoihtik . To Ðdio qamhlì
posostì epis manshc isqÔei kai gia thn ergasÐa tou [Cucerzan, 2007] me thn apìdo-
sh ìmwc na jewreÐtai kalÔterh lìgw thc epiplèon axiopoÐhshc statistik¸n apì th
Wikipedia all� kai apotelèsmata anaz thshc sto WWW.

Sthn ergasÐa twn [Milne & Witten, 2008] gÐnetai èna b ma parapèra kai ka-
tab�lletai prosp�jeia na eisaqjeÐ h ènnoia thc org�nwshc kai thc dom c se èna
opoiod pote komm�ti keimènou (pou eÐnai adìmhto).

Oi [Fader et al., 2009] epekteÐnoun thn idèa twn [Bunescu & Pasca, 2007] kai
[Cucerzan, 2007] qrhsimopoi¸ntac plhroforÐec gia thn aposaf nish twn ennoi¸n
ìqi mìno apì ta sumfrazìmena all� kai apì exwterik� dedomèna (ìpwc h sqèsh miac
sumboloseir�c me tic ontìthtec pou emfanÐzontai sth Wikipedia) en¸ h mèjodìc touc
efarmìzetai se pio genik� keÐmena (oi prohgoÔmenec efarmìzontai eÐte se �rjra thc
Wikipedia eÐte se �rjra eid sewn).

H pio prìsfath ergasÐa eÐnai aut  twn [Mendes et al., 2011] (Spotlight) oi opoÐoi
axiopoioÔn thn enallaktik  morf  thc Wikipedia th DBpedia kai dÐnoun th duna-
tìthta sto qr sth na prosarmìsei ton entopismì ontot twn b�sei twn dik¸n tou
anagk¸n axiopoi¸ntac di�fora mètra poiìthtac ìpwc th sqetikìthta me tic upìloi-
pec ontìthtec tou keimènou klp. To sÔsthma apodÐdei ikanopoihtik� all� h qronik 
tou apìdosh den eÐnai idiaÐtera ikanopoihtik  ìtan o ìgkoc twn keimènwn aux�nei.

Sta plaÐsia thc diatrib c sthrÐzontai gia ton emploutismì gn¸shc gia kalÔterh
anapar�stash eggr�fwn, h Wikipedia, h opoÐa parousi�zetai amèswc met�.

4.3.1 H egkuklopaÐdeiaWikipedia kai h ektetamènh qr -
sh thc

H Wikipedia èqei san stìqo th dhmiourgÐa miac dwre�n egkuklopaÐdeiac se pollèc
gl¸ssec. S mera, jewreÐtai h pio meg�lh kai pio eurèwc qrhsimopoioÔmenh egku-
klopaÐdeia se qr sh. H Wikipedia èqei gnwrÐsei tètoia �njhsh lìgw tou b�rouc
pou dÐnetai sthn oikeiojel  (kai eleÔjerh) prosp�jeia kai krÐsh twn summeteqìntwn
(jewrhtik� o kajènac mporeÐ na prosfèrei sth Wikipedia). Lìgw aut c thc an�ptu-
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xhc, h Wikipedia èqei exeliqteÐ se mÐa shmantik  phg  gn¸shc pou qrhsimopoi jhke
prìsfata se pollèc efarmogèc keimènou ìpwc an�kthsh keimènou [Li et al., 2007],
exagwg  ontot twn [Toral & Munoz, 2006], kathgoriopoÐhsh eggr�fwn [Gabrilovi-
ch & Markovitch, 2006], [Wang et al., 2009] kai omadopoÐhsh eggr�fwn [Hu et al.,
2009], [Bloehdorn et al., 2006].

H Wikipedia sugkentr¸nei ìla ta domik� qarakthristik� pou èqoun kai oi pa-
radosiakèc èntupec egkuklopaÐdeiec (org�nwsh twn �rjrwn me eswterikèc anaforèc
se paremfer  �rjra   exwterikèc anaforèc se peraitèrw bibliografÐa kai k�poio
eÐdoc eurethrÐou b�sei jèmatoc) kai parousi�zei kai kainoÔria gnwrÐsmata ta opoÐa
sunolik� sunoyÐzontai parak�tw.

• 'Arjra:

H basik  mon�da org�nwshc plhroforÐac thc Wikipedia eÐnai to �rjro. K�-
je �rjro antistoiqeÐ se mÐa selÐda kai s mera h Wikipedia perièqei p�nw apì
10 ekatommÔria �rjra se sÔnolo p�nw apì 250 diaforetikèc gl¸ssec. H ag-
glik  èkdosh perilamb�nei perÐpou 2.5 ekatommÔria �rjra (mh metr¸ntac tic
anakateujÔnseic kai tic selÐdec aposaf nishc pou analÔontai parak�tw).

Ta �rjra eÐnai grammèna sth morf  eleujèrou keimènou me kal� domhmènec
prot�seic bohj¸ntac ètsi th sunèpeia kai th sunoq  tou �rjrou. K�je �rjro
upakoÔei se orismènec arqèc (pou elègqontai apì touc Ðdiouc touc qr stec):

1. K�je �rjro perigr�fei mia sugkekrimènh ènnoia, èna sugkekrimèno anti-
keÐmeno,

2. Oi tÐtloi twn �rjrwn eÐnai litoÐ kai periektikoÐ (p�nta ìmwc perigrafikoÐ)
¸ste na moi�zoun me ìrouc enìc sumbatikoÔ jhsauroÔ (  ontologÐac),

3. Parìmoioi ìroi sundèontai metaxÔ touc mèsw twn anakateujÔnsewn (dec
kai parak�tw),

4. Oi selÐdec aposaf nishc parèqoun tic di�forec pijanèc ermhneÐes-ènnoiec
gia tic polÔshmec ènnoiec kai oi qr stec mporoÔn na epilèxoun to �rjro
pou touc endiafèrei (dec kai parak�tw),

5. Ta �rjra xekinoÔn me mÐa mikr  perigraf  tou jèmatoc kai h pr¸th prìtash
sun jwc orÐzei ti akrib¸c perigr�fetai sto �rjro,

6. Ta �rjra perièqoun sundèsmouc pou deÐqnoun th sqèsh touc me �lla �rjra
(dec kai parak�tw)

To Sq ma 4.8 parousi�zei èna tupikì �rjro pou perigr�fei ton ìro Hex editor.

• AnakateujÔnseic:

MÐa selÐda anakateÔjunshc den perièqei keÐmeno all� mìno èna sÔndesmo se
èna �rjro (to opoÐo jewreÐtai parìmoio). Sunolik� up�rqoun perÐpou 3 eka-
tommÔria tètoiec anakateujÔnseic sthn agglik Wikipedia. Gia par�deigma, gia
ton ìro library up�rqoun perÐpou 12 tètoiec selÐdec pou kalÔptoun peript¸seic
ìpwc: plhjuntikì arijmì (libraries), teqnikoÔc ìrouc (biblioteca), koin� l�jh
sullabismoÔ (libary)   �llec sun¸numec morfèc (reading room, book stack).
O skopìc eÐnai saf c: na up�rqei èna kai mìno �rjro gia mÐa sugkekrimènh
ènnoia kai ìlec oi parìmoiec na odhgoÔn se autì to �rjro.
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Sq ma 4.8: Par�deigma plhrofori¸n apì th Wikipedia gia ton ìro Hex editor

• SelÐdec aposaf nishc:

'Otan ènac ìroc eÐnai polÔshmoc, tìte h anaz thsh thc Wikipedia parapèmpei
to qr sth (sthn pleioyhfÐa twn peript¸sewn) se mÐa selÐda pou oi qr stec
mporoÔn na epilèxoun thn ènnoia pou touc endiafèrei. Gia th di�krish twn
diafìrwn �rjrwn ston tÐtlo prostÐjetai (mèsa se parènjesh) kai h antÐstoiqh
jematik  perioq  k�je diaforetik c ènnoiac. H agglik  Wikipedia perièqei
perÐpou 100.000 selÐdec aposaf nishc. 'Ena par�deigma tètoiac selÐdac faÐnetai
sto Sq ma 4.9.

• SÔndesmoi:

Ta �rjra thc Wikipedia emploutÐzontai me sundèsmouc proc �lla �rjra (meso-
stajmik� upologÐzetai pwc k�je �rjro èqei perÐpou 25 sundèsmouc proc �lla
�rjra). H agglik Wikipedia perièqei perÐpou 60 ekatommÔria sundèsmouc. Pa-
rèqoun epexhg seic jem�twn pou suzhtoÔntai kai emperièqoun mÐa ènnoia sqèshc
tou exetazìmenou �rjrou me to �rjro pou odhgeÐ o sÔndesmoc.

• KathgorÐec:

Ta �rjra thc Wikipedia eÐnai organwmèna ierarqik� se mÐa ploÔsia dom  ka-
thgori¸n. 'Ena �rjro mporeÐ na an kei se perissìterec thc miac kathgorÐec.
Up�rqoun perÐpou 400.000 kathgorÐec sthn agglik  Wikipedia, kajemi� periè-
qei kat� mèso ìro 19 �rjra. Oi kathgorÐec den apoteloÔn �rjra, all� eÐnai
san kìmboi pou qrhsimeÔoun gia thn kathgoriopoÐhsh twn �rjrwn. AxÐzei na
shmeiwjeÐ pwc h ierarqik  kathgoriopoÐhsh thc Wikipedia den eÐnai mÐa apl 
dendrik  dom  all� perissìtero ènac sÔnjetoc akuklikìc kateujunìmenoc gr�-
foc.
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Sq ma 4.9: Par�deigma selÐdac aposaf nishc thc Wikipedia gia ton ìro Mercury

• 'Alla domik� stoiqeÐa:

'Alla domik� stoiqeÐa pou sunjètoun ta �rjra thc Wikipedia eÐnai merik� plh-
roforiak� plaÐsia (perièqoun qr simec plhroforÐec se domhmènh morf  b�sei
k�poiwn protÔpwn (p.q. perièqontai plhroforÐec gia thn topojesÐa, ton plh-
jusmì ktl pìlewn).

Se arket� �rjra up�rqoun epÐshc kai eikìnec (sÔndesmoc sth Wikipedia Com-
mons Images).

Q�rh se ìla ta parap�nw qarakthristik� (eÔkolh ananèwsh �rjrwn ta opoÐa eÐnai
kai kal� domhmèna, ierarqik  dìmhsh kathgori¸n, pukn  diasÔndesh �rjrwn k.a.), h
Wikipedia èqei qrhsimopoihjeÐ eurèwc wc exwterik  phg  gia emploutismì keimènwn.
Epiplèon, èqoun anaptuqjeÐ di�forec diepafèc epikoinwnÐac me th b�sh thc Wikipe-
dia, ìpwc to MediaWiki 3 to opoÐo parèqei dunatìthta an�kthshc plhrofori¸n apì
th b�sh thc Wikipedia se pragmatikì qrìno. Oi dunatìthtec pou parèqontai eÐnai
pollèc kai aforoÔn sth dunatìthta an�kthshc k�je domikoÔ stoiqeÐou thcWikipedia
(tÐtloi, perieqìmena, sÔndesmoi ktl), se pollèc pijanèc morfèc (eleÔjero keÐmeno,
morf  XML klp.)

Ac shmeiwjeÐ pwc hWikipedia den parèqei (sthn aujentik  thc morf ) mÐa pl rwc
domhmènh b�sh dedomènwn (ontologÐa), all� polloÐ ereunhtèc erg�zontai se aut 

3http://www.mediawiki.org/wiki/API
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PÐnakac 4.2: PÐnakac qarakthristik¸n twn shmantikìterwn exwterik¸n phg¸n gn¸shc

Ierarqik 
Dom 

Jhsaurìc Ananèwsh Keimenikì
Perieqìmeno

WordNet Nai Meg�loc Arg  LÐgo
Wikipedia Nai Periorismènoc Gr gorh PolÔ
Open Directory Nai - Arg  -
Apotelèsmata
Mhqan¸n
Anaz thshc

Merik  - Gr gorh LÐgo

thn kateÔjunsh, dhlad  sth metatrop  thc se mÐa pl rh ontologÐa [Bizer et al.,
2009], [Suchanek et al., 2008], [Navigli & Ponzetto, 2010]. Me qr sh aut¸n twn
organwmènwn morf¸n thc Wikipedia   thc domhmènhc isodÔnamhc ontologÐac th DB-
pedia [Bizer et al., 2009], up�rqei meg�lo pedÐo èreunac ston tomèa thc anagn¸rishc
onom�twn ontot twn [Cucerzan, 2007], dÐnontac th dunatìthta na antistoiqistoÔn
ontìthtec se prìswpa, organismoÔc, topojesÐec k.t.l. Sta epìmena sunoyÐzontai
ta kuriìtera sust mata pou èqoun anaptuqjeÐ kai qrhsimopoioÔn th Wikipedia wc
phg  gn¸shc gia emploutismì keimènwn kai katìpin qrhsimopoioÔn to apotèlesma tou
emploutismoÔ gia k�poia efarmog  an�lushc keimènwn (p.q. kathgoriopoÐhsh).

Ston PÐnaka 4.2 faÐnontai sunoptik� merikèc apì tic phgèc exwterik c gn¸shc
pou qrhsimopoioÔntai mazÐ me ta qarakthristik� touc, en¸ sto Sq ma 4.10 up�rqei o
�xonac thc <<domhmènhc plhroforÐac >> sto èna �kro tou opoÐou up�rqei to eleÔjero
keÐmeno kai sto �llo oi ontologÐec kai èqoun topojethjeÐ se autìn treic phgèc gn¸shc
se sqèsh me to bajmì ston opoÐo plhsi�zoun to èna �kro   to �llo.

Sq ma 4.10: 'Axonac dìmhshc thc plhroforÐac kai exwterikèc phgèc gn¸shc

4.4 Montèlo anapar�stashc eggr�fwn me qr -
sh thc Wikipedia

Sta prohgoÔmena Kef�laia ègine mia perigraf  twn problhm�twn shmasiologÐac pou
dusqeraÐnoun thn anapar�stash eggr�fwn me èna apotelesmatikì kai apodotikì mo-
ntèlo. Oi lèxeic (mèsw tou montèlou BOW) exakoloujoÔn na apoteloÔn th basik 
mon�da anapar�stashc eggr�fwn, ex ou kai kuriarqoÔn se diadikasÐec p.q. anaz th-
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shc (oi perissìteroi �njrwpoi anazhtoÔn èna èggrafo b�sei lèxewn-kleidi¸n). Se
aut  th dunamik  thc qr shc twn lèxewn basÐsthke kai h mejodologÐa pou anaptÔ-
qjhke sto Kef�laio 3, ìmwc oi adunamÐec pou up�rqoun apì th fÔsh thc gl¸ssac
all� kai touc periorismoÔc enìc montèlou basismèno se lèxeic (kai perigr�fhkan
sta prohgoÔmena Kef�laia) apoteloÔn stenwpì gia thn apodotik  leitourgÐa tou
montèlou.

H eisagwg  exwterik c gn¸shc me stìqo to shmasiologikì emploutismì tou pe-
rieqomènou twn eggr�fwn eÐnai mÐa poll� uposqìmenh kateÔjunsh kai akoloujeÐtai
sta plaÐsia thc diatrib c gia th dhmiourgÐa enìc montèlou anapar�stashc eggr�fwn
pou afenìc de basÐzetai se lèxeic all� se ènnoiec kai afetèrou eis�gei epiplèon sh-
masiologikì perieqìmeno. Lìgw twn qarakthristik¸n kai twn pleonekthm�twn pou
anafèrjhkan sta prohgoÔmena, qrhsimopoieÐtai hWikipedia, b�sei thc opoÐac entopÐ-
zontai oi ep¸numec ontìthtec - ènnoiec k�je eggr�fou kai ex�gontai ìlec oi qr simec
plhroforÐec gia thn en lìgw ènnoia apì th Wikipedia.

H mejodologÐa axiopoÐhshc thc Wikipedia me stìqo ton emploutismì thc anapa-
r�stashc eggr�fwn faÐnetai sto Sq ma 4.4 kai perigr�fetai analutik� stic epìmenec
Paragr�fouc.

Sq ma 4.11: MejodologÐa anapar�stashc eggr�fou me b�sh �rjra thc Wikipedia

4.4.1 Exagwg  ep¸numwn ontot twn(named entities) -
ennoi¸n(concepts) apì th Wikipedia

O stìqoc thc diadikasÐac eÐnai h exagwg  �rjrwn thc Wikipedia pou perigr�fontai
apì mÐa   perissìterec diadoqikèc lèxeic tou eggr�fou. Gia par�deigma, e�n èna èg-
grafo perièqei th fr�sh <<data mining>>, eÐnai epijumhtì na exaqjoÔn kai oi dÔo lèxeic

60 G. Span�khc - EufueÐc Teqnikèc Shmasiologik c An�lushc & Anaz thshc Keimènou



Kef�laio 4. Anapar�stash keimènou

wc fr�sh kai na antistoiqistoÔn sto sqetikì �rjro thc Wikipedia, sqhmatÐzontac
mÐa ep¸numh ontìthta   ènnoia tou eggr�fou. To prìblhma pou egeÐretai ed¸, eÐnai
pwc h poluplokìthta thc exagwg c ìlwn twn pijan¸n N-gramm�twn (N-grams) (¸-
ste na elegqjoÔn ìlec oi pijanèc peript¸seic �rjrwn thc Wikipedia pou up�rqoun
sto èggrafo) eÐnai polÔ meg�lh [Wang & Domeniconi, 2008], kai oi èwc t¸ra mèjodoi
basÐzontai mìno ston periorismì thc jematologÐac se sugkekrimèno antikeÐmeno [W-
ang et al., 2003]. O q¸roc dhlad  anaz thshc gia th lÔsh tou probl matoc eÐnai
polÔ meg�loc, all� me qr sh teqnik¸n grammatik c an�lushc (epis mansh mer¸n tou
lìgou ktl), mporoÔn na anaptuqjoÔn mèjodoi pou entopÐzoun orj� ontìthtec onom�-
twn ìpwc o Stanford Named Entity Recognizer [Stanford, 2009]   o LingPipe Exact
Dictionary-Based Chunker [Alias-i, 2008] me apotelèsmata arket� enjarruntik�.

Sthn prosèggish pou anaptÔqjhke, k�je èggrafo epishmaÐnetai me plhroforÐec
gia to mèroc tou lìgou (Part-of-Speech, POS) k�je lèxhc me qr sh tou ergaleÐou
TreeTagger [Schmid, 1994]. Ta �rjra thc Wikipedia èqoun arket� perigrafikoÔc tÐ-
tlouc, opìte den eÐnai aparaÐthto na gÐnei peristol    afaÐresh lèxewn qwrÐc nìhma.
Gia par�deigma sto Sq ma 4.12 faÐnetai èna keÐmeno kai sto Sq ma 4.13 ta apotelè-
smata thc epis manshc. O sumbolismìc twn mer¸n tou lìgou akoloujeÐ th sÔmbash
tou Penn Treebank Tagset [Marcus et al., 1993] kai analutik� ìlec oi pijanèc timèc
tou faÐnontai sto Par�rthma Aþ.

Depo Provera was developed in
the 1960s and has been approved
for contraception in many other
countries.

The UpJohn Company of Kala-
mazoo, Mich., which will market
the drug under the name, Depo
Provera Contraceptive Injection,
first submitted it for approval in the
United States in the 1970s.

At that time, animal studies raised
questions about its potential to cause
breast cancer.

Sq ma 4.12: Par�deigma keimènou apì to
èggrafo #59284 tou 20-NG

Depo/NNP Provera/NNP was/VBD de-
veloped/VBN in/IN the/DT 1960s/NNS
and/CC has/VBZ been/VBN appro-
ved/VBN for/IN contraception/NN in/IN
many/JJ other/JJ countries/NNS

The/DT UpJohn/NNP Company/NNP
of/IN Kalamazoo/NNP , Mich/NNP ,
which/WDT will/MD market/VB the/DT
drug/NN under/IN the/DT name/NN , De-
po/NNP Provera/NNP Contraceptive/NNP
Injection/NNP first/RB submitted/VBD
it/PRP for/IN approval/NN in/IN the/DT
United/NNP States/NNPS in/IN the/DT
1970s/NNS

At/IN that/DT time/NN , animal/NN
studies/NNS raised/VBD questions/NNS
about/IN its/PRP$ potential/NN to/TO
cause/VB breast/NN cancer/NN /

Sq ma 4.13: Par�deigma epis manshc me-
r¸n tou lìgou se keÐmeno tou eggr�fou
#59284 tou 20-NG

Met� apì th diadikasÐa thc epis manshc, epilègontai wc upoy fiec ènnoiec oi
suneqìmenec lèxeic pou to POS touc eÐnai se mÐa apì tic akìloujec kathgorÐec :

• ousiastik�,   kÔria onìmata se enikì   plhjuntikì (NN, NP, NNS, NPS)
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• projèseic   sÔndesmoi (CC, IN),

• h lèxh to (TO)

me thn uposhmeÐwsh h pr¸th lèxh tou sumplègmatoc na eÐnai sthn 1h kathgorÐa
(NN,NP,NNS,NPS).

Omadopoi¸ntac tic suneqìmenec lèxeic tou eggr�fou pou qarakthrÐzontai apì mÐ-
a apì tic prohgoÔmenec etikètec, pragmatopoeÐtai pl rhc exagwg  twn onomatik¸n
fr�sewn (Noun Phrases) (gia par�deigma me autì to sÔsthma mporeÐ na gÐnei exa-
gwg  tìso tou <<Barack Obama>> ìso kai tou <<President of USA>>), en¸ mei¸netai
shmantik� to upologistikì kìstoc tou elègqou k�je pijanoÔ N-gr�mmatoc, sumpe-
rilamb�nontac r mata k.t.l. Oi onomatikèc fr�seic pou ex�gontai sqhmatÐzoun tic
upoy fiec ep¸numec ontìthtec - ènnoiec.

K�je upoy fia ènnoia, elègqetai autìmata e�n up�rqei   ìqi san �rjro thc Wi-
kipedia me qr sh tou antÐstoiqou API [Wikipedia API, 2010]. Gia na kalufjeÐ h
perÐptwsh pou k�poia prìjesh   sÔndesmoc den apoteleÐ mèroc thc ènnoiac all�
up�rqei sto keÐmeno prosdioristik�, gÐnetai epiplèon èlegqoc xeqwrist� twn onoma-
tik¸n fr�sewn (qwrÐc tic projèseic/sundèsmouc) efìson den èqei brejeÐ h ènnoia sth
Wikipedia me autèc. An h ènnoia èqei pollaplèc ermhneÐec (epomènwc up�rqoun kai
pollapl� �rjra thc Wikipedia pou anafèrontai sthn Ðdia onomatik  fr�sh), ekte-
leÐtai aposaf nish thc ènnoiac me th diadikasÐa pou perigr�fetai sthn Par�grafo
4.4.2, gia na epilegeÐ h pio sunaf c me to keÐmeno ènnoia. Mìlic epiteuqjeÐ monadik 
antistoÐqish metaxÔ thc upoy fiac ènnoiac kai thc Wikipedia, h ènnoia epilègetai wc
mÐa sunist¸sa tou dianÔsmatoc tou eggr�fou pou ja sqhmatisteÐ. Gia par�deigma,
jewreÐste to akìloujo apìspasma apì èna èggrafo tou sunìlou 20 Newsgroups (pe-
rigr�fetai analutik� sto Par�rthma Gþ). Sto akìloujo apìspasma (apì to èggrafo
#59284 tou 20-NG), oi ènnoiec oi opoÐec ex�gontai faÐnontai me èntonh graf .

Depo Provera was developed in the 1960s and has been approved for con-
traception many other countries. The UpJohn Company of Kalamazoo,
Mich., which will market the drug under the name, Depo Provera Contraceptive
Injection, first submitted it for approval in the United States in the 1970s. At
that time, animal studies raised questions about its potential to cause breast
cancer.

EÐnai profanèc to pìso shmantikì eÐnai se èna sÔsthma an�kthshc plhrofori¸n
na up�rqei h dunatìthta na entopistoÔn ènnoiec ìpwc oi <<Depo Provera>>, <<UpJohn
Company>>, <<United States>> oi opoÐec upì �llec sunj kec ja qwrÐzontan se dÔo
lèxeic qwrÐc safèc perieqìmeno (p.q. <<Depo>>   <<Provera>>)   me �llh shmasÐa (p.q.
<<United>>   <<States>>).

AfoÔ gÐnei o èlegqoc kai brejeÐ to sÔnolo twn epwnÔmwn ontot twn pou apote-
loÔn tic ènnoiec tou eggr�fou, me qr sh tou API thc Wikipedia, gia k�je epilegmènh
ènnoia i, ex�gontai ta gnwrÐsmata pou faÐnontai sto Sq ma 4.14. 'Ena par�deigma
twn gnwrism�twn pou ex�gontai (gia ton ìro <<Hex Editor>> pou parousi�sthke sto
Sq ma 4.8) faÐnetai sto Sq ma 4.15.

Met� thn exagwg  twn gnwrism�twn pou perigr�fhkan sto Sq ma 4.14 gia k�je
ènnoia se èna èggrafo, gÐnetai ènac sunduasmìc touc gia th dhmiourgÐa qarakthri-
stik¸n ta opoÐa emploutÐzoun thn anapar�stash tou eggr�fou. O stìqoc eÐnai h
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• Contenti : to keimenikì perieqìmeno tou �rjrou thc Wikipedia

• Linksi : sÔndesmoi apì to exetazìmeno �rjro se �lla �rjra thc Wiki-
pedia

• BackLinksi : �rjra ta opoÐa èqoun sÔndesmo sto exetazìmeno �rjro

• PageHitsi : �rjra sta opoÐa to exetazìmeno �rjro (noun phrase) emfa-
nÐzetai, eÐte wc sÔndesmoc eÐte ìqi (apl  anafor�)

• Categoriesi : h lÐsta kathgori¸n thc Wikipedia pou to exetazìmeno
�rjro an kei

Sq ma 4.14: GnwrÐsmata pou ex�gontai me th bo jeia tou API thc Wikipedia

Sq ma 4.15: Par�deigma gnwrism�twn �rjrwn thc Wikipedia pou ex�gontai

dhmiourgÐa enìc dianÔsmatoc qarakthristik¸n pou ja dÐnoun to b�roc miac ènnoiac i
se k�je èggrafo j kai ta opoÐa perigr�fontai stic akìloujec exis¸seic.

• Weighted Frequency (Wfreq) orÐzetai wc ex c :

WFreqj,i = sizei ∗ frequencyj,i (4.7)

ìpou :

– sizei eÐnai o arijmìc twn lèxewn pou sqhmatÐzoun thn ènnoia i,
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– frequencyj,i eÐnai o arijmìc twn for¸n pou h ènnoia i emfanÐzetai se èna
j.

To sugkekrimèno mètro moi�zei me ton klassikì ìro tf pou perigr�fhke sta
prohgoÔmena, ekfr�zei dhlad  th suqnìthta emf�nishc miac ènnoiac sto èggra-
fo, all� enisqÔetai kai apì ton arijmì twn lèxewn pou apartÐzoun thn ènnoia.
'Etsi dÐnetai b�sh sto shmasiologikì perieqìmeno pou perikleÐoun om�dec ìrwn.

• LinkRank eÐnai èna mètro tou pìsouc sundèsmouc èqei koinoÔc mÐa ènnoia me to
sÔnolo twn sundèsmwn pou perièqontai se èna èggrafo, dhlad  eÐnai èna mètro
thc shmantikìthtac thc ènnoiac gia to èggrafo kai orÐzetai tupik� wc ex c :

LinkRankj,i =
|Linksi

∩
LinksDocj |

|LinksDocj |
(4.8)

ìpou :

– Linksi eÐnai o arijmìc twn sundèsmwn thc ènnoiac i, ìpwc orÐsthke sto
sq ma 4.14,

– LinksDocj eÐnai to sÔnolo twn sundèsmwn tou eggr�fou j, pou orÐzetai
wc oi sÔndesmoi ìlwn twn ennoi¸n pou anaparistoÔn to èggrafo j.

Me to mètro autì dÐnetai èmfash sthn ploÔsia diasÔndesh twn �rjrwn thc
Wikipedia kai pou uponoeÐ pwc up�rqoun sqèseic metaxÔ twn diasundedemènwn
�rjrwn. 'Etsi, mÐa ènnoia pou perièqei polloÔc koinoÔc sundèsmouc me mÐa �llh
ènnoia tou Ðdiou eggr�fou (pèran tou ìti mporeÐ na sun�gei kaneÐc pwc èqoun
koin� stoiqeÐa metaxÔ touc) èqei meg�lec pijanìthtec na perigr�fei to jèma tou
eggr�fou.

• ConceptSim eÐnai h omoiìthta metaxÔ tou eggr�fou kai tou perieqomènou tou
�rjrou thc Wikipedia pou antistoiqeÐ sthn ènnoia, upologizìmenh me klassi-
koÔc ìrouc tou montèlou tf − idf ìpwc parousi�sthke sta prohgoÔmena kai
upologÐzetai apì thn akìloujh exÐswsh :

ConceptSimj,i = cos(vj,vi) (4.9)

ìpou :

– vj eÐnai to di�nusma tf − idf gia to èggrafo j,

– vi eÐnai to di�nusma tf − idf gia to keÐmeno tou �rjrou thc Wikipedia pou
antistoiqeÐ sthn ènnoia i,

– cos eÐnai h sun�rthsh sunhmitìnou pou upologÐzei thn omoiìthta an�mesa
sta dÔo dianÔsmata.

To mètro autì axiopoieÐ thn paradosiak  diadikasÐa an�kthshc keimènou (qr sh
dianusm�twn tf − idf) an�mesa sto arqikì èggrafo pou exet�zetai kai sto kei-
menikì perieqìmeno pou sun�getai apì to �rjro thc Wikipedia. EÐnai profanèc
pwc plhj¸ra koin¸n lèxewn eÐnai endeiktik  thc shmantikìthtac thc ènnoiac
sto èggrafo.
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• OrderRank eÐnai mÐa tim  pou paÐrnei megalÔterec timèc gia ènnoiec oi opoÐec
emfanÐzontai sthn arq  tou eggr�fou, mia idèa basismènh sthn parat rhsh pwc
shmantikèc ènnoiec-lèxeic suqn� emfanÐzontai sthn arq  enìc keimènou [Xue &
Zhou, 2009]. Tupik� orÐzetai wc ex c :

OrderRankj,i = 1− arrayposi
|j|

(4.10)

ìpou :

– arraypos eÐnai ènac pÐnakac pou perièqei ìlec tic lèxeic tou eggr�fou
sth seir� pou emfanÐzontai kai arrayposi anaparist� th jèsh thc pr¸thc
emf�nishc thc ènnoiac i ston pÐnaka. E�n mÐa ènnoia apoteleÐtai apì pe-
rissìterec thc miac lèxhc, tìte lamb�netai upìyin h jèsh emf�nishc thc
pr¸thc lèxhc thc ènnoiac,

– |j| eÐnai to mègejoc tou eggr�fou j, dhlad  apì pìsec lèxeic apoteleÐtai.

Epiplèon, orÐzetai èna kajolikì (anex�rthto apì ta èggrafa) mètro gia k�je
ènnoia to opoÐo orÐzetai wc akoloÔjwc:

• Keyphraseness eÐnai èna mètro, prosarmosmèno apì to [Mihalcea & Csomai,
2007], pou èqei mia sugkekrimènh tim  gia k�je diaforetik  ènnoia, anexart twc
tou eggr�fou sto opoÐo anaferìmaste, kai eÐnai mÐa èndeixh tou kat� pìson mÐa
ènnoia eÐnai perigrafik  kai sugkekrimènh gia èna jèma. OrÐzetai wc ex c :

Keyphraseness(i) =
BackLinksi
PageHitsi

(4.11)

MÐa ènnoia me meg�lh tim  gia to Keyphraseness (pou shmaÐnei pwc oi peris-
sìterec emfanÐseic tou sth Wikipedia eÐnai me th morf  sundèsmwn sto antÐ-
stoiqo �rjro kai ìqi aplèc emfanÐseic) èqei megalÔterh perigrafik  dÔnamh apì
mÐa ènnoia me mikr  tim  Keyphraseness, akìma kai an h deÔterh emfanÐzetai
perissìterec forèc sth Wikipedia (all� ligìterec wc sÔndesmoc).

4.4.2 Aposaf nish ennoi¸n (Sense Disambiguation)

E�n mÐa upoy fia ènnoia èqei pollaplèc shmasÐec, tìte eÐnai aparaÐthth h diadika-
sÐa thc aposaf nishc gia na brejeÐ h shmasÐa pou tairi�zei kalÔtera sto èggrafo
pou exet�zetai. Pollèc teqnikèc aposaf nishc (disambiguation) pou basÐzontai sth
Wikipedia èqoun parousiasteÐ kat� kairoÔc me ikanopoihtik� apotelèsmata ( [Milne
& Witten, 2008], [Ratinov et al., 2011], [Bunescu & Pasca, 2007], [Mendes et al.,
2011]). Parìla aut�, gia thn epit�qunsh thc diadikasÐac thc antistoÐqhshc ennoi¸n
tou eggr�fou se �rjra thc Wikipedia, uiojeteÐtai ed¸ mÐa pio apl  kai gr gorh all�
sun�ma apotelesmatik  teqnik  aposaf nishc.

To ConceptSim (ìpwc parousi�sthke sthn exÐswsh 4.9) qrhsimopoieÐtai gia th
diadikasÐa thc aposaf nishc. UpenjumÐzetai pwc to ConceptSim basÐzetai sthn
omoiìthta metaxÔ dÔo dianusm�twn tf − idf (tou eggr�fou kai thc exetazìmenhc
ènnoiac), epomènwc ìso megalÔterh tim  èqei, tìso megalÔterh eÐnai kai h omoiìthta
an�mesa sta antÐstoiqa keÐmena. Dhlad , h ènnoia me th megalÔterh tim  ConceptSim
eÐnai h pio sqetik  me to exetazìmeno èggrafo.
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Gia thn epÐteuxh megalÔterhc akrÐbeiac sthn aposaf nish, gÐnetai kai qr sh twn
kathgori¸n thc Wikipedia stic opoÐec an kei h exetazìmenh ènnoia kai gÐnetai ensw-
m�twsh me to ConceptSim, odhg¸ntac se èna pio qarakthristikì mètro pou deÐqnei
pìso sqetik  eÐnai mÐa ènnoia (c) me to exetazìmeno èggrafo (j) kai to opoÐo kaleÐtai
SenseSimj,c kai orÐzetai apì thn akìloujh exÐswsh :

SenseSimj,c = λ ∗ ConceptSimj,c + (1− λ) ∗Dice(Categoriesc, CategoriesDocj)
(4.12)

ìpou :

• ConceptSimj,c dÐnetai apì thn exÐswsh 4.9,

• Categoriesc deÐqnei tic kathgorÐec tou c ìpwc orÐzetai sto Sq ma 4.14,

• CategoriesDocj deÐqnei tic kathgorÐec tou eggr�fou j, dhlad  tic kathgorÐec
ìlwn twn monos mantwn ennoi¸n pou anaparistoÔn to èggrafo j,

• λ eÐnai mÐa par�metroc sto di�sthma [0, 1] gia thn an�jesh bar¸n metaxÔ twn
dÔo metrik¸n,

• Dice eÐnai o gnwstìc suntelest c pou orÐzetai wc ex c :

Dice(A,B) =
2 ∗ |A

∩
B|

|A+B|
(4.13)

Gia par�deigma, to èggrafo #67480 tou sunìlou dedomènwn 20-NG an kei sthn
kathgorÐa comp.windows.x, kai h ènnoia <<Client>> sth Wikipedia anafèretai se dia-
foretikèc shmasÐec thc lèxhc, ìpwc faÐnetai ston PÐnaka 4.3. 'Ena mikrì apìspasma
tou perieqomènou tou eggr�fou #67480 sto opoÐo sunant�tai h lèxh <<client>> faÐnetai
parak�tw :

”Since the server end is (or was) always at this end (California) it is faster to
remotely run the client via DESQview X and have a short hop to the server than
running the client locally and having a long hop to the server.”

To mètro SenseSim upologÐzetai gia k�je mÐa apì tic shmasÐec kai aut  me th me-
galÔterh tim  epilègetai wc ènnoia pou eÐnai mèroc thc anapar�stashc tou eggr�fou
(sthn perÐptwsh aut  eÐnai profanèc pwc h lèxh <<client>> qrhsimopoieÐtai me thn upo-
logistik  thc shmasÐa). Gia pio akrib  apotelèsmata kai gia na mhn eisaqjoÔn sto
èggrafo lanjasmènec shmasÐec, eÐnai dunatì na eisaqjeÐ èna kat¸fli sthn el�qisth
tim  gia to SenseSim k�tw apì thn opoÐa h ènnoia ja agnoeÐtai sto èggrafo. Sta
peir�mata pou pragmatopoi jhkan sto epìmeno Kef�laio (OmadopoÐhsh Eggr�fwn),
to kat¸fli tèjhke sto 0.05.

4.4.3 Anapar�stash eggr�fou

Met� thn olokl rwsh thc diadikasÐac aposaf nishc, up�rqei ènac arijmìc ennoi¸n
pou anaparistoÔn to èggrafo. O skopìc eÐnai h kataskeu  enìc dianÔsmatoc ìpou
k�je sunist¸sa ja antapokrÐnetai sth shmantikìthta k�je ènnoiac sto èggrafo.
'Opwc prohgoÔmena anafèrjhke, k�je ènnoia èqei tèssera gnwrÐsmata sqetizìmena
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PÐnakac 4.3: Apotelèsmata aposaf nishc gia thn ènnoia ”Client” sto èggrafo #67480
tou 20-NG

'Ennoiec ”Client” SenseSim
Client (computing) 0.0578

Client (ancient Rome) 0.0240
Client (band) 0.0170
Clients (album) 0.0168
Client (album) 0.0097

me to èggrafo pou perigr�fontai apì tic exis¸seic 4.7 èwc 4.10 kai èna kajolikì
gn¸risma pou perigr�fetai apì thn exÐswsh 4.11.

Gia par�deigma, èna mikrì tm ma thc anapar�stashc me ènnoiec tou eggr�fou
#67480 apì to sÔnolo 20-NG faÐnetai ston PÐnaka 4.4. Ta mètraWFreq, OrderRank,
LinkRank, kai ConceptSim ìlou tou eggr�fou kanonikopoioÔntai sto di�sthma
[0, 1], Ston PÐnaka autìn faÐnetai kajar� h ikanìthta anapar�stashc ennoi¸n ìpwc
to <<Word for Windows>>, to opoÐo profan¸c anafèretai sto gnwstì keimenogr�fo,
all� to opoÐo to montèlo BOW ja q¸rize se treic lèxeic odhg¸ntac se ap¸leia thc
pragmatik c shmasÐac twn lèxewn.

PÐnakac 4.4: Par�deigma anapar�stashc eggr�fou me qr sh thc Wikipedia
Concept Wfreq OrderRank LinkRank ConceptSim Keyphraseness

Hypertext Transfer Protocol 0.9333 0.8830 0.6628 0.0235 0.8932
Software versioning 0.9000 0.7395 0.6968 0.4718 0.8324
Software portability 0.9000 0.8601 0.7257 0.1549 0.8153

Web Ontology Language 0.9333 0.9572 0.7289 0.3967 0.7679
Application software 0.9000 0.9129 0.6494 0.1620 0.7290
Microsoft Access 0.6333 0.9466 0.9768 0.3685 0.7212
Network segment 0.3333 0.1055 0.7302 0.5041 0.7174

OpenLink ODBC Drivers 0.9333 0.8644 0.5957 0.2488 0.6479
File server 0.3333 0.1604 0.4529 1.0000 0.6338
ethernet 0.3333 0.2919 1.0000 0.9499 0.6320

Start menu 0.9667 0.7800 0.7365 0.2770 0.6065
World Wide Web 0.9333 0.9884 0.7781 0.0070 0.5956

btrieve 1.0000 0.8198 1.0000 0.2394 0.4237
borland 0.4000 0.9111 0.7772 0.3615 0.3343
xserver 0 0.2948 0.4432 0.2759 0.3077

source code 0.9667 0.8710 0.6031 0.1526 0.2689
codebase 1.0000 0.0000 0.3509 0.1315 0.2053
traffic flow 0.3333 0.4711 0.2958 0.7869 0.1045

Word for Windows 0.6667 0.4032 0.3576 0.7278 0.0833
mouse pointer 0.3333 0.3858 0.8342 0.7488 0.0460

Client (computing) 0.6667 0.4350 0.4246 0.6661 0.0426
Process (computing) 0 0.1647 0.4332 0.8365 0.0415
Extension (Mac OS) 0.9000 0.8163 0.6860 0.2700 0.0400

ftp 1.0000 0.6899 0.5943 0.2183 0.0349
Format (command) 0.9500 0.8812 0.3767 0.3615 0.0133

windows 1.0000 0.0000 0.7587 0.4460 0.0123
Function (computer science) 0.9000 0.5599 0.8021 0.3521 0.0116

Pascal (programming language) 0.4000 1.0000 0.9206 0.4484 0.0009
... ... ... ... ... ...
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4.5 Apì to monodi�stato mètro apìstashc lè-
xewn sta poludi�stata jèmata eggr�fwn

ShmeÐo ekkÐnhshc thc diatrib c  tan h parat rhsh pwc ta shmasiologik� probl ma-
ta thc gl¸ssac dusqeraÐnoun thn apodotik  anapar�stash kai an�lush keimenik¸n
zhthm�twn ston upologist , probl mata ta opoÐa perigr�fhkan analutik� sto Kef�-
laio 2. Me stìqo to shmasiologikì emploutismì twn eggr�fwn ¸ste na mporèsoun
na efarmostoÔn eufueÐc teqnikèc epexergasÐac kai an�lushc eggr�fwn, h pr¸th pro-
sp�jeia pou gÐnetai kai perigr�fhke sto Kef�laio 3 axiopoÐhse mejìdouc statistik c
shmasiologÐac ¸ste na dhmiourg sei èna aplì bajmwtì mètro apìstashc lèxewn. Oi
lèxeic apoteloÔn thn pio diadedomènh (kai pio fusik  Ðswc gia ton �njrwpo) mon�da
anapar�stashc eggr�fwn, ex ou kai pollèc istoselÐdec anaz thshc (p.q. mhqanèc
anaz thshc) basÐzontai se autèc (lèxeic-kleidi�) gia th leitourgÐa touc. Gia thn eÔ-
resh susqetÐsewn an�mesa se lèxeic, ègine eisagwg  exwterik c gn¸shc (mhqanèc
anaz thshc kai WordNet), kai shmantikì thc pleonèkthma eÐnai pwc katafèrnei na u-
pologÐsei mÐa arijmhtik  tim  endeiktik  tou pìso sqetÐzontai dÔo lèxeic metaxÔ touc
(b�sei ìlwn twn dunat¸n sqèsewn pou mporeÐ na èqoun). 'Ena tètoio mètro mporeÐ
na axiopoihjeÐ gr gora kai praktik� apì pollèc efarmogèc pou asqoloÔntai me tic
susqetÐseic lèxewn (aposaf nish ènnoiac lèxewn, diìrjwsh sullabismoÔ, ermhneÐa
sunjetik¸n onom�twn klp). 'Omwc, ta probl mata apì th qr sh tou montèlou BO-
W paramènoun kai èkanan epitaktik  thn an�gkh epèktashc tou bajmwtoÔ mètrou
susqètishc lèxewn.

Proqwr¸ntac thn an�lush parapèra, eÔkola parathreÐ kaneÐc pwc se meg�lec
sullogèc eggr�fwn o arijmìc twn diaforetik¸n lèxewn (kai ennoi¸n touc) aggÐzei
meg�la noÔmera, epomènwc h anagwg  thc ektÐmhshc susqètishc eggr�fwn se ektÐmh-
sh thc susqètishc lèxewn odhgeÐ moiraÐa se aÔxhsh thc poluplokìthtac. Epiprosjè-
twc, se meg�lec sullogèc eggr�fwn entopÐzontai ìlo kai pio èntona ta probl mata
pou perigr�fhkan sta prohgoÔmena Kef�laia (sun¸numec/polÔshmec lèxeic, om�dec
lèxewn klp). GÐnetai fanerì pwc h apl  prosèggish twn lèxewn se meg�la èggrafa
de leitourgeÐ ikanopoihtik� tìso ìson afor� sthn anapar�stash, ìso kai sth su-
sqètish eggr�fwn. Qrei�zetai mia plousiìterh anapar�stash kai kalÔterh dom  apì
thn org�nwsh se lèxeic kai giautì qrhsimopoieÐtai èna epÐpedo parap�nw, to epÐpedo
twn ennoi¸n. H eisagwg  tou nèou montèlou anapar�stashc, to opoÐo basÐzetai ìqi
se lèxeic all� se ènnoiec pou proèrqontai apì onomatikèc fr�seic emploutÐzontac to
èggrafo me shmasiologikì perieqìmeno apì th Wikipedia. 'Etsi, k�je èggrafo ana-
parÐstatai apì ènnoiec oi opoÐec den perigr�fontai monodi�stata apì k�poio b�roc,
all� up�rqei èna di�nusma pou deÐqnei to b�roc k�je ènnoiac gia to èggrafo kai gia
th sullog .

To epìmeno b ma sth diadikasÐa thc an�lushc eÐnai h eÔresh twn shmasiologik¸n
sqèsewn an�mesa sta Ðdia ta èggrafa. 'Eqontac èna arket� leitourgikì montèlo ana-
par�stashc gia ta èggrafa, sto epìmeno Kef�laio ja exetastoÔn dunatìthtec allh-
lepÐdrashc eggr�fwn ¸ste na entopistoÔn oi sqèseic pou up�rqoun an�mes� touc kai
trìpoi omadopoÐhs c touc b�sei twn jem�twn pou perigr�foun. Sth diadikasÐa aut 
katalutikì rìlo paÐzoun oi ènnoiec oi opoÐec eis�gontai me to montèlo anapar�stashc
pou parousi�sthke, kaj¸c emperièqoun shmantikì shmasiologikì perieqìmeno kai ta
qarakthristik� pou kataskeu�sthkan (blèpe Par�grafo 4.4.1) kajorÐzoun tìso to
b�roc thc ènnoiac sto èggrafo, ìso kai th dunatìthta thc ènnoiac na perigr�yei
mia om�da eggr�fwn. Sto Sq ma 4.16, faÐnetai h poreÐa aut c thc an�lushc apì to
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epÐpedo twn lèxewn sto epÐpedo twn ennoi¸n. Sto teleutaÐo epÐpedo ent�ssetai o
entopismìc twn diafìrwn jem�twn pou apartÐzoun ta èggrafa, merikèc mejodologÐec
apì tic opoÐec parousi�zontai sthn epìmenh Par�grafo.

Sq ma 4.16: PoreÐa an�lushc apì to epÐpedo twn lèxewn sto epÐpedo twn ennoi¸n

4.5.1 Exagwg  jèmatoc apì èggrafa

4.5.1.1 Qwrismìc keimènou se tm mata

Sthn ergasÐa twn [Hearst, 1994] prot�jhke mÐa apl  statistik  mèjodoc qrhsimo-
poi¸ntac to montèlo BOW gia thn kat�tmhsh keimènou. O qwrismìc basÐzetai sth
gewmetrik  apìstash metaxÔ twn dianusmatik¸n anaparast�sewn diafìrwn tmhm�-
twn tou keimènou. H sugkekrimènh mèjodoc mporeÐ na epektajeÐ prokeimènou na gÐnei
perissìtero apodotik . Sthn ergasÐa twn [Ferret et al., 1998] prot�jhke h epèktash
thc ènnoiac tou upologismoÔ thc apìstashc me th qr sh exwterik c phg c gn¸shc.
'Ena lexilogikì dÐktuo pou perilamb�nei sqèseic metaxÔ lèxewn mporeÐ na qrhsimo-
poihjeÐ gia ton emploutismì tou arqikoÔ dianÔsmatoc tou eggr�fou. Gia par�deigma
an mÐa lèxh A up�rqei se èna èggrafo, tìte mÐa suggen c lèxh B (pou den up�rqei
sto èggrafo) mporeÐ na qrhsimopoihjeÐ. EÐnai safèc pwc mia tètoia mèjodoc parìti
belti¸nei thn akrÐbeia thc mejìdou, eis�gei kai thn ex�rthsh apì th gl¸ssa, to opoÐo
antimetwpÐzetai sthn ergasÐa twn [Richmond & Smith, 1997] mèsa apì thn an�ptuxh
enìc mètrou apost�sewn anexart twc gl¸ssac. H idèa eÐnai pwc af nei èxw apì thn
anapar�stash tou eggr�fou lèxeic pou den èqoun sugkekrimèno perieqìmeno.

MÐa �llh prosèggish qrhsimopoieÐ lexilogikèc alusÐdec gia thn anÐqneush orÐwn
sta èggrafa [Manabu & Takeo, 1994]. Kat� th di�sqish tou keimènou dhmiour-
goÔntai alusÐdec pou perièqoun geitonikèc lèxeic. K�je for� pou sunant�tai mÐa
lèxh, prostÐjetai se mÐa alusÐda ¸ste na diathrhjeÐ h megalÔterh dunat  sunoq 
metaxÔ touc. Oi lexilogikèc alusÐdec eÐnai kat�llhlec gia aut  thn ergasÐa diìti dia-
throÔn plhroforÐec gia to pragmatikì perieqìmeno kai bohjoÔn sthn aposaf nish
ìtan perissìterec apì mia pijanìthtec an�jeshc up�rqoun. Met� thn kataskeu  twn
alusÐdwn eÐnai eÔkolo na entopistoÔn ta ìria twn diafìrwn tmhm�twn: Se k�je jèsh
sto keÐmeno, upologÐzetai o arijmìc twn alusÐdwn pou arqÐzoun kai o arijmìc twn
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alusÐdwn tou telei¸noun. Ta noÔmera aut� dÐnoun èna mètro thc pijanìthtac enìc
diaqwrismoÔ sto sugkekrimèno shmeÐo kai bohjoÔn sth swst  epilog .

'Olec autèc oi teqnikèc èqoun apodeiqjeÐ sqetik� axiìpistec an kai kat� perÐptwsh
k�poiec mporeÐ na leitourgoÔn pio apodotik�.

4.5.1.2 Mèjodoi exagwg c jèmatoc

Oi sunhjèsterec teqnikèc exagwg c jèmatoc apì keÐmeno xekinoÔn apì thn exagwg 
shmantik¸n lèxewn-kleidi¸n (keywords). MÐa klassik  mèjodoc [Salton & Buckley,
1987] eÐnai h qr sh thc exÐswshc 2.3 (tf − idf) gia thn epilog  twn lèxewn pou
èqoun shmantikì perieqìmeno kai èqoun meg�lh shmasÐa gia to keÐmeno. H apl  aut 
teqnik  èqei epektajeÐ me polloÔc trìpouc ìpwc perigr�fetai stic mejìdouc [Allan
et al., 1998], [Nallapati, 2003] kai [Ferret et al., 1998]. H apl  exagwg  lèxewn mporeÐ
na eÐnai apagohteutik  gia to qr sth kaj¸c parousi�zei mìno merikèc lèxeic (qwrÐc
�mesh sunepagwg  tou jèmatoc tou keimènou) all� eÐnai idiaÐtera kal  teqnik  gia
thn eurethrÐash (indexing) tou eggr�fou.

H qr sh lexilogik¸n alusÐdwn sta keÐmena bohj� sthn kalÔterh sunoq  lexilo-
gik� kai ennoiologik�. Sthn ergasÐa [Barzilay & Elhadad, 1997] oi alusÐdec qrhsi-
mopoioÔntai gia thn exagwg  twn shmantikìterwn prot�sewn, parìla aut� h mèjodoc
mporeÐ na epektajeÐ kat�llhla gia thn exagwg  lèxewn-kleidi¸n pou ja apoteloÔsan
to jèma tou eggr�fou. Tèloc, poll� uposqìmenh kateÔjunsh kai ed¸, eÐnai h eisa-
gwg  exwterik c gn¸shc (ìpwc lexilogik� dÐktua, ontologÐec) gia ton upologismì
twn omoiot twn metaxÔ lèxewn.

4.5.1.3 Pijanotik� montèla exagwg c jèmatoc

Sta pijanotik� montèla, gÐnetai h upìjesh Ôparxhc enìc (pijanotikoÔ) montèlou
dhmiourgÐac eggr�fwn kai me qr sh tou ek twn ustèrwn pijanotikoÔ sumperasmoÔ
(posterior probabilistic inference) gÐnetai prosp�jeia na brejoÔn oi par�metroi autoÔ
tou montèlou se  dh gnwst� (dhmiourghmèna dhlad ) èggrafa. ParadeÐgmata tètoiwn
montèlwn èqoun efarmog  se di�forouc tomeÐc thc mhqanik c m�jhshc : Hidden
Markov Models [Rabiner, 1989], fÐltra Kalman [Kalman, 1960] , fullogenetik�
dendrik� montèla [Mau et al., 1999], Mixture Models.

To basikì montèlo exagwg c jèmatoc eÐnai h Latent Dirichlet Allocation, LDA
[Blei et al., 2003] kai basÐzetai akrib¸c sthn idèa pwc ta èggrafa apoteloÔntai a-
pì lèxeic pou proèrqontai apì poll� diaforetik� jèmata, ìpou k�je jèma (topic)
orÐzetai wc mÐa katanom  se èna sugkekrimèno sÔnolo ìrwn (to lexilìgio thc sullo-
g c eggr�fwn). Sugkekrimèna, jewreÐtai pwc èqoume K jèmata pou sqetÐzontai me
mÐa sullog  eggr�fwn kai k�je èggrafo sqetÐzetai me aut� ta jèmata se diaforeti-
kèc analogÐec. H upìjesh aut  mporeÐ na jewrhjeÐ asfal c, kaj¸c ta perissìtera
èggrafa teÐnoun na eÐnai eterogen , sundu�zontac di�forec idèec kai skèyeic pou
qarakthrÐzoun olìklhrh th sullog  eggr�fwn pou mac apasqoleÐ.

Gia par�deigma èstw èna èggrafo pou anafèretai se genetik  kai teqnologÐa, èna
�llo pou anafèretai se genetik  kai neuroepist mh kai èna pou anafèretai se teqno-
logÐa kai neuroepist mh. 'Ena montèlo pou ja periìrize k�je èggrafo se èna jèma
de ja mporoÔse na kalÔyei me ton Ðdio trìpo th shmantikìthta p.q. thc neuroepist -
mhc san jèma, se sqèsh me èna �llo montèlo pou kajorÐzei jèmata an� mèroc tou
eggr�fou. Fusik� h prìklhsh sth sugkekrimènh perÐptwsh eÐnai pwc ta jèmata aut�
den eÐnai ek twn protèrwn gnwst� kai o skopìc eÐnai h ekm�jhsh apì ta dedomèna. H

70 G. Span�khc - EufueÐc Teqnikèc Shmasiologik c An�lushc & Anaz thshc Keimènou



Kef�laio 4. Anapar�stash keimènou

LDA ulopoieÐ sthn ousÐa aut  th <<diaÐsjhsh>> (ìti dhlad  up�rqoun di�fora jèmata
se k�je èggrafo) se èna montèlo kruf¸n metablht¸n, sto opoÐo ta gnwst� dedomèna
allhlepidroÔn me tic krufèc tuqaÐec metablhtèc.

�
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Kef�laio 5

OmadopoÐhsh eggr�fwn

5.1 To z thma thc susqètishc kai omadopoÐh-
shc eggr�fwn

To z thma thc shmasiologik c omoiìthtac eggr�fwn [Goldstone & Son, 2004] asqo-
leÐtai me thn an�jesh enìc mètrou pou kajorÐzei pìso ìmoia eÐnai ta èggrafa b�sei tou
perieqomènou touc (pou kajorÐzetai apì touc ìrouc pou ta apoteloÔn -sunhjèstera
tic lèxeic-). Autì epitugq�netai me ton orismì miac sun�rthshc topologik c omoiìth-
tac, pou k�nei qr sh eÐte ontologi¸n pou epitrèpoun ton upologismì thc apìstashc
an�mesa se lèxeic eÐte statistik¸n mèswn ìpwc to montèlo VSM (pou perigr�fhke
sto Kef�laio 2.5.2) me stìqo th susqètish lèxewn b�sei thc sunemf�nishc. AntÐ
tou mètrou omoiìthtac eggr�fwn mporeÐ na qrhsimopoihjeÐ (antÐstrofa) h ènnoia thc
anomoiìthtac (  thc apìstashc) [Salton, 1989]

Oi algìrijmoi omadopoÐhshc (  sustadopoÐhshc) keimènou topojetoÔn se upo-
sÔnola (  om�dec) ta èggrafa enìc sunìlou. O stìqoc twn algorÐjmwn eÐnai h
dhmiourgÐa om�dwn pou afenìc na parousi�zoun (eswterik ) sunoq  kai afetèrou na
eÐnai diaforetikèc metaxÔ touc. Me �lla lìgia, ta èggrafa se mÐa om�da prèpei na
eÐnai ìso to dunatìn pio ìmoia metaxÔ touc kai antÐstoiqa èna èggrafo miac om�dac
prèpei na diafèrei se sqèsh me to èggrafo miac �llhc om�dac.

To qarakthristikì thc omadopoÐhshc eÐnai pwc apoteleÐ thn pio klassik  morf 
mh epiblepìmenhc m�jhshc, dhlad  den up�rqei ek twn protèrwn gn¸sh gia to pou
an koun ta èggrafa kai prèpei na anakalufjeÐ apì thn parat rhsh kai thn an�lush
twn eggr�fwn. AntÐjeta, h kathgoriopoÐhsh eggr�fwn eÐnai mia perÐptwsh epiblepì-
menhc m�jhshc, h diafor� touc dhlad  ègkeitai sto ìti sthn kathgoriopoÐhsh eÐnai
gnwstèc ek twn protèrwn oi kl�seic stic opoÐec eÐnai epijumhtì na katanemhjoÔn
ta èggrafa (kai epomènwc to prìblhma eÐnai h pist  anapar�stash miac kathgorik c
di�krishc pou ènac �njrwpoc (o << epiblèpwn>>   <<d�skaloc >>) epib�llei sta dedomèna.

5.2 Up�rqousec teqnikèc omadopoÐhshc / ka-
thgoriopoÐhshc eggr�fwn

H suntriptik  pleioyhfÐa twn mejìdwn omadopoÐhshc eggr�fwn qrhsimopoioÔn to
montèlo VSM (pou perigr�fhke analutik� sto Kef�laio 2.5.2) gia na anaparast -
soun k�je èggrafo wc èna di�nusma. Qrhsimopoi¸ntac tic exis¸seic 2.1 èwc 2.3 to
sÔnolo dedomènwn pou eÐnai epijumhtì na qwristeÐ se om�dec anaparÐstatai wc ènac
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pÐnakac A : |D|×|T | (pÐnakac ìrwn-eggr�fwn, term-by-document matrix) ston opoÐo
oi grammèc apeikonÐzoun ta diaforetik� èggrafa d kai oi st lec touc diaforetikoÔc
ìrouc t. K�je stoiqeÐo tou pÐnaka ai,j eÐnai h tim  tf − idf tou ìrou j sto èggrafo
i ìpwc prokÔptei apì thn exÐswsh 2.3. To shmantikì se aut  thn anapar�stash
eÐnai na entopistoÔn oi gewmetrikèc sqèseic metaxÔ twn dianusm�twn pou sunjètoun
ton pÐnaka ¸ste na montelopoihjoÔn oi omoiìthtec kai diaforèc sto perieqìmeno twn
eggr�fwn.

5.2.1 Teqnikèc omadopoÐhshc pou èqoun efarmosteÐ se
èggrafa

Oi perissìterec mèjodoi omadopoÐhshc eggr�fwn basÐzontai se up�rqousec mejodo-
logÐec omadopoÐhshc dedomènwn, den èqoun anaptuqjeÐ dhlad  amig¸c gia èggrafa,
all� efarmìzontai kai se aut� lìgw thc dianusmatik c morf c sthn opoÐa anapa-
rÐstantai ta èggrafa. Parak�tw analÔontai oi basikoÐ algìrijmoi omadopoÐhshc
(genik� gia opoiasd pote morf c dedomèna) pou èqoun efarmosteÐ sthn perÐptwsh
twn eggr�fwn.

5.2.1.1 O algìrijmoc twn k-mèswn (k-means)

H teqnik  tou algorÐjmou twn k-mèswn (k-means) eÐnai arket� apl . AfoÔ èqei pro-
kÔyei to sÔnolo eggr�fwn pou ja qwristeÐ se om�dec, epilègontai K dianÔsmata pou
kaloÔntai kentroeid  (b�sei tou dianÔsmatoc anapar�stashc twn eggr�fwn), ìpou
to K eÐnai o arijmìc twn telik¸n om�dwn pou kajorÐzetai apì to qr sth. 'Epei-
ta, k�je èggrafo anatÐjetai sto plhsièstero kentroeidèc kai h sullog  eggr�fwn
pou anatÐjetai se k�je kentroeidèc apoteleÐ mÐa om�da. To kentroeidèc k�je om�dac
anane¸netai b�sei twn eggr�fwn pou anatèjhkan sthn om�da kai h diadikasÐa epana-
lamb�netai mèqri na mhn up�rqoun allagèc sta èggrafa   isodÔnama, ta kentroeid 
na paramènoun ta Ðdia. 'Ena par�deigma faÐnetai sto Sq ma 5.1.

Sq ma 5.1: Qr sh algorÐjmou k-mèswn gia ton entopismì 3 om�dwn

O algìrijmoc sugklÐnei sqedìn p�nta kai m�lista apì ta pr¸ta b mata, giautì
pollèc forèc h sunj kh termatismoÔ pou anafèrjhke (dhlad  na mhn all�zoun ta
kentroeid ) antikajÐstatai apì k�poia �llh pio adÔnamh, an�loga kai me to stìqo thc
omadopoÐhshc. Gia thn an�jesh k�je eggr�fou sto plhsièstero kentroeidèc qrei�-
zetai èna mètro omoiìthtac (  apìstashc). MporoÔn na qrhsimopoihjoÔn di�forec
apost�seic ìpwc h EukleÐdeia, h apìstash Manhattan   to mètro Jaccard. O epa-
nupologismìc twn kentroeid¸n twn om�dwn tÐjetai genik� afoÔ an�loga me to mètro
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apìstashc pou èqei epilegeÐ kai me to stìqo thc omadopoÐhshc. O stìqoc thc omado-
poÐhshc sun jwc ekfr�zetai mèsa apì mÐa antikeimenik  sun�rthsh pou exart�tai apì
tic apost�seic twn eggr�fwn metaxÔ touc   apì ta kentroeid  (p.q. elaqistopoÐhsh
thc apìstashc k�je eggr�fou apì to kentroeidèc thc om�dac tou).

Apì thn perigraf  tou algorÐjmou gÐnetai safèc pwc meg�lo rìlo paÐzei o ar-
qikìc kajorismìc twn kentroeid¸n: An epilègontai diaforetik� arqik� kentroeid 
me tuqaÐo trìpo, eÐnai pijanì k�je for� na prokÔptoun diaforetik� apotelèsmata.
MÐa lÔsh sto prìblhma autì [Yuan et al., 2004] eÐnai na pragmatopoihjoÔn di�fo-
rec ektelèseic tou algorÐjmou k�ti to opoÐo ìmwc eÐnai dapanhrì apì �poyh qrìnou.
MÐa apodotik  teqnik  eÐnai h arqik  deigmatolhyÐa eggr�fwn apì th sullog  kai
h epilog  twn kentroeid¸n apì aut� b�sei k�poiou prìwrou diaqwrismoÔ touc. H
taktik  aut  leitourgeÐ ikanopoihtik� ìtan (a) h sullog  eÐnai sqetik� mikr  (mèqri
merikèc qili�dec èggrafa) kai (b) o arijmìc twn om�dwn K eÐnai mikrìc se sqèsh me
to mègejoc thc sullog c.

MÐa �llh lÔsh sto prìblhma thc arqik c epilog c dìjhke me mÐa parallag  tou
algorÐjmou gnwst  wc diqotìmoc mèjodoc twn k-mèswn (bisecting k-means) [Savaresi
& Boley, 2001]. H logik  kai ed¸ eÐnai apl  : Gia th dhmiourgÐa twn K epijumht¸n
om�dwn, qwrÐzontai arqik� ìla ta èggrafa thc sullog c se dÔo om�dec, katìpin
epilègetai mÐa nèa om�da kai qwrÐzetai aut . H diadikasÐa epanalamb�netai mèqri na
paraqjoÔn K om�dec. Up�rqoun di�foroi trìpoi gia thn epilog  thc om�dac proc
diaÐresh. MporeÐ na epilègetai h megalÔterh om�da se k�je b ma   na qrhsimopoieÐtai
k�poio krit rio (me qr sh thc antikeimenik c sun�rthshc pou èqei kajoristeÐ sto
prìblhma). Diaforetikèc epilogèc odhgoÔn se diaforetikèc om�dec.

Oi adunamÐec tou algorÐjmou sunoyÐzontai sta akìlouja shmeÐa :

(1) De mporeÐ na qeiristeÐ om�dec diaforetik¸n megej¸n kai puknot twn (an kai
mporeÐ na brei orjèc upo-om�dec efìson kajoristeÐ ènac meg�loc arijmìc gia
to K),

(2) Parousi�zei prìblhma sto qeirismì twn eggr�fwn pou apèqoun polÔ (b�sei k�-
poiac apìstashc) apì ta upìloipa (sun jwc aut� ta èggrafa (outliers) prèpei
na entopistoÔn kai na apomakrunjoÔn)

(3) Sun jwc eÐnai pio apodotikìc se dedomèna ìpou up�rqei pr�gmati h ènnoia tou
kèntrou (kentroeidoÔc), dhlad  anaptÔssontai <<sfairik�>>

Oi apait seic tou algorÐjmou se q¸ro eÐnai mètriec epeid  mìno ta èggrafa kai
ta kentroeid  apojhkeÔontai (O((m +K)n), ìpou m eÐnai o arijmìc twn eggr�fwn
kai n o arijmìc twn qarakthristik¸n tou dianÔsmatoc anapar�stas c touc). Oi
apait seic tou algorÐjmou se qrìno eÐnai epÐshc basik� grammikèc se sqèsh me ton
arijmì twn eggr�fwn. Pio sugkekrimèna, o qrìnoc pou apaiteÐtai eÐnai thc t�xhc tou
O(IKmn) ìpou I eÐnai o arijmìc twn epanal yewn mèqri th sÔgklish. O arijmìc twn
epanal yewn (ìpwc anafèrjhke) jewreÐtai pwc eÐnai mikrìc kaj¸c oi perissìterec
allagèc sumbaÐnoun sta pr¸ta b mata, epomènwc o algìrijmoc eÐnai grammikìc wc
proc m me dedomèno pwc o arijmìc twn om�dwn K eÐnai shmantik� mikrìteroc apì to
m.
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5.2.1.2 Ierarqik  susswreutik  omadopoÐhsh (Hierarchical Agglo-
merative Clustering, HAC)

H ierarqik  susswreutik  omadopoÐhsh arqÐzei jewr¸ntac ìla ta èggrafa san xe-
qwristèc om�dec, kai se k�je b ma sunen¸nei to zeug�ri om�dwn pou brÐskontai pio
<<kont�>> [Defays, 1977]. Profan¸c apaiteÐtai kai p�li k�poio mètro apìstashc ìqi
mìno eggr�fwn all� om�dwn en gènei. H mèjodoc stam�ta ìtan prokÔyei mÐa om�da
(pou perièqei ìla ta èggrafa). H omoiìthta metaxÔ om�dwn eÐnai basikì shmeÐo tou
algorÐjmou p�nw sto opoÐo èqoun protajeÐ di�fora mètra ìpwc ta akìlouja:

(1) MIN : Lamb�nei thn omoiìthta om�dwn wc thn omoiìthta metaxÔ twn dÔo eg-
gr�fwn twn om�dwn pou brÐskontai pio <<kont�>> (dhlad  èqoun th mikrìterh
apìstash   isodÔnama, th megalÔterh omoiìthta),

(2) MAX : Lamb�nei thn omoiìthta om�dwn wc thn omoiìthta metaxÔ twn dÔo
eggr�fwn twn om�dwn pou brÐskontai pio <<makru�>>,

(3) GROUP : Lamb�nei to mèso ìro twn apost�sewn ìlwn twn eggr�fwn twn dÔo
om�dwn,

(4) Ward : H omoiìthta metaxÔ om�dwn lamb�netai wc h aÔxhsh tou kìstouc (se
ìrouc k�poiac antikeimenik c sun�rthshc ìpwc to �jroisma twn tetrag¸nwn
twn apost�sewn twn eggr�fwn apì to kentroeidèc thc om�dac touc) apì th
sunènwsh twn dÔo om�dwn

O algìrijmoc qrhsimopoieÐ ènan pÐnaka apost�sewn o opoÐoc apaiteÐ apojhkeuti-
kì q¸ro thc t�xhc tou 1

2
m2 (efìson jewreÐtai summetrikìc), ìpou m eÐnai o arijmìc

twn eggr�fwn. O q¸roc pou qrei�zetai gia thn parakoloÔjhsh thc exèlixhc twn o-
m�dwn (èpeita apì tic sugqwneÔseic) eÐnai m−1, epomènwc h poluplokìthta se ìrouc
q¸rou eÐnai O(m2). Se ìrouc qrìnou, o algìrijmoc katarq�c apaiteÐ qrìno O(m2)
gia ton upologismì tou pÐnaka apost�sewn. Met� apì autì to b ma apaitoÔntaim−1
epanal yeic (epeid  arqik� up�rqoun m om�dec kai se k�je b ma sugqwneÔontai 2).
E�n gÐnetai grammik  anaz thsh ston pÐnaka apost�sewn tìte gia thn i epan�lhyh
to b ma thc sugq¸neushc twn dÔo om�dwn apaiteÐ qrìno O((m − i + 1)2), pou eÐ-
nai an�logoc me ton trèqonta arijmì om�dwn en¸ to b ma thc ananèwshc tou pÐnaka
apost�sewn apaiteÐ qrìno O(m − i + 1) kaj¸c mÐa sugq¸neush om�dwn ephre�zei
mìno m− i+ 1 apost�seic. QwrÐc opoiad pote beltÐwsh, o algìrijmoc parousi�zei
poluplokìthta qrìnou O(m3), h opoÐa mporeÐ na beltiwjeÐ se O(m2logm) efìson
qrhsimopoieÐtai mÐa taxinomhmènh lÐsta (  swrìc) gia ton entopismì twn om�dwn pou
brÐskontai pio kont� kai epomènwc ja sugqwneujoÔn. H poluplokìthta tou algo-
rÐjmou (se q¸ro kai qrìno) jètei periorismoÔc gia to mègejoc twn dedomènwn pou
mporoÔn na qrhsimopoihjoÔn, pìso m�llon gia keimenik� dedomèna pou oi diast�seic
eÐnai ek twn pragm�twn meg�lec.

Parìla aut�, to meg�lo pleonèkthma twn mejìdwn aut¸n se sqèsh me ton al-
gìrijmo twn k-mèswn eÐnai h paragwg  enìc dendrogr�mmatoc, to opoÐo parousi�zei
tìso tic sqèseic om�dwn-upoom�dwn, ìso kai th seir� me thn opoÐa oi om�dec en¸-
jhkan. 'Ena par�deigma faÐnetai sto Sq ma 5.2. H tim  ston k�jeto �xona tou
dendrogr�mmatoc anaparist� thn tim  apìstashc pou prokÔptei apì ton pÐnaka apo-
st�sewn.
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Sq ma 5.2: Paragwg  dendrogr�mmatoc me qr sh ierarqik c susswreutik c omadopoÐ-
hshc

EpÐshc, oi algìrijmoi thc kathgorÐac aut c mporoÔn na tropopoihjoÔn ¸ste
na qeirÐzontai om�dec diaforetik¸n megej¸n. Up�rqoun dÔo proseggÐseic : h mh-
stajmismènh, pou antimetwpÐzei ìlec tic om�dec isìtima kai h stajmismènh, pou lam-
b�nei upìyin ton arijmì twn eggr�fwn se k�je om�da (Oi ìroi stajmismènoc kai
mh-stajmismènoc anafèrontai sta èggrafa kai ìqi stic om�dec). H parallag  tou
stajmismènou algorÐjmou (pou qrhsimopoieÐ thn apìstash GROUP pou anafèrjh-
kan prin, sth bibliografÐa anafèretai wc Unweighted Pair Group Method using
Arithmetic averages (UPGMA) [Murtagh, 1984].

Oi adunamÐec tou algorÐjmou sunoyÐzontai sta akìlouja shmeÐa :

(1) 'Elleiyh miac kajolik c antikeimenik c sun�rthshc : Oi susswreutikèc mèjo-
doi qrhsimopoioÔn di�fora topik� krit ria gia na apofasÐsoun poiec om�dec ja
sugqwneÔsoun dhlad  den mporeÐ na kajoristeÐ ènac stìqoc (p.q. elaqisto-
poÐhsh thc apìstashc twn eggr�fwn apì ta kentroeid  twn om�dwn touc) o
opoÐoc ja beltistopoihjeÐ (to prìblhma eÐnai upologistik� adÔnato),

(2) Parìti o algìrijmoc apofasÐzei topik� gia to poiec om�dec eÐnai kalÔtero na
sugqwneujoÔn, h apìfash aut  eÐnai telik  kai de mporeÐ na anastrafeÐ se
epìmeno b ma. Autì empodÐzei kai èna topikì krit rio beltistopoÐhshc na gÐnei
kajolikì,

(3) EÐnai arket� apaithtikìc se q¸ro kai qrìno (ìpwc anafèrjhke  dh).

5.2.1.3 Qr sh auto-organoÔmenwn qart¸n (Self-Organizing Maps)
sthn omadopoÐhsh eggr�fwn

Montèla neurwnik¸n diktÔwn pou èqoun efarmosteÐ se omadopoÐhsh eggr�fwn peri-
lamb�noun thn asaf  prosarmostik  suntonismènh jewrÐa (fuzzy adaptive resonance
theory, ART) [Carpenter et al., 1991] kai touc auto-organoÔmenouc q�rtec (Self-
Organizing Maps, SOM) [Kohonen et al., 2001]. Ta dÐktua ART eÐnai kat�llhla
gia omadopoÐhsh kaj¸c prosarmìzontai sthn antimet¸pish problhm�twn ìpwc ta mh-
stajer� dedomèna (non stationary data) kai h emf�nish kainoÔriwn kl�sewn-om�dwn.
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Parìla aut�, h apìdos  touc exart�tai apì th seir� me thn opoÐa emfanÐzontai ta
prìtupa kai eÐnai euaÐsjhta se uper-ekpaÐdeush kai jìrubo [He et al., 2002].

Oi auto-organoÔmenoi q�rtec (SOM), ìpwc prot�jhkan apì ton [Kohonen, 1989]
kai perigr�fhkan analutik� sta [Kangas et al., 1990], [Kohonen et al., 2001] eÐnai mia
kathgorÐa teqnht¸n neurwnik¸n diktÔwn pou ekpaideÔontai mèsw mh-epiblepìmenhc
m�jhshc me stìqo thn kataskeu  enìc q�rth pou ja anaparist� se lÐgec diast�seic
(sun jwc dÔo) to q¸ro eisìdou twn protÔpwn (eggr�fwn sthn perÐptws  pou exet�-
zetai ed¸) pou parousi�zontai sthn eÐsodo. Oi auto-organoÔmenoi q�rtec diafèroun
apì �lla neurwnik� dÐktua giatÐ eis�goun thn ènnoia thc sun�rthshc geitoni�c gia na
diathr soun tic topologikèc idiìthtec tou q¸rou eisìdou, dhlad  ta ìmoia prìtupa
na omadopoihjoÔn to èna kont� sto �llo. EpÐshc, diafèroun apì �llec mejìdouc
meÐwshc thc di�stashc twn dedomènwn eisìdou (p.q. SVD) diìti basÐzontai sthn
ekpaÐdeush enìc neurwnikoÔ diktÔou en¸ oi �llec mèjodoi eÐnai algebrikèc.

To SOM apoteleÐtai apì ènan arijmì upologistik¸n stoiqeÐwn (pou kaloÔntai
neur¸nec) kai an�loga me thn epilegmènh topologÐa èqoun mÐa sugkekrimènh jèsh (pio
suqnèc topologÐec eÐnai èna disdi�stato tetragwnikì   exagwnikì plègma). Epiplèon,
se k�je ènan apì touc neur¸nec i anatÐjetai èna di�nusma mi. EÐnai shmantikì na
anaferjeÐ ta sugkekrimèna dianÔsmata èqoun thn Ðdia di�stash me ta dianÔsmata twn
eggr�fwn pou parousi�zontai sthn eÐsodo. 'Ena par�deigma dom c SOM faÐnetai sto
Sq ma 5.3: Oi neur¸nec organ¸nontai se èna tetragwnikì plègma 5x4 en¸ faÐnetai,
h pl rhc diasÔndesh twn dianusm�twn eisìdou me touc neur¸nec thc exìdou kai h
ènnoia thc geitoni�c (o <<pr�sinoc>> neur¸nac èqei �mesa geitonikoÔc touc <<kÐtrinouc>>,
pio makrinoÔc touc <<kìkkinouc>> kai akìma pio makrinoÔc touc <<portokalÐ>>).

Sq ma 5.3: Par�deigma auto-organoÔmenou q�rth di�stashc 5x4

H ekpaideutik  diadikasÐa tou SOM perilamb�nei dÔo f�seic: thn parousÐash
twn dianusm�twn twn eggr�fwn (f�sh antagwnismoÔ) kai thn prosarmog  twn dianu-
sm�twn twn neur¸nwn (f�sh ananèwshc). K�je epanalhptikì b ma thc ekpaÐdeushc
(epoq ) xekin� me thn tuqaÐa epilog  enìc dianÔsmatoc eggr�fou eisìdou x. Autì to
èggrafo parousi�zetai sto SOM kai katìpin kajorÐzetai h energopoÐhsh k�je neu-
r¸na. Sun jwc, h eukleÐdeia apìstash (  opoiad pote �llh metrik ) an�mesa sto
èggrafo kai sto di�nusma tou neur¸na qrhsimopoieÐtai gia ton upologismì thc ener-
gopoÐhshc k�je neur¸na. 'Epeita, o neur¸nac pou to di�nusm� tou èqei th mikrìterh
EukleÐdeia apìstash apì to èggrafo sthn eÐsodo kajorÐzetai wc o neur¸nac-nikht c
gia to prìtupo autì. An qrhsimopoihjeÐ o deÐkthc c gia to sumbolismì tou nikht 
kai o deÐkthc t gia to sumbolismì thc trèqousac epoq c èqoume thn ex c exÐswsh gia
ton kajorismì tou neur¸na-nikht  :

78 G. Span�khc - EufueÐc Teqnikèc Shmasiologik c An�lushc & Anaz thshc Keimènou



Kef�laio 5. OmadopoÐhsh eggr�fwn

c(t) = argmin
i
{∥x(t)−mi(t)∥} (5.1)

Sth f�sh thc ananèwshc, to di�nusma tou neur¸na-nikht , kaj¸c kai ta dia-
nÔsmata twn neur¸nwn pou brÐskontai kont� tou anane¸nontai. H ananèwsh aut 
ulopoieÐtai wc stadiak  meÐwsh thc diafor�c metaxÔ twn antÐstoiqwn sunistws¸n tou
dianÔsmatoc tou eggr�fou eisìdou kai tou dianÔsmatoc tou neur¸na ìpwc faÐnetai
sthn parak�tw exÐswsh:

mi(t+ 1) = mi(t) + α(t) · hci(t) · [x(t)−mi(t)] (5.2)

Gewmetrik� mil¸ntac, ta dianÔsmata twn ephreazìmenwn neur¸nwn (mi) <<metaki-
noÔntai>> proc to di�nusma tou eggr�fou eisìdou. To mègejoc aut c thc metakÐnhshc
kajorÐzetai apì ènan rujmì m�jhshc (α(t)), pou fjÐnei me to qrìno. O arijmìc twn
neur¸nwn pou ephre�zontai apì thn ananèwsh, kaj¸c kai to mègejoc aut c thc ana-
nèwshc b�sei thc apìstashc apì to neur¸na-nikht  kajorÐzetai apì mÐa sun�rthsh
geitoni�c.

Sun jwc, h sun�rthsh geitoni�c eÐnai mia sun�rthsh summetrik  gÔrw apì to
nikht  pou fjÐnei monotonik� kaj¸c aux�netai h apìstash apì to nikht . Mia tupik 
sun�rthsh geitoni�c eÐnai h Gkaoussian :

hci(t) = exp

(
−∥rc − ri∥2

2 · σ(t)2

)
(5.3)

Se aut  thn èkfrash, h posìthta ∥rc − ri∥ deÐqnei thn apìstash metaxÔ dÔo neu-
r¸nwn c kai i sto q¸ro exìdou me to ri na anaparist� to di�nusma jèshc tou neur¸na
sto q�rth i sto plègma neur¸nwn sto q�rth. H par�metroc σ pou metab�lletai me to
qrìno, fjÐnei kaj¸c proqwr� h ekpaÐdeush periorÐzontac th geitoni�. Koin  praktik 
eÐnai o pur nac thc geitoni�c na epilègetai arqik� arket� meg�loc ¸ste na kalÔptei
mia meg�lh perioq  tou q�rth. To qwrikì eÔroc tou pur na autoÔ periorÐzetai sta-
diak� kat� th di�rkeia thc ekpaÐdeushc ¸ste proc to tèloc thc mìno to di�nusma tou
neur¸na-nikht  na anane¸netai.

Oi mèjodoi pou basÐzontai sta SOM èqoun dÔo shmantik� pleonekt mata ènan-
ti �llwn mejìdwn. Pr¸ton, pragmatopoioÔn mh-grammik  meÐwsh thc di�stashc twn
dedomènwn, ètsi ¸ste o q¸roc twn protÔpwn eisìdou na apotup¸netai se èna q¸ro
qamhlìterwn diast�sewn sthn èxodo me el�qisth meÐwsh thc plhroforÐac me shman-
tik� meiwmèno fìrto upologismoÔ se sqèsh me �llec mejìdouc. DeÔteron, h qwrik 
org�nwsh tou q�rth gnwrism�twn epitugq�netai met� th diadikasÐa thc m�jhshc.
Autì shmaÐnei pwc h dhmiourgoÔmenh topologÐa epitrèpei sta parìmoia èggrafa   jè-
mata na brÐskontai kont� sto q�rth. H èxodoc sun jwc apotup¸netai (mèsw k�poiac
diadikasÐac optikopoÐhshc ìpwc perigr�fetai parak�tw) me èna disdi�stato q�rth
p�nw ston opoÐo eÐnai emfaneÐc oi di�forec om�dec, bohj¸ntac ètsi thn plo ghsh
kai an�kthsh twn parìmoiwn eggr�fwn. Ta SOM èqoun efarmosteÐ me epituqÐa se
di�forec efarmogèc keimènou [Merkl, 1998], [Lin et al., 1991], [Kohonen et al., 2000].
Sto Sq ma 5.4 faÐnetai èna par�deigma omadopoÐhshc se èna sÔnolo dedomènwn kei-
mènou pou perièqei eid seic apì efhmerÐda. Me diaforetik  apìqrwsh apeikonÐzontai
oi neur¸nec pou an koun se diaforetikèc om�dec.

Oi mejodologÐec pou optikopoioÔn to apotèlesma tou SOM (met� th diadikasÐa
thc ekpaÐdeushc), epitrèpontac thn kalÔterh epopteÐa tou q�rth pou dhmiourgeÐtai
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Sq ma 5.4: Par�deigma qr shc SOM gia omadopoÐhsh eggr�fwn

perigr�fontai amèswc met�. MÐa gnwst  mejodologÐa eÐnai o PÐnakac Enopoihmè-
nwn Apost�sewn (Unified Distance Matrix, (U-matrix) [Ultsch & Siemon, 1990].
H mejodologÐa aut  qrhsimopoieÐ èna qrwmatikì k¸dika ¸ste na epishmanjoÔn oi
sqetikèc apost�seic twn dianusm�twn geitonik¸n neur¸nwn. Epeid  akrib¸c oi om�-
dec (clusters) eÐnai sÔnola dianusm�twn pou eÐnai kont� metaxÔ touc, oi uyhlèc timèc
ston pÐnaka U-matrix deÐqnoun anomoiìthta metaxÔ twn neur¸nwn kai epÐ thc ousÐac
deÐqnoun ta sÔnora twn om�dwn. Sto motÐbo autì, up�rqoun di�forec parallagèc:
Gia par�deigma sto [Kraaijveld, 1992] èna plègma (pÐnakac) qrhsimopoieÐtai gia thn
anapar�stash tou SOM, sto opoÐo ta keli� (stoiqeÐa) anaparistoÔn neur¸nec. K�je
kelÐ qrwmatÐzetai an�loga me th mèsh apìstash apì touc geitonikoÔc neur¸nec me
to leukì qr¸ma na deÐqnei th mhdenik  apìstash kai to maÔro th megalÔterh dunat 
apìstash.

'Enac diaforetikìc trìpoc optikopoÐhshc eÐnai na problhjoÔn ta dianÔsmata twn
neur¸nwn se ènan kat�llhlo meiwmèno se di�stash q¸ro. Tètoiec mh-grammikèc mè-
jodoi probol c eÐnai gia par�deigma oi: Multi-Dimensional Scaling (MDS) [Davison,
1983], ISOMAP [Tenenbaum et al., 2000], LLE [Roweis & Saul, 2000], Curvilinear
Component Analysis (CCA) [Demartines & Herault, 1997] kai h apeikìnish Sam-
mon [Sammon, 1969]. Tìso h MDS ìso kai h apeikìnish Sammon stoqeÔoun sth
meÐwsh miac tim c sf�lmatoc ¸ste mÐa sun�rthsh diafor¸n metaxÔ twn arqik¸n a-
post�sewn kai twn probeblhmènwn apost�sewn na èqei th mikrìterh dunat  tim . H
mèjodoc ISOMAP [Tenenbaum et al., 2000] arqik� sqedi�sthke wc genÐkeush thc
MDS, kai upologÐzei tic gewdaitikèc apost�seic ston arqikì q¸ro kai tic qrhsimo-
poieÐ gia thn probol .

MÐa �llh mèjodoc optikopoÐhshc eÐnai na emfanistoÔn oi apokrÐseic twn dianu-
sm�twn twn neur¸nwn sta dedomèna eisìdou. O sun jhc trìpoc na gÐnei autì eÐnai
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na epishmanjeÐ o neur¸nac pou tairi�zei kalÔtera sto k�je èggrafo sto q�rth. Gia
poll� èggrafa to apotèlesma ja eÐnai èna istìgramma me touc neur¸nec-nikhtèc pou
ja deÐqnei thn katanom  sto q¸ro eisìdou. Oi neur¸nec pou brÐskontai sta sÔnora
twn om�dwn sun jwc antistoiqÐzontai se polÔ lÐga èggrafa, epomènwc ja èqoun polÔ
qamhlèc timèc sto istìgramma. Ta sugkekrimèna istogr�mmata apodÐdoun genik� ika-
nopoihtik�, all� lamb�noun upìyin touc mìno to neur¸na-nikht  gia k�je èggrafo,
en¸ sta perissìtera pragmatik� probl mata (ìpwc aut� thc omadopoÐhshc eggr�-
fwn) ta prìtupa eisìdou antiproswpeÔontai kalÔtera apì perissìterouc tou enìc
neur¸nec. Di�forec parallagèc tou istogr�mmatoc autoÔ èqoun protajeÐ ìpwc to
smoothed data histogram (SDH) [Pampalk et al., 2002], pou metr� th sqetikìthta
k�je protÔpou (eggr�fou) me perissìterouc apì ènan neur¸nec tou q�rth. EpÐ thc
ousÐac, h mèjodoc SDH epilègei kai to neur¸na-nikht  all� kai merikoÔc apì touc
ligìtero kat�llhlouc neur¸nec, an�loga me thn kat�taxh twn apost�sewn metaxÔ
tou eggr�fou kai twn antÐstoiqwn dianusm�twn twn neur¸nwn.

'Enac teleÐwc diaforetikìc trìpoc probol c twn dianusm�twn twn neur¸nwn eÐ-
nai oi legìmenec <<prosarmozìmenec suntetagmènec >> (adaptive coordinates) [Merkl
& Rauber, 1997], pou prot�jhkan me stìqo thn antistoÐqhsh thc kÐnhshc twn dianu-
sm�twn se èna disdi�stato q¸ro kat� th di�rkeia thc ekpaÐdeushc tou SOM. Tèloc,
to montèlo ViSOM (visualization-induced SOM) [Yin, 2002] qrhsimopoieÐtai gia thn
akrib  diat rhsh thc plhroforÐac twn apost�sewn mazÐ me thn topologÐa sto q�rth.

Gia na epiteuqjoÔn pio apodotik� kai diaforetik� epÐpeda leptomèreiac, èqei pro-
tajeÐ kai to ierarqikì montèlo SOM [Miikkulainen, 1990], to opoÐo epÐshc qrhsimeÔei
¸ste na gÐnontai ligìteroi upologismoÐ. Parìla aut�, ta megèjh twn qart¸n se ìla
ta epÐpeda prèpei na kajoristoÔn kai epomènwc kai o arijmìc twn epijumht¸n om�-
dwn. Autì mporeÐ na odhg sei eÐte se mikroÔc q�rtec (mh dunatìthta diaqwrismoÔ
protÔpwn), eÐte se meg�louc q�rtec (me upoqrhsimopoioÔmenouc pìrouc). Gia to lìgo
autì, èqoun dhmiourghjeÐ parallagèc ìpwc ta SOM metablhtoÔ megèjouc pou sun-
du�zontai me ierarqikèc domèc ìpwc o Metablhtìc Ierarqikìc Auto-OrganoÔmenoc
Q�rthc (Growing Hierarchical SOM, (GH-SOM)) [Rauber et al., 2002] gia thn pa-
ragwg  kal¸n apotelesm�twn me dunamik� megèjh q�rth. Kai p�li ìmwc, to pìso
ja megal¸sei o q�rthc exart�tai apì euaÐsjhtec paramètrouc pou kajorÐzontai apì
thn arq  thc diadikasÐac.

Oi mèjodoi optikopoÐhshc kai exereÔnhshc twn mejìdwn SOM jètoun san stì-
qo kai thn autìmath oriojèthsh kai perigraf  twn perioq¸n endiafèrontoc (epÐ tou
prokeimènou twn om�dwn pou dhmiourgoÔntai). Ta SOM pollapl¸n strwm�twn qrh-
simopoioÔntai gia thn org�nwsh eggr�fwn (ìpwc to ET-MAP ( [Chen et al., 1996]),
sto opoÐo se k�je kìmbo anatÐjetai mia etikèta pou prosdiorÐzetai apì touc ìrouc pou
tairi�zoun kalÔtera ston kìmbo kai katìpin parìmoioi kìmboi sugqwneÔontai gia to
sqhmatismì perioq¸n sto q�rth. H mejodologÐa aut  efarmìsthke gia th beltÐwsh
thc kathgoriopoÐhshc kai anaz thshc stoWWW mèsw thc an�lushc lèxewn-kleidi¸n
kai perigrafht¸n (descriptors) twn istoselÐdwn me stìqo thn anapar�stash (mèsw
tou q�rth tou SOM) basik¸n jematik¸n kathgori¸n. H kÔria adunamÐa tou montèlou
eÐnai pwc sthn ierarqÐa pou dhmiourgeÐtai (me touc antÐstoiqouc ìrouc) parathroÔn-
tai probl mata pou èqoun na k�noun me susqetÐseic ìrwn (probl mata sunwnumÐac
ktl) k�ti to opoÐo dusqeraÐnei thn plo ghsh (dedomènou pwc prìkeitai kai gia èna
polÔploko poluepÐpedo q�rth).

H prosèggish aut  eÐnai parìmoia me aut  pou uiojeteÐtai sto LABELSOM [Rau-
ber, 1999], to opoÐo qrhsimopoieÐ to sf�lma kbantopoÐhshc gia ton kajorismì twn
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kalÔterwn ìrwn gia thn onomatodosÐa twn kìmbwn qwrÐc na gÐnontai sugqwneÔseic
metaxÔ touc. To meionèkthma tou LABELSOM eÐnai pwc oi ìroi pou qrhsimeÔoun wc
etikètec de mporoÔn na jewrhjoÔn akribeÐc perigrafèc twn om�dwn pou dhmiourgoÔn-
tai all� jewroÔntai perissìtero wc ta shmantikìtera qarakthristik� k�je neur¸na.

To WEBSOM qrhsimopoieÐ èna mètro basismèno sth suqnìthta twn ìrwn gia
ton kajorismì twn onom�twn twn kìmbwn [Lagus et al., 2004]. H mèjodoc aut 
lamb�nei upìyin tic suqnìthtec twn pio ikan¸n gia diaqwrismì apì touc upìloipouc
ìrouc se mia om�da. To WEBSOM qrhsimopoieÐ perissìterouc kìmbouc apì �llec
mejìdouc pou den eÐnai ìloi onomatismènoi, all� up�rqei mÐa stajer  aktÐna elaqÐstwn
apost�sewn metaxÔ onom�twn twn kìmbwn. Sto q�rth, oi puknìthtec twn om�dwn
qrwmatÐzontai kai omalopoioÔntai ¸ste to apotèlesma na eÐnai aisjhtik� pio kalì apì
tic mejìdouc twn ET-MAP kai GH-SOM. Parìla aut�, èna shmantikì meionèkthma
tou WEBSOM eÐnai pwc gia na up�rqoun ikanopoihtik� apotelèsmata apaiteÐtai èna
arket� meg�lo lexilìgio (dusan�loga meg�lo me th sullog  eggr�fwn) kai �llec
domikèc adunamÐec pou èqoun anaferjeÐ [Georgakis et al., 2001].

Par� ton ìgko ergasi¸n pou èqei dhmosieuteÐ, up�rqoun anoiqt� ereunhtik� zh-
t mata pou aforoÔn ston algìrijmo tou SOM. Pr¸ton, to SOM qrhsimopoieÐ mÐa
dedomènh arqitektonik  pou basÐzetai ston ek twn protèrwn kajorismì thc arqitekto-
nik c (arijmìc kai topojèthsh twn neur¸nwn-kìmbwn). Profan¸c, o kajorismìc thc
bèltisthc arqitektonik c tou diktÔou paramènei èna prìblhma kajìlou tetrimmèno.
DeÔteron, oi ierarqikèc sqèseic metaxÔ twn dedomènwn eisìdou den antikatoptrÐzon-
tai �mesa stouc q�rtec exìdou kai sun jwc anaparÐstantai ìloi oi neur¸nec sto Ðdio
epÐpedo.

5.2.1.4 'Alloi algìrijmoi pou èqoun efarmosteÐ se omadopoÐhsh
eggr�fwn

MÐa prosp�jeia gia omadopoÐhsh eggr�fwn me algìrijmo pou basizìtan se suqn�
emfanizìmenec om�dec lèxewn ègine apì touc [Fung et al., 2003]. H mejodologÐa oma-
dopoÐhshc de basÐzetai se k�poion up�rqonta algìrijmo, eÐnai arket� gr gorh giatÐ
lamb�nei upìyin mìno tic suqnèc emfanÐseic lèxewn, odhgeÐ se ierarqik  omadopoÐh-
sh, all� mia basik  thc adunamÐa eÐnai pwc endeqìmena qrei�zontai arket� diajèsima
èggrafa kai ìti de qrhsimopoieÐtai k�poia exwterik  phg  gn¸shc gia emploutismì
twn eggr�fwn   an�jesh bar¸n se k�je lèxh.

EpÐshc, sthn omadopoÐhsh eggr�fwn èqei efarmosteÐ kai h statistik  an�lush.
Mèjodoi thc jewrÐac plhroforÐac [Slonim et al., 2002] kai pijanotikèc proseggÐ-
seic [Liu et al., 2002], [Hofmann, 1999a] èqoun qrhsimopoihjeÐ gia na kajoristeÐ o
kat�llhloc arijmìc om�dwn kai èqoun parousiasteÐ uposqìmena apotelèsmata. To
kÔrio meionèkthma twn sugkekrimènwn mejìdwn eÐnai pwc suqn� upojètoun mÐa sug-
kekrimènh katanom  lèxewn   èna sugkekrimèno montèlo gia k�je om�da kai endèqetai
na qreiastoÔn pollèc epanal yeic gia na epiteuqjeÐ èna stajerì apotèlesma. A-
kìmh, se �llec teqnikèc èqoun qrhsimopoihjeÐ pijanotikèc ènnoiec antÐ twn logik¸n
anaparast�sewn [Talavera & Bejar, 2001].

Tèloc, �llec mèjodoi perilamb�noun: sullog  dedomènwn se upo-om�dec kai ka-
tìpin qr sh Gkaoussian¸n meigm�twn (<<gaussian mixtures>>) gia tic upo-om�dec [Jin
et al., 2005], dhmiourgÐa miac stajer c b�shc gia thn efarmog  epagwgikoÔ logikoÔ
programmatismoÔ [Junker et al., 2000] kai autìmath exagwg  kanìnwn gia an�kthsh
keimènou [Soderland, 1999].
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5.2.1.5 Algìrijmoi omadopoÐhshc eggr�fwn me qr sh exwterik c
gn¸shc

'Eqoun qrhsimopoihjeÐ arketèc exwterikèc phgèc gn¸shc (ìpwc to WordNet kai h
Wikipedia pou anafèrjhkan se prohgoÔmena Kef�laia) gia th beltÐwsh twn apote-
lesm�twn omadopoÐhshc eggr�fwn. Ed¸ sugkentr¸nontai oi kuriìterec mejodologÐec
pou qrhsimopoioÔn exwterik  gn¸sh kai anafèrontai ta apotelèsmata pou èqoun sth
beltÐwsh tou apotelèsmatoc omadopoÐhshc eggr�fwn. AxÐzei na shmeiwjeÐ pwc oi
algìrijmoi autoÐ enisqÔoun thn anapar�stash twn eggr�fwn kai den ephre�zoun ton
algìrijmo thc omadopoÐhshc (pou paramènei amet�blhtoc p.q. k-means).

H ploÔsia ierarqik  dom  tou WordNet qrhsimopoi jhke gia na pragmatopoih-
jeÐ aposaf nish twn ennoi¸n basismènh sth sÔntaxh anajètontac se k�je lèxh èna
mèroc tou lìgou (part-of-speech, POS) kai emploutÐzontac thn dianusmatik  anapa-
r�stash (BOW) me sun¸numa kai uper¸numa. Parìla aut�, o jìruboc pou eis qjh
apì mh-swstèc ènnoiec pou epilègontan apì to WordNet faÐnetai pwc leitoÔrghse
wc stenwpìc gia to swstì emploutismì tou eggr�fou [Sedding & Kazakov, 2004].
Sthn ergasÐa [Hotho et al., 2003] up rxe shmantik  beltÐwsh twn apotelesm�twn
omadopoÐhshc me qrhsimopoÐhsh thc twn sqèsewn uperwnumÐac tou WordNet kai thn
aposaf nish thc ènnoiac twn lèxewn se sunduasmì me th st�jmish bar¸n.

Stic ergasÐec [Gabrilovich & Markovitch, 2006], [Gabrilovich & Markovitch,
2007] proteÐnetai mÐa mèjodoc ¸ste na beltiwjeÐ h apìdosh thc kathgoriopoÐhshc
eggr�fwn me emploutismì thc anapar�stashc eggr�fwn apì th Wikipedia. H an-
tistoÐqhsh metaxÔ k�je eggr�fou kai twn �rjrwn thc Wikipedia gÐnetai mèsa apì
mÐa genn tria paragwg c gnwrism�twn, h opoÐa leitourgeÐ wc mÐa mhqan  an�kthshc
keimènou: Lamb�nei san eÐsodo èna apìspasma keimènou, to opoÐo mporeÐ na eÐnai lè-
xh, lèxeic, prìtash, olìklhrh par�grafoc   kai olìklhro to èggrafo kai dÐnei san
èxodo ta pio sqetik� �rjra thc Wikipedia. Oi tÐtloi twn �rjrwn pou epistrèfontai
filtr�rontai kai autoÐ pou xeqwrÐzontai wc èqontec uyhl  anagnwristik  ikanìthta
qrhsimopoioÔntai wc epiplèon gnwrÐsmata gia ton emploutismì thc anapar�stashc
tou exetazìmenou eggr�fou. H empeirik  epal jeush thc mejìdou èdeixe pwc mporeÐ
na belti¸sei shmantik� thn apìdosh thc kathgoriopoÐhshc.

H Wikipedia èqei efarmosteÐ epÐshc gia omadopoÐhsh eggr�fwn. Sthn ergasÐ-
a [Banerjee et al., 2007] qrhsimopoieÐtai mÐa mèjodoc parìmoia me aut  twn [Ga-
brilovich & Markovitch, 2006] gia thn omadopoÐhsh mikr¸n keimènwn. H diafor� thc
mejìdou sunÐstatai sto ìti qrhsimopoioÔntai sumboloseirèc anaz thshc pou dhmiour-
goÔntai apì keÐmeno tou eggr�fou gia thn an�kthsh twn sqetik¸n �rjrwn apì th
Wikipedia. Oi tÐtloi twn pio dhmofil¸n �rjrwn pou epistrèfontai apì th Wikipe-
dia qrhsimeÔoun wc epiplèon gnwrÐsmata gia thn omadopoÐhsh eid sewn thc Google.
AxÐzei na shmeiwjeÐ pwc kai oi dÔo proanaferjèntec mèjodoi ( [Banerjee et al., 2007]
kai [Gabrilovich & Markovitch, 2006]) mìno enisqÔoun thn anapar�stash twn eg-
gr�fwn me �rjra thc Wikipedia qwrÐc na lamb�noun upìyin thn ierarqik  dom  thc
Wikipedia   �lla qarakthristik� pou mporoÔn na exaqjoÔn.

H dom  kathgori¸n thc Wikipedia qrhsimopoi jhke sto [Wang & Domeniconi,
2008] gia kathgoriopoÐhsh eggr�fwn kai sto [Hu et al., 2008] gia omadopoÐhsh eg-
gr�fwn. Autèc oi mèjodoi afoÔ entopÐsoun �rjra thc Wikipedia se k�je èggrafo,
epekteÐnoun thn anaz thsh kai se parìmoia �rjra Wikipedia jewr¸ntac sun¸numec
lèxeic kai sqetik� �rjra b�sei twn sundèsmwn anakateÔjunshc (<<redirect links>>) kai
upersundèsmwn (<<hyperlinks>>) thc Wikipedia.

Sthn ergasÐa [Huang et al., 2009] arqik� entopÐzontai oi ìroi kai oi fr�seic
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thc Wikipedia pou up�rqoun se k�je èggrafo (kai kaloÔntai ènnoiec   concepts).
Katìpin anaptÔqjhke èna mètro omoiìthtac pou axiologeÐ th shmasiologik  sqèsh
an�mesa sta sÔnola ennoi¸n dÔo eggr�fwn kai b�sei thc je¸rhshc pwc ta èggrafa
de sundèontai mìno mèsa apì thn apì koinoÔ Ôparxh se aut� twn ennoi¸n all� kai
lìgw thc epimèrouc susqètishc aut¸n, brÐsketai h sqèsh an�mesa se dÔo opoiad pote
èggrafa. To mètro omoiìthtac pou anaptÔqjhke lamb�nei upìyin plhroforÐec apì
th Wikipedia ìpwc to perieqìmeno kai oi sÔndesmoi pou exèrqontai apì k�je �rjro.

Sthn ergasÐa [Kiran, 2010] h anapar�stash eggr�fwn emploutÐzetai me b�sh ar-
ketèc phgèc gn¸shc (Wikipedia, dmoz, social bookmarks) kai katìpin ex�gontai jè-
mata (om�dec) apì ta èggrafa me di�forec teqnikèc anÐqneushc jem�twn (p.q. Latent
Dirchlet Allocation (LDA) [Blei et al., 2003], Latent Semantic Analysis (LSA) [Ho-
fmann, 1999b]).

Oi genikèc teqnikèc omadopoÐhshc èqoun to meionèkthma pwc ìtan efarmìzontai
se keimenik� dedomèna, den parèqoun �mesec perigrafèc twn om�dwn pou dhmiour-
goÔntai lìgw tou ìti oi algìrijmoi autoÐ den sqedi�sthkan eidik� gia keÐmena. Oi
perigrafèc twn dhmiourgoÔmenwn om�dwn apoteleÐ shmantikì komm�ti thc omadopoÐ-
hshc eggr�fwn, kaj¸c parèqei plhroforÐa gia to qwrismì thc sullog c eggr�fwn
pou gÐnetai kai pragmatopoieÐtai ètsi exagwg  jèmatoc apì mia sullog  eggr�fwn
(prbl kai mejodologÐec thc Paragr�fou 4.5.1). Parìla aut�, oi up�rqousec teqnikèc
omadopoÐhshc me autìmath exagwg  plhroforÐac gia tic om�dec (<<conceptual cluste-
ring>>) eÐnai eÐte idiaÐtera argèc [Stumme et al., 2002], eÐte apaitoÔn epiplèon b mata
gia th meÐwsh twn arijm¸n twn om�dwn [Hotho & Stumme, 2002]. Stic epìmenec
Paragr�fouc proteÐnontai kai axiologoÔntai dÔo mejodologÐec omadopoÐhshc eggr�-
fwn pou basÐzontai sto montèlo anapar�stashc pou parousi�sthke sto prohgoÔmeno
Kef�laio.

5.3 Ierarqik  OmadopoÐhsh eggr�fwn me qr -
sh twn suqn¸n kai shmantik¸n ennoi¸n
(Conceptual Hierarchical Clustering, CHC)

Gia th sunèqeia, eÐnai aparaÐthtoi oi akìloujoi orismoÐ pou basÐzontai sto montèlo
ennoi¸n (kai ta qarakthristik� tou) ìpwc parousi�sthkan sto prohgoÔmeno Kef�-
laio:
(a) Mia kajolik� shmantik  ènnoia eÐnai mÐa ènnoia h opoÐa :

• èqei tim  Keyphraseness megalÔterh apì èna sugkekrimèno kat¸fli, pou orÐ-
zetai wc h el�qisth tim  Keyphraseness (minimum keyphraseness threshold  
MinKeyph), kai

• emfanÐzetai se perissìtera apì èna posostì twn eggr�fwn thc sullog c, pou
orÐzetai wc h el�qisth tim  suqnìthtac èna el�qisto (minimum global frequency
threshold   MinFreq).

'Ena kajolik� shmantikì k-sÔnolo-ennoi¸n eÐnai èna sÔnolo apì k kajolikèc shmanti-
kèc ènnoiec oi opoÐec emfanÐzontai mazÐ se èna posostì twn eggr�fwn thc sullog c
megalÔtero apì to MinFreq.
(b) MÐa kajolik� shmantik  ènnoia eÐnai suqn  sthn om�da Cm, an h ènnoia perièqe-
tai se èna el�qisto posostì eggr�fwn thc om�dac pou kaleÐtai el�qisth upost rixh
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om�dac.
(g) H upost rixh om�dac (cluster support) gia mÐa ènnoia se mia om�da Cm eÐnai to
posostì twn eggr�fwn thc om�dac Cmpou perièqoun th sugkekrimènh ènnoia.

Gia na brejeÐ to sunolikì b�roc k�je ènnoiac se k�je èggrafo gÐnetai grammikìc
sunduasmìc twn gnwrism�twn pou perigr�fontai apì tic exis¸seic 4.7 èwc 4.10. To
telikì b�roc thc ènnoiac i sto èggrafo j dÐnetai apì thn akìloujh exÐswsh:

Weight(j, i) =α ∗WFreqj,i ++β ∗ LinkRankj,i+

+ γ ∗OrderRankj,i + (1− α− β − γ) ∗ ConceptSimj,i

(5.4)

Oi par�metroi α, β kai γ kajorÐzontai peiramatik� kai to di�sthma tim¸n touc eÐnai
to [0, 1]. Me autìn ton trìpo antikajÐstatai to araiì montèlo BOW apì èna pio
sumpiesmèno kai ploÔsio se perieqìmeno montèlo ennoi¸n, to opoÐo afenìc mei¸nei to
mègejoc tou dianÔsmatoc anapar�stashc (shmantikìc par�gontac ìtan h epexergasÐa
afor� meg�lo arijmì eggr�fwn) kai emploutÐzei ta gnwrÐsmata tou eggr�fou me
exwterik  gn¸sh apì th Wikipedia.

Dedomènwn twn orism¸n (a) èwc (g), kataskeu�zontai oi arqikèc om�dec thc sul-
log c. Gia k�je sÔnolo ennoi¸n pou antapokrÐnetai stouc periorismoÔc tou orismoÔ
(a), kataskeu�zetai mÐa om�da pou apoteleÐtai apì ìla ta èggrafa pou perièqoun
autì to sÔnolo ennoi¸n. EÐnai fanerì pwc se aut  th f�sh, èna èggrafo mporeÐ na
an kei se perissìterec thc miac om�dac. Sto epìmeno b ma gÐnetai h aposÔndesh eg-
gr�fwn/om�dwn kajorÐzontac thn pio kat�llhlh om�da gia k�je èggrafo: H etikèta
thc k�je om�dac kajorÐzetai apì to kajolik� shmantikì sÔnolo ennoi¸n pou perilam-
b�netai se ìla ta èggrafa pou anatÐjentai sth sugkekrimènh om�da. Gia par�deigma,
sto Sq ma 5.5 faÐnontai dÔo èggrafa pou perièqoun wc kajolik� shmantik� sÔnola
ennoi¸n ta xterm, client, cat kai to sunduasmì xterm-client. 'Etsi dhmiourgoÔntai 4
arqikèc om�dec (antÐstoiqec twn 4 sunìlwn ennoi¸n), stic opoÐec arqik� topojeteÐtai
k�je èggrafo to opoÐo perièqei èstw kai mÐa ènnoia apì thn etikèta thc k�je om�dac
(p.q. to èggrafo 2 anatÐjetai se 3 om�dec: xterm, client, xterm-client.

Sq ma 5.5: Par�deigma dhmiourgÐac arqik¸n om�dwn thc sullog c eggr�fwn me th
mèjodo CHC
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5.3.1 Diaqwrismìc arqik¸n om�dwn

Gia k�je èggrafo, kajorÐzetai h pio kat�llhlh arqik  om�da kai to èggrafo plè-
on anatÐjetai mìno se aut n. Gia to skopì autì, eis�getai èna mètro tou pìso
<<kat�llhlh>> eÐnai mia om�da Cm gia èna èggrafo Docj orÐzontac mÐa sun�rthsh
Score(Cm ← Docj). H om�da me thn uyhlìterh tim  gia to mètro autì epilège-
tai wc h monadik  gia to exetazìmeno èggrafo. An up�rqoun perissìterec thc miac
om�dac pou megistopoioÔn th sun�rthsh Score, epilègetai aut  me to megalÔtero
arijmì sunìlwn ennoi¸n sthn etikèta thc. O tupikìc orismìc thc sun�rthshc Score
eÐnai o akìloujoc :

Score(Cm ← Docj) = [
∑
x

Weight(j, x) · cluster support(x)]

− [
∑
x′

Weight(j, x′) ·Keyphraseness(x′)]
(5.5)

ìpou:

x anaparist� mÐa kajolik� shmantikì ènnoia sto Docj, pou eÐnai <<suqn >> kai sthn
om�da Cm,

x′ anaparist� mÐa kajolik� shmantik  ènnoia sto Docj, pou den eÐnai <<suqn >> kai
sthn om�da Cm,

Weight(j, x) eÐnai to b�roc tou x sto Docj ìpwc orÐzetai apì thn exÐswsh 5.4,

Weight(j, x′) omoÐwc me ton parap�nw orismì,

cluster support(x) dÐnetai apì ton orismì (g),

keyphraseness(x′) dÐnetai apì thn exÐswsh 4.11.

O pr¸toc ìroc thc sun�rthshc antameÐbei thn om�da Cm, e�n mÐa kajolik� shman-
tik  ènnoia x sto Docj eÐnai suqn  sthn om�da Cm. H shmantikìthta thc ènnoiac x se
diaforetikèc om�dec kalÔptetai me ton pollaplasiasmì tou b�rouc thc sto èggrafo
Docj me to b�roc thc sthn om�da Cm. O deÔteroc ìroc thc exÐswshc <<timwreÐ>> thn
om�da Cm e�n mÐa kajolik� shmantik  ènnoia x′ sto Docj den eÐnai suqn  sthn om�da
Cm. To b�roc tou x′ sto Docj pollaplasi�zetai me thn tim  Keyphraseness pou
ekfr�zei pìso shmantik  eÐnai h ènnoia genik�.

Gia to par�deigma tou Sq matoc 5.5, faÐnetai sqhmatik� sto Sq ma 5.6 o upolo-
gismìc thc pio kat�llhlhc om�dac. Oi timèc pou faÐnontai sto èggrafo antistoiqoÔn
sto Keyphraseness k�je ènnoiac en¸ oi timèc pou faÐnontai stic om�dec eÐnai h upo-
st rixh om�dac (cluster support) gia k�je ènnoia. Th megalÔterh tim  dÐnei h om�da
Cxterm,client kai telik� aut  epilègetai wc katallhlìterh gia to èggrafo pou exet�-
zetai.

5.3.2 DhmiourgÐa tou dèntrou om�dwn

Se aut  th f�sh, èna dèntro om�dwn (  isodÔnama jem�twn) kataskeu�zetai basi-
smèno sthn omoiìthta metaxÔ om�dwn. Sto dèntro autì, k�je om�da (ektìc apì thn
om�da pou eÐnai ken  kai brÐsketai sth rÐza tou dèntrou) èqei akrib¸c èna gonèa.
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Sq ma 5.6: Par�deigma epilog c miac om�dac gia èna èggrafo apì th mèjodo CHC

Sto shmeÐo autì, eÐnai qr simh h upenjÔmish pwc k�je om�da qrhsimopoieÐ èna ka-
jolik� shmantikì k-sÔnolo ennoi¸n wc thn etikèta thc. Tètoiec om�dec ja kaloÔntai
k-om�dec apì ed¸ kai k�tw. Sto dèntro om�dwn, o kìmboc thc rÐzac emfanÐzetai sto
epÐpedo 0, kai antapokrÐnetai ston kenì kìmbo kai epÐ thc ousÐac sullègei ìla ta
èggrafa pou den taxinomoÔntai poujen�. Oi 1-om�dec brÐskontai sto epÐpedo 1 kai
k.o.k. gia k�je epÐpedo. To b�joc tou dèntrou eÐnai Ðso me to mègisto mègejoc twn
kajolik� shmantik¸n sunìlwn ennoi¸n.

To dèntro kataskeu�zetai <�pì k�tw proc ta p�nw>> epilègontac k�je for� ènan
gonèa sto epÐpedo k − 1 gia k�je om�da pou brÐsketai sto epÐpedo k. Gia k�je
k-om�da Cm sto epÐpedo k, pr¸ta brÐskontai ìloi oi pijanoÐ goneÐc pou eÐnai (k− 1)-
om�dec kai èqoun san etikèta èna uposÔnolo thc etikètac thc om�dac Cm. Dunhtik�
up�rqoun k tètoiec om�dec. Sto epìmeno b ma, epilègetai o kalÔteroc gonèac. H
sun�rthsh Score (exÐswsh 5.5) qrhsimopoieÐtai gia aut  thn epilog  all� se aut  th
f�sh, sugqwneÔontai ìla ta èggrafa sto upodèntro thc om�dac Cm se èna èggrafo
(Doc(Cm), kai èpeita upologÐzetai h tim  gia to èggrafo Doc(Cm) se sqèsh me k�je
pijanì gonèa. O gonèac me thn uyhlìterh tim  gia th sun�rthsh Score gÐnetai o
gonèac gia thn om�da Cm. 'Ena par�deigma dhmiourgÐac dèntrou faÐnetai sto Sq ma
5.7. H om�da sto epÐpedo-3 me etikèta xterm-client-event handler èqei dÔo pijanoÔc
goneÐc, ek twn opoÐwn epilègetai o katallhlìteroc k.o.k. mèqri na telei¸soun ìla
ta epÐpeda (epÐpedo-0 eÐnai h rÐza tou dèntrou).

5.3.3 Kl�dema dèntrou

'Ena dèntro mporeÐ na eÐnai bajÔ kai fardÔ, an�loga me tic timèc pou èqoun epilegeÐ
gia tic el�qistec kajolikèc suqnìthtec kai gia thn el�qisth tim  Keyphraseness.
Epomènwc, eÐnai pijanì èggrafa na èqoun anatejeÐ se èna meg�lo arijmì mikr¸n
om�dwn, pou odhgeÐ se mikr  akrÐbeia. O skopìc tou kladèmatoc eÐnai na enwjoÔn
parìmoiec om�dec me stìqo na dhmiourghjeÐ mÐa pio fusik  ierarqÐa gia peri ghsh kai
na auxhjeÐ h akrÐbeia. Prin parousiastoÔn oi teqnikèc kladèmatoc, eÐnai anagkaÐoc o
orismìc miac sun�rthshc omoiìthtac om�dwn.

Gia th mètrhsh thc omoiìthtac metaxÔ dÔo om�dwn Ca kai Cb, antimetwpÐzetai h
mÐa om�da wc èggrafo (sundu�zontac ìla ta èggrafa se mÐa om�da) kai metriètai h
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Sq ma 5.7: Par�deigma dhmiourgÐac ierarqÐac dèntrou om�dwn apì th mèjodo CHC

tim  thc sun�rthshc Score apì thn exÐswsh 5.5. H diafor� ed¸ eÐnai pwc to apotè-
lesma prèpei na kanonikopoihjeÐ ¸ste na exaleifjeÐ h epÐdrash tou metaballìmenou
megèjouc twn eggr�fwn kai pwc prèpei na upologistoÔn tìso h omoiìthta thc om�dac
Ca me th Cb ìso kai h omoiìthta thc om�dac Cb me th Ca. Tupik�, h omoiìthta thc
om�dac Cb me thn om�da Ca orÐzetai wc ex c :

Sim(Ca ← Cb) =
Score(Ca ← Doc(Cb))∑

x Weight(Doc(Cb), x) +
∑

x′ Weight(Doc(Cb), x′)
+ 1 (5.6)

ìpou:

Doc(Cb) antiproswpeÔei ìla ta èggrafa sto upodèndro thc om�dac Cb enwmèna se
èna èggrafo,

x mÐa kajolik� shmantik  ènnoia sto èggrafo Doc(Cb), pou eÐnai epÐshc suqn  sthn
om�da Ca,

x′ mÐa kajolik� shmantik  ènnoia sto èggrafo Doc(Cb), pou den eÐnai suqn  sthn
om�da Ca,

Weight(Doc(Cb), x), Weight(Doc(Cb), x) eÐnai ta b�rh twn ennoi¸n x kai x′ antÐ-
stoiqa sto èggrafo Doc(Cb)

H kanonikopoÐhsh me ton paranomast  sthn exÐswsh 5.6 exhgeÐtai wc ex c : Sth
sun�rthsh Score, oi par�metroi Cluster Support kai Keyphraseness paÐrnoun ti-
mèc sto di�sthma [0, 1], epomènwc h mègisth tim  thc sun�rthshc Score ja eÐnai∑

x Weight(j, x) kai h el�qisth −
∑

x′ Weight(j, x′). 'Ara, met� thn proteinìmenh
kanonikopoÐhsh, h tim  thc Sim ja eÐnai sto di�sthma [−1, 1]. Gia thn apofug  arnh-
tik¸n tim¸n gia thn omoiìthta, prostÐjetai o ìroc +1 kai ètsi prokÔptei h parap�nw
exÐswsh. Profan¸c, to pedÐo tim¸n thc sun�rthshc Sim eÐnai to [0, 2].

H (telik ) omoiìthta metaxÔ twn om�dwn Ca kai Cb upologÐzetai wc o gewmetrikìc
mèsoc twn dÔo kanonikopoihmènwn tim¸n pou prokÔptoun apì thn exÐswsh 5.6 :

Similarity(Ca ←→ Cb) = sqrtSim(Ca ← Cb)× Sim(Cb ← Ca) (5.7)

To pleonèkthma tou gewmetrikoÔ mèsou eÐnai pwc dÔo om�dec gia na jewrhjoÔn
ìmoiec ja prèpei na èqoun timèc kai gia to Sim(Ca ← Cb) kai gia to Sim(Cb ← Ca)
arket� meg�lec. H sun�rthsh Similarity èqei to Ðdio pedÐo tim¸n me thn Sim, dhlad 
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to [0, 2]. Sth mejodologÐa pou anaptÔqjhke, h tim  1 gia th sun�rthsh Similarity
jewreÐtai wc to kat¸fli pèran apì to opoÐo dÔo om�dec jewroÔntai ìmoiec, an kai
profan¸c aut  h tim  mporeÐ na metablhjeÐ an�loga me tic an�gkec tou sust matoc.

Met� ton orismì thc sun�rthshc omoiìthtac om�dwn, orÐzontai ta krit ria kla-
dèmatoc kai sugq¸neushc ¸ste to dèntro na gÐnei pio apodotikì. To krit rio kladè-
matoc upologÐzei thn tim  thc Similarity metaxÔ enìc paidioÔ kai tou gonèa tou kai
energopoieÐtai efìson h tim  aut  eÐnai megalÔterh apì 1, dhlad  to paidÐ eÐnai ìmoio
me to gonèa tou. H diaÐsjhsh pÐsw apì autì to krit rio eÐnai pwc e�n èna upo-jèma
(p.q. god-atheism) eÐnai polÔ ìmoio me to gonikì tou (p.q. atheism), to upojèma eÐnai
pijan¸c polÔ sugkekrimèno kai mporeÐ na afairejeÐ. O èlegqoc tou dèntrou gÐnetai
apì k�tw proc ta p�nw (èwc to epÐpedo 2, afoÔ h rÐza sullègei mìno èggrafa pou
den ent�ssontai poujen�) kai efìson mia om�da kladeuteÐ, tìte ta paidi� thc gÐnontai
paidi� tou prop�ppou touc. Gia par�deigma, sto Sq ma 5.7 ja mporoÔse na kladeuteÐ
h om�da me etikèta xterm-client-event handler kai ta èggraf� thc na anatejoÔn sth
genikìterh om�da me etikèta xterm-client.

To krit rio sugq¸neushc paidi¸n eÐnai mia diadikasÐa pou efarmìzetai stic om�-
dec tou epipèdou 1 (to kl�dema pou perigr�fhke prin den efarmìzetai sto epÐpedo
autì). K�je for� pou h tim  thc Similarity eÐnai megalÔterh apì 1 gia k�poio zeu-
g�ri om�dwn sto epÐpedo 1, tìte sugqwneÔetai to zeug�ri om�dwn me th megalÔterh
tim . An k�poia om�da èqei paidi�, tìte aut� apoktoÔn ènan gonèa plèon. Gia par�-
deigma, sto Sq ma 5.7 ja mporoÔsan na sugqwneujoÔn oi om�dec SunOS kai xterm
dhmiourg¸ntac mÐa meg�lh om�da me paidi� tic upìloipec om�dec tou epipèdou-2 kai
k�tw.

'Ena par�deigma ierarqÐac gia thn om�da alt.atheism tou sunìlou 20-Newsgroup
faÐnetai sto Sq ma 5.8. To Sq ma deÐqnei pwc oi mikrèc om�dec sugqwneÔontai mèqri
na sqhmatisteÐ h telik  om�da, pou telik� ja perigr�fetai apì tic etikètec ìlwn twn
mikr¸n om�dwn. Om�dec me mÐa ènnoia san etikèta kai qwrÐc kajìlou paidi� (p.q.
theology, sex, islam k.a. eÐnai profan¸c mèroc tou arqikoÔ sunìlou om�dwn. To
kl�dema twn paidi¸n èqei gÐnei se om�dec qwrÐc paidi� all� me etikèta me perissìtera
thc miac ènnoiac (p.q. bible-jesus, christian-god k.a.). Mia parat rhsh sthn ierarqÐa
eÐnai arket  gia na katal�bei kaneÐc pwc ta èggrafa organ¸nontai se 3 upokathgorÐec
me diakrit� upo-jèmata : (a) bible, jesus, theology, existence of god (b) god, satan kai
(g) quran, muslims, islam. Epomènwc, faÐnetai pwc h diadikasÐa thc omadopoÐhshc
me thn autìmath etiketopoÐhsh pou gÐnetai, odhgeÐ se miac morf c exagwg  jèmatoc
(h sullog  eggr�fwn qwrÐzetai se treic meg�lec jematikèc kathgorÐec).

EpÐshc, ston PÐnaka 5.1 faÐnontai oi etikètec 5 kathgori¸n tou sunìlou dedomè-
nwn 20-NG ìpwc par�gontai apì th mèjodo. To shmantikì se autì to par�deigma,
eÐnai pwc en¸ up�rqei meg�lh epik�luyh twn shmantik¸n ennoi¸n (aut� pou èqoun
meg�lh tim  gia to Keyphraseness kai meg�lh suqnìthta) k�je kathgorÐac, den u-
p�rqei epik�luyh metaxÔ twn etiket¸n twn om�dwn, lìgw thc arket� uyhl c tim c
pou apaiteÐtai gia to Keyphraseness. IdiaÐtero endiafèroun èqoun oi etikètec pou eÐ-
nai ènnoiec me pollaplèc lèxeic (ìpwc ta <<Existence of God>>   <<windows manager>>)
kai etikètec pou perilamb�noun   eÐnai akrwnÔmia (ìpwc <<Windows NT>>   <<SCSI
controller>>).

G. Span�khc - EufueÐc Teqnikèc Shmasiologik c An�lushc & Anaz thshc Keimènou 89



Kef�laio 5. OmadopoÐhsh eggr�fwn

Sq ma 5.8: Par�deigma ierarqik c dom c gia thn kathgorÐa alt.atheism apì th mèjodo
CHC

PÐnakac 5.1: Etikètec om�dwn ìpwc dhmiourgoÔntai apì th mèjodo CHC kai oi 5 pio
shmantikèc ènnoiec gia 5 kathgorÐec tou sunìlou 20-NG

KathgorÐa Par�deigma etiket¸n Top-5 shmantikèc ènnoiec se suqnìthta
kai tim  Keyphraseness

alt.atheism atheism, Islam, existence of God, Quran God, evidence, religion, atheist, bible,
morality, Jesus, Satan, peace of God, death penalty

talk.religion.misc Christianity, Branch Davidians God, Jesus, Bible, Christians, Jews,
Mormons, deity, Israelites, AMORC, Sermon

comp.os.ms-windows.misc IBM, MSDOS, Windows NT, Unix Windows, OS2, Microsoft, DOS, IBM, Memory,
Mouse (computing), MSWindows, NDW, RAM

comp.sys.ibm.pc.hardware SCSI controller, CMOS, Maxtor motherboard, SCSI, bus (computing), DOS,
IRQ, ISA bus, CDROM, OS2, CPU, power supply

comp.windows.x window manager, SunOS, OpenWindows, xterm SunOS, xterm, X-server, HP, bitmap,
pixmap, event handler, source code, Xview, Xlib

5.4 'Elegqoc mejodologÐac CHC

H sÔgkrish thc apotelesmatikìthtac twn mejìdwn omadopoÐhshc gÐnetai se sqèsh me
touc pio sunhjismènouc kai akribeÐc algorÐjmouc omadopoÐhshc eggr�fwn [Steinbach
et al., 2000]: Thn Ierarqik  Susswreutik  OmadopoÐhsh (Hierarchical Agglomerative
Clustering, HAC) kai th mèjodo twn k-mèswn(k-means), oi opoÐec perigr�fhkan sto
Kef�laio 5.2.1. Gia thn paragwg  apotelesm�twn apì tic dÔo autèc mejìdouc gÐnetai
qr sh tou ergaleÐou CLUTO-2.0 [Karypis, 2002].

5.4.1 SÔnola dedomènwn eggr�fwn

TrÐa polÔ gnwst� sÔnola dedomènwn eggr�fwn qrhsimopoioÔntai gia ton èlegqo thc
mejodologÐac : to 20-NG, to Reuters-21578 (kai ta dÔo diajèsima apì to [UCI, 2011])
kai h sullog  Brown Corpus (diajèsimh apì to [ICAME, 2011]). Kai ta trÐa aut�
sÔnola dedomènwn parousi�zontai analutik� sto Par�rthma Gþ.
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5.4.2 Krit ria axiolìghshc apotelèsmatoc omadopoÐh-
shc eggr�fwn

Gia thn axiolìghsh thc poiìthtac twn mejìdwn omadopoÐhshc, ja qrhsimopoihjoÔn
ta akìlouja dhmofil  mètra poiìthtac pou pou èqoun protajeÐ apì th diejn  bi-
bliografÐa [Steinbach et al., 2000]: ta F1-mètra (mikroskopikì kai makroskopikì)
(F-measure), h kajarìthta (Purity), h EntropÐa (Entropy) kai ta mètra R, J kai FM
pou basÐzontai sthn statistik .

To F1-mètro sundu�zei thn AkrÐbeia (Precision) kai thn An�klhsh (Recall) apì
to pedÐo thc an�kthshc plhrofori¸n. Pio sugkekrimèna, h akrÐbeia, h an�klhsh kai
to F -mètro miac om�dac m se sqèsh me mÐa kl�sh l orÐzontai wc ex c :

P = Precision(l,m) =
Nl,m

Nm

R = Recall(l,m) =
Nl,m

Nl

F1(l,m) =
2 · P ·R
P +R

(5.8)

ìpou :
F1(l,m) eÐnai to F -mètro gia thn kl�sh l kai thn om�da m, Nl,m eÐnai o arijmìc twn
mel¸n thc kl�shc l sthn om�da m, Nl eÐnai o arijmìc twn mel¸n thc kl�shc l kai Nm

o arijmìc twn mel¸n thc om�dac m.

'Epeita, ta F1 mètra orÐzontai wc ex c :

Macro− F1 =
1

|L|
∑
l∈L

F1(l, σ(l))

Micro− F1 = 2 · microP ·microR

microP +microR

(5.9)

ìpou:
L eÐnai to sÔnolo twn kl�sewn, σ(l) = argmaxm(F1(l,m)) kai

microP =
1

|L|
∑
l∈L

Nl,σ(l)

Nσ(l)

microR =
1

|L|
∑
l∈L

Nl,σ(l)

Nl

H kajarìthta basÐzetai sto mètro thc akrÐbeiac. K�je om�da (cluster) m pou
up�rqei diajèsimh sto telikì apotèlesma apì èna sÔnolo C om�dwn antimetwpÐzetai
san na eÐnai to apotèlesma miac er¸thshc. AntÐstoiqa, k�je sÔnolo l eggr�fwn apì
mÐa kl�sh L antimetwpÐzetai wc to epijumhtì apotèlesma gia mÐa anaz thsh. Ta mètra
thc kajarìthtac (Purity) kai thc antÐstrofhc kajarìthtac (Inverse Purity)orÐzontai
wc ex c:
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Purity(C,L) =
∑
m∈C

(
|C|
|L|

max
l∈L

Precision(l,m)

)
InversePurity(C,L) =

∑
l∈L

(
|L|
|C|

max
m∈C

Precision(l,m)

) (5.10)

To pr¸to mètro metr�ei thn kajarìthta twn om�dwn pou èqoun dhmiourghjeÐ se
sqèsh me thn prokajorismènh kathgoriopoÐhsh se kl�seic en¸ to deÔtero metr�ei
pìso stajerèc paramènoun oi sugkekrimènec kathgorÐec ìtan katanèmontai sta èg-
grafa.

H entropÐa metr�ei to pìso <<kat�llhlh>> eÐnai mia om�da an�loga me to pìso
omogen c eÐnai. 'Oso pio omogen c eÐnai mia om�da tìso pio qamhl  eÐnai h entropÐa
thc om�dac kai an�poda. Gia k�je om�da m upologÐzetai h pijanìthta pl,m pou eÐnai
h pijanìthta na an kei èna mèloc thc om�dac m sthn kl�sh l. H entropÐa Ôstera
upologÐzetai apì thn akìloujh exÐswsh :

Em = −
∑
l

pl,m · log(pl,m) (5.11)

ìpou h �jroish gÐnetai gia ìlec tic kl�seic l. H sunolik  entropÐa gia to telikì
apotèlesma thc omadopoÐhshc C upologÐzetai wc to �jroisma ìlwn twn entropi¸n
k�je om�dac lamb�nontac upìyin kai to mègejoc k�je om�dac :

EC = −
∑
m∈C

(
Nm

N
· Em) (5.12)

ìpou :

C eÐnai to sÔnolo twn om�dwn,

Nm eÐnai o arijmìc twn eggr�fwn sthn om�da m,

N eÐnai o sunolikìc arijmìc twn eggr�fwn

Tèloc, eis�gontai mètra ta opoÐa basÐzontai sta statistik� stoiqeÐa metaxÔ zeu-
g¸n. SumbolÐzontai me SS o arijmìc twn zeug¸n twn antikeimènwn pou an koun sthn
Ðdia om�da kai sthn Ðdia kathgorÐa, me DD o arijmìc twn zeug¸n pou an koun se dia-
foretik  kathgorÐa kai om�da, me SD o arijmìc twn zeug¸n pou an koun sthn Ðdia
om�da all� se diaforetik  kathgorÐa kai me DS o arijmìc twn zeug¸n pou an koun
sthn Ðdia kathgorÐa all� se diaforetik  om�da. <<Kal�>> paradeÐgmata eÐnai ta SS kai
DD, ta opoÐa eÐnai epijumhtì na èqoun tic megalÔterec dunatèc timèc. TrÐa suqn�
qrhsimopoioÔmena mètra b�sei aut¸n twn arijm¸n eÐnai Rand Statistic (R), Jaccard
Coefficient (J) kai Folkes and Mallows metric (FM) :

R =
SS +DD

SS + SD +DS +DD
(5.13)

J =
SS

SS + SD +DS
(5.14)

FM =

√
SS

SS + SD

SS

SS +DS
(5.15)
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5.4.3 Apotelèsmata gia th mèjodo twn pio shmantik¸n
ennoi¸n (CHC)

Gia k�je èggrafo k�je sunìlou dedomènwn akoloujeÐtai h diadikasÐa pou perigr�fe-
tai sto Sq ma 4.4 gia na anaparastajeÐ me gn¸sh apì th Wikipedia. Gia k�je ènnoia
thc Wikipedia, qrhsimopoieÐtai h exÐswsh 5.4 gia ton upologismì touc b�rouc tou
sto èggrafo kai diathreÐtai se èna kajolikì euret rio h tim  gia to Keyphraseness.

5.4.3.1 Epilog  paramètrwn gia th mèjodo CHC kai apotelèsmata

'Egine peiramatismìc me di�forec timèc gia tic paramètrouc α, β kai γ thc exÐsw-
shc 5.4 gia ton kajorismì thc epÐdrashc twn WFreq, LinkRank, OrderRank kai
ConceptSim sthn anapar�stash tou eggr�fou. Pio sugkekrimèna, k�je for� kra-
teÐto stajer  h tim  dÔo paramètrwn kai metabalìtan h trÐth apì 0 èwc 1 (me b ma
0.1). Me th diadikasÐa aut , brèjhkan oi bèltistec timèc gia tic paramètrouc pou
par gagan ta kalÔtera apotelèsmata omadopoÐhshc se sqèsh me tic timèc gia to F -
mètro kai thn entropÐa. Oi par�metroi ConceptSim kai LinkRank faÐnetai na èqoun
th megalÔterh epÐdrash en¸ h par�metroc OrderRank th mikrìterh. Oi bèltistec
timèc paramètrwn thc exÐswshc 5.4 faÐnontai ston PÐnaka 5.2.

PÐnakac 5.2: Bèltistec par�metroi mejìdou CHC

Par�metroc Tim 

Wfreq α 0.2
LinkRank β 0.4
OrderRank γ 0.1
ConceptSim 1-α-β-γ 0.3

MinFreq 0.001 ÷ 0.03
MinKeyph 0.5

Met� thn olokl rwsh thc anapar�stashc twn eggr�fwn sto q¸ro twn ennoi¸n
kai ton upologismì twn bar¸n touc, arqÐzei h diadikasÐa thc omadopoÐhshc ìpwc peri-
gr�fetai sthn Par�grafo 5.3. Epilègontai oi arqikèc om�dec jètontac thn el�qisth
tim  katwflÐou gia to Keyphraseness (MinKeyph) kai thn el�qisth tim  kajolik c
suqnìthtac thc ènnoias(MinFreq) se timèc pou odhgoÔn se perigrafikèc etikètec gia
tic om�dec. Autì epitugq�netai mèsw miac arket� meg�lhc tim c gia to MinKeyph
(to opoÐo exaleÐfei arketèc genikèc ènnoiec) kai miac sqetik� qamhl c-mèshc tim c
gia to MinFreq (an�loga kai me to pìsa èggrafa eÐnai diajèsima). Ta peir�mata
deÐqnoun pwc mÐa tim  gia to MinKeyph gÔrw sto 0.5 p�nta èqei kal� apotelèsmata
sta di�fora sÔnola dedomènwn, efìson up�rqoun toul�qiston merikèc ekatont�dec
èggrafa diajèsima. Ta Sq mata 5.9 kai 5.10 anaparistoÔn tic timèc gia to F -mètro
kai thn entropÐa thc mejìdou antÐstoiqa, se sqèsh me thn epilegmènh tim  MinFreq
(to MinKeyph tèjhke sto 0.5 gia aut� ta peir�mata).

EpÐshc, arket� meg�loc arijmìc peiram�twn èdeixe pwc efìson èna sÔnolo dedo-
mènwn perièqei ligìtera apì 5000 èggrafa tìte to MinFreq mporeÐ na tejeÐ metaxÔ
0.03 kai 0.06, diaforetik� arkeÐ mÐa tim  metaxÔ 0.005 kai 0.03. 'Olec oi bèltistec
par�metroi faÐnontai ston PÐnaka 5.2.

O prosdiorismìc twn om�dwn gÐnetai me th diadikasÐa pou perigr�fhke sthn Pa-
r�grafo 5.3.3. Ta telik� apotelèsmata omadopoÐhshc sugkrÐnontai me ekeÐna pou
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Sq ma 5.9: Mèjodoc CHC: EuaisjhsÐa F -mètrou se sqèsh me to MinFreq

Sq ma 5.10: Mèjodoc CHC: EuaisjhsÐa EntropÐac se sqèsh me to MinFreq
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prokÔptoun apì touc algorÐjmouc HAC kai k-means gia ta sÔnola dedomènwn 20-
NG, Reuters kai Brown kai faÐnontai ston PÐnaka 5.3. Oi belti¸seic pou anafèrontai
epiteÔqjhkan me qr sh twn paramètrwn tou PÐnaka 5.2. Gia th mèjodo HAC ulopoi-
 jhke h parallag  UPGMA en¸ sth mèjodo k-means h parallag  bisecting me to
k sto 8.

PÐnakac 5.3: Peiramatik� apotelèsmata mejìdou CHC

SÔnolo dedomènwn Algìrijmoc F-measure BeltÐwsh EntropÐa BeltÐwsh
20-Newsgroups HAC 0.551 41.93% 0.205 -52.20%

k-means 0.609 28.41% 0.114 -14.04%
CHC 0.782 0.098

Reuters HAC 0.422 73.93% 0.196 -57.14%
k-means 0.417 76.02% 0.092 -8.70%
CHC 0.734 0.084

Brown HAC 0.482 49.59% 0.231 -45.45%
k-means 0.475 51.79% 0.191 -34.03%
CHC 0.721 0.126

5.4.3.2 Poluplokìthta algorÐjmou CHC

Melet jhke o qrìnoc ektèleshc tou algorÐjmou se sqèsh me autìn thc mejìdou
k-means. (H epÐdosh thc mejìdou HAC eÐnai arket� qamhl  kai den peril fjhke
se autì to peÐrama). Gia to peÐrama autì qrhsimopoi jhke to sÔnolo 20-NG (èqei
to megalÔtero arijmì eggr�fwn an�mesa sta 3 sÔnola pou qrhsimopoi jhkan) kai
to sÔnolo Brown (èqei ta èggrafa me tic perissìterec lèxeic). Ta apotelèsmata
tou peir�matoc autoÔ faÐnontai sta Sq mata 5.11 kai 5.12. H proteinìmenh mèjodoc
belti¸nei shmantik� to qrìno ektèleshc se sqèsh me th mèjodo k-means kai sta dÔo
sÔnola dedomènwn, kurÐwc lìgw thc met�bashc apì to meg�lo kai araiì q¸ro BOW
ston diastatik� meiwmèno kai shmasiologik� plousiìtero q¸ro twn ennoi¸n. Kai oi
dÔo mèjodoi apodÐdoun kal� se mikrìtera sÔnola dedomènwn all� ìtan o arijmìc twn
eggr�fwn megal¸nei, h proteinìmenh mèjodoc apodÐdei kalÔtera. H beltÐwsh eÐnai
shmantikìterh sto sÔnolo 20-NG lìgw tou ìti to sÔnolo Brown perièqei pio ploÔsia
se lèxeic èggrafa, epomènwc h apìdosh tou montèlou BOW krÐnetai epark c.

H proteinìmenh mejodologÐa perilamb�nei dÔo f�seic: Th met�bash apì to mo-
ntèlo BOW sto q¸ro twn ennoi¸n kai th mejodologÐa omadopoÐhshc (CHC). H
diadikasÐa tou tairi�smatoc twn lèxewn twn eggr�fwn me ènnoiec thc Wikipedia mpo-
reÐ na gÐnetai dunamik�, k�ti to opoÐo eÐnai shmantikì lìgw twn sqedìn kajhmerin¸n
allag¸n tou perieqomènou thc Wikipedia, an kai h sugkekrimènh diadikasÐa mporeÐ na
gÐnetai kai off-line afoÔ to perieqìmeno thc Wikipedia eÐnai diajèsimo gia metafìr-
twsh kai epexergasÐa. EpÐshc, h diadikasÐa aposaf nishc (peripou 20% twn ennoi¸n
k�je eggr�fou eÐnai polÔshmec) oloklhr¸nei thn exagwg  twn ennoi¸n. To epìmeno
b ma eÐnai o upologismìc twn bar¸n twn ennoi¸n se k�je èggrafo (b�sei thc exÐsw-
shc 5.4), to opoÐo gÐnetai off-line afoÔ ta qarakthristik� pou kataskeu�zontai b�sei
thc Wikipedia apojhkeÔontai topik�.

EÐnai shmantikì na tonisteÐ to di�nusma twn eggr�fwn sto q¸ro twn ennoi¸n den
eÐnai tìso meg�lo kai tìso araiì ìso ston klassikì q¸ro BOW. Gia par�deigma, sto
sÔnolo 20-NG, h di�stash tou dianÔsmatoc eÐnai 61174, en¸ sto q¸ro twn ennoi¸n
eÐnai mìlic 22510.
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Sq ma 5.11: Qronik  apìdosh mejìdou CHC sto sÔnolo 20-NG

Sq ma 5.12: Qronik  apìdosh mejìdou CHC sto sÔnolo Brown
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H arqik  diadikasÐa omadopoÐhshc apaiteÐ na elegqjoÔn dÔo forèc ta dianÔsmata
twn eggr�fwn, mÐa for� gia entopistoÔn oi kajolik� shmantik� ènnoiec kai mÐa gia
ton diaqwrismì twn om�dwn, p�nta ìmwc upì to prÐsma ìti lìgw thc meg�lhc meÐwshc
thc di�stashc h diadikasÐa eÐnai polÔ pio gr gorh apìti sto montèlo BOW.

Tèloc, ìson afor� sthn kataskeu  tou dèntrou, h diadikasÐa entopismoÔ enìc
gonèa gia mÐa k-om�da C sto epÐpedo k−1 apaiteÐ ton èlegqo to polÔ k om�dwn, afoÔ
oi pijanoÐ goneÐc tou C èqoun etikètec pou eÐnai uposÔnolo thc etikètac tou C. H
diadikasÐa apaiteÐ ton upologismì omoiot twn sugkekrimènwn om�dwn all� o arijmìc
k eÐnai sun jwc polÔ mikrìc, opìte o qrìnoc ektèleshc paramènei grammikìc. Tèloc,
to kl�dema paidi¸n apaiteÐ èlegqo twn om�dwn mìno mÐa for� en¸ h sugq¸neush
paidi¸n gÐnetai mìno sto uyhlìtero epÐpedo tou dèntrou (epÐpedo 1).

5.5 MejodologÐa omadopoÐhshc eggr�fwn : Do-

cument Self-Organizer (DoSO)

San beltÐwsh thc mejìdou pou perigr�fhke sthn Par�grafo 5.3, melet�tai h ensw-
m�tws  thc me touc auto-organoÔmenouc q�rtec (Self-Organizing Maps, SOM). O
stìqoc eÐnai h autìmath exagwg  miac kal c perigraf c twn om�dwn basismènh se
ènnoiec thc Wikipedia all� kai h topojèthsh twn om�dwn sto q¸ro me topologik 
orjìthta ¸ste na ikanopoioÔntai oi metaxÔ touc shmasiologikèc sqèseic. Se k�je
neur¸na antistoiqÐzetai mÐa etikèta kat� th di�rkeia thc ekpaÐdeushc tou SOM qrh-
simopoi¸ntac to gn¸risma Keyphraseness pou èqei exaqjeÐ apì th Wikipedia kai
to opoÐo eÐnai qarakthristikì thc perigrafikìthtac thc etikètac. O orismìc (a) thc
Paragr�fou 5.3 paramènei o Ðdioc all� tropopoioÔntai   eis�gontai nèoi orismoÐ gia
na perigr�youn touc neur¸nec tou montèlou SOM. Analutik� oi orismoÐ pou tropo-
poioÔntai   eis�gontai eÐnai:
(a) Mia kajolik� shmantik  ènnoia eÐnai mia ènnoia h opoÐa:

• èqei tim  Keyphraseness megalÔterh apì èna sugkekrimèno kat¸fli, pou orÐ-
zetai wc h el�qisth tim  Keyphraseness (minimum keyphraseness threshold  
MinKeyph), kai

• emfanÐzetai se perissìtera apì èna posostì twn eggr�fwn thc sullog c, pou
orÐzetai wc h el�qisth tim  suqnìthtac èna el�qisto (minimum global frequency
threshold   MinFreq).

'Ena kajolik� shmantikì k-sÔnolo ennoi¸n eÐnai èna sÔnolo apì k kajolik� shmanti-
kèc ènnoiec oi opoÐec emfanÐzontai mazÐ se èna posostì twn eggr�fwn thc sullog c
megalÔtero apì to MinFreq.
(b) To proteinìmeno montèlo qrhsimopoieÐ neur¸nec (ìpwc akrib¸c to klassikì
SOM) pou perigr�fontai apì :

• èna di�nusma bar¸n (di�nusma neur¸na), to opoÐo èqei thn Ðdia di�stash me to
di�nusma pou perigr�fei ta èggrafa kai k�je sunist¸sa tou antistoiqeÐ sto
b�roc thc sugkekrimènhc ènnoiac sto neur¸na,

• mÐa etikèta (etikèta neur¸na), h opoÐa kajorÐzetai apì ta kajolik� shmantik� k-
sÔnola-ennoi¸n pou perièqontai sta èggrafa ta opoÐa anatÐjentai sto neur¸na
me th diadikasÐa pou ja perigrafeÐ sth f�sh thc arqikopoÐhshc tou montèlou
argìtera,
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• mÐa jèsh sto disdi�stato epÐpedo (jèsh neur¸na), pou mil¸ntac me ìrouc tou
klassikoÔ SOM isodunameÐ me th jèsh k�je neur¸na sto q¸ro exìdou (plèg-
ma exìdou) kat�llhla prosarmosmènou sto nèo montèlo pou eis�getai kai ja
epexhghjeÐ argìtera.

(g) Mia kajolik� shmantik  ènnoia eÐnai kai shmantik  sto neur¸na Nm, an to b�roc
thc ènnoiac sto neur¸na eÐnai megalÔtero apì èna sugkekrimèno kat¸fli pou orÐzetai
wc to el�qisth upost rixh neur¸na (MinWeight).

H mèjodoc apoteleÐtai apì 3 b mata. Sto pr¸to b ma, oi neur¸nec epilègontai kai
ta èggrafa anatÐjentai se autoÔc (an�loga me thn tim  Keyphraseness twn ennoi¸n
kai thc suqnìthtac twn ennoi¸n kai sunìlwn ennoi¸n). EpÐshc, gÐnetai probol  twn
neur¸nwn b�sei thc mejìdou ISOMAP [Tenenbaum et al., 2000] ¸ste na epiteuqjeÐ
optikopoÐhsh tou apotelèsmatoc stic dÔo diast�seic. Sto deÔtero b ma, ekteleÐtai
h f�sh antagwnismoÔ tou SOM, gÐnetai h ananèwsh twn bar¸n kai h sunergasÐa twn
neur¸nwn. Tèloc, sto trÐto b ma akoloujeÐtai mia diadikasÐa gia ton prosdiorismì
twn om�dwn thc exetazìmenhc sullog c eggr�fwn kai kataskeu�zetai mÐa ierarqik 
dom  thc sullog c aut c.

5.5.1 F�sh 1: Arqik  epilog  neur¸nwn kai arqiko-
poÐhsh

Dedomènwn twn orism¸n (a) kai (b) (ìpwc parousi�sthkan parap�nw) kajorÐzetai o
arijmìc kai oi etikètec twn neur¸nwn. Gia k�je sÔnolo ennoi¸n pou plhreÐ tic pro-
ôpojèseic tou orismoÔ (a), kataskeu�zetai ènac neur¸nac pou perièqei ìla ta èggrafa
ta opoÐa perièqoun autì to sÔnolo ennoi¸n. ParaleÐpontai ta (k-1 )-sÔnola-ennoi¸n
e�n oi ènnoièc touc emfanÐzontai wc k -sÔnola-ennoi¸n (gia par�deigma e�n oi ènnoiec
<<astronomy>> kai <<comet>> eÐnai kajolik� shmantikèc ènnoiec all� kai to <<astronomy-
comet>> eÐnai epÐshc kajolik� shmantikì sÔnolo ennoi¸n tìte dhmiourgeÐtai mìno ènac
neur¸nac gia to sÔnolo <<astronomy-comet>>. EÐnai profanèc pwc se aut  th f�sh,
èna èggrafo mporeÐ na an kei se perissìterouc touc enìc neur¸nec. H aposÔnde-
sh eggr�fwn/neur¸nwn kajorÐzontac ton pio kat�llhlo neur¸na gia k�je èggrafo
gÐnetai sto epìmeno b ma.

H etikèta k�je neur¸na kajorÐzetai apì to kajolik� shmantikì sÔnolo ennoi¸n
pou perilamb�netai se ìla ta èggrafa pou anatÐjentai sto neur¸na. Sto shmeÐo
autì, ta dianÔsmata bar¸n tou neur¸na arqikopoioÔntai se sqèsh me ta èggrafa pou
touc èqoun anatejeÐ b�sei thc akìloujhc exÐswshc :

NW (k, i) =
∑
j∈Mki

Weight(j, i)

|M |
(5.16)

ìpou :

• NW (k, i) eÐnai to b�roc thc ènnoiac i sto neur¸na k,

• Mki eÐnai to sÔnolo eggr�fwn pou arqik� anatÐjentai sto neur¸na k kai periè-
qoun thn ènnoia i,

• Weight(j, i) eÐnai to b�roc thc ènnoiac i sto èggrafo j ìpwc orÐzetai sthn
exÐswsh 5.4,
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'Ennoiec oi opoÐec èqoun tim  NW megalÔterh apì èna kajorismèno kat¸fli pou
kajorÐzetai apì to qr sth (prbl orismì (g) ) eÐnai shmantik� gia to neur¸na. Ac
epishmanjeÐ ed¸ pwc h arqikopoÐhsh aut  eÐnai shmantik  gia thn taqÔterh ekpaÐdeush
tou SOM.

Met� ton kajorismì tou arijmoÔ twn neur¸nwn, o pio kat�llhloc neur¸nac gia
k�je èggrafo prèpei na brejeÐ kai to èggrafo na anatejeÐ mìno se autìn. Gia to
skopì autì, tropopoieÐtai h exÐswsh 5.5 ¸ste na mporeÐ na efarmosteÐ se neur¸nec
wc ex c :

Score(Nm ← Docj) = [
∑
x

Weight(j, x) ·NW (m,x)]

− [
∑
x′

Weight(j, x′) ·Keyphraseness(x′)]
(5.17)

ìpou :

• x anaparist� mia kajolik� shmantik  ènnoia sto Docj, pou eÐnai shmantik  kai
sto neur¸na Nm,

• x′ anaparist� mia kajolik� shmantik  ènnoia sto Docj, pou den eÐnai shmantik 
kai sto neur¸na Nm,

• Weight(j, x) eÐnai to b�roc tou x sto Docj ìpwc orÐzetai apì thn exÐswsh 5.4,

• Weight(j, x′) omoÐwc me to parap�nw,

• NW (m,x) dÐnetai apì thn exÐswsh 5.16,

• Keyphraseness(x′) dÐnetai apì thn exÐswsh 4.11.

O neur¸nac me th megalÔterh tim  Score eÐnai o pio kat�llhloc (  o <<nikht c >>),
sth f�sh thc arqikopoÐhshc :

winner = argmax
m
{Score(Nm ← Docj)} (5.18)

AfoÔ oloklhrwjeÐ h an�jesh k�je eggr�fou se èna mìno neur¸na, upologÐzontai
oi apost�seic twn neur¸nwn sto q¸ro eisìdou qrhsimopoi¸ntac thn ex c exÐswsh :

D(Nm, Nn) =

√∑
i

[
(NW (m, i)−NW (n, i))2

]
(5.19)

ìpou Nm kai Nn eÐnai oi dÔo neur¸nec twn opoÐwn h apìstash upologÐzetai kai to
NW anafèretai sto antÐstoiqo di�nusma tou k�je neur¸na, en¸ h �jroish lamb�nei
q¸ra gia ìlec tic ènnoiec i thc sullog c.

H f�sh 1 oloklhr¸netai me th qr sh thc mejìdou ISOMAP b�sei thc opoÐac
ex�getai mÐa optikopoÐhsh tou montèlou se 2 diast�seic. H mèjodoc ISOMAP arqik�
orÐzei to gr�fo geitnÐashc metaxÔ twn neur¸nwn kai sundèei k�je ènan me touc k
plhsièsterouc (to k orÐzetai apì to qr sth). 'Epeita, upologÐzontai oi apost�seic
twn neur¸nwn sto gr�fo (orizìmenec wc to �jroisma twn bar¸n twn akm¸n p�nw
sth suntomìterh diadrom  metaxÔ twn dÔo kìmbwn-neur¸nwn). Telik�, ta n idiodia-
nÔsmata tou pÐnaka apost�sewn sto gr�fo, anaparistoÔn tic suntetagmènec sto nèo
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n-disdi�stato EukleÐdeio q¸ro. Jètontac n = 2, oi neur¸nec prob�llontai sto dis-
di�stato q¸ro kai o algìrijmoc tou SOM mporeÐ na qrhsimopoihjeÐ gia ekpaÐdeush.
'Ena par�deigma optikopoÐhshc faÐnetai sto Sq ma 5.14 gia 4 kathgorÐec. MerikoÐ
neur¸nec èqoun  dh diaqwristeÐ apì touc upìloipouc sqhmatÐzontac anex�rthtec o-
m�dec all� �lloi qrei�zontai epiplèon epexergasÐa (ekpaÐdeush) gia na diaqwristoÔn
kalÔtera. Ac shmeiwjeÐ pwc k�je neur¸nac antistoiqeÐ se mÐa jèsh sto disdi�stato
epÐpedo (rm = (xm, ym)) (prbl orismì (b) ) kai mporeÐ na oristeÐ h apìstash metaxÔ
neur¸nwn sto disdi�stato q¸ro me qr sh thc epìmenhc exÐswshc :

∆(Nm, Nn) = ∥rm − rn∥ =
√

(xm − xn)
2 + (ym − yn)

2 (5.20)

H ìlh diadikasÐa thc arqikopoÐhshc faÐnetai sto Sq ma 5.13

Sq ma 5.13: Perigraf  f�shc arqikopoÐhshc DoSO

5.5.2 F�sh 2: EkpaÐdeush kai antagwnismìc

Met� thn arqikopoÐhsh twn neur¸nwn, lamb�nei q¸ra h diadikasÐa ekpaÐdeushc b�sei
twn exis¸sewn tou SOM oi opoÐec prosarmìzontai gia ta dedomèna tou sust matoc.
Epiplèon, sthn prosèggish pou akoloujeÐtai, oi jèseic twn neur¸nwn (ìpwc upolo-
gÐsthkan sth f�sh 1) all�zoun dunamik� b�sei enìc kanìna ananèwshc parìmoiou me
ton klassikì kanìna m�jhshc SOM. H f�sh antagwnismoÔ perilamb�nei thn eÔresh
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Sq ma 5.14: Par�deigma optikopoÐhshc neur¸nwn apì th mèjodo DoSO gia 4 kl�seic
(prin thn ekpaÐdeush)

tou pio kat�llhlou neur¸na gia k�je èggrafo j sÔmfwna me thn akìloujh exÐswsh:

Sim(Nm, j) =
∑
i

{Weight(j, i)×NW (m, i)} (5.21)

ìpou h �jroish gÐnetai gia ìlec tic ènnoiec i tou eggr�fou j. Profan¸c, o neur¸nac-
nikht c m∗ eÐnai autìc pou megistopoieÐ th sun�rthsh Sim :

m∗ = argmax
m
{Sim(Nm, j)} (5.22)

H sun�rthsh geitoni�c orÐzetai wc ex c :

hm,m∗(t) = exp

(
−∆(Nm, Nm∗)2

2 · σ(t)2

)
(5.23)

ìpou :

∆ eÐnai h apìstash twn neur¸nwn sto disdi�stato q¸ro (q¸ro exìdou), ìpwc
orÐzetai apì thn exÐswsh 5.20,

σ eÐnai mÐa gkaoussian  sun�rthsh pou mei¸netai me to qrìno (epoqèc)

Met� thn epilog  tou neur¸na-nikht  gia to èggrafo j, anane¸nontai ta b�rh
ìlwn twn ennoi¸n i stouc neur¸nec sÔmfwna me thn akìloujh exÐswsh:

NW (m, i)t+1 = NW (m, i)t + ηt · hm,m∗(t) ·
[
Weight(j, i)−NW (m, i)t

]
(5.24)
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ìpou :

• NW (m, i)t+1 eÐnai to ananewmèno b�roc thc ènnoiac i sto neur¸na m,

• NW (m, i)t eÐnai to paliì b�roc thc ènnoiac i sto neur¸na m,

• Weight(j, i) dÐnetai apì thn exÐswsh 5.4,

• η eÐnai o rujmìc m�jhshc, pou mei¸netai me tic epoqèc,

• hm,m∗(t) eÐnai h sun�rthsh geitoni�c ìpwc orÐzetai apì thn exÐswsh 5.23,

Epiplèon, anane¸nontai oi jèseic twn neur¸nwn (sto disdi�stato q¸ro) sÔmfwna
me thn akìloujh exÐswsh :

rt+1
m = rtm + ζ(t) ·Hm,m∗(t) ·

[
rtm∗ − rtm

]
(5.25)

ìpou :

• rt+1
m antistoiqeÐ sthn ananewmènh jèsh tou neur¸na m sto didi�stato q¸ro,

• rtm antistoiqeÐa sthn pali� jèsh tou neur¸na m sto didi�stato q¸ro,

• ζ eÐnai o rujmìc m�jhshc, pou mei¸netai me tic epoqèc,

• Hm,m∗ eÐnai mÐa sun�rthsh geitnÐashc pou orÐzetai apì thn akìloujh exÐswsh :

Hm,m∗(t) = exp

(
−D (m,m∗)2

2 · σ′(t)2

)
(5.26)

ìpou :

D eÐnai h apìstash twn neur¸nwn (sto q¸ro eisìdou) ìpwc orÐzetai apì thn
exÐswsh 5.19,

σ′ eÐnai mÐa gkaoussian  sun�rthsh pou mei¸netai me to qrìno (ja mporoÔse na
eÐnai kai Ðdia me th sun�rthsh σ thc exÐswshc 5.23)

EÐnai emfan c h omoiìthta metaxÔ twn exis¸sewn 5.25 kai 5.24 pou ulopoioÔn
thn ananèwsh twn jèsewn twn neur¸nwn kai twn dianusm�twn touc antÐstoiqa. H
ìlh diadikasÐa thc f�shc 2 faÐnetai sto Sq ma 5.15. Me aut  th <<dipl >> diadikasÐa
ekpaÐdeushc, epitugq�netai h ananèwsh tìso twn dianusm�twn twn neur¸nwn ìso
kai twn jèsewn sto disdi�stato q¸ro, kai ètsi mèqri to tèloc thc diadikasÐac ek-
paÐdeushc anamènetai (a) ta b�rh twn dianusm�twn twn neur¸nwn na antanakloÔn
th shmantikìthta k�je ènnoiac ston k�je neur¸na kai (b) th dhmiourgÐa geitoni¸n
parìmoiwn neur¸nwn (an�loga me to pìso parìmoia eÐnai ta dianÔsmata bar¸n touc)
sto disdi�stato q¸ro exìdou. Oi telikèc jèseic twn neur¸nwn touc Sq matoc 5.14
faÐnontai sto Sq ma 5.16 sto opoÐo gÐnetai fanerì pwc h ekpaÐdeush od ghse se
pl rh diaqwrismì twn neur¸nwn (kai moiraÐa twn kl�sewn twn eggr�fwn).
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Sq ma 5.15: Perigraf  f�shc ekpaÐdeushc kai antagwnismoÔ DoSO

Sq ma 5.16: Par�deigma optikopoÐhshc neur¸nwn apì th mèjodo DoSO gia 4 kl�seic
(met� thn ekpaÐdeush)

G. Span�khc - EufueÐc Teqnikèc Shmasiologik c An�lushc & Anaz thshc Keimènou 103



Kef�laio 5. OmadopoÐhsh eggr�fwn

5.5.3 Telik  f�sh: Entopismìc om�dwn kai ierarqik 
dìmhsh

'Epeita apì thn ekpaÐdeush enìc sunìlou dedomènwn me th mèjodo SOM eÐnai apa-
raÐthto na brejoÔn oi om�dec stic opoÐec qwrÐzontai ta èggrafa. Di�forec teqnikèc
èqoun protajeÐ. Stic ergasÐec twn [Himberg, 2000] kai [Vesanto & Alhoniemi, 2000]
mÐa om�da orÐzetai wc èna sÔnolo kìmbwn (neur¸nwn) me mikr  apìstash metaxÔ touc
kai meg�lh apìstash me touc upìloipouc, parìla aut� den proteÐnetai k�poia sug-
kekrimènh mejodologÐa gia ton upologismì. Sth mèjodo twn [Moutarde & Ultsch,
2005] gÐnetai mÐa anapar�stash tou SOM wc èna plègma-pÐnakac [Kraaijveld, 1992].
Parìla aut�, eÐnai aparaÐthto me aut  th mèjodo na kajoristoÔn k�poioi neur¸nec
wc sÔnora twn om�dwn, k�ti to opoÐo den eÐnai polÔ safèc pwc mporeÐ na epiteuqjeÐ.

EÔresh om�dwn me th mèjodo DoSO

1: Cluster Discovery(T )
2: ShmeÐwse ìlouc touc neur¸nec wc mh-episkefjèntec

UN = {Allneurons}
3: while UN ̸= ∅ do
4: - Brec èna neur¸na Ni apì to UN
5: - XekÐna mia kainoÔria om�da C
6: - K�lese Cluster New(N,C, T )
7: end while
8:

9: Cluster New(C,N, T )
10: C = C ∪ {N}
11: UN = UN − {N}
12: for all A ∈ UN geitonikoÔc tou N ètsi ¸ste Dist(N,A) ≤ T

do
13: Call Cluster New(C,A, T )
14: end for

Sq ma 5.17: Perigraf  thc mejìdou eÔreshc twn telik¸n om�dwn me th mèjodo DoSO

H prosèggish pou akoloujeÐtai gia thn anak�luyh twn om�dwn perigr�fetai sto
Sq ma 5.17. Pio sugkekrimèna, epilègetai ènac arqikìc neur¸nac N apì to sÔnolo
twn mh epilegmènwn neur¸nwn (UN : arqik� perièqei to sÔnolo twn neur¸nwn). Dh-
miourgeÐtai mÐa kainoÔria om�da C pou arqik� perièqei to neur¸na N (h etikèta tou
neur¸na eÐnai epÐshc h arqik  etikèta thc om�dac). Katìpin, afaireÐtai o neur¸nac
apì to sÔnolo UN kai anazhtoÔntai ekeÐnoi oi neur¸nec A pou ikanopoioÔn dÔo sun-
j kec : (a) eÐnai geitonikoÐ ston N sÔmfwna me thn par�metro k pou èqei epilegeÐ
sto b ma thc optikopoÐhshc kai (b) h apìstas  touc apì ton N eÐnai mikrìterh apì
èna sugkekrimèno kat¸fli T , to opoÐo kajorÐzei ton arijmì twn om�dwn pou telik�
ja dhmiourghjoÔn. H kanonikopoÐhsh twn apost�sewn ¸ste h megalÔterh apìstash
metaxÔ dÔo geitonik¸n neur¸nwn na eÐnai 1, dÐnei th dunatìthta na paÐrnei to kat¸-
fli T timèc apì 0 èwc 1 anex�rthta apì thn pragmatik  tim . An o neur¸nac A
antapokrÐnetai stic sunj kec (a) kai (b), tìte prostÐjetai sthn up�rqousa om�da C
(kai h etikèta tou antÐstoiqa, prostÐjetai sthn etikèta thc om�dac) kai h diadikasÐa
aut  efarmìzetai anadromik� se ìlouc touc geitonikoÔc neur¸nec tou A, alli¸c (an
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den up�rqoun �lloi neur¸nec me apìstash mikrìterh tou katwflÐou) epilègetai ènac
kainoÔrioc neur¸nac apì to sÔnolo UN kai xekin� mia kainoÔria om�da. Profan¸c,
ìso pio meg�lh eÐnai h tim  tou T , tìso mikrìteroc eÐnai o arijmìc twn om�dwn. Me
thn epilog  diaforetik¸n tim¸n gia to T , mporeÐ na brejeÐ k�je for� mÐa diaforetik 
omadopoÐhsh me qr sh tou algorÐjmou tou Sq matoc 5.17.

AxÐzei na tonisteÐ pwc oi apost�seic metaxÔ twn neur¸nwn miac om�dac de qrei�-
zetai aparaÐthta na eÐnai mikrìterec apì to kat¸fli pou èqei kajoristeÐ. Parìla
aut�, k�je neur¸nac prèpei na sundèetai me opoiond pote �llo thc om�dac me èna
monop�ti pou k�je akm  tou anaparist� apìstash mikrìterh apì to kat¸fli. O
algìrijmoc pou perigr�fhke parap�nw mporeÐ na efarmosteÐ eÐte se èna pl rwc ek-
paideumèno SOM, eÐte endi�mesa san mÐa diadikasÐa parakoloÔjhshc thc exèlixhc thc
omadopoÐhshc   kai san èlegqoc paÔshc thc ekpaÐdeushc.

Sq ma 5.18: Par�deigma omadopoÐhshc eggr�fwn me th mèjodo DoSO se ènan tetradi�-
stato shmasiologikì q¸ro

EpÐshc, sto Sq ma 5.18 èqei gÐnei mia prosp�jeia apotÔpwshc enìc shmasiolo-
gikoÔ q¸rou (simplex) k�nontac thn aplopoihtik  paradoq  pwc up�rqoun mìno 4
kl�seic (atheism,medicine,autos,graphics), oi opoÐec kai apoteloÔn tic tèsseric dia-
st�seic tou q¸rou autoÔ kai kajemi� katalamb�nei mia koruf . Sthn pragmatikìthta,
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o shmasiologikìc q¸roc èqei profan¸c polÔ megalÔterh di�stash (ìsec kai oi shma-
sÐec) k�nontac thn apeikìnish dÔskolh, ìmwc akìma kai mèsa apì autì to par�deigma
faÐnetai pwc leitourgeÐ. DÐpla se k�je koruf  faÐnontai oi etikètec twn neur¸nwn
pou telik� anatÐjentai sthn k�je kl�sh (  om�da) kai mèsa sto simplex faÐnontai
ta èggrafa an�loga me thn apìstash apì k�je koruf  (  kl�sh). To Sq ma au-
tì deÐqnei to gegonìc pwc oi kl�seic atheism kai medicine eÐnai pio sumpageÐc kai
omogeneÐc (oi ènnoiec twn eggr�fwn pou tic apoteloÔn eÐnai polÔ sugkekrimènec kai
sp�nia emfanÐzontai se èggrafa �llwn kl�sewn) se sqèsh me tic kl�seic graphics
kai autos pou parousi�zoun arketèc epikalÔyeic metaxÔ touc (lìgw tou ìti èqoun
arket� koinèc ènnoiec.

Me thn epilog  diaforetik¸n katwflÐwn T , eÐnai eÔkolo na anakthjeÐ mÐa ierar-
qik  dom  gia tic om�dec sth sullog  eggr�fwn pou exet�zetai. H epilog  mikr¸n
tim¸n T odhgeÐ se pollèc om�dec (pou perièqoun lÐga èggrafa) all� megalÔterec
timèc odhgoÔn se megalÔterec om�dec (pou emperièqoun tic mikrìterec), epomènwc
dhmiourgeÐtai èna ierarqikì dèntro pou eÐnai �mesa diajèsimo. 'Ena par�deigma thc
ierarqÐac gia thn om�da eggr�fwn windows.x tou sunìlou 20-Newsgroup faÐnetai
sto Sq ma 5.19. Sto qamhlìtero epÐpedo (T = 0) k�je neur¸nac antistoiqeÐ se
mia diaforetik  om�da kai kaj¸c anebaÐnoume sthn ierarqÐa, h tim  tou katwflÐou T
aux�netai, odhg¸ntac se sugqwneÔseic neur¸nwn (shmei¸nontai me touc kÔklouc).

Sq ma 5.19: Par�deigma ierarqik c dom c gia thn kathgorÐa windows.x pou par�getai
me th mèjodo DoSO
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5.6 Apotelèsmata omadopoÐhshc me th mèjodo
DoSO

'Opwc kai sth mejodologÐa CHC, ètsi kai sth mèjodo DoSO qrhsimopoi jhkan ta
sÔnola dedomènwn kai ta mètra epÐdoshc pou perigr�fontai stic Paragr�fouc 5.4.1
kai 5.4.2 antÐstoiqa. Eidik� gia touc auto-organoÔmenouc q�rtec ja qrhsimopoihjoÔn
k�poia epiplèon mètra epÐdoshc pou axiologoÔn th leitourgÐa touc.

5.6.1 Mètra axiolìghshc auto-organoÔmenwn qart¸n

Ta prìsjeta mètra pou epilègontai eÐnai trÐa arket� dhmofil  sth bibliografÐa thc
axiolìghshc auto-organoÔmenwn qart¸n [Pölzlbauer, 2004]: to sf�lma kbantismoÔ
(quantization error), to topografikì ginìmeno (topographic product) kai to mètro
paramìrfwshc tou SOM (SOM distortion).

To sf�lma kbantismoÔ (QE) paradosiak� efarmìzetai se ìlec tic morfèc dia-
nusmatikoÔ kbantismoÔ kai se algorÐjmouc omadopoÐhshc. Epomènwc, to mètro autì
agnoeÐ thn topologÐa tou q�rth all� axiologeÐ thn poiìthta twn om�dwn qwrÐc th
qr sh twn kathgori¸n tou arqikoÔ sunìlou dedomènwn. To QE upologÐzetai lamb�-
nontac upìyin th mèsh apìstash twn dianusm�twn twn eggr�fwn pou èqoun anatejeÐ
se èna neur¸na se sqèsh me ta kentroeid  pou touc anaparistoÔn. Tupik�, to sf�lma
kbantismoÔ gia k�je neur¸na i orÐzetai apì thn akìloujh exÐswsh :

QEi =
1

Mi

∑
xj∈i

||mi − xj|| (5.27)

ìpou:

i anafèretai sto neur¸na i,

Mi anafèretai se ìla ta èggrafa pou anatÐjentai sto neur¸na i,

xj anafèretai sto di�nusma tou eggr�fou j,

mi anafèretai sto di�nusma tou neur¸na i

Met� ton upologismì tou QEi gia k�je neur¸na tou SOM, o mèsoc aut¸n twn
tim¸n dÐnei to sf�lma kbantismoÔ QE gia olìklhro to SOM.

To topografikì ginìmeno eÐnai èna apì ta paliìtera mètra pou posotikopoioÔn tic
analogÐec diat rhshc thc topologÐac apì ton auto-organoÔmeno q�rth. To apotèle-
sma tou upologismoÔ tou topografikoÔ ginomènou deÐqnei telik� e�n o q�rthc èqei to
kat�llhlo mègejoc. 'Ena �llo qarakthristikì tou eÐnai pwc qrhsimopoioÔntai mìno
ta dianÔsmata neur¸nwn kai ìqi to arqikì sÔnolo. H basik  idèa tou mètrou autoÔ
eÐnai h sÔgkrish twn geitoni¸n metaxÔ dÔo neur¸nwn se sqèsh me tic jèseic touc sto
q�rth apì th mÐa (Q2(j, k)) kai sta dianÔsmata pou touc anaparistoÔn apì thn �llh
(Q1(j, k)) :

Q1(j, k) =
dist(mj,mnA

k (j))

dist(mj,mnV
k (j))

(5.28)

Q2(j, k) =
dist(rj, rnA

k (j))

dist(rj, rnV
k (j))

(5.29)

ìpou:
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j anafèretai sto neur¸na j,

mj anafèretai sto di�nusma tou neur¸na j,

rj anafèretai sto di�nusma jèshc tou neur¸na j,

nA
k (j) anafèretai ston k-plhsièstero geÐtona tou j sto q¸ro eisìdou V ,

nV
k (j) anafèretai ston k-plhsièstero geÐtona tou j sto q�rth A,

dist eÐnai mia sun�rthsh apìstashc (p.q. EukleÐdeia).

H par�metroc k prèpei na epilegeÐ apì to qr sth kai kajorÐzei mèqri se poio
bajmì ja gÐnoun oi upologismoÐ twn geitìnwn (p.q. gia k = 4, oi 4 plhsièsteroi
geÐtonec elègqontai).

Sundu�zontac tic exis¸seic 5.28 kai 5.29 prokÔptei h topografik  sqèsh metaxÔ
tou neur¸na j kai twn k-plhsièsterwn geitìnwn :

P3(j, k) =

(
k∏

l=1

Q1(j, l) ·Q2(j, l)

) 1
2k

(5.30)

To mètro epekteÐnetai se k�je neur¸na tou SOM kai to topografikì ginìmeno P
telik� orÐzetai wc ex c :

P =
1

N(N − 1)

N∑
j=1

N−1∑
k=1

log(P3(j, k)) (5.31)

H tim  tou P mporeÐ eÔkola na ermhneujeÐ wc ex c: E�n P << 0, o q�rthc eÐnai
polÔ mikrìc (dhlad  èqei lÐgouc neur¸nec) en¸ e�n P >> 0, o q�rthc eÐnai polÔ
meg�loc gia to sÔnolo pou exet�zetai.

Tèloc, qrhsimopoieÐtai to mètro paramìrfwshc. 'Eqei apodeiqjeÐ pwc e�n h aktÐna
thc geitoni�c paramènei stajer , tìte up�rqei mia sun�rthsh kìstouc thn opoÐa to
SOM elaqistopoieÐ, k�ti to opoÐo ekfr�zetai apì to mètro paramìrfwshc. Aut  h
sun�rthsh mporeÐ na qrhsimopoihjeÐ gia ton upologismì miac sun�rthshc sf�lmatoc
gia olìklhro to q�rth. EpÐshc, èna pleonèkthma eÐnai pwc to sf�lma mporeÐ na
aposuntejeÐ me di�forouc trìpouc (an� neur¸na, ¸ste to sf�lma na periorÐzetai
topik� sto q�rth   an� sunist¸sa). Tupik� orÐzetai wc ex c :

DM =
M∑
j=1

N∑
i=1

hbj ,i||mi − xj|| (5.32)

ìpou:

M eÐnai o arijmìc twn eggr�fwn,

N eÐnai o arijmìc twn neur¸nwn,

mi eÐnai to di�nusma tou neur¸na i,

xj eÐnai to di�nusma tou eggr�fou j,

bj eÐnai o neur¸nas-nikht c gia to èggrafo pou anaparÐstatai apì to di�nusma xj,

hbj ,i eÐnai h sun�rthsh geitnÐashc ìpwc orÐzetai apì thn exÐswsh 5.23
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5.6.2 Apotelèsmata gia th mèjodo DoSO

H mejodologÐa DoSO elègqjhke tìso gia to telikì apotèlesma thc omadopoÐhshc
(me b�sh ta mètra F1, entropÐa kai R,J,FM) ìso kai gia thn axiolìghsh thc wc
parallag  montèlou SOM kai mejìdou optikopoÐhshc (me b�sh ta mètra Sf�lma
KbantismoÔ, Topografikì Ginìmeno kai Paramìrfwsh).

5.6.2.1 Epilog  paramètrwn gia th mèjodo DoSO

Gia thn epibebaÐwsh twn paramètrwn tou PÐnaka 5.2 ègine o Ðdioc èlegqoc sta Ðdia
sÔnola dedomènwn kai me th mejodologÐa DoSO, ¸ste na epibebaiwjeÐ h barÔthta
k�je qarakthristikoÔ sth shmasÐa tou eggr�fou. Lìgw tou ìti den up�rqei sug-
kekrimènoc trìpoc na problefjeÐ h tim  gia kajemÐa apì tic paramètrouc α, β, γ tou
montèlou anapar�stashc eggr�fwn, o monadikìc trìpoc kajorismoÔ touc eÐnai o em-
peirikìc peiramatismìc se sqèsh me k�poio mètro epÐdoshc [Guyon & Elisseeff, 2003].
Arqik� diaqwrÐzetai èna anex�rthto sÔnolo dedomènwn. Ta upìloipa dedomèna qrhsi-
mopoioÔntai tìso gia ekpaÐdeush ìso kai gia thn epilog  paramètrwn. Sta peir�mata
pou èginan, ulopoi jhke diastaurwmènh epikÔrwsh (k -fold cross-validation) (me to k
na tÐjetai sto 5) se k�je èna apì ta 3 sÔnola dedomènwn pou perigr�fhkan para-
p�nw. Ta èggrafa k�je sunìlou dedomènwn qwrÐzontai se 5 (perÐpou) isomegèjeic
om�dec. 'Etsi, gÐnontai 5 epanal yeic m�jhshc kai epikÔrwshc ètsi ¸ste k�je for�
èna diaforetikì mèroc twn dedomènwn na mènei ektìc ekpaÐdeushc gia epikÔrwsh, en¸
ta upìloipa 4 na qrhsimopoioÔntai gia th m�jhsh. EÐnai autonìhto pwc ta èggrafa
qwrÐsthkan me tètoio trìpo ¸ste na exasfalÐzetai pwc se k�je èna apì ta 5 tm mata
na up�rqoun antiproswpeutik� deÐgmata ìlhc thc sullog c eggr�fwn kai pwc ìla ta
èggrafa qrhsimopoioÔntai gia epikÔrwsh. Tèloc, to anex�rthto sÔnolo pou èmeine
ektìc arqik�, qrhsimopoieÐtai gia th sunolik  axiolìghsh thc epÐdoshc tou montèlou,
xan� me qr sh tou prwtokìllou thc diastaurwmènhc epikÔrwshc.

Oi bèltistec timèc paramètrwn thc exÐswshc 5.4 eÐnai autèc pou par�goun ta
kalÔtera apotelèsmata omadopoÐhshc se sqèsh me tic timèc gia to mètro-F kai thn
entropÐa (sta sÔnola ekpaÐdeushc kai epikÔrwshc) kai faÐnontai ston PÐnaka 5.4 gia
k�je èna apì ta 3 sÔnola dedomènwn pou qrhsimopoi jhkan. H par�metroc LinkRank
èqei th megalÔterh epÐdrash sthn anapar�stash twn eggr�fwn (epibebai¸nontac th
bajei� kai shmasiologik� ploÔsia dom  thcWikipedia, en¸ h par�metroc OrderRank
èqei th mikrìterh. H par�metroc ConceptSim eÐnai shmantikìterh apì thn par�metro
WFreq ektìc apì to sÔnolo Brown (ìpou lìgw tou meg�lou megèjouc twn eggr�fwn
to klassikì montèlo tf − idf eÐnai arket� apotelesmatikì).

PÐnakac 5.4: Bèltistec par�metroi mejìdou DoSO

Bèltistec timèc kai apoklÐseic
Parameter 20-NG Reuters Brown

Wfreq a 0.2520 ± 0.0101 0.2320 ± 0.0031 0.256 ± 0.0051
LinkRank b 0.3800 ± 0.0025 0.4120 ± 0.0036 0.3920 ± 0.0033
OrderRank c 0.1000 ± 0.0000 0.1000 ± 0.0000 0.1000 ± 0.0000
ConceptSim 1-a-b-c 0.2680 ± 0.1114 0.2560 ± 0.0034 0.2520 ± 0.0026

MinFreq 0.001-0.01 (meg�la sÔnola), 0.01-0.03 (mikr� sÔnola)
MinKeyph 0.5
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Met� thn olokl rwsh thc anapar�stashc eggr�fwn sto q¸ro twn ennoi¸n kai
ton upologismì twn bar¸n twn paramètrwn, efarmìzetai h kurÐwc mejodologÐa tou
DoSO ìpwc perigr�fthke sthn Par�grafo 5.5. Epilègontai oi arqikoÐ neur¸nec b�sei
twn paramètrwn (MinKeyph) kai (MinFreq) ¸ste na dhmiourghjoÔn perigrafikèc
etikètec gia touc neur¸nec (kai �ra gia tic telikèc om�dec). 'Opwc kai sth mèjodo
twn pio shmantik¸n ennoi¸n ètsi kai ed¸ epilègetai mÐa sqetik� meg�lh tim  gia thn
par�metroKeyphraseness kai mÐa sqetik� qamhl  tim  gia thn par�metroMinKeyph
b�sei twn tim¸n twn paramètrwn pou faÐnontai stouc PÐnakec 5.2 kai 5.4.

'Opwc perigr�fhke sthn Par�grafo 5.5.1, h mèjodoc DoSO qrhsimopoieÐ thn pro-
bol  ISOMAP ¸ste na optikopoihjeÐ h omadopoÐhsh twn neur¸nwn/eggr�fwn. H
mèjodoc ISOMAP qrhsimopoieÐ thn par�metro k gia ton kajorismì twn kontinìte-
rwn geitìnwn sto dhmiourgoÔmeno didi�stato gr�fo. H par�metroc k sunist� ston
arijmì twn geitìnwn (b�sei EukleÐdeiac apìstashc pou h mèjodoc ISOMAP ja qrh-
simopoi sei san sundèseic sto dhmiourgoÔmeno gr�fo geitnÐashc kai genik� mporeÐ na
tejeÐ sthn tim  metaxÔ 4 (gia thn anapar�stash enìc tetragwnikoÔ plègmatoc) kai
6 (gia thn anapar�stash exagwnikoÔ plègmatoc). Ac shmeiwjeÐ ed¸ pwc met� thn
arqikopoÐhsh twn neur¸nwn kai thn probol  touc, ex�getai mÐa topologÐa neur¸nwn
(ìpwc me ton klassikì algìrijmo tou SOM) kai sto shmeÐo autì h par�metroc k
qrhsimopoieÐtai gia ton kajorismì tou tÔpou autoÔ tou plègmatoc.

5.6.2.2 Apotelèsmata OmadopoÐhshc mejìdou DoSO

H mejodologÐa entopismoÔ twn om�dwn b�sei twn neur¸nwn perigr�fhke sthn Pa-
r�grafo 5.5.3. To telikì apotèlesma thc omadopoÐhshc sugkrÐnetai me autì pou
par�goun oi algìrijmoi HAC kai k-means (tìso gia to q¸ro BOW ìso kai ton
q¸ro twn ennoi¸n gia ta 3 sÔnola dedomènwn pou anafèrjhkan kai parousi�zetai
ston PÐnaka 5.5. Arqik�, h epÐdrash thc eisagwg c tou montèlou twn ennoi¸n stouc
tupikoÔc algorÐjmouc omadopoÐhshc (HAC kai k−means) exet�zetai sugkrÐnontac
ta apotelèsmata tou klassikoÔ montèlou BOW me (a) to q¸ro twn ennoi¸n kai th
qr sh tou aploÔ montèlou tf−idf (CS−TFIDF ) kai (b) to q¸ro twn ennoi¸n mèsa
apì th qr sh bar¸n gia tic paramètrouc thc exÐswshc 5.4 (CS −WEIGHTED).
Tèloc, h proteinìmenh mejodologÐa (DoSO), (pou qrhsimopoieÐ to q¸ro twn ennoi¸n)
elègqjhke gia ta apotelèsmata pou par�gei. Gia thn kalÔterh parousÐash twn a-
potelesm�twn tou pÐnaka 5.5, èqoun epishmanjeÐ me èntonh graf  ta kalÔtera
apotelèsmata gia ìlouc touc algorÐjmouc en¸ me pl�gia graf  h kalÔterh tim  gia
k�je algìrijmo thc bibliografÐac (HAC kai k −means).

'Opwc faÐnetai apì ton PÐnaka 5.5, h eisagwg  tou q¸rou twn ennoi¸n stouc
algorÐjmouc HAC kai k−means dÐnei kalÔtera apotelèsmata gia ta mètra F1, R, J
kai FM me qr sh tou montèlou CS −WEIGTHED (kai ìqi tou CS − TFIDF ),
lìgw tou gegonìtoc pwc o q¸roc twn ennoi¸n eÐnai perissìtero qr simoc mèsa apì
th st�jmish twn bar¸n pou kajorÐzoun tic ènnoiec lìgw thc meg�lhc diajesimìth-
tac plhroforÐac apì th Wikipedia kai ìqi apl� metr¸ntac emfanÐseic. Parìla aut�,
faÐnetai pwc to montèlo BOW odhgeÐ se apotelèsmata me qamhlìterec timèc entro-
pÐac (pio omogeneÐc om�dec) gia 2 apì ta 3 sÔnola dedomènwn (20-NG kai Reuters).
Autì ofeÐletai kurÐwc sto gegonìc pwc ta èggrafa tou sunìlou Brown eÐnai arket�
megalÔtera se mègejoc apì aut� twn 20-NG kai Reuters, to opoÐo odhgeÐ se pio a-
kribeÐc anaparast�seic sto q¸ro twn ennoi¸n. Epiplèon, h tim  thc entropÐac eunoeÐ
algorÐjmouc pou par�goun om�dec me sqetik� omoiìmorfa megèjh (ìpwc o algìrij-
moc k-means) kai timwroÔn algorÐjmouc pou par�goun om�dec me meg�lh diafor�
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PÐnakac 5.5: Apotelèsmata mejìdou DoSO b�sei mètrwn omadopoÐhshc
Mètra B�sei sunìlwn B�sei sunemfanÐsewn B�sei entropÐac

SÔnolo Algìrijmoc Montèlo anapar�stashc Di�stash F1-macro F1-micro R J FM E

20-Newsgroup HAC BOW 61174 0.542 0.558 0.87 0.70 0.74 0.205
CS-TFIDF 22510 0.486 0.514 0.91 0.75 0.78 0.391

CS-WEIGHTED 22510 0.557 0.569 0.92 0.78 0.76 0.216
k-means BOW 61174 0.604 0.612 0.95 0.73 0.75 0.114

CS-TFIDF 22510 0.473 0.481 0.92 0.71 0.78 0.314
CS-WEIGHTED 22510 0.613 0.627 0.95 0.79 0.75 0.199

DoSO CS-WEIGHTED 22510 0.799 0.831 0.96 0.81 0.84 0.114

Reuters HAC BOW 18985 0.417 0.437 0.65 0.56 0.62 0.196
CS-TFIDF 10714 0.402 0.440 0.67 0.61 0.68 0.283

CS-WEIGHTED 10714 0.424 0.471 0.74 0.63 0.69 0.207
k-means BOW 18985 0.392 0.426 0.72 0.65 0.69 0.092

CS-TFIDF 10714 0.377 0.412 0.62 0.50 0.57 0.236
CS-WEIGHTED 10714 0.441 0.485 0.77 0.69 0.73 0.187

DoSO CS-WEIGHTED 10714 0.792 0.828 0.92 0.83 0.83 0.119

Brown HAC BOW 59601 0.479 0.484 0.87 0.69 0.64 0.231
CS-TFIDF 17880 0.454 0.470 0.90 0.66 0.65 0.240

CS-WEIGHTED 17880 0.494 0.498 0.91 0.62 0.61 0.162
k-means BOW 59601 0.461 0.476 0.88 0.65 0.62 0.191

CS-TFIDF 17880 0.443 0.467 0.84 0.61 0.66 0.238
CS-WEIGHTED 17880 0.472 0.487 0.87 0.67 0.69 0.123

DoSO CS-WEIGHTED 17880 0.784 0.845 0.92 0.78 0.71 0.112

sta megèjh touc [Xiong et al., 2004] (ìpwc o algìrijmoc DoSO). Tèloc, prèpei na
anaferjeÐ pwc h eisagwg  tou q¸rou twn ennoi¸n odhgeÐ se polÔ qamhlìterh polu-
plokìthta qrìnou, lìgw tou gegonìtoc pwc o nèoc q¸roc eÐnai pio sumpiesmènoc apì
ton aplì q¸ro. H meÐwsh sto di�nusma anapar�stashc faÐnetai epÐshc ston PÐnaka
5.5. Gia thn proteinìmenh mejodologÐa qrhsimopoi jhkan oi bèltistec par�metroi tou
PÐnaka 5.4. Gia ton algìrijmo HAC, ulopoi jhke h parallag  UPGMA en¸ gia ton
algìrijmo k-means h tim  k tèjhke sto 8 kai to kat¸fli omoiìthtac sthn tim  0.25.

H epÐdosh tou DoSO sugkrÐnetai epÐshc me ton klassikì algìrijmo tou SOM
pou efarmìzetai kai sta 3 sÔnola dedomènwn qrhsimopoi¸ntac tìso to klassikì
montèlo BOW ìso kai to montèlo tou q¸rou twn ennoi¸n, ¸ste na axiologhjeÐ
h mèjodoc b�sei twn krithrÐwn gia auto-organoÔmenouc q�rtec. Ta apotelèsmata
faÐnontai ston PÐnaka 5.6. 'Eginan sugkrÐseic gia tic 4 diaforetikèc proseggÐseic
tou SOM (aplì montèlo tf-idf, q¸roc ennoi¸n tf-idf, q¸roc ennoi¸n me st�jmish
bar¸n kai DoSO) me qr sh diaforetik¸n megej¸n qart¸n. Ta apotelèsmata  tan
anex�rthta apì to mègejoc tou q�rth. O PÐnakac 5.6 deÐqnei tic mèsec timèc twn
mètrwn gia ìla ta megèjh. To DoSO parousi�zei kalÔtera apotelèsmata ìson afor�
sto Topografikì Ginìmeno to opoÐo shmaÐnei (sÔmfwna me thn Par�grafo 5.4.2)
ìti to mègejoc tou q�rth (dhlad  o arijmìc twn neur¸nwn) eÐnai kat�llhlo gia to
prìblhma. O klassikìc algìrijmoc tou SOM apodÐdei kalÔtera apì to DoSO se
k�poiec peript¸seic all� oi diaforèc jewroÔntai mikrèc eidik� an lhfjeÐ upìyin kai
h beltÐwsh sto qrìno ekpaÐdeushc tou SOM lìgw thc kat�llhlhc arqikopoÐhshc
(ìpwc perigr�fhke sthn par�grafo 5.5.1).

EpÐshc, sto Sq ma 5.20 faÐnetai h apìdosh twn parap�nw mejìdwn SOM (SOM/BOW,
SOM/CS-TFIDF, SOM/CS-WEIGHTED, DoSO) se sqèsh me ton arijmì twn epo-
q¸n ekpaÐdeushc kai to kalÔtero apotèlesma pou epeteÔqjh gia autì ton arijmì
epoq¸n (ìson afor� sto F -mètro all� me parìmoia apotelèsmata gia ta upìloipa
mètra pou anafèrjhkan) se èna uposÔnolo tou Reuters. Pèran apì th saf  upero-
q  thc proteinìmenhc mejìdou DoSO pou apodÐdei polÔ kal� epitugq�nontac sqedìn
dipl�sio mètro F akìma kai me polÔ mikrì arijmì epoq¸n (lìgw thc idiaÐterhc arqi-
kopoÐhshc pou gÐnetai sta b�rh twn neur¸nwn) faÐnetai pwc h eisagwg  tou q¸rou
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PÐnakac 5.6: Apotelèsmata mejìdou DoSO b�sei thc dhmiourgoÔmenhc topologÐac
SÔnolo Algìrijmoc Montèlo anapar�stashc QE Topografikì Ginìmeno Paramìrfwsh SOM

20-Newsgroup SOM BOW 0.1221 0.0010 0.3932
CS-TFIDF 1.2264 -0.0104 1.6130

CS-WEIGHTED 1.1073 0.0023 1.2543
DoSO CS-WEIGHTED 0.1435 0.0007 0.7319

Reuters SOM BOW 0.2932 0.0044 1.3692
CS-TFIDF 0.3339 -0.0081 1.6423

CS-WEIGHTED 0.3431 0.0076 1.5219
DoSO CS-WEIGHTED 0.1134 0.0027 1.0244

Brown SOM BOW 0.3993 0.0082 0.1423
CS-TFIDF 1.2342 -0.0092 7.3219

CS-WEIGHTED 2.0081 0.0040 1.2108
DoSO CS-WEIGHTED 0.1723 0.0025 0.8492

twn ennoi¸n odhgeÐ to klassikì SOM se polÔ ikanopoihtik� apotelèsmata (blèpe
SOM/CS-WEIGHTED) me lÐgec epoqèc se sqèsh me to klassikì SOM/BOW. EÐnai
profanèc pwc h shmasiologÐa pou eis�getai me tic ènnoiec èqei shmantik� apotelèsma-
ta se sqèsh me tic aplèc emfanÐseic lèxewn tou montèlou BOW. Kaj¸c megal¸nei o
arijmìc twn epoq¸n, to klassikì SOM/BOW faÐnetai pwc uperisqÔei tou SOM/CS-
WEIGHTED all� afenìc h diafor� apìdoshc eÐnai mikr  kai afetèrou eis�getai kai
h exisorrìphsh (trade-off) metaxÔ qrìnou ektèleshc/apìdoshc.

Sq ma 5.20: Sugkritik  apìdosh SOM/BOW, SOM/CS-TFIDF, SOM/CS-
WEIGHTED, DoSO se sqèsh me ton arijmì twn epoq¸n ekpaÐdeushc
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Tèloc, ègine sÔgkrish tou DoSO me touc algorÐjmouc omadopoÐhshc pou k�noun
qr sh exwterik c phg c gn¸shc kai èqoun ta kalÔtera apotelèsmata sth bibliogra-
fÐa. To monadikì sÔnolo dedomènwn pou eÐnai koinì kai epomènwc epitrèpei thn ìpoia
sÔgkrish eÐnai èna uposÔnolo tou sunìlou Reuters pou perièqei 1658 èggrafa apì
30 diaforetikèc kl�seic (epilègontai kl�seic me perissìtera apì 15 kai ligìtera apì
200 èggrafa). Ta apotelèsmata faÐnontai ston PÐnaka 5.7 (prohgoÔmena apotelè-
smata sullèqjhkan apì thn ergasÐa twn Kiran et. al [Kiran, 2010]). To DoSO
parousi�zei kalÔtera apotelèsmata apì ìlec tic prohgoÔmenec mejìdouc se ìla ta
mètra pou qrhsimopoi jhkan.

PÐnakac 5.7: SÔgkrish DoSO kai �llwn mejìdwn omadopoÐhshc b�sei exwterik c gn¸shc

F-measure Purity Inv. Purity Phg  gn¸shc
BOW 0.618 0.603 0.544 -

Garbilovich et al. - 0.605 0.548 Wikipedia
Hotho et al. - 0.607 0.556 WordNet
Hu et al. - 0.655 0.598 Wikipedia

Huang et al. 0.575 0.678 0.75 Wikipedia
Kiran et al. 0.732 0.684 0.778 Wikipedia,

WordNet, dmoz,
social bookmark

DoSO 0.799 0.781 0.817 Wikipedia
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'Ena par�deigma optikopoÐhshc (met� to pèrac thc ekpaÐdeushc) faÐnetai sto Sq -
ma 5.21. Oi kathgorÐec eÐnai oi ex c: alum, cocoa, coffee, copper, cpi, gnp, gold, in-
terest, money-supply, ship. FaÐnetai pwc met� to pèrac thc ekpaÐdeushc oi neur¸nec
pou antiproswpeÔoun geitonikèc kl�seic brÐskontai kont� metaxÔ touc, en antijèsei
me neur¸nec �llwn kl�sewn. Pio sugkekrimèna, up�rqei kai topologikì nìhma, kaj¸c
èqoun topojethjeÐ oi neur¸nec pou asqoloÔntai me <<qrhmato-oikonomik�>> zht mata
sto ep�nw mèroc, en¸ oi neur¸nec pou asqoloÔntai me <<pr¸tec Ôlec ktl>> sto k�tw
mèroc.

Sq ma 5.21: Par�deigma jèsewn neur¸nwn DoSO sto disdi�stato epÐpedo (uposÔnolo
Reuters)
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EpÐshc, sto Sq ma 5.22 èqei qrhsimopoihjeÐ h klassik  sÔmbash tou U-matrix
ìpou se k�je neur¸na èqei apotupwjeÐ to mègejoc an�loga me to posostì twn eggr�-
fwn pou analamb�nei o neur¸nac (Se k�je neur¸na èqei apotupwjeÐ kai h kurÐarqh
kl�sh).

Sq ma 5.22: Par�deigma optikopoÐhshc DoSO se uposÔnolo tou sunìlou Reuters
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Tèloc, sta Sq mata 5.23 èwc 5.26 faÐnetai h shmantikìthta 4 diaforetik¸n en-
noi¸n (bulk cargo, discount window, finance minister, L.M.E. (London Metal E-
xchange)) stouc parap�nw neur¸nec (se autoÔc akoloujeÐtai h klassik  sÔmbash
twn U-Matrix dhlad  to anoiqtì qr¸ma antistoiqeÐ se uyhl  tim  b�rouc en¸ to
skoÔro qr¸ma antistoiqeÐ se qamhl  tim  b�rouc).

Sq ma 5.23: Par�deigma DoSO: Shmanti-
kìthta tou ìrou bulk cargo stouc neur¸nec

Sq ma 5.24: Par�deigma DoSO: Shmanti-
kìthta tou ìrou discount window stouc neu-
r¸nec

Sq ma 5.25: Par�deigma DoSO: Shmanti-
kìthta tou ìrou finance minister stouc neu-
r¸nec

Sq ma 5.26: Par�deigma DoSO: Shmanti-
kìthta tou ìrou L.M.E. stouc neur¸nec

�
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Kef�laio 6

Sunolikì Pìrisma Diatrib c

6.1 Genik� Sumper�smata

H paroÔsa diatrib  esti�zei se probl mata an�lushc kai anaz thshc keimènou. Sh-
meÐo ekkÐnhshc eÐnai h parat rhsh twn poll¸n phg¸n keimenik c plhroforÐac pou u-
p�rqoun s mera (kai ofeÐlontai en polloÐc kai sthn ekrhktik  an�ptuxh touWWW):
O Pagkìsmioc Istìc all� kai oi proswpikoÐ upologistèc tou kajenìc kataklÔzontai
apì meg�lec posìthtec keimènou (se eleÔjerh morf ) en¸ sp�niec eÐnai oi peript¸seic
pou h plhroforÐa aut  parèqetai se domhmènh morf    me epiplèon plhroforÐa (epish-
m�nseic (annotations), etikètec (tags) klp). O kÔrioc trìpoc prìsbashc se autèc tic
meg�lec posìthtec keimènwn paramènei h exìruxh keimènou (text mining) me aplèc kai
eufueÐc teqnikèc. Sthn prosp�jeia aut  org�nwshc thc plhroforÐac shmantik  eÐnai
h bo jeia apì to Shmasiologikì Istì (Semantic Web) pou mèsa apì tic ontologÐec
parèqei th dunatìthta kalÔterhc org�nwshc thc diajèsimhc plhroforÐac. Parìla
aut�, oi perissìterec selÐdec ston Pagkìsmio Istì paramènoun se eleÔjerh morf 
(qwrÐc dhlad  dunatìthta �meshc axiopoÐhshc sta plaÐsia tou ShmasiologikoÔ istoÔ
ìpwc kai ta perissìtera proswpik� yhfiak� èggrafa. 'Etsi, anakÔptei h an�gkh gia
an�ptuxh apotelesmatik¸n eufu¸n teqnik¸n pou ja mporoÔn na efarmostoÔn se keÐ-
mena eleÔjerhc morf c ¸ste na epiteuqjeÐ apodotik  org�nwsh kai apotelesmatik 
anaz ths  touc.

Sta dÔo pr¸ta Kef�laia thc diatrib c ègine episkìphsh twn duskoli¸n pou anti-
metwpÐzontai kat� thn prosp�jeia anapar�stashc eggr�fwn me qr sh tou upologist 
kai ofeÐlontai sthn poluplokìthta kai th suneq  exèlixh thc gl¸ssac. Ta zht -
mata pou antimetwpÐzei kaneÐc kat� thn prosp�jeia anapar�stashc eggr�fwn ston
upologist  eÐnai kurÐwc dÔo: poia mon�da tou keimènou (qarakt rac, mìrfhma, lèxh,
fr�sh, prìtash ktl) ja qrhsimopoihjeÐ wc b�sh gia thn anapar�stash kai pwc ja
enswmatwjeÐ h perissìterh dunat  plhroforÐa apì thn arqik  morf  tou keimènou.
H kÔria (kai pio fusik  Ðswc ston �njrwpo) basik  mon�da anapar�stashc eggr�-
fwn paramènei mèqri kai s mera h lèxh. Probl mata apì thn anapar�stash aut 
up�rqoun poll�: h metaforik  qr sh lèxewn all�zei ta no mata, oi shmasiologikèc
sqèseic metaxÔ lèxewn (sunwnumÐa, antwnumÐa ktl) den kalÔptontai, h prohgoÔmenh
gn¸sh pou sun jwc èqoun oi �njrwpoi den eÐnai dunatì na metaferjeÐ eÔkola ston
upologist , h jèsh thc lèxhc se sqèsh me thn perikeÐmenh plhroforÐa (context) al-
l�zei th shmasÐa thc ktl. 'Omwc, akìmh kai s mera h logik  twn lèxewn kuriarqeÐ
stic keimenikèc anaparast�seic k�ti to opoÐo apodeiknÔetai apì to ìti h anaz thsh
ston Pagkìsmio Istì exakoloujeÐ kai gÐnetai me lèxeic-kleidi� (kai ìqi me erwt seic
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fusik c gl¸ssac   �llo trìpo) all� kai oi perissìteroi �njrwpoi anazhtoÔn èna
èggrafo b�sei twn lèxewn pou touc endiafèroun. 'Etsi, dÐnetai èmfash sto basikì
montèlo anapar�stashc pou basÐzetai stic lèxeic kai eÐnai to Montèlo Q¸rou Dia-
nusm�twn (Vector Space Model, VSM   Bag-of-Words, BOW) to opoÐo exet�zetai
analutik�.

AnagnwrÐzontac to rìlo twn lèxewn sthn anapar�stash eggr�fwn, h diatrib 
exet�zei th dunatìthta entopismoÔ twn sqèsewn metaxÔ lèxewn. DÔo lèxeic mporeÐ
na sqetÐzontai me polloÔc trìpouc (sun¸numec, ant¸numec, uper¸numec, mer¸numec
ktl). Stìqoc thc mejodologÐac pou perigr�fetai sto Kef�laio 3 eÐnai h kataskeu 
enìc bajmwtoÔ mètrou pou ja upologÐzei gr gora th sqetikìthta dÔo lèxewn lamb�-
nontac upìyin ìlec tic dunatèc sqèseic pou mporeÐ na èqoun autèc. GÐnetai di�krish
dhlad  an�mesa sthn omoiìthta lèxewn kai sth sqetikìthta lèxewn, kaj¸c h deÔte-
rh kalÔptei megalÔtero eÔroc sqèsewn kai epÐ thc ousÐac axiologeÐ kat� pìson dÔo
lèxeic eÐnai <<kont�>>   ìqi metaxÔ touc. Gia to skopì autì, axiopoioÔntai plhrofo-
rÐec pou ex�gontai apì ta apotelèsmata miac mhqan c anaz thshc sto WWW gia
tic lèxeic twn opoÐwn anazhteÐtai h sqetikìthta kaj¸c kai to lexikì WordNet, pou
parèqei meg�lo arijmì sqetizomènwn lèxewn. H mèjodoc eÐnai ubridik  axiopoi¸ntac
tìso paradosiakèc teqnikèc an�kthshc keimènou (b�sei tou montèlou BOW) kai mÐa
mhqan  dianusm�twn upost rixhc (SVM) posotikopoi¸ntac kat' autì ton trìpo gr -
gora kai eÔkola th sqèsh dÔo opoiwnd pote lèxewn. Ta apotelèsmata deÐqnoun thn
uperoq  thc mejodologÐac pou proteÐnetai ènanti twn upoloÐpwn thc bibliografÐac
kai tic dunatìthtec pou up�rqoun sthn ekmet�lleush thc plhroforÐac pou up�rqei
sta apotelèsmata twn mhqan¸n anaz thshc all� kai tou WordNet.

Oi adunamÐec tou montèlou BOW paramènoun par� thn eisagwg  peraitèrw gn¸-
shc (mèsw twn apotelesm�twn anaz thshc kai tou WordNet) en¸ ìpwc eÐnai fusikì
h anapar�stash keimènwn me lèxeic pou sundèontai metaxÔ touc me èna bajmwtì mège-
joc periorÐzei tic dunatìthtec peraitèrw beltÐwshc. Giautì to lìgo, sto Kef�laio
4 h diatrib , afoÔ exet�sei tic di�forec dunatìthtec anapar�stashc eggr�fwn, pa-
rousi�zei èna nèo montèlo anapar�stashc pou axiopoieÐ th Wikipedia me stìqo na
entopÐsei ep¸numec ontìthtec (named entities) pou apoteloÔn ènnoiec (concepts) kai
up�rqoun wc �rjra thc Wikipedia all� emfanÐzontai kai sto èggrafo. Me aut  th
diadikasÐa eis�getai perissìterh shmasiologik  plhroforÐa se k�je èggrafo, afoÔ
gia k�je ènnoia pou emfanÐzetai sth Wikipedia axiopoioÔntai pl rwc oi plhroforÐec
pou parèqontai (perieqìmeno tou �rjrou, sÔndesmoi (exerqìmenoi kai eiserqìmenoi),
ierarqik  kathgoriopoÐhsh �rjrwn ktl) kai sundu�zontai me ta klassik� gnwrÐsma-
ta thc an�kthshc keimènou (suqnìthta, seir� emf�nishc ktl) kai kataskeu�zontai
qarakthristik� ta opoÐa perigr�foun pl rwc tic ènnoiec tou eggr�fou anajètontac
b�roc se kajemi�. IdiaÐterh mneÐa axÐzei na gÐnei sto qarakthristikì Keyphraseness
to opoÐo deÐqnei thn ikanìthta miac ènnoiac na perigr�yei antiproswpeutik� èna èg-
grafo   mia om�da eggr�fwn. To nèo autì montèlo dÐnei dunatìthtec anapar�stashc
ontot twn pou me diaforetikì trìpo de ja  tan dunatì na katanohjoÔn   na brejoÔn
apì ton upologist  (om�dec lèxewn, suntomografÐec ktl) mazÐ me qarakthristik� pou
axiologoÔn th shmasÐa touc se k�je èggrafo all� kai genik� en¸ sumpièzei shman-
tik� to meg�lo q¸ro pou eis�getai me to montèlo BOW, katadeiknÔontac ètsi ta
pleonekt mata tou montèlou autoÔ.

'Eqontac wc ergaleÐo th nèa morf  anapar�stashc pou parousi�sthke, sth su-
nèqeia h diatrib  exet�zei sto Kef�laio 5 met� th sqetikìthta lèxewn kai th sqeti-
kìthta eggr�fwn. EpÐ thc ousÐac, anazhteÐtai h dunatìthta qwrismoÔ miac meg�lhc
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sullog c eggr�fwn se om�dec (omadopoÐhsh, clustering) mèsw autìmata kajorizì-
menwn etiket¸n pou ja perigr�foun (shmasiologik�) tic om�dec autèc. Ston pur na
twn dÔo mejodologi¸n omadopoÐhshc pou anaptÔssontai brÐsketai to montèlo anapa-
r�stashc kai oi ènnoiec pou entopÐzontai b�sei thc Wikipedia. H pr¸th mejodologÐa
axiopoieÐ thn idèa twn pio suqn¸n kai pio perigrafik¸n ennoi¸n (b�sei thc tim c
Keyphraseness) ¸ste na qrhsimeÔsoun wc etikètec pou perigr�foun tic om�dec pou
eggr�fwn dhmiourgoÔntai ierarqik�. H basik  parat rhsh pou prokÔptei apì th me-
jodologÐa aut  eÐnai pwc oi om�dec pou dhmiourgoÔntai (kai ierarqik� katal goun se
olìklhrh th sullog ) pèran tou ìti èqoun arket� perigrafikèc etikètec (to opoÐo
apoteleÐ shmantikì pleonèkthma ènanti opoiwnd pote �llwn mejìdwn omadopoÐhshc),
epÐ thc ousÐac antistoiqoÔn sta eurÔtera jèmata me ta opoÐa asqoleÐtai h sullog 
twn eggr�fwn (pragmatopoieÐtai dhlad  exagwg  jèmatoc (topic extraction}. H deÔ-
terh mejodologÐa axiopoieÐ touc Auto-OrganoÔmenouc Q�rtec (SOM) ¸ste pèran thc
dhmiourgÐac om�dwn eggr�fwn me perigrafikèc etikètec na topojethjoÔn oi om�dec
autèc sto q¸ro me topologik  orjìthta lamb�nontac upìyin tic shmasiologikèc touc
sqèseic. O algìrijmoc tou SOM tropopoieÐtai domik� ¸ste na kalÔyei thn arqiko-
poÐhsh twn neur¸nwn b�sei twn shmantik¸n ennoi¸n thc sullog c eggr�fwn all� kai
na epitaqÔnei thn ekpaÐdeush. To apotèlesma eÐnai na lamb�nontai optikopoi seic twn
neur¸nwn tou SOM sto disdi�stato epÐpedo pou apeikonÐzoun pl rwc tic shmasiolo-
gikèc sqèseic an�mesa stic om�dec pou qwrÐzontai ta èggrafa, entopÐzontac ètsi ta
jèmata me ta opoÐa asqoleÐtai h sullog  eggr�fwn pou exet�zetai. H eisagwg  tou
montèlou twn ennoi¸n belti¸nei shmantik� thn apìdosh twn uparqìntwn algorÐjmwn
(k-means, HAC, SOM), en¸ oi tropopoihmènoi algìrijmoi pou proteÐnontai (CHC,
DoSO) epeid  akrib¸c sqedi�sthkan gia keimenik� dedomèna parousi�zoun akìmh ka-
lÔtera apotelèsmata (a) wc proc to komm�ti thc orj c omadopoÐhshc twn eggr�fwn,
(b) wc proc to komm�ti thc optikopoÐhshc parèqontac dunatìthtec kalÔterhc plo -
ghshc se mÐa meg�lh sullog  eggr�fwn kai (g) wc proc tic apait seic qrìnou gia
thn apodotik  leitourgÐa twn mejodologi¸n.

AxÐzei na shmeiwjeÐ pwc h diatrib  parousi�sthke mèsa apì mÐa poreÐa apì to
(aplì) epÐpedo twn lèxewn sto pio (polÔploko) epÐpedo twn ennoi¸n prosfèrontac
ètsi th dunatìthta axiopoÐhshc diaforetik¸n dunatot twn k�je for�, an�loga me to
prìblhma pou exet�zetai (  tic sunj kec). Gia par�deigma, pollèc efarmogèc (ìpwc
oi mhqanèc anaz thshc) exakoloujoÔn na leitourgoÔn me lèxeic-kleidi�, epomènwc
endèqetai na eÐnai perissìtero qr simo èna sÔsthma kajorismoÔ thc shmasiologik c
susqètishc lèxewn. Se pio sÔnjeta probl mata (ìpwc aut� pou asqoloÔntai me
thn org�nwsh eggr�fwn) all� kai gia thn an�ptuxh pio sÔnjetwn efarmog¸n (ìpwc
erwt seic se fusik  gl¸ssa) faÐnetai pwc eÐnai monìdromoc èna sÔsthma pou ja
basÐzetai se plousiìterec shmasiologik� mon�dec ìpwc oi ènnoiec.

Anakefalai¸nontac, to genikì sumpèrasma, pou abÐasta ex�getai apì th sunolik 
èreuna, eÐnai pwc sth shmerin  epoq  tou diark¸c auxanìmenou ìgkou plhrofori¸n,
eÐnai aparaÐthtec nèec teqnikèc eufuoÔc an�lushc, org�nwshc kai anaz thshc keimè-
nwn kai eggr�fwn. H suneisfor� thc diatrib c sto sugkekrimèno z thma sunÐstatai
sthn axiopoÐhsh twn dunatot twn pou parèqontai apì tic diajèsimec phgèc gn¸shc
gia ton emploutismì twn eggr�fwn k�ti pou dÐnei th dunatìthta anapar�stas c touc
me trìpo pou tairi�zei kalÔtera ston anjr¸pino trìpo skèyhc. Exet�zontai oi sqè-
seic se di�fora epÐpeda, xekin¸ntac apì to pio aplì (kai sunhjismèno) epÐpedo twn
lèxewn, suneqÐzontac sto epÐpedo twn ennoi¸n kai katal gontac sto epÐpedo twn
sqèsewn metaxÔ eggr�fwn. H sunergasÐa aut¸n twn diafìrwn enisqumènwn shma-
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siologik� morf¸n anapar�stashc pou eis�gontai me eufu  sust mata, prosfèroun
lÔseic se arket� zht mata pou apasqoloÔn to q¸ro thc an�kthshc kai an�lushc eg-
gr�fwn kai katadeiknÔoun tic dunatìthtec pou up�rqoun gia axiopoÐhsh twn meg�lwn
posot twn keimènou pou parèqontai eleÔjera th shmerin  epoq .

6.2 Mellontikèc Epekt�seic

Apì thn paroÔsa diatrib  prokÔptoun di�fora zht mata ta opoÐa ja mporoÔsan na
exetastoÔn sth sunèqeia. To pedÐo èreunac sto sugkekrimèno tm ma eÐnai anoiqtì se
nèec ergasÐec.

H mejodologÐa prosdiorismoÔ shmasiologik c susqètishc lèxewn pou parousi�-
sthke sto Kef�laio 3 mporeÐ na epektajeÐ prokeimènou na perilamb�nei mikr� keÐmena
(kai ìqi mìno lèxeic) kaj¸c kai na axiopoi sei plhroforÐec apì th Wikipedia kai ìqi
mìno apì to WordNet.

H mejodologÐa DoSO mporeÐ na epektajeÐ ¸ste na apofasÐzei gia to bajmì pou
k�je èggrafo an kei se k�poia om�da (kai kat' epèktash se k�poio jèma). Oi perissì-
terec mèjodoi omadopoÐhshc eggr�fwn anajètoun k�je èggrafo akrib¸c se mÐa om�da
(kurÐwc gia ton èlegqo thc apodotikìthtac thc mejìdou). Sthn pragmatikìthta ì-
mwc, aut� ta èggrafa endèqetai na perièqoun plhroforÐa apì dÔo (  perissìterec)
shmasiologik� epikaluptìmenec om�dec, k�ti to opoÐo eÐnai epijumhtì na kajorÐzetai
apì èna sÔsthma, dhlad  ìqi mìno na apofasÐzetai poia om�da eÐnai h kalÔterh all�
kai poioc o bajmìc pou k�je èggrafo an kei se mÐa om�da. Pèran tou kalÔterou
qwrismoÔ twn eggr�fwn se om�dec, ètsi eÐnai dunat  kai h antÐstrofh diadikasÐa dh-
lad  o entopismìc twn jem�twn me ta opoÐa asqoloÔntai ta èggrafa, kajorÐzontac
ètsi tic shmasiologikèc ptuqèc k�je ènnoiac.

Sto shmeÐo autì ja prèpei na anaferjeÐ pwc o èlegqoc ìlwn twn mejodologi¸n
pragmatopoi jhke me klassik� sÔnola keimenik¸n dedomènwn thc bibliografÐac me
kÔria gl¸ssa thn agglik , ¸ste na eÐnai dunat  h sÔgkrish me prohgoÔmenec erga-
sÐec kai o kalÔteroc èlegqoc thc epÐdoshc twn mètrwn pou exet�sthkan. Meg�lo
endiafèron èqei h efarmog  twn mejìdwn sthn ellhnik  gl¸ssa, axiopoi¸ntac phgèc
plhroforÐac pou up�rqoun sthn ellhnik  kai exet�zontac to apotèlesma. Oi antÐ-
stoiqec mejodologÐec sta ellhnik� ex�llou èqoun meg�lo perij¸rio beltÐwshc kai
peiramatismoÔ lìgw tou mikroÔ ìgkou ergasi¸n pou èqoun dhmosieuteÐ.

Tèloc, k�ti pou anamfisb thta ja eÐnai qr simo ja  tan o èlegqoc thc duna-
tìthtac enswm�twshc ìlwn twn mejodologi¸n se èna eniaÐo sÔsthma epexergasÐac
dedomènwn keimènou. Gia thn ulopoÐhsh twn diafìrwn mejìdwn (all� kai gia ton
èlegqo touc)  tan anagkaÐo na anaptuqjoÔn wc xeqwristèc sunist¸sec, apoteloÔn
ìmwc mèroc enìc dunhtik� eniaÐou sust matoc. EpÐ thc ousÐac, apaiteÐtai ènac sundua-
smìc thc mejodologÐac exagwg c shmasiologik c susqètishc lèxewn me to sÔsthma
anapar�stashc eggr�fwn ¸ste entopistoÔn ènnoiec (  lèxeic) pou eÐnai èntona su-
sqetismènec. K�ti tètoio ja bohj sei katalutik� kai sthn peraitèrw beltÐwsh thc
omoiìthtac eggr�fwn metaxÔ touc. H sunèrgeia aut  twn mejodologi¸n faÐnetai sto
Sq ma 6.1.

�
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Sq ma 6.1: Olìklhrh h allhlepÐdrash twn mejodologi¸n pou anaptÔqjhkan sta plaÐsia
thc diatrib c
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Par�rthma Aþ

SÔnolo epis manshc mer¸n tou
lìgou Penn Treebank

CC Coordinating conjunction
CD Cardinal number
DT Determiner
EX Existential there
FW Foreign word
IN Preposition or subordinating conjunction
JJ Adjective
JJR Adjective, comparative
JJS Adjective, superlative
LS List item marker
MD Modal
NN Noun, singular or mass
NNS Noun, plural
NP Proper noun, singular
NPS Proper noun, plural
PDT Predeterminer
POS Possessive ending
PP Personal pronoun
PP$ Possessive pronoun
RB Adverb
RBR Adverb, comparative
RBS Adverb, superlative
RP Particle
SYM Symbol
TO to
UH Interjection
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VB Verb, base form
VBD Verb, past tense
VBG Verb, gerund or present participle
VBN Verb, past participle
VBP Verb, non-3rd person singular present
VBZ Verb, 3rd person singular present
WDT Wh-determiner
WP Wh-pronoun
WP$ Possessive wh-pronoun
WRB Wh-adverb

�
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SÔnola dedomènwn gia
upologismì shmasiologik c
susqètishc

Bþ.1 SÔnolo dedomènwn Similarity-353

Lèxh 1 Lèxh 2 Tim 
(mèsh)

Lèxh 1 Lèxh 2 Tim 
(mèsh)

love sex 6.77 psychology anxiety 7
tiger cat 7.35 psychology fear 6.85
tiger tiger 10 psychology depression 7.42
book paper 7.46 psychology clinic 6.58
computer keyboard 7.62 psychology doctor 6.42
computer internet 7.58 psychology Freud 8.21
plane car 5.77 psychology mind 7.69
train car 6.31 psychology health 7.23
telephone communication 7.5 psychology science 6.71
television radio 6.77 psychology discipline 5.58
media radio 7.42 psychology cognition 7.48
drug abuse 6.85 planet star 8.45
bread butter 6.19 planet constellation 8.06
cucumber potato 5.92 planet moon 8.08
doctor nurse 7 planet sun 8.02
professor doctor 6.62 planet galaxy 8.11
student professor 6.81 planet space 7.92
smart student 4.62 planet astronomer 7.94
smart stupid 5.81 precedent example 5.85
company stock 7.08 precedent information 3.85
stock market 8.08 precedent cognition 2.81
stock phone 1.62 precedent law 6.65
stock CD 1.31 precedent collection 2.5
stock jaguar 0.92 precedent group 1.77
stock egg 1.81 precedent antecedent 6.04
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fertility egg 6.69 cup coffee 6.58
stock live 3.73 cup tableware 6.85
stock life 0.92 cup article 2.4
book library 7.46 cup artifact 2.92
bank money 8.12 cup object 3.69
wood forest 7.73 cup entity 2.15
money cash 9.15 cup drink 7.25
professor cucumber 0.31 cup food 5
king cabbage 0.23 cup substance 1.92
king queen 8.58 cup liquid 5.9
king rook 5.92 jaguar cat 7.42
bishop rabbi 6.69 jaguar car 7.27
Jerusalem Israel 8.46 energy secretary 1.81
Jerusalem Palestinian 7.65 secretary senate 5.06
holy sex 1.62 energy laboratory 5.09
fuck sex 9.44 computer laboratory 6.78
Maradona football 8.62 weapon secret 6.06
football soccer 9.03 FBI fingerprint 6.94
football basketball 6.81 FBI investigation 8.31
football tennis 6.63 investigation effort 4.59
tennis racket 7.56 Mars water 2.94
Arafat peace 6.73 Mars scientist 5.63
Arafat terror 7.65 news report 8.16
Arafat Jackson 2.5 canyon landscape 7.53
law lawyer 8.38 image surface 4.56
movie star 7.38 discovery space 6.34
movie popcorn 6.19 water seepage 6.56
movie critic 6.73 sign recess 2.38
movie theater 7.92 Wednesday news 2.22
physics proton 8.12 mile kilometer 8.66
physics chemistry 7.35 computer news 4.47
space chemistry 4.88 territory surface 5.34
alcohol chemistry 5.54 atmosphere landscape 3.69
vodka gin 8.46 president medal 3
vodka brandy 8.13 war troops 8.13
drink car 3.04 record number 6.31
drink ear 1.31 skin eye 6.22
drink mouth 5.96 Japanese American 6.5
drink eat 6.87 theater history 3.91
baby mother 7.85 volunteer motto 2.56
drink mother 2.65 prejudice recognition 3
car automobile 8.94 decoration valor 5.63
gem jewel 8.96 century year 7.59
journey voyage 9.29 century nation 3.16
boy lad 8.83 delay racism 1.19
coast shore 9.1 delay news 3.31
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asylum madhouse 8.87 minister party 6.63
magician wizard 9.02 peace plan 4.75
midday noon 9.29 minority peace 3.69
furnace stove 8.79 attempt peace 4.25
food fruit 7.52 government crisis 6.56
bird cock 7.1 deployment departure 4.25
bird crane 7.38 deployment withdrawal 5.88
tool implement 6.46 energy crisis 5.94
brother monk 6.27 announcement news 7.56
crane implement 2.69 announcement effort 2.75
lad brother 4.46 stroke hospital 7.03
journey car 5.85 disability death 5.47
monk oracle 5 victim emergency 6.47
cemetery woodland 2.08 treatment recovery 7.91
food rooster 4.42 journal association 4.97
coast hill 4.38 doctor personnel 5
forest graveyard 1.85 doctor liability 5.19
shore woodland 3.08 liability insurance 7.03
monk slave 0.92 school center 3.44
coast forest 3.15 reason hypertension 2.31
lad wizard 0.92 reason criterion 5.91
chord smile 0.54 hundred percent 7.38
glass magician 2.08 Harvard Yale 8.13
noon string 0.54 hospital infrastructure 4.63
rooster voyage 0.62 death row 5.25
money dollar 8.42 death inmate 5.03
money cash 9.08 lawyer evidence 6.69
money currency 9.04 life death 7.88
money wealth 8.27 life term 4.5
money property 7.57 word similarity 4.75
money possession 7.29 board recommendation4.47
money bank 8.5 governor interview 3.25
money deposit 7.73 OPEC country 5.63
money withdrawal 6.88 peace atmosphere 3.69
money laundering 5.65 peace insurance 2.94
money operation 3.31 territory kilometer 5.28
tiger jaguar 8 travel activity 5
tiger feline 8 competition price 6.44
tiger carnivore 7.08 consumer confidence 4.13
tiger mammal 6.85 consumer energy 4.75
tiger animal 7 problem airport 2.38
tiger organism 4.77 car flight 4.94
tiger fauna 5.62 credit card 8.06
tiger zoo 5.87 credit information 5.31
psychology psychiatry 8.08 hotel reservation 8.03
disaster area 6.25 shower flood 6.03

G. Span�khc - EufueÐc Teqnikèc Shmasiologik c An�lushc & Anaz thshc Keimènou 127



Par�rthma Bþ. SÔnola dedomènwn gia upologismì shmasiologik c susqètishc

governor office 6.34 weather forecast 8.34
grocery money 5.94 man woman 8.3
registration arrangement 6 man governor 5.25
arrangement accommodation 5.41 murder manslaughter 8.53
month hotel 1.81 soap opera 7.94
type kind 8.97 opera performance 6.88
arrival hotel 6 life lesson 5.94
bed closet 6.72 focus life 4.06
closet clothes 8 production crew 6.25
situation conclusion 4.81 television film 7.72
situation isolation 3.88 lover quarrel 6.19
impartiality interest 5.16 viewer serial 2.97
direction combination 2.25 possibility girl 1.94
street place 6.44 population development 3.75
street avenue 8.88 morality importance 3.31
street block 6.88 morality marriage 3.69
street children 4.94 Mexico Brazil 7.44
listing proximity 2.56 gender equality 6.41
listing category 6.38 change attitude 5.44
cell phone 7.81 family planning 6.25
production hike 1.75 opera industry 2.63
benchmark index 4.25 sugar approach 0.88
media trading 3.88 practice institution 3.19
media gain 2.88 ministry culture 4.69
dividend payment 7.63 problem challenge 6.75
dividend calculation 6.48 size prominence 5.31
calculation computation 8.44 country citizen 7.31
currency market 7.5 planet people 5.75
OPEC oil 8.59 development issue 3.97
oil stock 6.34 experience music 3.47
announcement production 3.38 music project 3.63
announcement warning 6 glass metal 5.56
profit warning 3.88 aluminum metal 7.83
profit loss 7.63 chance credibility 3.88
dollar yen 7.78 exhibit memorabilia 5.31
dollar buck 9.22 concert virtuoso 6.81
dollar profit 7.38 rock jazz 7.59
dollar loss 6.09 museum theater 7.19
computer software 8.5 observation architecture 4.38
network hardware 8.31 space world 6.53
phone equipment 7.13 preservation world 6.19
equipment maker 5.91 admission ticket 7.69
luxury car 6.47 shower thunderstorm 6.31
five month 3.38 architecture century 3.78
report gain 3.63 game defeat 6.97
investor earning 7.13 seven series 3.56
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Par�rthma Bþ. SÔnola dedomènwn gia upologismì shmasiologik c susqètishc

liquid water 7.89 seafood sea 7.47
baseball season 5.97 seafood food 8.34
game victory 7.03 seafood lobster 8.7
game team 7.69 lobster food 7.81
marathon sprint 7.47 lobster wine 5.7
game series 6.19 food preparation 6.22
line insurance 2.69 video archive 6.34
day summer 3.94 start year 4.06
summer drought 7.16 start match 4.47
summer nature 5.63 game round 5.97
day dawn 7.53 boxing round 7.61
nature environment 8.31 championship tournament 8.36
environment ecology 8.81 fighting defeating 7.41
nature man 6.25

Bþ.2 SÔnolo dedomènwn Miller-Charles

Lèxh 1 Lèxh 2 Tim 
(mèsh)

asylum madhouse 3.61
automobile car 3.92
bird cock 3.05
bird crane 2.97
boy lad 3.76
brother lad 1.66
brother monk 2.82
car journey 1.16
coast forest 0.42
coast hill 0.87
coast shore 3.7
cord smile 0.13
crane implement 1.68
food fruit 3.08
food rooster 0.89
forest graveyard 0.84
furnace stove 3.11
gem jewel 3.84
glass magician 0.11
implement tool 2.95
journey voyage 3.84
lad wizard 0.42
magician wizard 3.5
midday noon 3.42
monk oracle 1.1
monk slave 0.55
noon string 0.08
rooster voyage 0.08
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Par�rthma Gþ

SÔnola dedomènwn eggr�fwn

Gþ.1 SÔnolo dedomènwn 20-NewsGroup

To 20 Newsgroups, 20-NG [Lang, 1995] perièqei perÐpou 20000 èggrafa apì th sul-
log  twn �rjrwn tou USENET news group. K�je newsgroup an kei se diaforetik 
kathgorÐa, me diaforetikoÔc bajmoÔc epik�luyhc (upologÐzetai pwc perÐpou 4% twn
eggr�fwn an koun se perissìterec thc miac kathgorÐac). H pl rhc lÐsta twn 20
kathgori¸n faÐnetai parak�tw (qwrismèna se 6 kathgorÐec an�loga me to "eurÔtero�
jèma touc):

comp.graphics rec.autos sci.crypt
comp.os.ms-windows.misc rec.motorcycles sci.electronics
comp.sys.ibm.pc.hardware rec.sport.baseball sci.med

comp.sys.mac.hardware rec.sport.hockey sci.space
comp.windows.x

misc.forsale talk.politics.misc talk.religion.misc
talk.politics.guns alt.atheism

talk.politics.mideast soc.religion.christian

Ta èggrafa sthn arqik  touc morf  apoteloÔn tupikèc dhmosieÔseic kai apote-
loÔntai apì epikefalÐdec (jèma, upografèc kai sqìlia apì �lla �rjra). 'Ena par�-
deigma apì thn kathgorÐa sci.med faÐnetai parak�tw:

From: noring@netcom.com (Jon Noring)
Subject: Need Reference: Multiple Personalities Disorders and Allergies
I heard third-hand (not the best form of information) that there was recently published results of a
study on Multiple-Personality-Disorder Syndrome patients revealing some interesting clues that the
root cause of allergy may have a psychological trigger or basis. What I heard about this study was
that in one ’personality’, a MPDS patient exhibited no observable or clinical signs of inhalant allergy
(scratch tests were used, according to what I heard), while in other personalities they showed obvious
allergy symptoms, including testing a full ++++ on scratch tests for particular inhalants.
If this is true, it is truly fascinating.
Jon Noring
–
Charter Member — INFJ Club.

131



Gþ.2 SÔnolo dedomènwn Reuters

To Reuters-21578 [Carnegie Group & Reuters, 1997] eÐnai to pio eurèwc gnwstì
sÔnolo dedomènwn gia kathgoriopoÐhsh kai omadopoÐhsh eggr�fwn. Prìkeitai gia
sullog  eggr�fwn pou parousi�sthkan sto praktoreÐo Reuters to 1987 kai èqoun
kathgoriopoihjeÐ apì di�forouc anjr¸pouc. Gia tic an�gkec tou elègqou thc mejo-
dologÐac thc paroÔsac diatrib c, epilèqjhkan ta �rjra ta opoÐa an koun akrib¸c
se mÐa kathgorÐa (afair¸ntac dedomèna ataxinìmhta   èggrafa qwrÐc perieqìmeno)
katal gontac me perÐpou 10.000 èggrafa pou an koun se p�nw apì 100 kathgorÐec.

Oi etikètec pou dÐnontai sta èggrafa aforoÔn 5 diaforetikèc kl�seic ìpwc ’peo-
ple’, ’places’ kai ’topics’. Oi sunolikèc kathgorÐec eÐnai 672 all� arketèc apì autèc
èqoun polÔ lÐga èggrafa. Merik� èggrafa an koun se perissìterec thc miac kath-
gorÐec, �lla akrib¸c se mÐa kai k�poia se kamÐa. 'Ena par�deigma eggr�fou (sthn
arqik  morf  pou diatÐjetai) faÐnetai parak�tw:

<REUTERS TOPICS=”YES” LEWISSPLIT=”TRAIN”
CGISPLIT=”TRAINING-SET” OLDID=”11055” NEWID=”6142”>
<DATE>17-MAR-1987 13:38:58.45</DATE>
<TOPICS><D>grain</D><D>corn</D></TOPICS>
<PLACES><D>south-africa</D></PLACES>
<PEOPLE></PEOPLE>
<ORGS></ORGS>
<EXCHANGES></EXCHANGES>
<COMPANIES></COMPANIES>
<TEXT><TITLE>SOUTH AFRICA CROP WEATHER SUMMARY
– USDA/NOAA</TITLE><DATELINE> WASHINGTON, March 17 -
</DATELINE>
<BODY>Dry weather pushed further into South Africa’s Orange Free State’s
Maize Triangle in the week ended March 14, the Joint Agricultural Weather
Facility of the U.S. Agriculture and Commerce Departments said.
In a summary of its Weather and Crop Bulletin, the agency said scattered
showers continued throughout Transvaal, but dry pockets persisted in the
northeast and south.
Temperatures average one to four degrees C above normal throughout all grain
areas, stressing grain-filling corn in areas receiving lightest rainfall, it said.
The agency said rainfall during February was near to above normal in most
areas, but earlier periods of hot, dry weather reduced yield prospects in parts
of the northern Transvaal and southern Orange Free State.
Reuters </BODY></TEXT></REUTERS>



Gþ.3 SÔnolo dedomènwn Brown

H sullog  Brown [Francis & Kucera, 1964] perièqei 500 èggrafa pou dhmosieÔthkan
to 1961 kai perilamb�noun qarakthristik� deÐgmata graf c Amerikanik c Agglik c.
K�je èggrafo perièqei perissìterec apì 2000 lèxeic kai h sullog  kalÔptei èna eÔ-
roc 15 kathgori¸n (ìpwc biblÐa gia th jrhskeÐa, akadhmaðk� keÐmena, ikanìthtec kai
qìmpi ktl) pou faÐnontai parak�tw:

A. PRESS: REPORTAGE
B. PRESS: EDITORIAL
C. PRESS: REVIEWS
D. RELIGION
E. SKILL AND HOBBIES
F. POPULAR LORE
G. BELLES-LETTRES
H. MISCELLANEOUS: GOVERNMENT & HOUSE ORGANS
J. LEARNED
K: FICTION: GENERAL
L: FICTION: MYSTERY
M: FICTION: SCIENCE
N: FICTION: ADVENTURE
P. FICTION: ROMANCE
R. HUMOR

'Ena par�deigma eggr�fou faÐnetai parak�tw:

Los Angeles in 1957 finally bowed to the skyscraper. And without high density in the core, rapid-
transit systems cannot be maintained economically, let alone built from scratch at today’s prices.
However, the building of freeways and garages cannot continue forever. The new interchange among
the four Los Angeles freeways, including the grade-constructed accesses, occupies by itself no less
than eighty acres of downtown land, one-eighth of a square mile, an area about the size of Rockefeller
Center in New York. It is hard to believe that this mass of intertwined concrete constitutes what the
law calls the highest and best use of centrally located urban land. As it affects the city’s fiscal situation,
such an interchange is ruinous ; it removes forever from the tax rolls property which should be taxed
to pay for the city services. Subways improved land values without taking away land ; freeways boost
valuation less ( because the garages they require are not prime buildings by a long shot ), and reduce
the acreage that can be taxed. Downtown Los Angeles is already two-thirds freeway, interchange,
street, parking lot and garage – one of those preposterous statistics has already come to pass. The
freeway with narrowly spaced interchanges concentrates and mitigates the access problem, but it also
acts inevitably as an artificial, isolating boundary. City planners do not always use this boundary as
effectively as they might. Less ambitious freeway plans may be more successful – especially when the
roadways and interchanges are raised, allowing for cross access at many points and providing parking
areas below the ramp. Meanwhile, the automobile and its friend the truck have cost the central city
some of its industrial dominance.
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• Exagwg /Kataskeu  Gnwrism�twn An�lushc Keimènou

• Efarmog  Eufu¸n Teqnik¸n se Probl mata BeltistopoÐhshc

151



Biografikì ShmeÐwma

Didaktik  - Ergasiak  EmpeirÐa

• Ejnikì Metsìbio PoluteqneÐo, Ell�da (2007-s mera)
Bohjìc DidaskalÐac

– Programmatistikèc Teqnikèc

– Neurwnik� DÐktua-Eufu  Sust mata

• Ejnikì Metsìbio PoluteqneÐo, Ell�da (2004-2008)
Sunerg�thc-Diaqeirist c tou DiktÔou kai Susthm�twn tou UpologistikoÔ Kèn-
trou SHMMU

'Erga 'Ereunac kai An�ptuxhc

• SAMS : SÔsthma Anagn¸rishc Majhmatik¸n Sumbìlwn (2007-2008)

• An�ptuxh sust matoc kajarismoÔ dedomènwn kai tairi�smatoc gia to Ejnikì
Kèntro TekmhrÐwshc (EKT) (2008-2009)

DhmosieÔseic

1. Gerasimos Spanakis, Georgios Siolas, Andreas Stafylopatis : DoSO: A Docu-
ment Self-Organizer” Journal of Intelligent Information Systems (appeared
online May 12th 2012)

2. Gerasimos Spanakis, Georgios Siolas, Andreas Stafylopatis : Exploiting Wi-
kipedia Knowledge for Conceptual Hierarchical Clustering of Do-
cuments” (to appear) The Computer Journal, Section C : Computational
Intelligence, Vol.55, Issue 3, March 2012 (appeared online March 15th 2011)

3. Gerasimos Spanakis, Georgios Siolas, Andreas Stafylopatis : A Conceptual
Hierarchical Clustering of documents based on Wikipedia knowledge
Proceedings of the 25th International Symposium on Computer and Informa-
tion Sciences (ISCIS 2010) London , September 2010

4. Gerasimos Spanakis, Georgios Siolas, Andreas Stafylopatis : A hybrid web-
based measure for computing semantic relatedness between words
Proceedings of the 21st International Conference on Tools with Artificial In-
telligence (ICTAI 2009) Newark (NYC Metropolitan Aera), November 2009

5. Christos A. Christodoulou, George Perantzakis, Gerasimos E. Spanakis, Pana-
giotis Karampelas : Evaluation of lightning performance of transmis-
sion lines protected by metal oxide surge arresters using artificial
intelligence techniques. Energy Systems (dektì proc dhmosÐeush)

6. C.A. Christodoulou, G.E. Spanakis, V. Vita, D.I. Karvouniari, L. Ekonomou
: Locating High Voltage Transmission Lines using ELECTRE I me-
thod International Journal on Power System Optimization, Vol.1, No.2
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Xènec gl¸ssec

• Agglik� : The University of Michigan Certificate of Proficiency in English

• Germanik� : Zertificat Deutsch als Fremdsprach (ZDaF)

• Gallik� : Basikèc gn¸seic

Gn¸seic Upologist 

• Gl¸ssec programmatismoÔ: C, C++, Java, JavaScript, Pascal, Perl, PHP,
Lisp, UNIX, shell scripting, SQL, FORTRAN, Matlab, XML/XSL

• Leitourgik� Sust mata : Microsoft Windows(98,2003,Server,XP,7), Linux, So-
laris

• 'Allec gn¸seic : Word,Excel,Internet

DiakrÐseic

• Upìtrofoc tou Klhrodot matoc Sp. AntÔpa Upèr Kefallh-
nÐac (2007-2010)

Drasthriìthtec kai proswpik� endiafèronta

• DiadÐktuo

• TaxÐdia

• Dhmiourgìc kai diaqeirist c thc foithtik c diktuak c koinìthtac twn foitht¸n
hlektrolìgwn mhqanik¸n kai mhqanik¸n upologist¸n (http://shmmy.ntua.
gr)

• Politik  AeroporÐa kai parat rhsh aeroskaf¸n. Idrutikì mèloc tou Sullìgou
FÐlwn AeroporÐac {ApogeÐwsh} (http://www.air-born.gr)
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