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IHeptinyn

H napovoca sumhopatikn epyoasio ekmovnOnke otov Topéa Texyvoroyiag [TAnpopopikng &
Ynohoyiotdv g ZyoAng HAextpordoyov Mnyovikdv kot Mnyovik@v Ymoloyiotdv Tov
EBvucod Metodfrov TloAvteyveiov.

Ouo ™G NMAGUOTIKNG €ivar ot TEXVIKEG OHOdOTOINONG EYYPAPOV Kol 1 TOPUAANAN
vAOTTOINGM €VOC ELELOVG TPAKTOPO O OTOIOC GE GLVEPYASIH HE o punyovy] avalntnong 6to
Awdiktvo Bo e@apudlel Tig TeEXVIKEG OVTEC GTO OMOTEAEGUOTO TOV OVOKTOVTOL UETO Oomd
£peuva ToL YPNOTN.

To peydro mnBog eyypdowv mov onuepa eivor dwbéoyio oto AdikTvo, 6€ TOTIKA
dlktva oAAG Ko o ynoeukég Piprodnkeg kabiotd moAd ypnowun v Vmapén og
pebodoroyiag yo TNV amodoTiky Olayeiplon Kot avaktnon tovs. Mio T€TO TPOOMTIKY
TPOGPEPOVY 01 d1dpopeg pEBodoL opadomoinons eyypaowv pe faon 1o Oepatikd TepleyOUeEVO
Ka0e eyypapov. H avdmtuén térolov teyvikedv ntav paydaio to teAevToio xpoOvia Kot ypron
TOVG EKTEIVETOL GE £va ELPL PAGHA EPapRoY®Y. O TLPNVOS AVTOV TOV TEXVIKOV PacileTon o
nedddovg avaxktnong mAnpoeopiog kot puddnong (emPremdpevng m un) Unxovhs, KATL Tov
onuaivel 0tL €vo cOOTNUO. YO VO UTOPEL VO JIEKTEPOLDGEL OLAOOTTOINCT EYYPAP®V GE
KOVOTOMTIKG TAiGIo. amdO0oNG TPEMEL TPONYOLUEVOS Vo €xEl EKTOUOEVTEL [E YpNOM
KATOAANA®V TPOTOTTOV EKTOIOEVONC.

Epappodlovtag o tétoto péBodo opadomoinons keywévav vAomomonke €vag gueung
npdxtopoc, o SCAgent o omoiog mpaypatomolel avalnnon eyypaewv ard 1o Aladiktvo pe
Baon T1c oyetwkég outnoelg tov ypnom. O mpdxtopag AopPdver To omOTEAEGUHOTO TNG
avaltnong Kot apov eKTEAEGEL opadomoinomn pe Pacn to Oepatikd mepleyOUEVO TOLG TO
EMOTPEPEL GTOV YPNOTN GE WO LOPPT] TOV VO TOV SIEVKOAVVEL GTNV TO OITOTEAEGHLOTIKY] KOt
ypnyopn a&lomoinon Tovg.

H nopovca dumhopatikny epyacio anoteieitonr and tpio Ke@dAoo Kot VO TOPAPTHLOTOL.
210 TPOTO KePAAowo mepLypagovtor Oépata mov oyetiovion pe 10 WPOPANUA  TNG
OLOOOTOINONG KEWEVOV KOl OVOTTOCCOVTOL TEXVIKES OV APOPOLV GTNV PEATIOTOTOINGT TG
OMG ddikaciog. XTo 0e0TEPO KEPAANIO TEPYPAPETAL 1| VAOTTOINGT KOl M Agltovpyiol TOv
gVELOVG TpdKkTopa, oV avortuxdnke, tov SCAgent. Xto tpito Ko TEAEvTAio KEPAANLO
TEPLYPAPETAL M TEPAUATIKY HEBOdOAOYiOL TOV EQAPUOCTNKE PE GTOXO TNV ASOAOYNOT TNG
emidoong pwG ovykekpiuévng nebddov opadomoinong o€ cvvovacud HE TS OAPOpPES
TOPOUETPOVE TOV VIEIGEPYOVTIOL GE OVTH. TEAOG, 6TO TaAPAPTUO A CNUEIDOVETAL 1] GYETIKY
Bproypapio amd v omoio aviAnOnKav yproleg mAnpogopies, evd oto moapdptnue B
mopatiBetar péEPog Tov KMdwa ™S epappoyns SCAgent mov a@opd OTO CMNUAVTIIKOTEPO
onpeio vAomoinong tov.

Oa emBopovoa va ekEPAc® TIG OEpUES OV EVYOPLOTIEG GTOV LITELOLVO YO TNV EKTOVNON
™mg epyaciog kadnynt) k. Avopéa-I'edpylo Zraguiomdtn yio v ToAVTIUN KaBodnynon mov
TPOoGEPEPE KABMG KOl GTOV VITOYN P10 J10AKTOPA K. Xupo Bpettd yia tnv onuavtikn Bondeia
KOl ouvepyacio yio TV 060 TO OLVOTO KOADTEPY, TPOCEYYIGT TOL OVTIKEWEVOL OV
TPAYLATEVETAL 1] TOPOVGO EPYOGIAL.

Muyding Neogvtov
AbBMva, Tovviog 2004

AgEag KAgWG:  opadomoinom €yypaemv, HéBodol opadomoinomng, avAaKkInen TANPoPopiog,
TEPORATIKY] aloAdyNon, enidoot, VAOTOINoN TpaKTOopa



Abstract

This thesis was developed at the Computer Science Division of the School of Electrical
and Computer Engineering of the National Technical University of Athens.

The subject of the thesis is document clustering methods alongside with the
implementation of an intelligent agent for the application of these methods over results
acquired post to a user defined Web query.

The vast array of documents available today at the Web, local networks and digital
libraries renders very useful the existence of a certain methodology for efficient management
and retrieval. Various document clustering methods based on the contents of each document
offer this perspective. The development of these methods has been rapid over the past years
and their enforcement extends to a wide range of applications. Information retrieval techniques
and machine learning (supervised or not) constitute the core of these methods, which means
that a system in order to transact document clustering effectively has to be trained using the
appropriate training data.

SCAgent, an intelligent agent application, has been implemented by applying one of these
clustering methods to Web documents retrieved after user defined queries. The agent receives
query results and after performing content-based clustering, presents the user with a view that
facilitates the efficient and fast utilization.

The thesis is composed by three chapters and two appendixes. In chapter one, topics
relevant to document clustering and process optimization are discussed. In chapter two, the
implementation details and functionality of the intelligent agent developed are presented.
Chapter three describes the experimental methodology that was applied with the scope of
evaluating the performance of a certain clustering method in conjunction with the various
parameters used. Finally, appendix A presents the relevant bibliography from which useful
information was drawn while appendix B lists part of the source code of the SCAgent
application pertaining to the most important implementation details.

I wish to express my warmest thanks to professor Andreas Stafylopatis who held the
responsibility of supervising the present thesis for his valuable guidance and to PhD student
Spyros Vrettos for the important support and cooperation during the approach of the subject
presented in this thesis.

Michael Neophytou
Athens, June 2004

Keywords: document clustering, clustering methods, information retrieval, experimental
evaluation, performance, agent implementation
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Opadomoinon eyypaev
1.1 Ewayoyn

Koatd ta mpdspata ypovia éxer mapatnpndei po eEonpetikd avavopevn taon drdbeong
peyaiov 6ykov gyypdowv oto Awndiktvo, ce MAeKTpovikég PiAodnkeg oAl kol oe peydio
tomikd olktva. To yeyovdg avtd €xet 0dnynoel oty avdmtuén opketdv pnedddmv ot onoieg va
BonBovv tov evolapePOUEVO BTNV YPTYOPT TAONYNOT|, OITOJOTIKY) GOVOYT KOl OTOTEAEGIATIKY
0pYAvVMOT oVTOV TV OBECIH®OY TOP®V HE ATOTEPO GTOYO TNV EVKOAOTEPY] OVEDPECT TNG
mnpoeopiag v omoia avalntd. Ot tayelc kol motoTikoi adkyopiBuotl opadomoinong eyyplowv
dwdpapatiCouv éva onuUavTikd pOLo oIV EMITELEN AVTOV TOL GTOXOL KAOMOGS £xel amodetytel Ot
TOPEYOLY €V, ELYPNOTO UNYAVICUO TAONYNONG OPYOVOVOVTOS UEYEAAO OYKO TANpPoQopiag o€
Oepotikég opdoeg capmg KpOTEPOL TANOOLG. AVTH| 1 CLVEXDS OVLEAVOUEVT ONUOGIO TNG
opadomoinong €yypaemV Kol TO EMEKTOUEVO QACUO TOV EQUPUOYDOV TN, OONYNoE oTNV
avanTuEn €vOg OMUOVTIKOV aplBpod Kovoeovomv oAyoplumy pe molkideg oavtiotabuicelg
avAPESH GTNV TOALTAOKOTNTO KOl TNV TOdTNTA. AVAUEGOH GE AVTOVS TOLG aAYOPLOHoLE, [
KAGoM aAyoplfumy opadomoinong ot omoiol £(0VV GYETIKA YOUNAEG VITOAOYIGTIKES OALTNOELG
elvar exelvor avtol mov avtipetonilovy 10 mPOPANUA NG opadomoinong ™G o dladtKacio
BelticTomoinomg MOV GTOYEVEL GTNV UEYIGTOMOINGN 1 EAOYLOTOMOINGY €VOG GUYKEKPUYEVOL

Kprtnpiov mov opiletal emi TG GLVOAIKTG AV OLAOOTOINGNG.

1.2 Avaxtnon minpogopiag

H tepdotio adénon katd to tpdceata ypdvia TG TocOTNTOS TG dabésung mAnpopopiog
HE MAEKTPOVIKA HEGO Giyovpa Tapéyel avuEnNUéveg duvatdtteg Kot TANOmpa ¥PCIL®Y TPV
6TOVG onuepvovg ypnotes. Eviovtolg, évag ypnotng o omoiog avtpetomilel v avdykn
avAKTNONG KOt XPNoNS TANPOPOPiag 0molovdnmoTe £i00VG oLV cLVOAIPeTOL 0d TNV avENUEVN
TOGOTNTO TANPOPOPING Kol OVCKOAEVETAL OPKETA OTNV OKPIoN TNG €Kelvng M omoio etvan
TPAYUOTIKE YPHCIUN Yo TNV SEKTEPAIOOT] TOV GTOY®V TOV. ASUEIGPNTNTA 1| TAEOV EMTLYNG
TPOGEYYIoN OGOV APOPE GTNV 0PYAVMOGCT aLTNG TNG UALOG TANPOPOPIaG 0VTMG MGTE O YPNOTNG
vo €xel kaAVvTeEpPM ovTiAnym g eivor m dounuévn mopoyn NG TANPOQopiag e ypnom
GUYKEKPLUEVOV TEYVIKDV.

H yvoot| gykvklonaideio Brittanica amotelel éva mapddetypa eTITLXOVG OPYOVOGNS TNG

TAnpogopiag 1 omoio mapéyel OG0 eEepeuVNTIKEG duvaTOTNTEG OO amdyemg pdbnong 6co
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SVVOTOTNTEG EPELVOG Y10 GVYKEKPLUEVES avapopéc. To tunua tpo-taideiag (Propaedia) mepiéyet
Qi lepapytkn, OOUNUEVN OKLYPAENGT Ol0Op®V YVOGE®MY Kol €vol 00MYyd Ypnong g
gykvkhonaidgtog. To tuqua pikpo-tandeiog (Micropaedia) mpoc@épet €vo KoTdAoyo apBpwv ta
omoio. koAOmTOLV Bpata mOv aPopovV otV avBpdmivn yvodon kot eivor taivopnupéva
alpafntikd pe Bdomn v AéEn-kAewdi | omola aviumpocwmevel To BEpa. Avtikeipeva yia to omoia
amoteiton avaALTIKOTEPT KdALvYN TapatiBeviar 6to TUNHe pokpo-todeiag (Macropaedia) evd
10 gvpetnpro vrootnpilel v avalntnon Bepdrov pe Baon po Aéén-kiewdi [Mur02].

Avt| n opydvoon mAnpoeopiog, amodEdEYUEVO OTOTEAEGUATIKY] OTO TEPOUCUO TMV
xpoOvov, umopel va eEopolwbel amd to cvoTiuota avaktnong mAnpoeopiac. Mo epapyikn
opybvoon Tev Bepdtov propet vo vrootnpilet ite v dadkacio pdOnong yio kémoov ypnot
7oV OgVv elvar £0IKEIMUEVOG e TO OVTIKEILEVO gite TNV KAADTEPT TAONYNOT Y10 KATOOV XPNoTN
oL YVOPILEL TNV GNUOGIOAOYIKT] OOUY] EVOG CLYKEKPIUEVOL Tediov. ['a TV olokANpwon g
YEVIKOTEPNG €IKOVOC, Ol CUVOECUOL avapopds (referential links) mapéyovv oLVOECES G©E
EVOALOKTIKEG TTEPLOYES KAAVYNG TOV OVTIKEEVOL KOl Ol UnyoveS avalnmmong oadpapatilovv
oV pOAO TOV gupetnpiov. Evd ot 6uviespol avapopds £xouv amodeLyTel XpNCILOL GE EQPOPLOYES
TOAVPECOV KO 101aiTepa. 6TO0  A00IKTLO, TO EVOLUPEPOV  EMKEVIPOVETOL OTIC HeBOSOLG
EPOAPYIKNG 0pYEvoNS TANpOPOPiag Yia TNV vTooTNPIEN TG dadKaciog pabnong, avaktnong 1
mAofynong.

[Mopadociokd n dopun Tov YOPOL TG TANPOPOPiag ¥PNCLOTOOVTAY Yo TV BeATimon g
OTOTEAECUATIKOTNTAG TOV OAYOPIOU®Y avAKTNONG 1 Yo TNV OVTOUOTN EMEKTOCT EPOTNUATOV
avalnmong. H wpdopatn epupdvion dadpactikdv meptBaridviov avoalnmmons ninpogopiog
&xet avénoet v onuocio peBOO®V dOUNONS Kol KT YOPLOTOinoNG.

Téoo yepokivnteg 660 Kot avtopateg péBodor Exovv mpotabel Ko depevvnbel yuo v
KOTNYOPlOTOiNoM-0lad0ToINe]  CVAAOY®V  €YYPAO®V  UE TNV  TPOOMTIKY]  LIOCTHPIENG
cuoTNUat®V avaxktnong tAnpoeopioc. H yeipoxivintn katnyoplomoinon tomikd PeAtictonoleiton
vy évo €EEOIKELIEVO TTEDIO e YPNOT TNG YVAOOTNG EWIKAOV GTO GLYKEKPIUEVO OVTIKEIUEVO Kot
elvar meplocOTEPO MOBAVO VO OMOKOAVMTEL TNV ONUAGIOAOYIKT dour tov mediov Kot TV
vomeploy®v tov. EvoAloaktikd, 1 opadomoinon (clustering) Sw00€tel TO TAEOVEKTNUO TOV
OVTOUATIGHOV Kol KOoté ocvvémelo givor pia dadikacio ypnyopdtepn. Eivar aveEdptntn tov
Bepatikov mediov, odnyovpevn omd dedopéva (Paciletal oTo TEPLEYOUEVO TOV EYYPAP®V TTOPA
OTNV YVAOGCT E0IKOV GYETIKA Pe TO Tedi0) Kol GLVNOMG EMTVYNG CTNV AVAYVAOPLION BepdTmV pe
onpocio og oxeTikd etepoyeveig cuAhoyéc [Mur02].

H mapoatipnon mg ocvumeprpopds evog epevvnt o€ pia Bipiodnkn amoxaAidmtel yopic
apgiBoiia v onuocio e vapEng doung Katd tnv nabnon, mv eEepedhivnon evog mediov 1 v

dtevépyela kamotog £peuvag. Av pia eE£edtkevévn cVAAoYN eppavilel kdmola Ta&vounon N £xet
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tavoun0el yepovakTIKA, TOTE VTN 1 dOUN UmopEl va xpNGIomoinel yio TNV TOTEAEGLOTIKY
vrooTHPIEN TG mAONYNong avdueco oto meplexdpevo g ovAioyng. Ilapoio ovtd, oev
eppaviCouv 0la to Bepatikd media kamowov €idovg tagvounon N dev oyetiCovion pe kdmolo
taSvounpévn oviroyn. Ta mepleydpeva TETOIOV GLALOYOV UITOPOVV VO, OPLadOTOOOVY Kol TO
AapPavopevo amotéhespa pmopet va ypnopomon el yio tnyv kabodnynon g Eépevvag.

Yuven®mg, M dwdwkacio g opadomoinong eyyphowv efetdletor og éva epyaieio
KATOOKELNG WG OOUNG TNG GLAAOYNG M omoio vo Topéyel ovénuéveg duvatdTNTEG GTOV

gPELVNTN.

1.3 Opaodomoinon kot 1) vrO0eon opadomoinong

H avélvon opddov 1 dadikacio opadonoinong (clustering process) elvar puo texviky
TOAVUETOPANTIG avAALGONG 1] oTola avaBETEL AVTIKEIEVA GE QLTOUATO OMUIOVPYOVUEVESG OLLAOES
Baciouévn otov VTOAOYIGHO TOoV Babod GLGYETIONG 1] OHOLOTNTOS HETAED TMV AVTIKEIUEVOV KOl
tov opddowv [Mur02]. H opadomoinon epeaviletatl o pio TAN0dpa EQAPLOYDV GYETIKEG LE TNV
avaktnon mAnpogopiog Ommg TV ocvumapdtaén Opov (term clustering) Paciopévn oTig
WOIOUOTIKEG EKQPACELS TOLG N TNV cvuTapatasn TY®V TAnpoopiag (grouping of information
sources). H mo xowvn g epappoyn OU®g eVTomileEToL 6TV OLOOOTOINGT| EYYPAPOV-KEWEVDV.

H swooayoyn g évvolag tng opadomoinong eyypdeov oto medlo NG ovaKTnomg
TAnpoeopiag £yve pe 6TOXO TNV AVENGN NG AMTOJOTIKAOTNTAG TG AVAKTNONG. MeTd amd Kdmota
apyIKn ETPAPLVOT OPEIAOUEVT] GTNV SLOOIKAGIO OPYAVEOONS TOV EYYPAP®V GE OUAOES, 1| £pEVVOL
umopel va e&ehMybel oe avalnmmon tov opdd®mV TOV aVTOTOKPIVOVTIOL KAADTEPH GTOLG OPOLG
evog epOTMHOTOC 6€ avtiBeon pe v eEavtAnTikn e£€Taon OAOV TV EMUEPOVS EYYPAP®V.

H vnd6eon opadomoinong (cluster hypothesis) mov mpotdOnke and tovg Jardine kou van
Rijsbergen Paciotnke otnv tpodTacn OTL 01 GLGYETIGELG HETAED £YYPAP®V TaPEYOVY TANpOPOpia
YL TNV GYETIKOTNTO TOV EYYPAP®V G VO GLYKEKPIUEVO aitnua. Ot TEPAUATIKEG EPYACIEG TOVG
£€de1Eav axpiPadg 0Tl «oTEVE GLVOEdEUEVA EYYPOPa TEIVOLV VO AVIKOUY GTnV {010 opdido Kot vo

elvar oyeTikd og mpog v dw aitnon» [JR71].

1.4 Teyvikég padnong

H opadomoinon eivon pior dradikacio  omoia pmopet va eKTEAEGTEL 0TOO0TIKOTEPQ LE TNV
EVOOUATOON Kot ypnoipomoinon mpdtepng 1 e€mtepikng yvoons. H yvoon mov eveopatdverot
avTIKATONTPILEL TOVG GLYKEKPUEVOVS GTOYOVG KOl TNV GLAAOYIGTIKY] TOV ¥PNGTN KOl GOP®OG
GUVEICQPEPEL GTNV ATOKOMOT] KOAVTEPMOV OTOTEAEGUATOV. L€ L0 TETOLO TEPIMTOON 1 OPYAVOCT

™G TANPOPOpiag YiveTol Katd TPOTO TOV AVTIKOTONTPILEL O GTEVA T EVOLAPEPOVTO, TOL YPTOTN
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o oyéom ue Tig otabepéc mpooeyyicelg mov mapEyovyv ot cvuPatikéc pEBodol opadomoinonc.
[Switepa, P emiPAemopevn texvikn opadomoinong elvar amopaitntn OToV Ot OUAdEG OV
TPOKOTTOVV pE €QApUOY] Un emMPAENOUEVOV TEYVIK®OV Ogv givorl ocvumayeic Kot KOAQ
OO OPIGUEVEG.

Apketol epevvntég €xovv aoyoAnfel pe 1o TPOPANUA TG EVOOUATOONG EEMTEPIKNG
yvoong o€ €vo oOoTNUe. opadomoinons. Mia GyeTiky] mpOTAoT OMOTEAEL 1 «OpOdOTOINOT)
TPOCAVATOAMGUEVN GTOV YpNotn» (user-oriented clustering) KaTd TNV OTOiM 1) TAVTONOINGT TOV
opdowv yivetor oty Pdon g avddpaong oyxetwkoOtntag (relevance feedback) ywpic v
eEhptnon and Kdamowo O0po-deiktn. Avt M TPOCEYYIoN amoutel OTWG TO CLOTNUO Vo EXEL
GLGGMPEVGEL PO LAKPOTPOBEGUN TANPOQOPia ATOTEAECUAT®V Omd Tponyodueveg Epeuves. [a
TNV ovVOyVAOPIoT] TOV OpAdmV amotteiton 1 €milvon tov TPOPAUATOS ETAOYNG GLVOP®V EVAD
EMMAEOV  €VOEYETOL VO TPOKOWYOLV OLGKOMEG OTIS TMEPMTMOGELS OMOTEAEGUATOV  TTOL
EMOTPEPOVTOL OTTO OLAPOPETIKEG EPEVVEG.

Mo GAAn mpotevopevn péBodog Katd v omoio TopEyeTon €EMTEPIKN YvOON HE TNV
EPOPLOYN AOYIKOV KOVOVOV TOEVOUNONG, 0ev KpiveTol Wloitepa KOVOTOMTIKY Y10, KEIUEVOL
kabmg to peydho mAN0og Opwv KOOIGTA AMAYOPELTIKN TNV EKEPOCT CLTNG TNG YVOONG omd
HEPOLG TOL YPNoTN o€ Padud Kavd va BEATIOGEL TNV O1001KAGT0 OLOOOTOIN oM.

H mpocéyyion g nui-emPrendpevng pabnong amoteiel icwg v koAdTepN TOUN
petald tov emPrenodpevov kot un emPAETOLEVOV TEYVIKOV. O NUI-EMPAETOUEVOS YOPOKTNPSG
ekepaleton kupiog pe v aglomoinomn g SbEGIUNG YVOONS Yo TNV KOADTEPT apyLKOTOinom
TOVL OAYOPIOLOL OUOGOTTOINGNG KOl TV EQPAPLOYN UEPIKMV OMADV TEPLOPICUAV (constraints) ot
omoiol TPEMEL VoL IKOVOTTOLOVVTOL OO TNV KOTOVOUT TOV TPOTOHTOV 6T opddes. Idaitepa, ot
KATAAANAES apytKomomoels Paciopéves oe eEmTEPIKT YVMOOT KatevBHvouv v avalntnon Avong
6710 TPOPANUA TNG OHOOOTOINONG GE KOADTEPES TEPLOYES TOV YDPOV OVOLNTNONG KOl GUVETMG
ATOTPENMOVY TOV EYKAMPIOUO G TOMKEG AVGELS VO TOPAAANAQ TOPEYOLV OLOOOTOMGELS TOV

GLVAdOLV e TIG OPLLOEVES OO TOV XPNOTN TPOSAYPOUPECS.

1.5 M£0ooor opadomoinong

To mpdPfinua g opadomoinong £xet peietnbel oe peydro Pabud amd apketéc
EMOTNUOVIKEG OTTIKEG YWVieg Kot 016popot GyeTKol adydpiBpotl £xovv avantuydel koTd Kopovg.
Avtol ot adydpiBpot propodv va katnyoptromomBovv BacilOUevol G KPLTHPLoL TOV OPOPOLV gite
otV OepeMddn pebodoroyia mov epapprolovy 0dNYOVTIONS 68 GLGCMOPEVTIKES (agglomerative) 1)
KatatunTkég (partitional) mpooeyyicelg eite otnv doun ¢ TEAKNG AVONG TNV 0TToio TAPAyoLV

KOTOANYOVTOG GE 1EPAPYIKES KO [N IEPAPYIKES TPOCEYYICELS.
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Ot epapywol adydpBpor mapdyovv pio Avomn opadomoinong n omoia wapovctdlel o
OgVOpIKN doun e o LoVadIK Opddo MG VITEPGHVOLD GTNV KOPLEY| KOl LOVOGUVOAES OUAOEG
ota bkpa. Ewdwotepa, ot cuccwpevtikol alyoplBpor mpocsdlopilovv tig {ntovdueves opddeg
avafétovtag apywkd Kabe ovtikeipevo oe pior Eexmplotn opado Kot akoAoVOWS EKTEADVTAG
EMOVOANTITIKEG GLUVEVAOCELS OUAO®V HEYPL TNV IKOVOTOINGTN KATO0L KPITNpiov TEPUATIGHOV.
‘Exouv mpotabel apketég pébodor yio 1OV MPOGOOPIGUO TV ORAd®V TOL TPEMEL VL
CLVEVOVOVTOL GE KAOe emavainym O6mwg ot pécot ouddwv (group average), oamANG GOVOEOTG
(single-link), mtAnpovg cvvdeong (complete link), CURE, ROCK, CHAMELEON.

Ot katotpntikol (partitional) okyopiBupor 6mwg o K-Means, K-medoids 1 Autoclass
TPocdopilovy TIC OHAdES HE KATATUNGT OAOKANPOL TOL GUVOAOL TV TPOTOHTOV GE &va
npokabopiopévo 1 avtopata mopaydpevo TAn0og opddwv. Xe £APTNOTN LLE TOV GLYKEKPUYUEVO
alyopOpo mov ypnoiponmoteital, Eva oynuo opadoroinong uropel vo Anedet dueca N Eppeca pe
EMOVOAAUPAVOUEVES SYOTOUNGELS. LTV TPAOTN TEPITTOGT OEV VIAPYEL €V YEVEL KATOLO GYEOM
petalh tov oynmudteov opadomoinong mov Aoppdvoviol 6to SEOPETIKA EMIMEdH OVOAVONG
(granularity levels) ev®d otnv de0TEPN dNUIOLPYOVVTOL AVGELS LEPAPYIKNG OOUNG.

Ov un 1epapyikég pébodol olapovv pie cvAroyn N eyypdowv oe M opddeg Kot
YPNOUOTOLOVV EVPIOTIKEG HeBOOOVS Yo TNV avdBeon TV €yypdo®v 00TOC OGTE VL EMTHHOVV
KOAEG VTTOAOYIOTIKEG EMOOGELG. ME avadpOLIKN ¥PNOT| LITOPOLV EMICTG VA PN CILOTOMBOLV Yo
TNV TOPOYWYT LEPAPYIKADV SOUDV.

2T1G TEPIOCGOTEPEG TEPUTTMOELG 1 OPLAOOTOINCT oV AauPaveTat EopTaTOL OO TNV GEPE
enelepyaciag TOV eYYPAP®V KOl amd TIG EVPIOTIKEG TOPAUETPOVS TTOV YPNCLUOTOOVVTOL. X
TEWPAPATO OVAKTNONG Kol a&toddynong mAnpoeopiog Paciopévig o€ OUAdES EVTOMIGTNKE Hd
OXETIKN pelmon NG €mMidOoNS KOl Yoo TOV AOYO0 OUTO Ol U1 lEpapPyIKES TEXVIKES KpiOnkav
AKATAAANAES Y10 ¥PY|OT OTO YEVIKOTEPO TAOUGLO TNG AVAKTNONG TANPOPOPIaG.

Evtovtolg, n mpoéoeatn avayvopion g YPNOUOTNTOS TEXVIKAOV ONTIKOTOINONG Kot
gpyoreiov mhonynong wwitepa oto TAaicla TG avdkTong mAnpogopiog amd 1o Atadiktvo
TPOCEOMOE €K VEOL onuocio oTig Un  epopykés pebodovg opadomoinong Ady® Tng
AOd0TIKOTNTOS TOVG OO ATOYNG TOYVTNTAG OPYAVMOONG TOV AnoTEAEcUATOV Epguvag. [Tapdro
ov Bewpovvion MydTEPO amodoTIKEG HEDOOOL GE GYEGN UE TIS AVTIOTOLXES 1EPUPYIKES, EXOVV
amodelytel emapkelg yoo xpnon amd ddeopa epyoreion ovaktnong Kot oamewovions. Tétown
gpyodeia. pmopodv va. vmootnpiEovv Tov ¥pNoTn otV €€EPEdVIIOT TOV OTOTEAECUAT®OV TNG
£PELVOG LLE TNV OVOLYVMPLOT| TNG OOUNG TOL OVOKTMUEVOD GLVOAOL EYYPAPMV.

2100 TPOCOATO YPOVIO, OPKETOL EPELVNTEG EYOLV AVAYVOPIGEL TO YEYOVOS OTL Ol
KataTunTkol alyoptBpol ivol KatdAANAOL GTIC TEPIMTAOGELS OLOOOTOINGONG HEYAA®Y GLUVOL®V

O0edopéveay AOY® TV GYETIKA YOUNAGDV VLTOAOYISTIKOV omautnoe®v tovs. Eva Poocikd
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YOPOKTNPIOTIKO OPKETOV aAyOplOumy opadomoinong eivar OTL ¥PNGUYLOTOIOVV L0 GUVOALKY|
cuvapmnon kpumpiov, m PeAtctonoinon ¢ omoiog kaBodnyel MV OAN  dadiKacio
opadonoinong. Ot aiyopilBuotr yi TOovg Oomoiovg M cLVAPTNOT KPuMPiov &lval caENG Kot
dttvmveran dupeca, pmopet vo Bempnbet 0TL amotelovvror amd dvo (aveEdptnta petald Tovg)
ovotatikd pépn. To mpdTo glval n cuvaptnon kpitnpiov N omoia Tpénetl va PeAticTonmoteitol and

TO GYNLLO OPLAOOTOINGNG KoL TO SEVTEPO 0 AAYOPIOLOC OV EMTVYYXAVEL QLT TV PEATIGTOTOING.

1.6 AlyoprOpor opadomoinong

H dwpopd avéapeca otig peboddovg opadomoinons Kot 6tovg aryopifuovg opadomoinong
elvar opketd Aemtn Kot WOAAEG @opég un Owakpiown. Katd yevikn amodoyr ot pébodot
TEPLYPAPOVY aAyoplOuiKd Prjpato Katd yevikd TPOTO Kol YOPIG avoQopEéS Ge AEMTOUEPELES
vAOTOINGNG OTTMG Y10 TOPAOEY LA TIG SOUESG OEOOUEVMV TTOV YPTNGLLoTolovvTon oty Tpdsén. Kdbe
puébodog pmopel va viomomBel pe o mowidion adyoplBuwv ot omoiot dapEépovv ot €ENG
ATOYELC:

= TNV SOUNOT TV JEOOUEVOV - (o €EEIOKEVIEVT doun dedopévev umopel va PeEATIOCEL
mv TaxvTTa TPOSPacNg AALA Kot Vo ovENGEL TNV TOALTAOKOTITO TOV KOOIKO LELOVOVTOS £TGL
Vv gveMéia Kot TPOCAPUOGTIKOTNTO TOV OAYOPLOLOL GE SLPOPETIKEG GUAAOYES OEOOUEVOV

= TNV (PNON TG LVAUNG - av ToL SEGOUEVA KOl TO EVOLAUESO OMOTEAEGLOTO OO KELOVTOL
ot Pvnun 10Te pmopel va emttevyBel yoUnAOTEPN VIOAOYIGTIKY TOAVTAOKOTNTO KOl YNAOTEPESG
tayOtteg extédeong. To petovéxktnua elval 1m omaitnomn Yy LTOAOYIGTIKA GULGTHUATO TTOL
OlBETOVV OPKETH) TOGOTNTO LVIUNG 1 EVOALOKTIKA O TEPLOPIGUOG TOV UeYEOOVE TG GLALOYNG
mov mpOKELTAL Vo opLadomonOet

" TNV (PNON TOV ATOINKELTIKOV HEGMOV - 1] XPNON TOV OMOONKELTIKOV HECH GUVIOMC
e€looppomneiton pe v ypnon g pvnung. Evrodrolg, yio modd peydhes cuiloyég eival avEépikm
N arobNKeLON TOV SEGOUEVOV OMOKAEIGTIKA GTNV UVIUT KOl GUVETAOG 1 Y1 YopT TpdsPacn o
péoa poviung amodnkevong eivol ovGlOGTIKNG ONUACIOG. XTNV TEPITTMOOT OVTH 1 XPNON TOV
KATOAANA®V SOPDV AToONKEVOTNG KAl ) GUUTIEGT) LTOPOVY VAL ATOJELYTOVV EEAPETIKE YPTOLULES

AxOpa Kot av SpEPOVY G€ TOAVTAOKOTNTES XPOVOL Kot amoBKeLGoNS, Ot AAYOP1OLLOL TOV
viomolovv v 10w akpPpmg péBodo opadomoinong avauévetor Ott B mapdyovv to id10
amoTEAECHO LE 0E0OEVT €16000. AVTO dev cupPaivel mhvtote KaODS ot ahydpBuot eivor dvvotd
VO (PNGILOTOLOVV SLUPOPETIKES PLOUICTIKEG TAPAUETPOVS YL TNV AVENCT) TG EMIOOGNG TOVG Kot

EVOEYETOL TO OMOTEAEGLOL VO TPOTOTTOLOVVTAL £5TM KO GE LKPO Babud.
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1.7 Avamapactaon eyypa@ev

Ta avtikeipeva piog cVAAOYNG oty omoia TPOKELTOL VO EPOUPUOCTEL N dladtKaGior TG
opadomnoinong etvar avaykoaio vo meptypa@odv pe yvopiopato 1 YOPOKTNPIOTIKE Kotd TETO0
TPpOTO MoTE Vo umopel va voAoylotel 0 Babpdg opordTTag HETAED TOVG. LTV TEPITTMON TOV
EYYPAPOV-KEWWEVOV SLVINOMG 01 AEEEIC-KAEWOE OmMOTEAOVY TO YVOPICUATO. XVVETMDC, N
opadonoinon oy mpdén epapuoOleTOL GE OVTUTPOSOTOVS TV £YYPAP®V Ol omoiot Aapfdvovtat
pe HeBod0LVE OV TEPLYPAPOVTOL GTT CLVEYELQ.

AMa xopokTploTikd Onwg Opota damotevtipla. (credentials) | cvvimapén tov dwv
GLUYYPOPEDY UITOPOVY VO YPNOIUOTOMNOOVV Y100 TOV LIOAOYICUO TNG GLOYETIONG EYYPAPMV.
Hlektpovikd &yypago pe €0KO TepleyOpevo Ommg €oOveg, Pivieo Kot Myovg Pmopovv va
avomopacTafody He piot TOIKIAIL 1O1HTEP®OV YOPUKTINPICTIKOV Tov KAOe gidovg. Tevikd, M
opadonoinon epapuoletal pe tov 1010 TPOTO O Kol Yoo To amAd keipeva apkel va eivon
SLVOTH] M TOPAYWOYN TEPLYPAPOV-OVTIITPOCAOTMOV TOV EYYPAPOL KOl O LTOAOYICUOG KATOLOL
HETPOL OPOLOTNTOGS ETTL AVTAV.

Ot alyopiBpot opadomoinong cuvnBMG YPMNGLULOTOOVY TO HOVTEAO OLOVUGUOTIKOD YMPOV
vy v avaropdotacn kabe eyypaeov [KZ02]. Zopepwva pe ovtd 1o povtéro, kébe Eyypapo d
Bewpeitarl o¢ £va dvus o optopévo 6To Tedio Tov dpav (AéEemv). XV amhovctepn LOPOY], TO

£YYPOQO avomapioTatal ¢ O1GVOGHA GLYVOTHTOV OpwV (ferm frequency vector — TF vector)
dy ={tf ). 1f3. 1,0}
omov ff; elvan M cvyvoNTO TOL OpOL i TOL euPavileTor 6To0 Eyypao. Mo Tpomomoinon Tov

HOVTEAOL OLTOV TOV GLVOVTATOL cLYVA €ival 1 otdbon g ovyvotntag kdbe Opov TOL
gyyphoov pe Baomn v avtictpoen cuyvotnta Keyévov (inverse document frequency, IDF) emi
TOL GLVOLOL TV £YYPAP®V. To kiviTpo Yo TNV GLYKEKPIUEVT TpOoTtOTTOinoT evtomileTon otV
dwmiotwon Ot ot Opot wov evtomilovtor cuyvh oe peydAo aplBud eyyphowv dwbétovv
LELOUEV TKOVOTNTO JLIKPIONG TV EYYPAQ®V UETAED TOVS KOl GUVERMOS elvar avaykoio vo

vroBaduictovv. H o146mon mpaypatonoteiton molhaniastaloviag Ty cvoyvotnta Kabe dpov i
pe v mocoTTOo log(N / dfl-) omov N etvar to TAN00g TV dedopévmv eyypae®v Kot df; To
mBog TV eyypaemv ota omoia ep@aviletol 0 GLYKEKPUEVOS OpOG. AVTN 1 TPOTOTOINGT)|
odnyel oTNV AvamapAGTACT] GLYVOTNTA OPOV-AVTIGTPOPN CLYVOTNTA KEWEVDV (ferm frequency-

inverse document frequency, TF-IDF)
dygr ={tf1-1og (N 7 dfy).tfy -log (N /df3).....tf,, - log (N / df,, )}

2V YeEVIKOTEPT TEPIMTOOT, TO £yypopa eu@aviCouv JeopeTkd UNKn Kobmg sivol

ovvotd va dapépel to mANBog tewv Opwv mov evtomilovion oe kdbe Eyypagpo. o va

15



aviiotofotel n Wwopopeion wov  Ompovpyel avtdg o0 mOPAyoviog TO  OlVOGLOTOL

AVOTOPAGTACNG KAOE EYYPAPOL KOVOVIKOTOLOVVTOL GE LOVAOLNio UNKOG (Hd’ﬁdfug =1) ko TAéov

To £YYPAPO AVATOPICTAVIOL MG OVOGUATO GTO CUCTNUO OvaQOPAs HiaG povadtoiog vrep-

cpaipag.

1.8 Xta0pion Yo paKTNPLOTIKOV

Aldpopot péBodot otabuiong Exovv ypnoipomom el Katd Kapovs Yo, TOV VTOAOYIGHO TNG
GUVELGQPOPAS TV OEIKTOJOTNUEVOVY OpmV GE KAOE £YYpapo VOGS GLVOAOL TPOG OLOOOTOING.

H enidopaon tov peboddwv otédbuiong oty opadomoinomn eyypdowv dev eivar diaitepa
conS. AlooOntikd, n otdduon emmpedlel ™MV OVOTAPAGTACT) TOV EYYPAP®V KOl EUUECHOS TNV
opoldTTo. HETAED TOVG KATA TPOTO (OOTE «KOAEGH pEOBodol otdbuiong avapévetor 0Tt Ha
avayvopilovv pe mepiocdtepn axpifeta «opow» Eyypaga kot Ba PeATidvouy v enidoon g
dwdkaciog opadoroinong.

Avaueca oto TEPARATIKE amoTeAEGHATO TOV £Y0VV avapepBel Yo To cuykekpluévo BEpa,
o Willett vmodewcvoel 6t i ypnon pebddwv otabuiong dev odmnyet oe otabepés PEATIOGEIS TG
enidoong oe oyxéon pe v ypnon un otabucpévev opov [Wil83]. Eviovtolg, n 1oy t0v
ocoumepacpotog 0Tt ot eEelnmuéveg pébodor oTdOUIoNG OV GLVEIGPEPOLY  CNUOVTIKA
neplopiletar amd TNV €MAOYN] TOV UETPO®V OUOLOTNTOG 7OV OOKIUAGTNKOV, TO €005 TWV
GLAAOYDV EYYPAP®V TOL YPNCLOTOMONKAV GTO TEPALOTE KOl OO TO HETPO ETIOOONG TOL
voBemnkav. EmmAéov, avtd ta copnepdopata apeiofnrodvral and v vrdleon tov Dubin
OtTL M avabeon eyypaewv e oudoeg eEapPTATOl TEPIGCOTEPO OMO TNV €V YEVEL SOKPLTIKY
KovOTN T TOV Op®V OV anapTilovV TOVG AVTITPOS®TOVS Kdbe eyypdpov [Dub96].

Extog and v ocvlntmon oyxetikd pe v emidpoon pebddwv eowtepkng otdOuiong
(internal weighting schemes) BaciouévVaV GTIC GLYVOTNTEG TOV OP®V GTO. EYYPOPO, TPOTEIVETAL
eniong n epappoyn peBOdwvV emtepikng otdOUIoNG Ol omoieg pmopohv v 0dnynocovv ce
oeéApa aroteléopata. Av dgxtoOpe TV voOBeoT OTL KATOEG GLALOYEG EYYPAP®Y UTopEl va
Tapovctdlovy pia Lotk doun pe Pacn v omoia 1 B€on Kabe eyypdopov givor capng, TOTE M
dladkacio TG opadomoinomg HAALov Ba Empeme Vo OVOKAADTTEL VTN TV EYYEVT] SOUN TTOPA VO
emPdider kamow GAAN. Opwg, yio cvAAOYEG TOL KOADTTOVV [0 TOIKIA{D TOAVTAOK®V Kot
TOAOTAELPWV BEUATOV O YPNOTNG EVOEYETUL VO EVOLOPEPETOL Y10, KATOL0, GLYKEKPIUEVT dym N
TOMKN TPOPOAN TNG GLAAOYNG. ZVVERMC, &va oynuo eE®TEPIKNG otabiong (Yo mwopdoetypo
e€ayduevo and ouyva vtoPariduevec epmtnoelg) umopel va wbnoel Tpog v KatevOvvon mov

emBopel o xpnoe.
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1.9 XvvteleoTéG oporoOTNTOG

Ot cvVTEAESTEG OHOOTNTOG EIVOL CLUVOPTNGCELS Ol OTOoieg AVTIGTOLXILOVYV oL TPOYHOTIKTY
T og éva (e0yog avTiKeWEVeV Hog 6VAAOYNG PactlONEVOL TAVD GTA YOPUKTNPICTIKG TOL
TEPLYPAPOVY TOL OVTIKEIHEVO KOl KOTAGEIKVOOLV HE aVTO TOV TPOTOo tov Pabud opotdtntog 1
avopolotnrog HeTalh Toug.

210 mapehBOv €xovv mpotabel 6v0 emikpateig péBodot yoo Tov vroroyiopud tov Pobpod

opodTag MeTaEy V0 &gyypapwv d; wou d;. H mpodm pébodog Pacilerar om gvupéog
PN CLOTOLOVLLEVT) GLVAPTNON GLVNULTOVOVL (cosine function)

COS(C? c_i~):—c_jit'gj

S lal

Kot pe 8edopévo OTL Tl d; Ko d; €ivon KOVOVIKOTOMUEVE He HETPO TNV HOVAdH N O AV

oyéomn amhomoleitor otV cos(c?l.,c? j) = c?f -d ; [KZ02]. H ovvaptnon avth undeviCetar dtav ta

dtavoopata eivarl tedeing avopola (opfoydvia) petad Tovg Kot maipvel TNV HEYIGTN TIUN TNG
povéodag otav ta dtovoouato givol eviehdc opota. O cuVTELEGTNG GUVNUITOVOL (1] ECOTEPTKOD
ywopévov) eivar Wuaitepa ypNoIUog otV dtadikacio TG opadonoinong Aoym g StosONTIKNG
epunveiag aAld Kot AOy® G amodederypévng amotelecpatikdtrag tov. H devbvvon tov
dtavoopatog umopel vo OempnBel wg €voeiEn v 10 Ogpatikd mEPLEYOUEVO TOV EYYPAPOV TO
0oTol0 aVATOPIOTE KOU GUVETMC MO HEYAAN TIUN TNG GLVAPTNONG OUOLOTNTOG GLVNUITOVOL
QOVEPDOVEL £YYPOOA TO OTTOT0L AVOUEVETAL VO OVAPEPOVTOL GTO 1010 (1] TOPATANGLO) BENaL.

Elvar dvvoty kor pepwcés @opég eukorotepn 1 dwcHntikd koAdtepn m xpnon
GUVTEAEGTMV ATOGTOCTG OV PAVEPMDVOLV OVOULOIOTNTO OVTL TWV GLUVTEAEGTAOV opolotntag. To
TAEOVEKTNIO. TOVG &lval 1M omAn yeopetpikny epunveio mov eivor PoAkn yu ypoQIKES
AVOTOPAGTAGELS Kot Yo, ToV Adyo avtd eivar wdwaitepa SNUOPIANG 1 XpNon Tovg o€ epyaleio
OTTIKNG avOTaPAcTOONS. TO HEIOVEKTNUO OQVTMOV TOV GUVIEAESTAOV EVIOTILETAL GTNV avakppn
aVATOPACTOCT TNG TPOYHOTIKNG oYEong HeTad dvo €yyplemv mov Umopel vo 0dNYNoEL GTNV
Bempnon TV eYYPAP®V MG OLOLN AKOWO KOl oV OEV ELPAUVICOVY KOVOUS OPOVC.

‘Eto1, po 0gbtepn pébBodog extipd v opotdtnta (| KOAOLTEPO TNV OVOUOLOTNTO) TV
eyyphomv vroroyilovtag tnv vkAgideln amooTacn Hetah TV avTIoTOLY®OV SIOVUGUATOV

m

as(d.d;)= X ai~af) =|ii-a))
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2V TEePInT®MON EVIEADS OLOI®V EYYPAP®V, 1 OTOGTOCT TOV OVTICTOL(®V JVUGUAT®V

elvatl Unodevikn evad ylo evteAds avopola £yypaea 1 amdGTACT] TOV OVTIGTOY®MV SVUGUATOV

TPOKLTTEL oM e V2 [KZ02].

1.10 Xvvaptioeg kprrpiov

g €va KOmmG apopeTIKO eminedo 10 TpOPANLA TNG OLadOTOINoNG EYYPAP®V SLOTLTAOVETOL
oG akorloVlwg: Me dedopévo éva cOvorlo S mov amoteAeiton amd n Eyypaga, {nteital va
TPOGOI0PIOTEL U0l KOTATUNGT TOL GLVOAOL G€ €va mpokabopiopévo mTAnBog k& vrocuvoOrwv

S;,85,...8, tétow wote o Pobudg opodTnTag TOV EYYPAP®V TOL avatibeviar oto KAOe

VTOGUVOAO va glvar ovénuévog oe oyxéon pe Ta Eyypago mov avatibevior oo vrdAouTa
VTLOGVVOAQL.

H (nroduevn emitevén tov avénuévov Pabuod opotdotntag eivor pior dadkacio 6tevd
oLVOEdENEVT e TNV PBEATIGTOMOINGN TNG TIUNG KNG GUVAPTNONG Kpitnpiov mov opileTor mhvo
GTO GUVOMKO TPOKVTTOV GYNLO OUAOOTOINGNG. XUVERMOS, TO TPOPANUO TG opadomoinong
petotonileTolr 6ToV TPOGOOPICUO EVOG GYNUOTOS OUASOTOINCNG TOL PEATIOVEL GTOV KOADTEPO
ovvotd Babud o cuYKEKPILEVT GLVAPTNON KPLTNPIov. TNV GUVEXELN TOPOVGLALOVTOL SLAPOPES
GLVOPTNGELG KPpTnpiov ot omoieg ivar duvatd va ypnoiponomBodv 1060 Yo v aEoAdYNoN
pag Avong opadoroinong 66o kot yio v kafodnynon g 0Ang dtadkacios.

Mo katnyopio cuvaptioe®v Kprtnpiov Yo oynUoTe Opad0Toinong vl 01 «ECOTEPIKES)
GLUVOPTNOCELS Ol omoieg €oTIOVY OTNV TOPAY®YN MG ADONG opodomoinong 1 omoia
BeAtiotomolel TV T TG GLVAPTNONG Kpttnpiov ov opiletarl Thve oto £yypaga KAOe opadag
Yopic va Aappdvetor vroyn N oXECN TOV £YYPAPOV OV AVOTIOEVTOL GE SLUPOPETIKES OUASES
[KZ02].

H npdtn ecmtepikr| cuvapton kprtnpiov mov e€gtaleton peyiotonotel to dhpolcpa twv
péowv Babumv opotdtntog petald Tov eyypaeov mov avotifeviol oe pia opdda Ko papuolet
otafon mov Paociletoar oto péyebog ¢ kdbe opdoag. Zvykekpipéva, av Bewproovpe OTL
YPNCLOTOIEITOL 1] GLVAPTNOT CLVNUITOVODL Yo TNV LETPTON TOV Padpov opotdTnTag HETAED TMV
eYypapwv tOTe embupodue OTMG o AVCT OHOOOTOINCMNG UEYICTOMOEL TNV GLVAPTNON
Kpttnpiov

IIZinr~L2~ z cos(qi,qj)
r=I r

M d;d;es,
INUEIDOVETOL EOM OTL 1] O TAVE® STOTOGCT Yo TNV GLVAPTNOT Kprtnpiov AouPdvel vedyn Ko

ToUG Pabuovg opoldTag KAOe £yypdpov pog opddag e TOv €00TO TOv. Agdopévov OTL O
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oVYKeKPIEVOS PBabuog opotdtntog eivol TAvToTe PEYIGTOG Yol OAOL TOL £YYPAPO KOl GUVETMG
Aoppavetol ¢ KowOG TAPOVOLOGTNAS Yot OAa TO £YYpapo OAMV TOV OLAd®V, OV TPOKVTTEL
o e0QOAREVNG EKTIUNOTG TNG TIUNG TG GLVAPTNOTG.

H og0tepn ecwtepikn] cuvdptnorn kprtnpiov ypNCLOTOLEITOL KUPIMS GTOV ONUOPIAN
alyopiBpo K-Means kot 6toxedel 6TV HEYIGTOMOINGOT TNG OUOOTNTOG HETAED TOL KEVTPOEIOOVG
dvocpatog kbe opddag e To SVOGHOTE OVOTOPAGTOCNG TOV EYYPAPMOV oL avatiBevtot
OTNV GLYKEKPUYEVT ORAda. XPMGIUOTOUDVTAG KOl TAAL TNV GLVAPTNGN GLVNUITOVOL Yo TOV
TPOGOI0PIGHO TOV BaBov OpOIOTNTAG, 1| GLVAPTNOT KPLTNPIOV SUTLIMVETOL OG

k
I, = Z #Z cos(c?i,é,)
r=ld;es,

Téhog, o GAAN cvvaptnomn Kpumnpiov TOv YPNCLUOTOEITOL EVPEMSG GKOMEVEL GTNV
EMYIGTOTOINGT TOV TETPAYOVIK®OV OTOCTAGENDV TOL TPOKVTTOLV Yo TO £YYPAPO LG OUAOOG

KOl TOL aVTIGTOLYOV KEVIPOEWOOVS S1avOGUATOG KO TTLO GUYKEKPLULEVOL

Me amhobg aryefpucods YEPIOUOVG TV EKPPAGE®V YO TIC TO TAVEO GLVOPTNOELS
kprrnpiov propel bkola va SomieTmOel 0TL | cuvaptnon /3 elvor mapopoa pe v 1; kabmg ot
opOWOTNTEG EKEPALOVTOL HE YPNON TOV TETPOYOVIKOV OTOCTACEDV OVIL TOV ECOTEPIKAOV
ywopévav. I'evikd, ot Tpelg dTLTOGELS £ival 1600VVOLEG KOt 1) XPNOT KATOW0G CLYKEKPLUEVNG
e€ autov e&aptdrarl amd TV vkoiia pe TV omoia propel va vAoronOel.

Muw dAAN kamnyopia cLVOPTNGE®V Kputnpiov Yo oynuota opadomoinong eivar ot
«eEMTEPIKEG) CLVOAPTNOELS Ol Omoieg €0TIALOVY GTNV TOPAY®YN MG AVoNG opadomoinong m
omoia. PeAtiotomotel v T TG ovvaptnong kpitnpiov mov opiletor mhvew oTIc Odpopeg
OULAOES TOV GYNLLOTOG OULAOOTOINGNC.

Xmv mepintoon avt, N OlucHNTIKY TPoEaviAg AVOT HOG GLVAPTNONG M omoia va
elayrotomolel tov Pabud opoldtrog HETOED TV KEVIPOEWMV OLOVUGUATOV TOV OUPOPOV
ouadwv dev givarl n mAéov amodoTikr). Mia té€tota AVor pe KeEVIPoEWn davocuata opboydvia
petald tovg Ba elye ¢ amotédeopa €va oynuo opadomroinong oto omoio ot k—1 opddeg Ba
neplelyav amd éva akpifdg Eyypago He TNV UEYIOTN OVOUOLOTNTO MG TPOS TO GUVOAO TMOV
VIOAOMOV €YYPAPOV Kot TNV Kk -00TH opdda vo mepiéyel Olo to. vdlowma £yypoea. o tov
AOyo avtd, o eEmTEPIKN GLVAPTNON TOL €xEl MPOTaBEl GTOYEVEL GTOV OOYMPIGUO TV
EYYPAP®V KABe opadag amd T0 GHVOLO TOV £YYPAP®V TOPE GTOV OOYWOPICUO TOV EYYPAPOV TWV

OLAPOP®V OLAOMV LE TNV EANYLCTOTOINGT TNG TOGOTNTOG
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E; ZZk:nr -cos(ér,é)

r=l
omov C etvat 10 KeVIPoedEG O18vus oL OAOKANPNG TG CLALOYNG TV EYYPAP®V.
Kot’ avaloyio pe 11 ecmTEpIKEG GLVOPTNCELS Kprtnpiov umopet vo optotel pio emmAéov
CLVAPTNON HE SLOPOPETIKY OOTHIWGT OV GTNV MEPIMTOON 0T emBvpodue Omwg 1 Adon
OLL0OOTOINCNG LEYIGTOTOLEL TV TN TNG:

k
EZ :Zl’lr'

r=

- —112
¢

H ovvépmon avt) ypnowomotel 115 evkAeideleg omootdoelg HETAED TV  KEVIPOEIO®V
SLVUGUATOV TOV OUAO®V MG TPOG TO KEVIPOELDEG OAVLUGHO OAOKANPNG TNG GLAAOYNG Kot

amoTeAEl P10l EVOALOKTIKT OLLTUTIMGN GE GYECT LE TNV YPNON TNG GLVAPTNOTG CLVNUITOVOV.

1.11 Behtiotomoinon cuvepToE®V KPLTIpiov

Yrdpyovv apketég pébodotl ot omoieg umopohv va EpapUocTOVY Yoo TNV PEATIGTOMOIN O
TOV GLVAPTAGE®V KPLTNpiov Tov avaeépbnkav ota mponyovueva. Evag cuvnBiopévog tpomog
enitevéng avtg g Pertictomoinong etvat pe v ¥pNon Lo «ATANGTNGY GTPOTNYIKNS (greedy
strategy). AvTtég Ol «AmANGCTEC) TPOCEYYIoELS ypnotipomoovvtal cuvnbwg péca ota mAoictlo
KOTOTUNTIK®OV aAyoplfumy opadomoinong (partitional clustering algorithms) 0nwg 10V YVoOOTO
aryopBpo K-Means kot €xet amodetytel 0Tl 0pKETEC GUVAPTNGELS KPLTNPIOL GLYKAIVOLV TEAMKA
0€ KOO0 TomKO eAdy1GTO (1] avTioTOU(A HLEYIOTO).

H Beltiotonoinon pe «AmAnotn» oTpatnyikn amoteAeital amd 0V0 QAGELS. ZTNV TPAOTN
QAo NG «OPYIKNG OPAOOTOINGNC» KOTAGKEVALETOL (ot AVOT ORLadOTOINoNG EMAEYOVTOS TVY LN
k mpdtuma Yoo vo. OmOTEAEGOLY TOL KEVIPA TOV AVTIGTO(®V OpAd®mV TS Avomng. Akolovbwg
vroloyiletar o Pabudg opowdnTa KABe eyypdoov pe to k KEVIPA YXPNOUYOTOLDOVIOG TNV
GLUVAPTNOTN GLVNUITOVOL N TNV EVKAEIDED OTOGTOGT KOl TO. £YYpapa avatifevtol 6T OpAOEg
OV OVTIOTOLYOVV GTO KEVIPO LE TNV UEYOADTEPT opoldTnTae. AVTH 1 TPOGEYYIoT 0dNYel o€ o
apytkn Avon opodomroinong.

Koatd v devtepn @domn g «Bertioong tov opadwvy» (cluster refinement) o o1dy0g elvan
N oTadloKY Oldoylkn PeAtioon g Adong opadomoinong. Xe kabe otddo (emavainym)
vrohoyifovior €k véov ot Babuol opoldrag OA®V TOV EYYPAP®Y GE GYECT UE TA KEVIPO TOV
oUad®V OTmG elyav dSoUopPMBEL amd TV TPONYOVUEVT KATAVOUT Kol EKTEAOVVTOL Ol AVALyKOiEg
HETOKIVIOELG EYYPAQOV atd OUAd0 G Opddn KOTE TPOTO TETOL0 MOTE TAVTOTE VO IKOVOTTOLEITOL
TO KPUNPO0 TNG HEYIOTNG OUOOTNTOG EYYPAPOV-OHAd0S. ALt 1 oTtpatnykn PeAtioong

yopoakmpiletoar o¢ palikn (batch) Kob®OG To. KEVIPA TOV OPASOV OVOVEDVOVTOL UETE TNV VEQ
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Katavoun OAwv Tov gyypdeov. EvoAloktikd, sivor duvotd 1 ovoviémon Tov KEVIPOV Va
exteAeital apéomg petd v petokivnon tov kdBe €yypaeov Kot GE aUTH TNV TEPITTOON 1

oTpaTnyKy Yopakpileton dueon (online).
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Yyxeolaon Kol avartuén EveUovs TPAKTOPQ

2.1 Ewayoy

H Oewpia mov apopd oto BEpa g opydveons, avaktnong Kot yprons TANPoeopiag mov
avonTOYONKE 6TO TPONYOVUEVO KEPAAOLO KO EWOIKOTEPA O TEXVIKEG YOP® Ao TNV OlodKocio
opadomoinong yypaemv ypnolponomdnkay oy mpdaén yuo v avamntuén HoG eeopUOYNG-
gvevovg mpaktopa, tov SCAgent (Search and Cluster Agent) ne otOX0 TV dNovpyio vog
Bondntikov epyoieiov To 0moOi0 VO TOPEYEL GTOV YPNOTN APEVOS TNV OLVATOTNTO OLEVEPYELNG
LG IO OTOTEAECLLATIKNG EPEVLVOG KO AVAKTNGNG EYYPAPOV amd TO AladIKTLO KOl APETEPOL TNV
TOPOYN LOG TAATQOPLOG YOl TNV EPOPLOYN TEYVIKOV OLOOOTOINGCNG Y10, GKOTOVS UEAETNG TOL
QVTIKEYWEVOD TNG OULAOOTOINGNG EYYPAPOV.

H vlomoinon g eopappoyng SCAgent &ywve pe  ypnon 100 mEPPAAAOVTOC
mpoypappotiopnod Visual Studio NET 2003 ¢ etarpeioc Microsoft kat mo cuykekpuéva
OG YADGGO TPOYPOUUOTIGHOD oty  omoio  cuvtayOnke €&  OAOKANPOL 0O KAOIKOG

ypnotpomoridnke 1 Microsoft Visual Basic® éxdoon 7.1.

2.2 Anartoeg

[o v cwot ektéleon kot yprHom NG €PAPUOYNG oamorteiton Onwg eykataoctodel
TPONYOLUEVMOG GTO UNYOAVNLO TOV XPNOTN 1 TAATEOPUO €KTEAEONS epapuoy®dv Microsoft
Framework .NET® éxdoonc 1.1. To ovykekpiévo mepiBdrlov extéheonc SlovEMETOL TPOC
gAedBEPN YPAON O TNV OYETIKY 10T0oEASA TG Microsoft  kat 1 £yKATAGTAON TOL amoTee
amopoitntn mpoHmAOeon Yo TNV SLVATOTNTO EKTEAECTG OTOLUGONTOTE EPOPLOYNG TOV EYEL
avantuyBel oe KAmola and TS YADGGEG TPOYPOUUUATIGUOD TOL TEPIAAUPAVOVTOL 6TO TEPBAALOV
tov Visual Studio .NET 2003°. Znuewdveton 6t oto CD mov cuvodedel tov mapdy Topo
nepiéyeton o Framework NET® éxdoon 1.1 kot kaOdC N OXETIKY EQAPLOYH EYKATAGTAONC TOV
SCAgent dev 10 &ykafiotd OLTOHOTO GTO UNXEVNUO TOL YPNOTY, TMPOTEIVETOL OTMG 1
€yKoTaoTacn Tov Tponynoel and tov idto Tov ypnoT.

EmumAéov, n epappoyn ypnoponolel yio v ektédeon g £pevvog oto Web v Onpo@iin
unyavn avalntmong Google kot edwotepa 10 oyetikd APl mov davépetar dmpedv amd v
1otoceAida http://www.google.com/apis. H gpappoyn eykatdortaong tov SCAgent eykabiotd T1g
amopaitmreg Piprodnkes tov API ov omoieg evnuepdvovtal avTOROTO ATd TOV OIKTLOKO TOTO

tov Google.
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2.3 Ileprypa@n viomoinong

H epappoyn SCAgent amotereiton omd Eva apBpd KAdoemv ol onoieg cuvepyalopeves Kot
AAAMAETIOPOVTOS GLVOETOVV TOV AEITOVPYIKO 10TO TNG EPOPLOYNG. Mo GuvVTOUN TTEPLYPAPT] TOV

KAMAGE®V aVTOV Tapatifeton mo KATwm:

» KAdon formMain
Amotedel TOV mLpNVOL TG £QOPUOYNG KOODG Katd mpmdTo AOYO VLAOmOlel Kot
Swyepiletarl v ypaeikn demapn petabd epappoyng-xpnot (Graphical User Interface,
GUI) xou xotd d0teEPO AOYO GLVTOVILEL KOl YPNOIUOTOLEL TIG VITOAOWTES KAGOELS Yoo TNV
owyeipon ko emelepyacio tov dedopévav g epappoyns. Oreg ot Asttovpyieg tng
EPOPLOYNG OV TTaPEXOVTAL GTOV YpNotn opilovtal o avty TV KAdo™, 1 omoia meplopilet
TOV POLO TV VTOAOITOV KAAGEWMV GTNV LOVTIEAOTTOINGT KOl ECOTEPIKT] AVOTAPAGTACT) TMOV
OVTOTIHT®V OV EIGAYOVTOL KOl YPNGLLOTOIOVVTOL GTNV EPUPUOYT].
= Klaon classCluster
Amotedel v poviehomoinon tg ovtottog ‘cluster’. H xhdon mapéyst pebddovg
onuovpyiag vog cluster, dtayeiptong Tov 1610V KAl TV EYYPAPOV TOL OVTO TEPIAUPEVEL
Kol TopExel TPOGPact 6E £vo GUVOAD 1I0TNTMOV TOV OTMG OVTES SIOUOPPADOVOVTOL LE TNV
SVVALIKT ELGAYOYN-O1YPOPY| EYYPAP®V KOTA TOV YPOVO EKTEALECTG TNG EQUPLLOYTNC.
= Kiaon classScheme
Amoterel v povtelomoinom 1ng ovtotnrag ‘scheme’ M omoio €lcdyeTon ®G
TEPLYPOPT] TOL YEVIKOTEPOL GYNUOTOG KATATUNONG 7OV KOTOOKELALETOL amd TNV
eQopuroyn. Amd dopkng amoyng ta clusters mov katackevalel n epapuoyn (otrypdTuTo
¢ kAdong classCluster) amoteAovv cvotatTiKA GTOotXElo TOL scheme KaTdTUNONG Kot M)
dwyeipton tovg mpaypoTonoteitol anokAEloTiKd pécw avtov. H khdon mapéyet pedddovg
vy TNV ompovpyia-otaypaen clusters ko tpodcPaoct oe 1010tNTEG TOL YapakTnpilovy TO
GYNHO KATATUNONG OTNV OADTNTA TOL.
» KAdon classResult
Amotedel Vv povtelomoinon G ovioTNTOG ‘€YYpOQPO’ TOL TPOKVTTEL MG
amoTéAeca TG avalntnong tov xpnotn. H kKidon mapéyel pebdodovg dayeipiong tov 1diov
ToV £yyploov KoODS Ko TPOSPOcNG OTIG WOOTNTEG TOV KOl YEVIKA TOPEXEL WO
AVOTOPAGTOGT] TOV EYYPAMOL YPNGUUN YO TNV €QPAPUOYN OAAG Ywplg vo amotelel pio
OAOKANPOUEVT] EKDOYT TOL KOTAAANAN Yo amevBeiog ovtdvoun ¥pNon EKTOG TOV TAALGIOV

™G S1odIKaGTi0g OpadoToinomg.
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» Kiaon classQuery
Amotedel v povtelomoinon g oviotnTog ‘query’ m omoia Kot' avoioyio pe tnv
ovtotTo scheme €6dyeTol OC TEPLYPOUPN] TOL OAOKANPOUEVNG GLAAOYNG dedopévav Ta
oTolo. OVOKTAOVTOL HETO amd £PELVA TOV YPNOTN Y emesepyacio and v epapupoyn. H
KAAon mopéxel pneBddovg yu v dwoeipion TV gyypaemv (oTypudtomo g KAAoMG
classResult) kot mpdsPaom oe 1010t TEG TOL YOpaKTNPILOVY OAOKANPT TNV GLAAOYN TOV
EYYPAP®V.
» Kiaon classVector
Amotelel v povieAomoinon evog O10vOGHOTOS TPOYLOTIKOV oplOUdV HETABANTOD
peyébovg. H xhdon mapéyet pebodovg onpovpyiog, tpomonoinong Kot ektéleong npdéemv
ent Tov O1VOCHATOG KOOGS Kot TpdcPacn 6€ d18popeS IOOTNTES TOV.
» Kiaon classKernel
Amoterel TV HOVTEAOTOINGON OGS GLAAOYNG OWPOPMOV UETAPANTOV TIS OmMOlEg
ypnowonolel 1 epapuoyn. Xpnowomoteitar yi Adyovg guypnotiog, amodoTIKOTNTOG,
glayiotomoinomg kot opOng Aettovpyiog Tov KMOKA TG EPAPLOYNS kKaBmGg pe v puébodo
™ms  ‘PBpoayvkdximwone’ ovuPdviov (events) omlomolel v dwygipion OAwv TV
petapintaov global euféielnc mov YpNGYOTOOVVTOL GO OLUPOPETIKE TUMUATO TNG
EPAPUOYNG.
» KAdon moduleMain
Amotelrel pua €101k Lopen KAGoNS 1 omoia mopéyel LeBOOOVG e Aettovpyieg YEVIKNG
@Ooems. Avtéc ot péhodot elvar ocuvnBwg PIKpA Kol cLYVE XPNGUYLOTOLOVIEVE TUNLOTOL
KOO to 0moio Yoo AOYOUG Omod0TIKOTNTOG KOl EMAVAYPTOLUOTOINoNG Kddwka (code
reusability) opadoToO100VTOL GTO TAOIGLO AVTNG TNG KAAONMS Yo xprion Omote amouteitotl. H
KAGoM elvar €101kNG popeng kabmg eivon pior omokielotikd shared kidom, oniadn oev
umopel va dnpuovpynBet kdmoro otrydTLIo AVTHS 0VTE Kol Elval duvatd vo KAnpovoun et
amd Kamowo GAAN kKAdon. Ot pébodot kat ta yvopiopata g eivor opatd kot dtabéoipa an’
OAEG TIG KAAGELS TNG EPAPUOYNG KOl UTOPOLV va ypnoytoronfoldv cav avtikeipeva global
epuPéretag. H khdon avt) mepiéyet v puébodo main() n omoio amoterel kol o onueio

eKKiviong TG EQappoyng.

2.4 Ileprypa@n TOV GCNUAVTIKOTEPOV AELTOVPYLOV TS EQUPROYNS

H xAdon formMain xAnpovopeiton amd v kidon System.Windows.Forms.Form tov
GUOTNOTOG Kol AmOTEAEL Eva container YpopiKadV GTOXEIMV SIETAPNG Y10 TNV EPAPLOYT. XE OAN

NV OLIPKELN EKTEAEGNC TNG EPAPLOYNG ONUIOVPYEITOL KOl XPNGLULOTOLEITOL LOVO £VAL GTIYULOTVTIO
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avtng G KAdong. Kotd v @don dnuovpyioag avtod Tov GTIYUIOTUTOV OMUIOVPYOVVTOL KOl
APYIKOTOLOVVTOL OAL T YPOPIKE GTOLYEID SEMOPNG TTOV YPNGUYLOTOLOVVTIOL 6TV eQopuroyn. H
KAdom dev dwnbétel yvopicpata (attributes) pe v otevh €vvola T®V UETAPANTOV, KOOMG dOev
amoTeAEl HOVTEAOTOINOT KOTOWOG OVTOTNTOG 7OV  YPNOCLUOTMOEITOL OV EQUPUOYYT] OAAL
Yvopicpato g KAAoNS amoteAovV OA0 To Ypaplkd otowyeio demapng e epappoyns. Ot
péBodol g KAAoNG amoTeAobV KOTd KOplo Adyo yeptotég cvuPaviav (event handlers) pe to
omoia odnyeiton | epappoyn (event-driven application). Emmiéov, otnv kAdon neptlapfdavovtot
péfodotl v TV ektédecn TOV PACIKOV AEITOVPYLIOV TNG EQAPUOYNG KOOMS Kol OPIoUEVES
péBodot mov ektedovv Pondntikég Aettovpyieg.
[Tlo «dt® onuedvovIol Ol ONUOVTIKOTEPES Agttovpyieg MG  €QPOPUOYNG 7OV
gvoopat®voviol og pébodot g khdong formMain:
» ExecuteQuery ()
H pébodog avt mpayuatonotetl v épgvva mov opilel 0 ¥pNoTNS XPNOYLOTOLDVTOG
mv unyovn avalnmong Google. Adyow katackevaotikdv meplopiop®v tov API mov
dwvépevetar amd 1o Google, 1 AMyn tov anotelecpdtov g avalnmmong yivetal katd
oTadwWL péEYPL vo ikavomomBetl o péyioto mAnBog anotedecudtwv mov opilel o ypMoTNG.
Metd amd kaBe meTvoynuévn ANyn €vOg TUNMUOTOS TOV OTOTEAECUATOV, ONpovpysital
Kavovpla otiyptotuma ¢ KAdong classResult (pécw g KAdong xepiopov classQuery)
GT0 OTOl0L KOTOY®POUVTAL TO, OEOOUEVO. TOV OPOPOVV GTA ANPOEVTO amoTEAEGLATO. XTHV
TEPIMTOON AViXVELOTG COAALOTOS KATE TV OAPKELD EKTEAECONG N AYNG OMOTEAEGULATOV
MG €PEVVOG 1 OTNV TEPIMTMON IOV 0 XPNOTNG EMAEEEL dloKOTNG TG dradikaciog, OAa T
dedopéva Tov eVOEYOUEVMG glyav AneBel péypt ekelvo t0 onpeio akvp®vVOVTOLl Kot M
puébodog tepuatiler v extéreon e Koatd v ddpkeww g @aong Aqyng tov
QMOTEAECUATOV, GTOV YMPO TANPOPOPLOV eUPAVIfOVTOL TANPOPOPLOKE GToLXElD. TTOV
weptypapovy v eEEMEN g dwdwkaociag. H emtuyng olokAnpwong g oadwkaciog
€PELVOG KO OVAKTNONG TOV OMOTEAECUATOV KafloTd duvathy TNV LETAPOOT GTO EMOUEVO
Brino TG EQapUOYNG HE TNV EVEPYOTOINGT TOV GYETIKOD TANKTpOL ‘Next’.
» ExecuteTransformation ()
H extéheon avtg g pebodov eivar duvarn epdcov €xel mponynbel emruymuévn
Mym tov amotelecpdtov kamowg épevvac. Katd v dwdikasio g ARyng tov
OTOTEAECUATOV, OVOKTATOL TO TEPEYOUEVO TOVL KOOE OmMOTEAECUOTOC HE OKOMO TNV
aviyvevon Tov Opmv-KAEWI®V Tov (keywords). Tnv aviyvevon 1ov OpmV-KAEWIOV KOO
AmOTEAECUATOG OKOAOVOEL 1 KOTOGKEVLT] TOL LTEPGLVOAOL TOV OPOV-KAEWIOV Yo TO
oLVOAO OAMV T®V amoTeAESUATOV TNG £pevuvag. O xpNoTNS £XEL TNV dLVATOTNTO VO EMAEEEL

TOV QTOKAEIGUO KATOL®V OPp®V-KAEWOIDV Otd TNV CLUVEYELN TNG EMEEEPYATLAG EPOCOV KPivel
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0Tl 0 amokAelopnog Ba BeATidcel TNV dtadikacio TG Opadomoinong. AQod TPocdOPIGTOVY
ot Opot-kAewld mov Ba kpatnBobv ywoo v emeEepyacia, N péBodog kataokevdlel T
SLVOGLLOTA OPMV LE TO OTTOT0L AVOTAPIGTOVTOL TOL ATOTEAEGLOTOL.

» ExecuteKeywordReduction ()

Koatd v owdikacio ¢ KATOAOKELNG TOV OOVUGUATOV OVOTUPACTOCNS TV
AmOTEAEGUATOV, LITOAOYILETOL TAPAAANAL TO OAVUGHO HECHV GLYVOTITOV TOV OPOV MG
PO TS OvTioTpOoQeg ovyvotNnTeg &eyypaowv (term frequencies—inverse document
frequencies, TFIDF) yio. Adyovg emitdyvvong g 0Ang dwdikaciog. H pébodog o mpmd
@don eneEepyaletar avTd TO SIAVLGHA KOl GE GLVOLAGUO LE TNV TIUN KATOEAIOL TOL £XEL
opilel o0 ypnog, evtomilel TOVG OPOLE TOL 1KAVOTOWOVY TNV GLVONKN KOTOEAIOL Kot
Tpénel va kpatnBovv o¢ onpavtikol otnv cuvéyela g enegepyacioc. Xnv devtepn Ao,
v kéOe £yypapo KataoKeLALETAL TO HEIWUEVNG O1A0TACNG SLAVUGHLO TTOV TEPLEYEL AVTOVG
TOVG OMNUAVTIKODG OpOLG KOl TO OTMOi0 TAEOV YPNOIUOTOLEiTOL oTaL €mOpeEva Prinota
enefepyaciag. H tyun xoatoeiiov mov epopuodletor eivar duvatd vo amokoyel pkpd 1
HEYAAO aplBd OpmV KOTOAYOVTOS GE LUKPY I LeYOAN peimon avtictoryo TG SioTaoNS
TOU  JVUGHOTIKOD HOVTEAOL avoamapdotacns. O xpnomneg €KTEAMVTIOS  OOOYIKESG
EMAVOANYELS TNG LEBOSOV e S1POPETIKEG TIUEG KATOPAIOV UTopel va emtdyel HEI®OT TG
owdotaong oe embountd eminedo kabmg oe KaOe ektédeon g peBdOOL 0MO100NTOTE
TPOTYOVUEVO OMOTEAEGLO. EVOEXOUEVAS LINPYE ovTikaBioTatal e T0 VEO OV TPOKVTTEL
amd TV To Tpdceaty ektéAeot). TéLog, onueidvetol 6Tt 1) dtokony| TG enesepyaciog Tpv
TNV OAOKANP®ON NG £XEL MG AMOTEAEGUA TV OKVPWOGT OA®V TOV OTOTEAEGUAT®OV TOV
glyav vmoloylotel p€ypt v otypn exeivn kot kobiotd addvarn v peTapocn oto
EMOUEVO Pripa TG Qapuoyic.

» ExecuteKeywordWeighting ()

H pébodog avt) mpoodopiler evdektikd Papn tov OpwV TOL OLOVUCUATIKOV
HOVTEAOL  avamOpAoTacG €YYPAQ®V TO. Omoio amoteAoVV HETPO TNG  OLOKPLTIKNG
KavotnTog Tov Kabe 6pov. Katd v ektédeon g pebodov ypnoilomotovvtol ta £yypopao
eketva Ta omolor 0 ypMoTNG €xel eMAEEEL OC ONUOVTIKE Kol To. omoia Oewpovdvionr OTL
QVTITPOCOTEVOVY TO YOPAUKTNPIGTIKA TO OEUATIKO EVOLUPEPOV TOV YPNOTY. XTO £YYPOPA
AVTA TPEMEL VO, TEPLEYETAL TOVAGYIOTOV €val £YYPOpo TO omoio va d1afétel mAnpopopia
OpOV-KAEWIDV KaB®OG oe dopopeTIKN mepinTmon dev ivar dvvorn N e&aymyn YPNOIUNG
TANPOPOPIOG YIOL TNV OVIXVELGN TV EVOLIPEPOVI®V TOL ¥PNoTH. ATO To SvOGHOTO
AVOTOPACTOCNG TV  EYYPAO®OV  KATOOKELALETOL TO  OVTIOTOU(O KEVIPOEWES MG
YOPOUKTNPIOTIKOG OVTITPOGMTOS TO 0MOi0 YpNoiHomoteital mg dtivuspa Bapovs Twv dpwv

KaTA TNV eKTéAEOT] TOV aAYOpOpoL kotdtunone. H exktéheon g pnebddov mapaxdpumteTon
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OTNV TEPIMTOGN MOV O ¥PNOTNG eMALEEL TV un xpnomn Popdv yio Tovg Opovg Kol M
petéPfoaocn oto emdpevo Prpo eivor emrpent) kot €€oipeon TOL YEVIKNG OOUNG NG
EPOPUOYNG. Xe TePIMTOON OlOKOTNG NG eMeEepyociog mPLY ovTH OAOKANPwOEl, TO
davouopa Bépovg Tov Opmv Tavel va givar O1aBEGILO Kot Y10l TOV VTOAOYIGUO TOV TTPEMEL
va yivel ek véov kKANon ektédeong ¢ nebddov.

» ExecuteClustering()

H pnébodog exterel tov akyopiBuo opadomoinong K-Means pe gicodo ta dedopéva
OV avaKTHONKOY omd TNV €pEVVO TOL XPNOTN Kol ETVLYOV TNG KATAAANANG emeEepyaciog
ota mponyovuevo Prpota. H ypnon g otobuopévng ekdoyng M oyt tov alyopifpov
aviyveDETOL QLTOUATO OO TNV VTOPEN OVOGUATOG OTAOMIoONG Kol KoTd TV dldpKew
eKTéEAEONC TOL OAYOplOLOL Tapovotdlovior omTikEG evoeiEelg Yo v TPOodo NG
Swdkaciog Kot v e£EMEN TOV TOV TV HETP®V ETLO0CGNS TOV GYNUATOG OLLOOOTOINGTG.
EmumAéov, eppaviCovtalr mAnpogopieg yioo Tqv popen g Adong oe Kdbe emavaAnmrikd
o ko dtvetor M dvvatdHTNTO TOPOKOAOVONONC TNG TOPEiG OVELPESNC TNG TEAKNG
Adomng.

» ExecuteSummary ()

H pébodog ypnoyomoteitanr yioo tv €UOAVION HOG GUVORMTIKNG TEPLYPOPNG TMOV
clusters g Abong mov Tpodkvye amd TV EKTEAEST TOVL aAYOp1BuoL kaTdtunons. o v
OTLTIKOTOINOT XPNOILOTOLEITOL ol OEVOPOEIONG avamapdoTacn 1 onoia ametkovilel v
KaTovoun Tev gyyplomv otic ddeopeg oupdodes. o kabe opdoa eivor Swabécieg
OTOTIOTIKEG TTANPOPOpies KaBMG Kot 1 LETAPOON GE OUAdES CLVOUPOVG TTEPLEXOUEVOD EVD

v KaBe omotéAespa tvar duvatn 1 QUeST) LeTAPaoT Yo EMGKOTNOT).

2.5 Ileprypa@n apiTEKTOVIKNG

2mv ovvéyela dlvovtar pepikd dwypdupoato UML mov agopodv 6Ty apylTEKTOVIKY
droyn g epappoyns SCAgent.

To ototwd Odypappa (static 1 class diagram) omotedel oL amEKOVION TNG
OPYLTEKTOVIKNG OOUNG TNG EPOPUOYNG. XTO SIAYPOLLLLLO ATEKOVILOVTOL 01 GNUOVTIKOTEPES KAAGELS
OV YPNGLULOTOIOVVTOL KOl Yo TV KAOE KAAGT ONUELDOVOVTOL TO KLPLOTEPO YOPOUKTNPIOTIKA Kot
péBodot tg. Enueudvovtat miong ot cuoyetioelg (associations) 6mOV AVTEG VILAPYOVY UETAED
TOV KAMIGEWV Ol OTTOIES AVATOPIETOOV TNV €EAPTNOT (TTOCOTIKN KOl TOL0TIKY) TOV GTIYUIOTLT®V
™G KdOe KAdong.

To owbypappa owdoyng (sequence diagram) mopovclOlel GE YEVIKEG YPOUUEG TNV
aAnAeniopaon peTad aVTIKEWWEVOV KOTO YPOVIKY GEPE oV cvvieheiton Katd v OdpKeln

LG TUTIKNG EKTEAEONG TNG EQOUPUOYNG. ZUYKEKPIUEVO, OVOTOPIGTO TO. OVTIKEILEVO TOV
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GUUUETEYOLV OTIG OLAPOPES eVEPYELEG e TV ddpkela (NG Tovg KabdG KoL To, UNVOLATO TOV
avtaAAAGGoUY opyavmpéve Katd ypovikn oelpd. To dibypappo xpnoluedel oy KoAHTEP
Katavonon g AOYIKNG GEPAG Le TV omoia eKTeEAoVVTOL Ta d1dpopa PriaTa Tov cuvBETOVY TOV
KOKAO EKTEAEGNC TNG EQAPLOYNC.

To dwaypappo dpactnpromrog (activity diagram) omotelel puo €101 TEPIMTOON €VOC
Oy PAULLOTOS KATAGTACEDY GTO OTOI0 OAEG Ol KATAGTACELS £ivol PACELS OTIC omoieg ekTeleiton
Kol evépyela Kot ot HETAPAGELS TVPOSOTOVVTOL OO TNV CUUTANPOGCT] OVTAOV TOV EVEPYEUDV.
2KomOG TOL Oy PAUUATOS EIVAL VO OVATOPACTAGEL TNV POT) EKTEAECNG ECMOTEPIKAOV OAOIKACIDV
™G €QOPUOYNG Ywpig vo cvpmeptlopuPdvel e£®TEPIKA YEYOVOTA TOL TPOKLATOVV OO TNV

napéuPacn Tov ypNoT.

Pertormuery

CueryPerformed

PerformTransformation

GT&I‘IH formation Pc:rlhrml::g

Gerfnrm Ke;-ﬂﬁ'm‘dlkeductluD

Q(c‘gm'umRmiuctiunl:‘-:‘rfurnmﬂ

KeywordWeighting 7 PerformBeywordWeight in_s_)

[MNo]

Tyfqua 2.5.1:  Awdypappa dSpactnpiotntog yio v epappoyn SCAgent
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2.6 Meprypagn YpoQuaig dtemapig xpiiot

H ypagwkn diemapn epoapuoyfs-xpnotn Exel oYeSOOTEL e GTOYO TNV UEYOADTEPT dLVOTY|
amAdTTa Kot kot Ta TPOog Tov ¥pNoth. ' tov okomd avtd, yuo v dbpOpmon g mopeiag
EKTEAEONG TNG £QOPLOYNG VIoBeTONKE N TpocEyyion tov ‘pdyov’ (wizard). To Prpoto oniadn
EKTELEOTC TOV S10POPOV AEITOVPYIDV TNG EQAPLOYNG EKTEAOVVTAL LE TETOLN GEPAE, M OTTola fvat
€K TOV TPOTEPOV Kabopiopévn Kot e£0cQAAilel Le AOYIKO TPOTO TNV OUOAN KOl AmpOGKOTTN
EKTEAEOT] TOV AEITOLPYIDOV TNG EPOPUOYNG. ZVYKEKPIUEVO, TO. PUHOTo EKTEAEONG GE AOYIKO
eninedo £xovv Mg aKoAoVLOWC:

= Opopog €pevvag, SleEaymyn Kol 0VAKTNGT TOV GYETIKOV OMOTEAEGUATOV

= ETA0Y1 TOV YOpOKTNPIOTIKOV TOV OTOTEAEGUATOV Y10 TNV GLVEXELN TNG enelepyaciog

= Meimon g 0146TaoNG TOL SLVUCLATIKOD LOVTEAOL OVOTOPAGTOCNG TOV EYYPAO®V

= [IpoGd10p1tod¢ S10vHGHOTOG GTAOUIGNC TV 0PV TOV SLOVUCUATIKOD LLOVTEAOD

= Extéleon alyopiBuov opadomroinong

= Epodvion oynpotog opadonoinong

Ta mo méve otdda extédeong epappolovrol otnv Tpdsén pe aviictoryo Aoywd Pripoto
Katd v mopeia extéheong g epappoyns. ‘Etol, n epoppoyn yevikd ypnoyomotel €&
aAnie&optnéves Oyelg (views) mov vAomolovvtal pe avtictolyeg 00dveg mov mapovoidlovrol
otov ypnot. H aAAnie&apnon peta&d avtdv tov Oyemv TpokONTTEL omd To YEYovog OTL TO
aroteAéopato  enefepyaciog mov eEdyoviol 6 KAMOWO Oamd TO MO TAVE  Prjpoto
YPNCLOTOLOVVTOL Yo TV UETAPAOT] 6TO EMOUEVO AOYIKO GTAO0 eKTEAESTG TG EQaproyns. Kat”
avtdv ToV TpOMO, Ogv elvar duvatn Yoo mopddstypa N amevbeiog petdfacn and o Pua g
pelwong ¢ d1doTaoNg TOV HOVTEAOL OVUGHATIKNG OVOTAPAGTOCNS TOV EYYPAPOV GTO Brpa
ekTéAeonC Tov aAyOpBpov katdtunong ympig evordpeca vo mponyndel o vmoAroyiopdsg Papdv
TOV OpovV. XNV TEPITT®OON ToL O YPNoTNG embvpel oKOmMpPo TNV TOPAKAUYT] KATOL0L
evoldpesov Prpatoc, 6mwg yoo mapddetypa O6tov embopel va unv epoppdcel peioon g
10 TACNG TOV HOVIEAOD OVOTTAPAGTACNG EYYPAP®V, TOTE 1 TOPAKAUYT] TOV GYETIKOV BrHATOG
yivetal PE KOTAAANAN EMAOYY] TILAOV Y10 TIG TOPAUETPOVS TTOV (NTOVVIOL GTO GULYKEKPIUEVO
Pua. Kotd ovvénewn, m 0dpOpwon ekTEAEONS NG EPOPUOYNG TOL TEPLYPAPNKE OTO
TPoNyoLUEVO dgV Elval OEGUEVTIKN amd AELTOLPYIKNG Gmoymg oAld eSumnpetel TV AOYIKY|
0pYAvVMOT TS EQPAPLOYNS Kot LIToPonBd tov xpnotn otV 0pOY| KOl ATOTEAECUATIKY (P |OT TNG.

H aAAnAeniopaon epapproyng - xpnot £xel viomombel eniong pe okond v amAdTNnTo, Kot
TNV EAOYLGTOMOINGN TNG GUUUETOYNG TTOL amatteitan and Tov televtaio. [a Tov okond avto, Yo
TNV VAOTOINGN TOL UNYOVIGHOU YEPIGUOV TNG EPAPUOYNG YPNOLOTOLEITAL v HIKPO GUVOAO
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TAMKTP®V EAEYYOL T OTOiaL SLTNPOLY TNV 1 AEITOVPYIKOTNTA GE OAOKANPT TNV EQAPUOYY,
oto mAaicto mov awtd eivor ePktd. Avtd To cHVOAO TANKIPp®V €AEYYOL amoteleital amd
TANKTPO TAONYNOMG OVAUESOH OTIS OYES - 00OVEG NG €QPAPUOYNG TOL TEPLYPAPNKAV CTO
TponNyoLUeEVA KOOMG Kol TANKTPA Yo TNV £€KO0CT] EVIOA®MV EMEEEPYNCTOG Kot O1OKOTNG OTAV OTY|
amouteitoan. Ta wANKTpa EAEYYOL ep@avifovion GTOV YPNOTN UE TNV HOPPN paPoov epyaieimv
(toolbar buttons).

mv ovvéyelwn, mapotifevrar dsiypato tov Oyewmv - oBovadv TG £QOPUOYNG ME o

GUVTOUN TTEPLYPAPT] TNG AETOVPYIKOTNTAG TTOV 1) KAOE o TapEYEL:

» Oyn kaBopiopod Epevvag Kot aVaKTHONG OTOTEAEGUATOV

@ SCAgent (Web version)

EEEE
Ommm
BCEE
T

EIB)EEI®)

Query info Web query

Results

‘% Query string % Lirit results to
| |10 =

% Query results

Informative

SCAgent

Yympoa 2.6.1: Ewcayoyikn 6y epapproyng

H o6yn avt) amotehel v apywn o06vn g epappoync. H dbtaén tov ypapikodv
oTolyElOV dlEMaPNS OV ameoviLeTOL 6TO O TAVM GYNUA Eival avT Tov ypnoiponoteitol €&’
0AOKAN POV 6TV €papuoyn. Amotereital and v papdo epyodeiwv oto emdve de&l dkpo, v
YPOUUN KOTACTOONG OTO KAT® (OKPO KOl TOV EVOLAUEGO YDpo epyaciag. O evoldpuesog ympog

gpyaciog yopiletar o dVO KOTAKOPLEA TUHATA. To APLETEPS TUNHO ATOTEAEL YDPO EUPAVIONG
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TANPOPOPLOV TOL APOPOVV OTIS TIHEG dapdpwV peyebmv mov oyetilovtal pe 10 ekdotote Pripa
extédeonc. [a v ovykekpyévn oym, ta ypnowo peyédn ta omoila amewovifovtor eivat to
péyeBog ToOL GLVOAOV OMOTEAEGUATMOV TTOV TPOEKLYOV OO TNV £PELVA Kot O aplBOg aVTOV GToL
omoio aviyvevtnke mAnpoeopia v AéEelg - kKAewwd. To o€l Tunqua tov ydpov epyaciag, T
omoio kotaAapBdvel Kot to PEYAADTEPO HEPOG TNG 00OVNG, XPNOUYOTOLEITAL YloL TNV EI0AYWYN
TILDOV TOV TUPOUETPOV 0L OTOlEG Elval avaykaieg Yo TV EKTEAECT TNG EPYACIOG TOV EKAGTOTE
frurotoc. Zmv cuyKekpyévn Oymn mapaTPOVUE TOV YDPO EIGOYWYNG TNG PPACNS EPELVAG, TIG
EMAOYEG TEPLOPIGHOL TOV HEYIGTOL TANOOVG AVOKTOUEVOV OTOTEAEGUAT®V KOl TOV KOTAAOYO

TOV OTOTEAECUATOV TOV EMGTPAPNKAY ATO TNV £PELVAL.

& SCAgent (VWeb version)

BBEEM©

Query info Web query
Results
% Query string ‘% Limit results to
Informative
|d0cument clustering methods |ID J

‘% Query results

hitt] simo.com/fag/ Technology.html
hitt -users.cs.umn.edu/ ~mobasher/wits/node2.html
hitt] -users.cs.umn.edu/~baoley/PODP.html
hitty Jipsj.orjp/members/SIGNotes/Eng/14/2002/068/article014.html
hitt w.ipsi.or.jp/members/SIGNotes/Eng/01/2002/151 /article014.html
hitty formationr.net/ir/1-1/paperl.html
http:/fisp.imm.diu.dk/thor/ projects/ multimedia/textmining/node11.html
SCAgent | Retrieving query results... | 70%

Yympa 2.6.2: Z1ad10 ektéleong Epevvag

H oaAlayn g epdong épevvag 1 Tov HEYIGTOL TANOOVE OVOKTOUEVOV OTOTEAEGUAT®V
gvepyomotel 1o mANKTpo ‘Process’ yia v Evapén g dwdwasiog Epevvac. Onwg ametkovileTot
KOl GTO. TPOTYOVLEVO, GYNLATO, TO TANKTPO TO. OTOL0L AVTIGTOLYOVV GE EVEPYELEG OV dgV €lvar
Owbéoeg KAMOWL GLYKEKPIUEVT] OTIYU] TOVL YPOVOL EKTEAEONG TNG EQOPUOYNG, Elvan
amevepyomompéva. I'ia To o TAve GTIYHIOTLUTO, 1| GAAOYT) TNG EPELVOG EVEPYOTOLEL TO TANKTPO

‘Process’ yia v oyxetkn enefepyacia oAb kabBog m  emelepyocio akdun dev  €xel
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npaypatoromBel, To mAnKTpo ‘Next’ yio Thonynon oto endUeVo PriHa g Papproyns dev eivan
akoun owfécio. Avti 1 GLUUTEPIPOPA TNG YPUPIKNG OETAPNG EQUPLOYNG-YPNOTY viwobeTeiTOn
ce OAOKAMNPM TNV €QOpHOYn Kot omotedel éva omtikd péco emomteiog TG eEEMENG g
enefepyaciag mov ekTEAEL 1| EQAPLOYN OVE TTAGO YPOVIKT] GTLYUY).

Otav kémowo dwdwocio eneéepyaciog Ppioketon oe €£EMEN, GTOV YOPO NG YPOUUNG
katdotaong epgovitovior mAnpoeopieg mov agopohv otV TPOodo ¢ eneEepyaciog mov
exteAeital. X1o oyfua 2.6.2 mapovctaletal €va GTIYHMOTVTO OO TO GTAO0 EKTEAEOMG TNG
£€pevuvoc.

Ewdwotepa, 010 aplotepd HEPOC NG YPOUUNG Katdotaong epgovifetor pior chvtoun
TEPLYPOPT| TNG EPYACIAG TOV EKTEAEITOL TNV GLYKEKPLUEVT YPOVIKT] GTIYLT| KOl OITTAQ L0l YPOLOIKN
avamopdoTacy TG mPoodov ovtng. Koatd tnv dibpkela ektédeong g emefepyociog,
gvepyomoteitoan 10 TANktpo ‘Cancel’ mov mapéyel v duvatdHTNTO SKOTNG TNG ENEEEPYOTIOG.
[Ipogpavmg dtav exteleiton kamola emeéepyacio KOs dAAN evtoln koabictoton pun dSwwbéoiun

pEYPL TO TEPOS 1} TNV dloKOoTY| TG emeepyaciog.

» Oyn emAOYNS 0PV TV OTOTEAEGUATOV

& SCAgent (VWeb version)

CEEE®©

Keyword info Detected keywords

Count 27
Dy Keywords

v algorithms vl slonim
v analysis v the
v and v tishby
v| automatic v Lsing
v bottleneck vl via
v classification | word
vl cluster

w! clustering

vl clusters

v document

w| genetic

vl ibm

v/ information

v intromain

v israel

v method

v naftali

v noam

vl research

vl retrieval

w| seminars

Included 7

Excluded 0

SCAgent

Tympa 2.6.3: Oyn emhoyng 0pmv TV ATOTELEGUATOV
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Me v oyn oot epeaviCovtor ot 6pot Tov aviyveLTNKOV G OAO TO OTOTEAECUOTO KoL
Tap€xeTal N dSVVATOTNTA EMAOYNS oLTOV oV B kKpatnBodv wg onuovtikol yo v dnuovpyia
TOV SIOVUGLOTIKOV OVOTUPUCTAGEDV TOV EYYPAO®V. Q¢ apyikn Katdotaon tpoteivetot omd v
EQUPUOYN M ocvumepiinym OAwv twv Opwv mov oviyvevtnkav. Eedcov mpaypatomombel n
EMAOYN] TOV OpwV TOL O YPNOTNG KPIVEL G OMNUAVTIKOVS Yoo TNV €miTELEN KAADTEPNG
opadomoinong, pe 1o mANKTpo ‘Process’ ektedeiton m emefepyasio yioo v onmuovpyic tv

GYETIKAOV SAVUGLOTIKOV OVOTOPAGTACEDY TV EYYPAPOV TOL TPOEKLY AV omtd TNV avalntnon.

» Oyn ueiawons e OLAoTaoNS TOV JLAVOGUATIKOD HOVTEAOD QVATOPAOTACHS EYYPOPWV

& SCAgent (VWeb version)

Reduction info Keyword reduction
KF-IDF

%y Reduction threshold
Mean 0.031321 :

0.028
ariance 0.000219 | ' ' ' ' ' ). ' ' ' ' ' ' ' ' ' ' ' ' ' |
Keywords % Keyword frequencies-inverse document frequencies
Befare 27

0.100
After - A

0.090
Reduction -

0.080

0.070

0.060 ll

0.050

0.040

| .
NEPN=AVAVAL

0.020

0.010 |

0.000

SCAgent

Tyipa 2.6.4: Oym peioong g 6146TaoNS TOL SVUCHOATIKOD LOVTEAOD AVOTOPACTACTG EYYPAP®Y

H 6ym avm ypnowonoteital yio Tov KaBopiopd Tov Katm@AMov amoKonng Opmv Kol KoTd
GUVETELD. LEl®MONG NG O1A0TACNG TOL OVUGHATIKOD HOVIEAOV OVATOPAGTAONG €YYPAPwV. O
YOPOG epyaciog mepAapPavel Kotd Tp®TO AdYo éva medio Yo TV E00YOYN TIUAG Yol TO
KATOOAL OmMOKOTNG Kot Katd devtepo AdYyo éva yplonuo mov ametkovilel TV KOTOVOUY| TV
GYETIKMOV GLYVOTNTOV TOV Op®V GTO GUVOAO TOV EYYPAP®OV TOV OTOTEAOVV TO. OEOOUEVH

€10000v. To ypaenua YpNOUOTOIEITAL VIO TV TOPOYN HIOG EVOEIKTIKNG EMOTTIKNG EIKOVOS GTOV
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xpPNo™ ov Tov Ponbd oV EMAOYN TS TIUNG KOTOEAIOL oL emBupel va epapuocel. Mécsa ota
{010 TAaiG10, GTOV XDPO TANPOPOPLDY GTO UPLGTEPO TUNLLL TOV YDPOL £PYGiag divovTat ot TIHég
Yy TV HEST] GLUYVOTNTO KO TV TUTIKN OOKAGN oo TNV HEGT TIUN Y10 TIG GLYVOTNTES OpOV
OT®OG TPOEKLYOV OO TNV EMEEEPYNCIO TOV OEFOUEVAOV €GOS0V GTO TPONYOVUEVO PriuaL.
Ewcoyoyq undevikng tiung Koato@Aiov 1600vvapel pe amodoy] OA®mv TtV Opwv yopic va
npaypatonomBel peimon oty mepintmon mov avtd givar embountd. Metd tov Kabopiopd Tov
KATOEAIOL KOl EKTEAEOT] NG OYETIKNG emeepyaociag, evepyomoteitor 10 mANKTpo ‘Next’ mov
kafotd dvvarn v petdfacrn oto emduevo Prpo. Empewwvetal emiong OtL elvanl mhvote
owbéoun m emioyn petapoong oto mpomnyoLUeEVo Prua Yoo evOoeyOpevn VEN  E€MAOYN
ONUAVTIKOV Opov 1 oakOun Kot SeEaymyn véag €pevvac. Xe auTi TNV TEPImTOon, To
amoteléopato  enefepyaciog yoo peiwon Opov mov &gixe evdgyouévmg mpoypoTonomOei,

OKVPADOVOVTOL KO ATTOLTEITOL VEQ ETEEEPYOATTO Y10 TV ANYT EVIUEPOUEVOV ATOTEAECUATOV.
* Oy mpooupetiod VTOAOYIGUOD O10VOGUATOS TTAOULTNGS TV OPOV TOV UOVTEAOD OVOTOPAOTACHS

SCAgent (Web version)

Qlelexve

Weighting info Keyword weighting

Query results 10

% Weighting method
Selected 10

s ' '
Informative s Calculate and include keyword weights

(™ Do not include keyword weights

% Results of increased relevance

http:/fvivisimo.com/fag/Technology.himl

http:/ fwww-users.cs.umn.edu/~mobasher/wits/node 2.hml

http:/ fwww-users.cs.umn.edu/~boley/PDDP. himl

http:/ fwww.ipsj.or.jp/members/SIGNaotes/Eng/14/2002/ 068/ article014.hrml

hittp:/ fwww.ipsi.or.jp/members/SIGNotes/Eng/01/2002/151/ article014.himl
http://informationr.net/ir/1-1/paperl.html
http://isp.imm.dtu.dk/thor/projects/multimedia/textmining/node11.hml
http://domina.research.ibm.com/comm/wwwr_seminar.nsf/pages/sem_abstac_139.html
http:/ fwww.doc.ic.ac.uk/~srueger/pr-g.zervas-1999/abstract. hirml
http://nick.dcs.gmul.ac.uk/~tassos/phd.himl

ARARARARAR AR AR

SCAgent

Tyqpe 2.6.5: Oyn mpoatpeTikol LTOAOYIGUOV JoVOGHOTOC 6TAOUIoNS

Méow g ovykekpévng Oyng givatl dSvvatdg o Tpocdlopicords Papmdv otdduiong yio Kaoe

Opo 1OV HOVTEAOL avomapdoTOoNG EYYPAowv petd omd emefepyacia TV €yYpAO®V.
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Yvuykekpyéva, oty eneepyasio Aapavovtor voyn povo ta £yypapo mov opilovror and tov
YPNOTN MG XOPOUKTNPIGTIKA TOL BEUATIKOD £VOLAPEPOVTOG TOL KOl LE VTOAOYIGUO TV HEC®V
GLYVOTATAOV TOV Op®V GTO £YYPOEa avTd eEdyetan éva ddvuoua oTalong yio v gvioyvon
TOV 0pOV eKEVOV TOL gpEavilovtal va £QouV S1OKPITIKN IKOVOTNTA Y10 TO GLYKEKPLUEVO OEpa
6TO OToil0 avaeépovion to £yypoapa. Me v emAoyn g Un ovumepiinyng Papdv Yoo ToVG
Opovg eivar duvartn 1 TOPAKAUYN TOV LTOAOYIGHOD TOV OlavOGHOTOS GTAOUIoNG Kot KAt

GULVETELN 1] EKTEAECT] TNG EKOOYNG TOL 0AYOp1OLoV opadoToinomg YWpig oTAdoN.

» Oy exteleans adyopiBuov opuadomoinons

& SCAgent (VWeb version)

Clustering info CII,IStEI'iI'Ig
Performance

% Size of clustering scheme
Entropy 1.000

Purity 1.000 10

Similarity 1.000 % Maximum number of iterations % Algorithm convergence tolerance

100 0.000

9y Scheme information

Cluster
Cluster 1
Cluster 2
Cluster 3
Cluster 4
Cluster 5
Cluster 6
Cluster 7
Cluster 8
Cluster 9
Cluster 10

9]
(=8
m

Percentage Entropy Sirmilarity Purity
10.000 1.000 1.000 1.000
70.000 1.000 1.000 1.000
10.000 1.000 1.000 1.000
10.000 1.000 1.000 1.000

0.000 1.000 1.000 1.000
0.000 1.000 1.000 1.000
0.000 1.000 1.000 1.000
0.000 1.000 1.000 1.000
0.000 1.000 1.000 1.000
0.000 1.000 1.000 1.000

[ o e e e e Y Sl N

SCAgent

Yynpa 2.6.6: Oym extédeong adydopiBuov opadonoinong

H ocvykexpévn oyn ypnoytonoteital yio tov Kafopiopd tov avaykainv mopaléTpov Kot
v ektéleot tov alyopBpov opadomroinong K-Means mov vAomotel 1) epappoyn. Zuykekpiuéva,
otmv Oyn ovty o ypNomng &xel v dvvardtmro vo opicel to péyeBog TOL CYNUATOC
opadomoinong, to HEYIeTo TAN00g emavalyemV EKTEAECTG TOV aAYOpOLoL Kabmg Kot To 0plo
cVYKAMoNG Tov Teevtaiov. Ot d1dpopotl cuvoVAcHOL TV T TV TAPAUETPOV gival duvatd va

00N YNGOLV GE TOAD SLPOPETIKA HETAED TOLG GyNpato opadomoinone. Evdswktikd, éva oynuoa

37



opadomoinong pikpov peyébovg odnyel oe eEaviAnTik) ektéheon OAwv TV kabopiouévav
EMOVOAMYEWDV EKTEAECTG TOV OAYOPIOLOL KOTATUNOTG Kol KOTOANYEL €V YEVEL GE KATOLO N
Wovikd oynuo. Katdtunong. Avaioyo, O opwopdc HeEYOANS TWNG oplov GLYKAMONG TOL
alyoplOpov dev eEavtiel TIC KOOOPIGUEVES EMAVOANYELS EKTEAEONG KOl EMIONG KOTAANYEL €V
Yével o€ KAmOlo Un omodoTikd oyfua opadomoinong. evikd, m puBuion tov mapapéTpwv
EKTEAEONC TOL OAYOPIOLOV OPAdOTTOINGNG OTNV GLYKEKPIUEVT OWT e€apTdtor 6TeVA TOGO amd
TNV TOOTNTA TOV EO0UEVMV €100V, OGO Kol OO TOV GLVOLACUO TOV TIUAV TOV TOPAUETPOV
mov opilovrat.

Katd v ddpkela ektéheong tov aAyoplOpov opadomoinong, oTov Y®Po TANPOPOPLUDY
eppaviCovial oTotyelo TOV APOPOVY STV TPOOSO EKTEAEGNS TOV OAYOPOLOV EVD GTOV YDPO
epyooiog mapovsraletor évag katahoyog pe to {ntovpeva clusters mov mpocdiopilel n epappoyn
poli pe oplopéveg UHETPIKES TANpoeopieg Yy 1o KAOe €va. Me 1o mépag exTéAeons Tov
aAyop1Opov, 0 KaTGA0Y0G avTOG OMEIKOVILEL TNV TEMKT LOPPT TOL GYNHOTOS OLOOOTOINoNG Kot
GTOV YMOPO TANPOPOPIOV EUPAVIOVTOL Ol TIUES JPOP®V UETPOV EMIOOONG Y. TO GYNLO
opadonoinong mov mpoékvye. H ohdayr tng TWNS Omolocdnmote TopapéTpov odnyel oe
aKVPWOGOT TOV AMOTEAEGIATOS OUOOOTOINGNG TOV EVOEXOUEVMG £XEL NOT TPOGOOPLIoTEL LE Paon
TIG TOMEG TIHEG Kot OlveTal 1) OLVATOTNTO EXAVEKTEAECTG TOV OAYOPIOHOL Opadomoinong ovTwg
(MOTE VO TPOGOLOPLOTEL £VOL KOVOVPLO GYNILOL OPLALOOTOINGNG TO OTOI0 VO CUUPMVEL LE TIG VEEG

TIHEG TOV TAPAUETPOV.

» Oyn eupaVIoNS GYHUOTOS OUAOOTTOINOHS

Zmv oyn avty TopovctdlETOL Piot GTOWN TOL GYNLOTOS OUadomoinong Onmg avtd £xet
TPOCOOPIoTEL 6TO TPoNyoOUEVO PrHa, HE OKOMO TNV EUPAVIOT KATOI®V OVUAVLTIKOTEPWOV
AEMTOUEPELDV OV OPOPOVV ot emUEPOVS clusters. Xtnv Oym yivetor ypnom e OeVOPIKNG
anelkoviong (tree-view) omv omoio kéBe opddo moapovcsldleTtor ®g KLPLOG KOPPOG Ko To
&yypago mov £xovv avatedel o avt ®¢ Ta avtictoyo VAL, H emAoyn kdmolov képupov mov
AVTIGTOKEL O OASO TPOKOAEL TNV EUPAVICT] GTOV YDPO TANPOPOPLUDY SEOOUEVMV TOV OLPOPOVY
GTNV CLYKEKPUEVN opdda. Me yprion Tov TOVTIKIOL ival SLuVATH 1 ELPAVIOT EVOS TTUGGOUEVOL
pevoy pécm tov omoiov yiveton m petdfoacn oe AAleg Opoteg opddec. Avaroya, 1 xpron Tov
TOVTIKIOV GE VUAAO TTOV OVTIGTOLXEL GE KATOL0 OmOTEAEGHO Olvel TNV SVVATOTNTO EMGKOMNONG

TOV GYETIKOV EYYPAPOL GE £VOL KAvoLPLo mapdbupo.
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SCAgent (Web version)

Cluster info Summary
Size 1 ]
ercentage (0000 % Clustering scheme summary E &J%
Entropy o - | http://informationr.net/ir/1-1/paperl.html
similarity 1,000 {é Cluster 2
i | httpeffnick.des.gmul.ac.uky ~tassos/phd.html
Purity 1.000 http://vivisimo.com/fag/ Technology.html
Keywords 0 http:f/ fwww.doc.ic.ac.ukf ~srueger/ pr-g.zervas-1999/abstract. html
http:/ fwww.ipsi.or.jp/members/SIGNotes/Eng/01/2002/ 151 /article014.html
http:/ fwww.ips.or.jp/members/SIGNotes/Ena/ 14/ 2002/ 068/ article014.html
http:/ fwww-users.cs.umn.edu/ ~baoley/PDDP.html
e | hittpe/ fwww-users.cs.umn.edu/ ~mobasher/wits/node2.html
=HE3 Cluster 3
_1 http:/ fisp.imm.dtu.dk/thor/ projects/multimedia/textmining/node11.html
EI@ Cluster 4
j http:/fdomino.research.ibm.com/comm/wwwr_seminar.nsf pages/sem_abstract_139.htm
|E3 Cluster 5
g4 Cluster 6
-|g4 Cluster 7
--{E4 Cluster 8
B3 Cluster 9
-|E5 Cluster 10
|« T — |
SCAgent

Tyqpe 2.6.7: Oym epedviong oynuoatog opadomoinong

2.7 MelhovTIKEG EMEKTAOEL

H viomoinon tg epappoyng SCAgent £ytve Katd 1£T010 TPOTO £T61 MOTE VoL QapUOlovTan
01 GUYYPOVEG OPYEG TOV OVTIKELLEVOGTPOPOVS TPOYPUUUATIGHOD GTO HEYOADTEPO dvvatd Paduod.
H epoapuoyn tétouwv teyvikdv Katéotn ouvart) omd TG TopeXOUEVEG OSLVATOTNTES TNG
TAOTEOPUOG OVATTUENG, M OTole KOTA TOV YPOVO GLYYPAPNG TOV TNYAIOV KMOKO EVOMUATOVE
™V TAEOV GOYYPOVT TPOYPAUUOTIOTIKY TEXVOAOYia. ['a Tov Ady0 avTd, 1 LEAAOVTIKY] ETEKTOO)
™G EQUPUOYNG KpiveTan epikTn Ywpic va amanttovvtol plliké TPOTOTOMOELS HEYOANG KAOKOG.

21 ouvéyeld, dlvovtanl UEPIKES EVOEIKTIKEG KATELOVVOEIS EMEKTAGEDV OV UTOPOVV VoL

TPAYLATOTOO0HV Y10 TNV TEPATEP® EKAEMTVVOT) TV AerTovpydV Tov SCAgent:

* Tpomomoinon g pebodov ektéleonc avalntnong

H avalntmon amoteAesdtov Tov 1Kavomolovy To KpLtipla Tov ypnotn Oa ftav duvatd vo
extedeitar o dvo eacels. Katd v mpdtn @don, n avalntnon pmopel vo mpoypatonoteitol
OVOUESO OTO TTEPLEXOUEVO LLOG TOTIKNG Pdomng dedopévmvy 1 omoia eKTEAEL TOV PpOLO HLOG LVIUNG

cache kot wopéyel avEnuévn toyvnTa exktédeons. [lpoapetikd Kot eQOGOV TO AMOTEAECUATO TG
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avalntnong oev elval 1KAvVOTOMTIKO TO OTOTEAECUOTO UTOPOVV VO eUmAOLTICOVTOL pE TNV

Khoookr avalnmon oto Web pécm kdmotag TapadoGlakng Unyoving avaltnong.

= Avélvon meplexorévou yypapmv

H péBodog avérvong tov mepieyoduevon tov eyyplomv-amoteAespatov Bo umopodce va
yivet mo oOvhetn €tol OCTE 1 AvAmOPACTACYT KAOE £YYPAQOL Amd OomOYE®MS OepATIKOV
TEPLEXOUEVOD va, YiveTal Katd Tov amodotikdtepo Tpdmo. Idwitepa kpiowung onuociog yo v
AmOd0TIKN EPOPLOYN OTOLOVONTOTE OAYOPIOLOV OpadoToinomMg eivan 1 660 o dvvaTd KaAHTEPN
aVATOPACTOCT] TOV €YYPAP®V Kol Tpog ovth TV katevBuvon Ba umopovcav va yivouv ot
KATOAANAEG TPOMOTOMGELS £TOL OGTE 1M SdIKAGIo ONUOVPYING TOV OVOTUPUCTACEDV TOV
eyyphowv vo epapudlel ovyypoves, eelntnuéves TeyViKEG avdAvomg kol emeEepyociog

KEWWEVOUL.

* Evoopdtoon evollaktik®v pedodoroyidv

H evoopdtoon evolhoktikov pefddov enelepyacsiog 7y TV KOTOOKELY] TOV
AVATOPOCTAGEDV TOV €YYPAP®V, TNV HEI®ON TV Op®V TOL HOVTEAOL OVOTOPAGTAONG, TNV
oTdOUIoN TOV Op®V ALY KOl TV OTTIKY AVATOPACTOCT TNG AVONG OUAd0TOINGNS GaPM®S elval
SVVaTOV VO TPOCOEPEL PEYAADTEPT gvEMEID GTNV XPNOT NS EQOPUOYNG KOl TNV duvatdTnTo
TOAVLOPPIKNG  OVTILETMOMICNG TOV TPOPANUATOS TNG OUAdOmOoiNong 1060 o€ BempnTiko-

TEPALATIKO OGO KOl G TPAKTIKO EMITEDO.
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Hewpopatiky pelét

3.1 Ewayoy

210 opdv KePAAoo TEPLYpAeTAL I dladtKacia Tov akoAovdnOnke yia v a&loldynon
Mg emidoons tov aAdydpiBpov K-Means katd v opadomoinon €vog TEWPAUATIKOD GLUVOAOL
eYYPAO®V. XTI TOpaypAeovg TOL aKOAOVOOUV TEPYpAPOVTOL OVOALTIKG T dedopéva OV
ypnoporomOnkay, n melpapatiky pebodoroyia Kot TEAOC T0L ATOTEAEGUOTO TOV TPOEKVLY OV OTTO

™V OAN ddikacio.

3.2 Zvihoyn €yypaeov

2to mepapata mov oeénydnocav ypnopomomdnke Eva covoro 6,702 eyypdowv to. omoia
avaxtNOnkayv amd 10 AlodiKTLO KOl O GLYKEKPIUEVE OO TNV SIKTLOKT GEMOO TOVL YV®OGTOV
npaktopeiov ewnoewv Reuters. o 10 kdBe Eyypapo ypnoyomodnke pio SOVOGLOTIKN
AVOTOPAGTOCT TV GUYVOTHTMOV TOV OP®V TOL EVIOMIGTNKAY GE QVTO LE TO GYETIKO LOVTIELO VO
€xel Odotaon 12,834 dpovc. Ao 10 GUVOAO TV £YYPAPMOV dNUoLPYNONKaY EmMTALOV TECTEPQL
VTocHVoAl Tov amotedovviav oamd 447, 671, 1,341 wo 2,234 £yypoago aviictoryo e
OUOLOPOPON €MAOYT] OO TO OpYKO COVOAO KOl HE OTOXO TNV HEAETN NG emidoong Tov
aAyopiBpov opadomoinong K-Means ce cuALOYEC €yyphoov doupdpov peyebov. Xe OAa T
&yypagpa mponyndnke emefepyacio pe otoyo Vv aaipeon Opwv (Aéemv) mov elval TOAD
ocLVNOGHEVOL KOl KOTA CULVETELWD OEV GLVEIGQEPOLY GTNV OMOOOTIKN AEEIKN OVOALGN €VOG
eyypagpov. EmmAéov, o apketd £yypapa Ntav SbEciun n TANPOPOPio IOV APOPOVGE GTIC
Oepatikég katnyopieg oTIC omoieg avKaV KOl VT 1| TANPOPOPia XPNGIUOTOMONKE LETA TNV
eKTéAEOT TOV OAYOPOHOL Yo TV a&loAdYNOoN TOL TPOKVTTOVTOS GYNHATOS opadomoinons. To
GUVOAO TMV JLOPOPETIKMV BELATIKOV KATNYOPLDV GTIS OMOIEG NTAV KATOVEUNUEVA TO £YYPAP
Ntav 10 Kot o€ 0pKETEG MEPUTTAOGELS 01 OEHATIKEG KATNYOPlEG EVOC EYYPAPOV NTAV TEPIGGOTEPEC

mg piog.

3.3 Illepapatiky peboooroyia

[Ma k60e Eva amd Ta cVVOAL £YYPAP®Y TOL AVAPEPONKAY GTNV TPONYOLLEVT TOPAYPAPO,
KATOOKELAGTNKAV oynpato opodoroinong peyéboug 5, 10, 25, 50 kot 75 opddwv. H emrioyn tov
ovykekplpévoy peyebov kpidnke oavaykaio yoo v €£6TAON TOV TEPWMTOCEMY GTIS OTOIEG M

opadonoinon yivetar oe PikpOTEPO, 100 1 HEYOADTEPO aplBUd opddwv e oyéon pe to mAN00g
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TOV OELOTIKOV KOTNYOPLDY TOL OVIYVELTNKAY GTO GUVOLO T®V £yypdowmv. Idwaitepa yia Tig dvo
TEAEVTAIEG TTEPIMTAOGELS, TO TANOOG TOV OUAO®V TOL GYNUATOS OLOOOTOINONG EMALYNKE OPKETA
UEYOADTEPO TOL TPOYUATIKOV TANOOVG TV BEHaTIKOV KATNYopldV KoODS 1 VTapEn apKETOV
EYYPAP®V oL TOpoLGialay TOAAUTAN cLUpUETOYXN o€ Oepatikés katnyopieg eUUEc®S €10GyEL
vPpIKEG Katnyopieg eyypdowv kol aveBaler to mAnBog tovg oe mepiocdTEpeg omd 10,
kabiotOvTog €11 evolapépovsa (av Oyt avaykaio) tnv €EETaoT TG TOOTNTOS TOV GYNLUOTOG
opadonoinong 6tav avtd Kotackevdletor pe peyoldtepo mANH0g BEHATIKOV KOTYOplOdV GE
GY£0T HE OTEG TTOL OV VEDTNKAY GTA OEOOUEVA EIGOJOV.

EmmAéov, 1t mo mlveo peyédn oymuatov opadomoinong SoKdonkay e OLAPOPES
pvOuicelg O6cov  aeopd oty peiwon TG SAGTACNG TOL  SLIVUCUATIKOD  HOVTEAOV
AVOTOPAGTAONG TOV EYYPAP®V. ZuyKeKpéva, Yoo KaBe dpo voroyionke 1 péon cvyvornta
EUEAvVIoNG o€ KOBe £YYpOopOo MG TPOS TNV OAVTIGTPOEY GLYVOTNTA EUPAVIONG TOv OPOL GTO
GUVOAO TV €YYPAQWV (term frequency - inverse document frequency, TD-IDF) ne otdéyo v
AmOOLVAL®MON TOV Op®V Tov gueavilovtay ce peydho mAN00¢ £yyplO®V KOl CUVERMOG gliyov
LELOUEVN OLOKPLTIKN IKAVOTNTO KO OVTIGTPOQO. XTIG O TAV® GLYVOTNTEG £yve emeepyacia e
epapuoy” oV Katoeiiov 0.003, 0.004 kou 0.005 pe amotédecua v peimon g SAGTAOTG
TOVL OlVUGHOTIKOD HOVTEAOVL KOl GUUTEPIANYT UIKPOTEPOL OPOUOD OpOV GTNV TEPUTEP®
dwdkacio og emineda g TéENg Tov 98%, 98.5% Kat 99% avticTtoryo.

Téhog, OAeC Ol GEPEG MEPUUATOV EKTEAESTNKOAY OV0 QOPEG YPNOLOTOIDOVINS TOGO TNV
amAn €K00yM Tov aAYOpOpov opadomoinong K-Means 660 kot tnv €kdoym Le xpnon Papdv yo
™V otdfon TV OpwvV TOL JVUCUOTIKOD HOVTEAOL avomapdotoons tov gyypdoov. O
VROAOYIOUOG TV Popdv oTdBUoNS TV Opmv €ytve pe ypNom G mAnpogopiag mov MTav
owbéoun oyetkd pe TG Bepatikég kotnyopieg TV yyplowv. ZVYKEKPUEVA, Yo TS m

Oespotikég  Katnyopiec  vmoAoylomnkov  TOL  XOPOKTINPIOTIKA-KEVIPOEWDN  SLOVOCLOTO

{C’ ,,C’ 2,...,ém} pe Baon ta yvwotd £yypaga yio v Kébe kortnyopio. v cuvexel, yio kibe

0po i KOTOoKELVAOTNKE TO Stdvuopa T; :{CI iCrir, G i} TO OO0 AVATOPIGTA TIG GLYVOTNTESG

EUPAVIONG TOV GLYKEKPIUEVOL OPOL GTO GUVOAO TMV KEVTIPOEW®MV OLVUGUATOV OAOV TV

Oepotikddv  Katnyoplidv. AmO TNV KOVOVIKOTOMUEVI] HOPON OLTOV TOV  SOVUGUATOV

m
L = Ti/ HTZH ; 1eMKO PBépog kéBe dpov vmoroylotmke o¢ P = ZT Jf , ONAON TO TETPAY®VO

j=1
TOVL UNKOVS TOL OVTIGTOLYOL Ol0VOGHOTOG Tl KAGOe 6pov, pe v tipn £ va kopaivetor mavrote
07O OdoTNO [I/m,]]. H yapnAdtepn tun I/m mpoxvmtel 6tav 7} / =Tl-',2 =.. :I}IM, oniodn
OTOV 01 GLYVOTNTEG TOV Opov i elval 10 68 OO TOL KEVTIPOEWDY| OLVOGLOTOL {51,62,...,ém}.
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Katd oavoroyio, m ynAdtepn T mPokOTTEL OTOV O OPOG €YEL MEMEPACUEVI] GLYVOTNTA
EUPAVIONG GE aKPIPDG £VOL KEVIPOEWES OIAVLGLOL KO UNOEVIKT] GLYXVOTNTA GE OAOL TOL VTTOAOLTAL.

Yvvenmg, ot Tég B yapaxtnpifovv v dtaxpriiky| kavotnto tov Kabe 6pov Kot to ddvocpa
P ={P],I’2,...,Pn} mov WPOoEKLYE omd TNV oyetikn emefepyacio ypnoyomomdnke otnv

otafcpévn exdoyr| tov aAydpiBpov opadoroinong [KS].

2UVOAMKA, 0 aplBUdg TOV TEPAUATOV TOV OalTHONKaV Yo TNV KOALYN T®V GLVOLOGUMOV
TV To Téve ToponéTpov aviibe ota 30 mepduata (5 x 3 x 2). Kébe neipapo exktedéotnke 3
(QOPES Y10 TNV OTOPLYN TEPMTMOGEMV GTIG OTOiEG 0 aAYOP1OLOG opadonoinong katéAnye o Adon
n omola dev Mrav 1 PéAtioTn dvvarny ARG Eva TOmMIKO EAG(IOTO TOL KPLTNPiov 7oL
ypnoporomdnke yio v a&loddynon mg enidoong tov. Ot Tipég Tov pHETpov aloAdynong mov
ONUEIDVOVTAL GTIG EMOUEVEG TOPAYPAPOVS OVTIOTOLYOVV OTIG MEGES TIUEG TOL TTopOTPHONKOY
Katd T1g petprioels avtés. Emumiéov tov mo mave mepopdtov, sAéyyxnke m emidoomn tng
oTafopéVNG €KOOYNG TOV aAYOP1OLOV OHOdOTOINoNG GTNV TEPIMTOGT TOL O VITOAOYIGUOS TOV
drovoopotog otddpone P yiveran AapBdavovtag voyn petapintd minboc apotommv. o avth
mv oepd TEPIUATOV Ypnoportombnke €va cOVOAO oTafepdV TIUW®OV OGOV QPOPA OTI

VTOAOUTEC TOPAUETPOVS TTOV TTEPTYPAPNKAY GTOL TTPONYOVLEVAL.

3.4 Métpa adroroynong

H mowdmra kdbe Adong aloloyndnke pe v ypnom Tplidv SlQOPETIKOV Kpumpiov
aSloAdynong to omoio. YPNOLOTOOVCOV TNV TANPOPOPIOt 7OV APOPOVCE OTIS Oepatikég
Katnyopieg TV gyypaewv mov totofetOnkav oe kabe opdoo [KZ02].

To mpdto KPLrTNP1O MOV TO UETPO evIpoTiag (entropy measure) 10 omoio a&loloyel v
KATOVOUN TOV SOPOPETIKMOV BEUATIKAOV KOTNYOPLOV TOV EYYPAOOV HECH oTo TAaiclo KAOE
opdoac. o o dedopévn opdoda S, Tov GYNUOTOG OUAGOTOINGNG TOV TEPLEYEL 1, £YYPOPO, TO

HETPO evrpomiag Tng opdoag opileTon mg

B(S,)=-

oMoV k glvar o A0 TV SAPOPETIKAOV BELATIKOV KATNYOPLDV GTO GHVOAO TOV EYYPAP®V KOl

q i

i
Z”_r. ny

log q ion nr

n' eivat 1o mAn0og TV gyypdomv ¢ Bepatikng Katnyopiog i mov avatédnkov oty opdda S,.
To pétpo evrpomiog TOL CYNUOTOS OMHOOOTOINONG OGTO GUVOAO TOL VLEOAOYIleTal ®C TO
otafcpévo dBpotopa Tov PETP®V evipomiog kibe emUEPOVS opddas pe PApog avéioyo tov

pey€boug g opddag oG TPog T0 GHVOLO TV EYYPAP®V, SNAOT|
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k
Evtporio cynuotog opadoroinong = Z— -E (Sr)
r=1 1

Elvar mpopavég 0t éva 1davikd oyfua opadoroinong anoteAeital omd opddeg ot omoieg
TePEYOLVV Eyypapa okpPds (o Bepotikng Katnyopiog Kot 6e ouTH TNV TEPINTOON TOGO TO
pétpo evrpomiag g Kabe opadag 660 Kol OAOKANPOL TOL GYNUOTOS opadomoinong Ba eival
undevikod. I'evikd, Eva kadd oynuo opadomroinong yopoktnpiletal amd yoaunAég TiHég Tov HETPOL
EVIPOTHOG.

To de0TEPO KPITNPLO NTOV TO PETPO ECMTEPIKNG opotOTTOG (internal similarity measure)
10 omoio mpoodopilel tov péco Pabud opodtrog TV £YYPAO®V TOL TEPEYOVTIOL GE KAOE
opdoa. ['a g dedopévn opdda S, Tov TEPLEYEL 1, EYYPOPA TO UETPO EGMOTEPTKNG OULOLOTNTOG TG
ouddag opiletor mg

IS(SF)=L-Zd;' -d/
5]
2
omov d' ko drj elvan €yypagpa g ocvykekpyévng opdoag. Katd avaloyio og mpog to pétpo
EVIPOTOG, TO METPO ECMTEPIKNG OUOOTNTOS OAOKANPOL TOV GYNUATOS OUAOOTOINONG
vrohoyiletor oG 10 oTafGHEVO GBpoloa TV PETPOV OUOIOTNTOS KAOE EMUEPOVS OUAONG LE
Bapog avaroyo tov peyéBoug g opddag MG TPOG T0 GHVOLO TV EYYPAPM®V.

k
Eowtepin opoiotnro opuddwy cynpatogs ouadonoinong = Z”_r IS (Sr)
r=1 "

Ievikd, éva kol oynuo opadomoinong yopaxtnpiletor amd HeEYOAES TIUEG TOV UETPOL
E0MTEPIKNG OUOLOTNTOG,

To tpito kpitiplo NTav to pPétpo kabapotntag (purity measure) 10 omoio TPocsdlopilel Tov
Adyo Tov peyéBoug g peyalvtepng Bepotikng kotnyopiog pog opddag g mpog to péyehog g
tedevtaiog. o g dedopévn opdda S, mov mepiéyet n,. £yypaga 10 HETPO KabapdtnTog g

opdoag opileTon mg

P(Sr) =émlax(n£)

omov n' givat to TAN00¢ TV eyyphomv g Bepatikng Katnyopiag i mov avatédnkav oty opdda
S, To pétpo kaBapdtntog OAOKANPOL TOVL GYUOTOS OMHOOOTOINGTG VTOAOYILETOL ®C TO
otafcpévo abpotcua Tv pETpev kabapotntog kdbe opddag pe Pépog avaroyo tov peyédovg
NG G TPOS TO GLVOAO TMV EYYPUPOV.

k
n,

KaOapotnra oynuorog opadomoinons = Z —-P (Sr )

r=I
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‘Eva kaAd oynua opadomoinong yopaktnpileton amd ynAég Tipég tov pétpov kabapdtnrog,

ot omoieg pavepmvouy tov Babud otov omoio pumopet va BempnBei 6tL o1 opddeg Tavtilovran pe

T1G OepaTikég KaTnyopies.

3.5 Anoteléopato

Kotd v ektéleon TV TEPpApdTov Tov TEPYPAENKOV GTO TPOTYOVLEVO, KOTOYPAONKAV

v kéOe mepinTmon ot pHEcES TIWES TV HETP®V a&lOAdYNONG Kol TOPOLGLALOVTOL GTOV TiVOKa

OV OKOAOVOEL.

Kotopht Xpnon Bapdv  MéyeBog oynqpotog Métpo Mé1po ecmTepkng Métpo
peioong 6pov  otdfuiong opadomoinomg EVIPOTILOG OUOLOTNTOG Kka0apOTNTOG
0.003 No 5 0.232 0.186 0.654
0.003 Nat 10 0.159 0.240 0.834
0.003 Nat 25 0.121 0.304 0.799
0.003 No 50 0.094 0.386 0.863
0.003 No 75 0.105 0.371 0.850
0.003 Oy 5 0.200 0.156 0.695
0.003 Oxn 10 0.178 0.244 0.745
0.003 Oxn 25 0.134 0.306 0.793
0.003 Oy 50 0.125 0.362 0.793
0.003 Oxn 75 0.126 0.350 0.813
0.004 Nat 5 0.240 0.170 0.662
0.004 No 10 0.188 0.262 0.778
0.004 No 25 0.133 0.389 0.835
0.004 Noat 50 0.103 0.461 0.836
0.004 Nat 75 0.098 0.466 0.846
0.004 Oxn 5 0.234 0.169 0.599
0.004 Oy 10 0.211 0.275 0.649
0.004 Oy 25 0.156 0.351 0.743
0.004 Oxn 50 0.121 0.401 0.831
0.004 O 75 0.119 0.450 0.803
0.005 No 5 0.251 0.211 0.607
0.005 Nat 10 0.186 0.299 0.763
0.005 Nat 25 0.141 0.455 0.812
0.005 No 50 0.105 0.528 0.832
0.005 Noi 75 0.102 0.532 0.828
0.005 Oy 5 0.207 0.203 0.662
0.005 Oxn 10 0.189 0.281 0.707
0.005 Oxn 25 0.139 0.456 0.789
0.005 Oy 50 0.126 0.495 0.806
0.005 Oy 75 0.131 0.500 0.786

Iivaxkoeg 3.5.1:

[Mewpapotikd amoteAéooTo EKTEAEGEDV 0AYOPIOOL opadoroinong. Me umie ypouo
ONUEWDVETAL 1] KOADTEPT EMIOOCT] KAOE TEPIMT®ONG KOl P KOKKIVO Ol EMOOGELS TOV

Stépepav péypt 5% g KalvTePNG.

Mo v koAdTEPN OVATOPAGTACT) TOV MO TAVEO EMOOGEMV KOl TNV EVKOAOTEPT] £EQYMYN

GUUTEPUGUATOV OCOV aPOPA GTNV EMOPACT TOV TAPUUETPOV TOL YPNCYOTOWONKAV TNV
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OLHOpP®O™N TV OUAd®V €YYple®V, TapatiBevtal otV CLVEXEW JLOYPAUUOTO TOV UETPOV
aglohdynong o oxéomn pe 1o péyebog Tov TEMKOV oynuartog opadonoinone. Ta dayphupato
OV TTOPOVGLALOVTOL AVAPEPOVTOL GTIG TEPUUOATIKES OOKLUES Yo TIG OLAPOPES TIHES KATOPAIOV
pelwong G OoTACNG TOL OLIVUGUOTIKOD HOVIEAOL OvomapdoTaong kot Yy v kéde

TEPIMTOON CNUEIDOVOVTAL OL TIUEG TOV TPLOV HETPOV EMIOOCNG TOCO GTNV TEPIMTMOOT EKTEAECTG

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

3

pn péTpov

Ty

0 10 20 30 40 50 60 70 80

—QO— Evtpomio ue erﬁ,ulmy
—O—— Eowrepixn ouoidtyra ue orabuion
—O— KaOopotnra He otaluion

= =A= = Evtporia ywpic 0'1.'0!0/110'11
= == = Ecwrtepikij opoiotnro. yapic otdbuion
= =A= = KaOapotnro ywpis orabuion

Méye0og oynuotos opadomoinong

Awaypoppa 3.5.2:  Twég pétpov aloldynong o€ oxéon e 0 puéyedog Tov GYNLOTOG OHAO0TOINGNG
OTNV TEPITTOON TOL EPAPUOLETOL KOTOPAL UEI®ONE SAGTUCNC SIAVLCUATIKOD
povtédov ico pe 0.003.

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

Ty pétpov

0 10 20 30 40 50 60 70 80
—O— Evtpomio pe ard@ﬂlazy
—O—— Ecowrepixij opoiotnra ue orabuion
—O— KaOapotnro He otaluion
= =A= = Evipomia ywpic araﬁ,ulmy
= == = Ecwrtepikn opoiotnra ywpic ordbuion
= =A= = KaOapotnro ywpic oraluion

Méye0og oynparog opadomoinong

Awaypoppa 3.5.3:  Twég pétpov agloldynong o oxeon pe 10 puéyedog Tov Gy HLaTog Opadonoinong
oTNV TEPITTOON TOL EPAPUOLETOL KOTOPAL UEI®ONE SAGTUCNC SIAVLCUATIKOD
povtélov ico pe 0.004.
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1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

Ty pétpov

0 10 20 30 40 50 60 70 80
—O— Evtporia ue orduion
——O—— Eowrtepikn opolotnto. ue otdbuion
—O— Kabopornra ue oréOuion
= =A= = Eviporio ywpis orabuion
- == = Eowrepixi opoiotnra yawpic orabuion
= =A= = Kabopotnro yowpic orabuion

Méye0og oyMpoTog opadomoinong

Awaypoppa 3.5.4:  Tyég pétpov agloldynong o oxéon pe 10 puéyedog Tov Gy HaTog OHAd0noinoNg
oTNV TEPITTOON TOL EPAPUOLETOL KOTOPAL UEI®ONE SAGTUONG SIAVLCUATIKOD
povtélov ico pe 0.005.

oV aAyopldpov opadomoinong pe ypnon Poapdv T@v dpwv 00O Kol GTNV TEPITTMOT TOL OLV

YPNOLOTOIEITOL OV TN 1) oTAOUIoT.

2mv ovvéxeln, mopatifetor SoypOUUOTIKY OVATOPACTACY] TOV TWHOV TOV UETPOV
EVTIPOTIG YO TIG TAPUAAAYES TOL aAYOPIOLOL pe GTABUIoT TV Op®V Kot Ypig Kot yio Tig 3
GEPEG TEPAUATMOV TOV EKTEAEGTNKOV LE TIG OAPOPES TIHES KATOPAIOL OTOKOTNG OpWV.

0.30

0.25 |

Tym pétpov

0.20

0.15 ]

0.10

0.05

0.00

5 10 25 50 75

B Evtporia ue otabuion ko kool 0.003
B Eviporio ywpic otaOuion ko katwpil 0.003
0 Eviporio ue orabuion koi korwpil 0.004
0 Evtportia yawpic otabuion kot karweir 0.004
0 Evzporio ue orabuion koi korwpir 0.005
0 Evtportia yowpic orabuion xou karweir 0.005

Méye0og oynatog opadomwoinong

Awaypoppa 3.5.5:  Tyég péETpov EVIPOTIOG O GYECT) LE TIG TEPITTMCELS PNONG GTAOIOTG 1] O Ko
YO TIG SLOPOPETIKEG TIUES KOTOPAIOL UeI®ONG S140TAONG TOV SOVUGHOTIKOD
LOVTEAOU.
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Téhog, mapatiBevtal ol TIHEG TOV KATUYPAPNKAY KOl TO GYETIKO OAYPOUUN TOV TPIOV

PETPOV €MOOOTG KOTA TNV €KTEAECT] TMEWPOUATOV pe HETOPANTO TANO0G TPOoTOHIWV Yo TNV

KATOGKELT] TOV avOGHATOS 6TdOUIong TV Opwv. Ot otafepéc TIHES Yo TIG AOUTES TOPAUETPOVE

mov ypnoomomdnkayv frav 0.004 yio 10 KatdEA pei®OoNG TG SIVUGUOTIKNG OVOTOPEcTOoNG

Ko péyebog oynuatog opadonoinong ico pe 25.

Xpnoyonotodpevo Métpo Métpo ecotepikng Métpo
npdTLTOL EVTPOTLOG opo1OTNTOG Kka0apOTNTOG

5 0.167 0.352 0.762

10 0.167 0.358 0.763
20 0.134 0.386 0.788
40 0.132 0.381 0.802
60 0.141 0.367 0.798

80 0.135 0.380 0.792
120 0.135 0.376 0.801
160 0.140 0.392 0.808
200 0.134 0.387 0.815
240 0.136 0.380 0.817
320 0.140 0.380 0.807
480 0.139 0.384 0.817
640 0.133 0.389 0.826

IMivoxkag 3.5.6:  Tlepopatikd omotelécpoto  ekteAécemv  otabpuopévng  ekdoyng  aAyoplbpov
opadomoinong pe petafintd mAN0og YPNOLUOTOIOVUEVOV TPOTOTMOV Yo
TPOGOOPIGUO TOV SLOVOGHATOS GTAOIOTG.

1.00

0.90

Ty pétpov
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) s OO0 00" 00—0—00 %
; O ~———c~o—o=0c0=0o=05 &

10 100 1000
—O— Evtpomio ; , ;
Kablapornza M 00¢ Y opIKTNPLOTIKAV TPOTVTOV
O Eowrepixn oporotnra
i Evpomio yowpic otdOuion

Eowrepixi opoiotnra ywpis orabuion
i KabBopotnra yowpic oréOuion

oV

Awaypoppa 3.5.7: Twég pétpov emidoong oe oyéon UHE TO TANDOG TOV Y(PNOLUOTOLOVUEV®V

TPOTOTTMV Y10l TNV KOTAGKEVT] TOV d10vOGUaTOG 6Tduiong foapdv tov dpov.
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3.6 ZyolMaopnioc Kol avaivot) aToTEAECUATOV

H oavédlvon tov omotehecpdtov mov mapovcstdloviol o6tov mivako OAAG Kol oTo
OWYPAULOTO TNG TPONYOVUEVIS TOPAYPAPOL, UTOopel Vo 0dNYNOEL € KATOEG OMNUOVTIKEG
OLOTMIGTAOGELS.

Apyd, onueidveton 6Tt 1 €TAOYN EvoopdTmong Bapdv otabong tov Opmv Katd v
dwdkacio ektéAeong Tov alyoptBpov odnyel oxeddV mTAVTOTE G€ KOADTEPEG EMOOGELS KO YiaL TOL
plo pétpa aflodoynong mov ypnoipomombnkav yoo to. ovykekpyéva mepdpota. H
oLUTEPLPOPE avT elvan avapevopevn kabwg Paciletal oty Aoywkn damictmaon Tt Aot o1 6pot
dgv OtaBétovv Vv 10100 1 TOLAGYIOTOV TTAPOLOLD. SLOKPITIKY TKOVOTNTO Y10l TOV OTOTEAEGLOTIKO
Swywpiopd eyypaemv oe Bepotikég Katnyopiec. H yvoon g Bapdtnrtag mov dabétel kabe 6pog
otV d1dkpion pog Bepatikng evotntag N 1 eEaywyn evOg apKeTd eVOEIKTIKOD HETPOV OLTNG TG
Bapuntag péca and enesepyacio YUPUKTNPICTIKAOV Yo TNV KATNyopia €yypaewv sival i6wg o
TPAOTOG GE ONUACIK TAPAYOVTaS TOV UTOPEl Vo 0ONYNOEL GE OPKETA KOAG OTOTEAEGLOTO
opadonoinong. ['a v a&loroinorn avtg g mapapétpov eivar BEPata avaykaio vo vtapyel o€
Kkdmolo Pabud yvoon mAnpogopiog mov aeopd oTlG OELOTIKEG KATAVOUES TOV EYYPAPOV Kot
(QULGIKA 1] YVAOOT VTN VO OOTEAEL O AVTITPOGMOTEVTIKY £VOEIEN Y10 TO GUVOAO T®V EYYPAP®V.
Yvykekpyéva, N vmapén TAnpoeopiag Yo KAmolo £yypoapo mov omoteAEl TUMIKO AvVIITPOGHOTO
pog mAatvtepng Oepotikng Katnyoplog eivor kaBoploTikng onupaciog yww v «E&umvny
AVIYVELCT] TV YOPOKTNPICTIKOV EKEIVOV TOL TPOGPEPOVY TNV SVVATOTNTO OLOY®PIGHOD TNG
GLYKEKPIUEVNG Katnyopilag o€ oxéon pe Tig vmorowmes. H amaitnon dYmoapEng pog térolog
mAnpogopiag eivar BEPata oV TAEOVOTNTO TOV TEPMTOGEMY OVGKOAO Vo tKavomoinBel Ko
KATO amd avTEG TIG TEPIOTACELS £ival EVOEXOUEVAS APKETE YpNoun 1M avBpdmivny Tapéupoon-
GLUUETOYN OTNV OAN dtadkacio TG OpadoToinoNg HeE TNV TOPOYN EVOEIKTIKOV KATELOOVGE®DY
OV UITOPOVV VO, VTOKATOGTIGOLV TNV EAAELYT TNG TANPOPOPIaS.

M akdpn onupovtikn topotipnon mov Edyetol omd ta droypdppata givor 0Tt to péyebog
TOV oYNUaTOog opadomoinong kabopilel dpactikd ta emimedo 6TO OTOIO KIVOLVTOL TOL HETPO
evVTpomiag Kol e6mTEPIKNG opotdtrag. H emhoyn tov mpocsdiopicpuod opddmv ot omoieg eivat
Mydtepeg oe mAN00g and T1g Kot yopieg TOV GLVOAIKA gvtomilovial 6TO0 GUVOLO TV £YYPAO®V
€xel oG OmOTEAEGUO OYETIKG KoKEG opadomomoets. [lpogoavmg, o tétoln emhoyn odomyet
AVATOPEVKTO GE GLUTEPIANYT TEPIGGOTEP®V DEUOTIKOV KATNYOPLOV HEGO GTO TAAICLOL oG
eviaiog opdodag kat dev eEumnpetel v enitevén 10V MBLUNTOD JYWPIGHOL KABE KaTnyopiog.
EmumAéov, o mpocdiopiopdg opadmv TAnbovg capmg HeyoADTEPOL TOV TANBOVE TV BepaTIKOV
KOTNYOPLDV OV TPOYUOTIKA LITAPYOVV €K TPAOTNG OYEWS 0dNYeEl GE GYNUOTA OUAOOTOINONG

APKETA KOAVTEPOV eMOOGE®V. OpmC, pe TPooekTikn e£€Taom TG SOUNG TV ONUOVPYOVUEVOV
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OUAO®V AMOKAAVTTTETOL OTL O1 KAADTEPES EMOOGELS TOV GYNUATOS OLOOOTOINoMG 0PeilovTat oTal
pikpd peyén tov opddmv Aoy g vrepPoikng Kotdtunong kdbe Bepatikng katnyopiog. XTig
TEPMTMOGELS OVTES TO GYNUA Opadomoinong anotereital amd moAvmAnOeic Kot pkpég oe péyehog
opdoeg Ko eV VAOTOLEITOL 0 GTOYOG TOL SYMPIGHOV HETAED TV OEUATIKOV KATNYOPLOV
EVTOVTOIS O SLYMPIGUAGC VTG OEV ivan 0 TAEOV TPAKTIKOG KoL ¥p1|o1og Tov Ha Tav dvvatd va
TPOKLYEL.

Mo 6AAN TopAUETPOG TOV €EETAGTNKE LE TNV GEPA TOV TEPAUATOV TOV EKTEAEGTNKOV
Ntav o Pabuoc peiwong g 016oTOoNS TOV SVUGUATIKOD HOVTEAOL AVATOPAGTACTG TOV OP®V.
[Ma v cuyKekpIEVT] TOPAUETPO SOKIUAGTNKAY TPELS LOVO SLOUPOPETIKES TILES Ol OTTOLES YiaL TNV
GLYKEKPLUEVT] GLAAOYY| EYYPAO®V TOVL YPNGLOTOMONKE GTO TEPAUOTO, ETEPEPAV UELDCELS
oTNV OOVUCUATIKY JtdoTacn TG TAENS Tov 98%, 98.5% ot 99% pe tovg dpovg ot omoiot
epeaviovtav oe PEYOAO TOGOGTO TV €YYPAP®V KOl KATO GUVETEWL €lyav YounAOd AOYO
ovyvotntov TF-IDF va amokAeiovton amd tnv petémeita emeCepyacio. Ot HEWDOES OUTEC,
TapOLO OV MTaV APKETE YNAoD emmédov, dev Kpivovtal emiPapuvtikéc yuo v aglomotio TV
amotelec btV Tov ANednkay. Avtifeta, 0 amOKAEIGHOG Kot |1 ¥PNOYLOTOINoT| €VOG LEYAAOV
pépovg TV Jwbéciumv dpwv (01 omoiot amoTEAOLV TOL YOPOKINPIOTIKA YVOPIGHOTO
tavtomoinong Kabe eyypdoov) frav v yével emBountodc ovTOG MOTE Vo GTNV TEAKY] (Ao
eneEepyaciag vo, CUUUETEYOVY HOVO eKeElvOl o1 Opol OV amodedelyéva epeaviiay avEnuévn
OLOKPLTIKY IKOVOTNTO HETOEL TV £yypdowv. Ta mepopatikd anoteAécpato amokdivyoav Ot
OGOV aPOPA GTO UETPO EVIPOTIOG LILAPYEL L0 OPLOKY] TN KOTOEAIOL pEYPL TV omoia 1 peiwon
empépet OeTikd amoteAéspaTO GTNV TOWOTNTO TOV OYNUATOS opadoroinong. Tlepoartépw peimon
TEPAV LTS TNG OPLOKNG TYUNG EVOEYETOL OULMOG VO AVTIGTPEYEL OLTH TNV BeTIKN EMidpaon Kot va
vrofabuicet v mowdtTO. TOL GYNUOTOS. AVTH] M Thon &ivor Wwitepa gVAAKPLIN OTNV
nepinTon mov dev epapuoletar otadon TV dpwv dnwg unopel edkoia va dtomotmbel and to
terevtaio OWypoupto NG TPoNyovpevng mapoypdeov. Ievikd, 1 €poppoyn oG TNG
Kato@Aiov elvar évag Kpioyog mapdyoviag o omoiog €ivar dLVOTO Vo EMPEPEL OPUUOTIKEG
aAlayég oty moldtnta TG opadonoinong kabmg e£apTdTol TOAD GTEVA LE TO TEPLEYOUEVO TOV
EYYPAP®V.

H tekevtaio mapdperpog mov e€etdotnke pe po aveEaptntn cepd TEWPAUATOV NTOV TO
TAN00G TOV TPOTVT®V OV YPNGLOTOLOVVTOL YL TNV KOTOGKELT TOV OVOCUATOG GTAOUIONG
Bapdv tov Opwv. Ao TIC TYWES TOV PETPOV EMIO0CNS TOL KATOYPAPTKAY domotdinke 6Tl N
GUYKEKPIUEVT TOPAUETPOS emnpedlel o onuaviikd Pobud v emidoon 1oL TPOKLITOVTOG
GYNMOTOG OLAOOTTOINONG HOVO OTIG TEPIMTMGELS TOV TO YPTCLOTOLOVUEVA TPOTLTIA Eivor Alya o€
m0Bog. Avtifeta, 6tav o apBuog twv mpotdinov avénbetl n enidoon Tov GYNUATOG TAPUUEVEL

oxeddv otabepn kot avty N dwmictoon @aivetal ToOAD Kobopd GTO GYETIKO SLAYPOUUO TOV
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TIUOV. AVT N cvumepLPopd givarl avapevopevn kabmg 1 ¥pN o TEPICCOTEPOV TPOTHT®V KOTA
™MV Sdkacio. KATAGKELTG TOV OlvOGHOTOS oTdbons, €Saceaiilet v 660 10 duvatd
KOADTEPN EKTIUNGT TOV KEVTPOELDOVS dovOicpatog kKaBe Bepatikng katnyopioc. H katackeun
KEVIPOEWADV SOVUCUATOV TO OOi0 VO OMOTLAMVOVV HE TOV TO TOPOUCTATIKO TPOTO TNV
Bapunta tov dpwv péoa ota mAaicia ¢ KaOe Oepatikng kotnyopiog anotedel kpiciuo onueio
avoQOPES Yo TNV amod0TIKY aviyveuon HOTiRmV mov vdpyovy 6T TPOHTLTTA E1GOG0V. THUPOVOL
KOl [LE TO TPONYOVUEVOA GUUTEPAGLOTO, 1) EMTUYNG aviyvevon TETOIwV HOTIBOV (LETAPPACUEVT
6€ YVOON TNG OWKPITIKNG KavotnTag Ttov KA Opov) amoterel mapdyovra Poapdvovoog
onNpociog Yo To TPOGOIOPIGHE VO ATOSOTIKOD GYLLOTOG OULAOOTOINCNC.

H televtaio dwmictwon toviletonr axoun meptocoOtepo av ocvykpldel mn emidoon Tov
oynuatog opodomoinong oOtav to dSdvucpa otdbuiong Kotaokevaletar pe ypnon Alyov
TPOTOM®V GE GYECN HE TO OYNUO TTOL TPOKVATEL YWPIG TNV €Qappoyn otabuions. Zto
TEPOUOTIKE amoteAéopato Kataypaenkav Tipwég g evrpomiog ioeg pe 0.167 xou 0.156
avticTorya, YEYOVOS OV AmOKOAVTTEL OTL €ivol TPOTOTEPN N EKTEAEGT TOL ahydp1Bov Ywpig
ot1afon mapd Ty ypNoonoincn (o otdduiong n omoia dev Eival AVTITPOCOTEVTIKY TOV
oedopévev €10000V. TeAKA, M UN AVIWIPOGMOTELTIKY CTAOUICN TOV YOPAKTNPIOTIKOV TOV
TPOTOHTO®V AOY® avemopKoVg TANOoLG detypdtmv Oyt HOvVo dev TPOCOEPEL GTNYV avENGN NG

enidoong aAAd aiveTol Vo TNV PELDVEL
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Hoapaptnyna

210 mopodv mopdptnua mopatifetor pépog Tov KMIka TG epapuoyng SCAgent Ko
E0IKOTEPO Ol ONUAVTIKOTEPEG GLVOPTNGELS Kot PEB0S0L TOV VAOTOOVV T Kpioo onueio g
Bewplag mov avantvyOnke ota mponyovueva Kepdiao. Kpidnke okdmipo 6mmg mapainedet to
TUNLO TOV KOOIKO TO 0010 apopd G TTLYEG OELTEPELOVONG oNUaciag OT®S 1 VAOTOINoT NG
ypoewkng oemaeng pe tov ypnotn (Graphical user interface, GUI) xoir opyGvoong g
YEVIKOTEPTG OPYLTEKTOVIKTG TNG EPOPLOYNG.

I1.1 Baowkotepes né0odor ¢ kAaong formMain

Private Sub ExecuteQuery ()

Dim lvIntermediateQuery As New ArrayList ' Contains the results of an
intermediate query

Dim lvResultOffset As Integer ' The offset from which Google
should return results

Dim lvInformative As Integer ' The number of results which
contain keyword information

Dim lvCurrentLink As String ' The URL of the current result

Dim lvCurrentHTML As String ' The raw HTML content of the
current result

Dim lvCurrentKeywords As ArrayList ' The keywords' list of the
current result

Dim lvKeywordsAll As ArrayList ' The keywords' super-list of all
results

' Initialization

Me.listboxQueryResults.Items.Clear ()

Me.listboxKeywords.Items.Clear ()
Me.listboxRelevantDocuments.Items.Clear ()

poKernel.QueryPerformed = False

poKernel.ApplicationState = classKernel.enumApplicationState.Processing

' Updates GUI
Me.tabpageWebQuery VisibleChanged (Nothing, Nothing)

' Detects availability of network connection
SetStatus (" Detecting availability of network connection...", 0)

If Not IsConnectionAvailable() Then
SetStatus (, 100)
MsgBox ("No available network connection !",
MsgBoxStyle.Critical + MsgBoxStyle.OKOnly,
" Exception")
poKernel.ApplicationState = classKernel.enumApplicationState.Idle
Me.tabpageWebQuery VisibleChanged (Nothing, Nothing)
Exit Sub
End If

' Performs query using Google API
SetStatus (" Executing query...", 0)
Do
System.Windows.Forms.Application.DoEvents ()

' Detects cancellation request

If poKernel.CancelRequested Then
Me.listboxQueryResults.Items.Clear ()
Me.listboxKeywords.Items.Clear ()
Me.listboxRelevantDocuments.Items.Clear ()

54



poKernel.CancelRequested = False
poKernel.QueryPerformed = False
poKernel.ApplicationState = classKernel.enumApplicationState.Idle
Me.tabpageWebQuery VisibleChanged (Nothing, Nothing)
Exit Sub

End If

' Retrieves intermediate query results

lvintermediateQuery = GoogleAPIQuery (Me.textboxQueryString.Text.Trim &
" filetype:html", lvResultOffset)

1vResultOffset += 10

' Detects exception during intermediate query execution

If lvIntermediateQuery Is Nothing Then
MsgBox ("An exception has occured while executing query !"

MsgBoxStyle.Critical + MsgBoxStyle.OKOnly,
" Exception")

Me.listboxQueryResults.Items.Clear ()
Me.listboxKeywords.Items.Clear ()
Me.listboxRelevantDocuments.Items.Clear ()
poKernel.QueryPerformed = False
poKernel.ApplicationState = classKernel.enumApplicationState.Idle
Me.tabpageWebQuery VisibleChanged (Nothing, Nothing)

’

Exit Sub
Else
For i As Integer = 1 To lvIntermediateQuery.Count

System.Windows.Forms.Application.DoEvents ()

' Detects cancellation request

If poKernel.CancelRequested Then
Me.listboxQueryResults.Items.Clear ()
Me.listboxKeywords.Items.Clear ()
Me.listboxRelevantDocuments.Items.Clear ()
poKernel.QueryPerformed = False
poKernel.CancelRequested = False
poKernel.ApplicationState =

classKernel.enumApplicationState.Idle

Me.tabpageWebQuery VisibleChanged (Nothing, Nothing)
Exit Sub

End If

' Parses current result

lvCurrentLink = lvIntermediateQuery.Item(i - 1).ToString

If Not poQuery.ResultExists (lvCurrentLink) Then
1lvCurrentHTML = RetrieveHTML (lvCurrentLink, 3000)
lvCurrentKeywords = New

ArrayList (StripKeywords (StripMetaTag (1lvCurrentHTML) ) )
poQuery.ResultAdd(

New classResult (lvCurrentLink, lvCurrentKeywords))
Me.listboxQueryResults.Items.Add (lvCurrentLink)
Me.listboxRelevantDocuments.Items.Add (1lvCurrentLink, True)
Me.labelInfoQueryResults.Text =

Format (poQuery.ResultCount, "#,##0")
Me.labelInfoDescriptive.Text =

Format (poQuery.Informative, "#,##0")

' Shows progress

SetStatus (" Retrieving query results...", _
CInt (poQuery.ResultCount / _
Math.Min (pvMaxResults,

CInt (Me.comboLimitResults.SelectedItem)) * 100))
End If
Next
End If

Loop Until lvIntermediateQuery.Count = 0 OrElse
poQuery.ResultCount = pvMaxResults OrElse
poQuery.ResultCount >= CInt (Me.comboLimitResults.SelectedItem)
Fills keyword listbox with all keywords detected

For i As Integer = 1 To poQuery.KeywordsAllCount
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Me.listboxKeywords.Enabled = True
Me.listboxKeywords.Items.Add (poQuery.KeywordsAll.Item(i - 1), True)
Next

' Updates GUI
poKernel.QueryPerformed = True
poKernel.ApplicationState = classKernel.enumApplicationState.Idle
Me.tabpageWebQuery VisibleChanged (Nothing, Nothing)
End Sub

Private Sub ExecuteTransformation ()
Dim 1oTDF As New classVector ' Vector which contains keywords'
document frequencies
' Initialization
1oTDF.Length = poQuery.KeywordsSelectedCount
1oTDF.Clear ()
poQuery.MeansVector.Length = poQuery.KeywordsSelectedCount
poQuery.MeansVector.Clear ()
poKernel.VectorsCreated = False
poKernel .ApplicationState = classKernel.enumApplicationState.Processing

' Updates GUI

Me.tabpageDetectedKeywords VisibleChanged (Nothing, Nothing)

' Constructs vector representation for each query result

SetStatus (" Creating results' vector representations...", 0)

For i As Integer = 1 To poQuery.ResultCount
' Initializes results’ vector to accomodate current selection of keywords
poQuery.ResultByIndex (i) .VectorFull.Length = poQuery.KeywordsSelectedCount
poQuery.ResultByIndex (i) .VectorFull.Clear ()

For j As Integer = 1 To poQuery.KeywordsSelectedCount
System.Windows.Forms.Application.DoEvents ()

' Detects cancellation request
If poKernel.CancelRequested Then
poKernel.CancelRequested = False
poKernel.VectorsCreated = False
poKernel.ApplicationState = classKernel.enumApplicationState.Idle
Me.tabpageDetectedKeywords VisibleChanged (Nothing, Nothing)
Exit Sub
End If

' Constructs results’ full vector & calculates keywords' df
If poQuery.ResultByIndex (i) .KeywordExists( _
poQuery.KeywordsSelected.Item(j - 1) .ToString) Then

poQuery.ResultByIndex (i) .VectorFull.Item(j) = 1
1oTDF.Item(]j) += 1
End If

' Updates GUI
SetStatus (" Creating document vector representations...", _
CInt(((i - 1) * poQuery.KeywordsSelectedCount + j) / _
(poQuery.ResultCount * poQuery.KeywordsSelectedCount) *100))
Next
Next

' Calculates log(N/df) for each keyword
SetStatus (" Calculating inverse document frequencies (IDF) for all
keywords...", 0)

For 1 As Integer = 1 To loTDF.Length
System.Windows.Forms.Application.DoEvents ()
' Detects cancellation request

If poKernel.CancelRequested Then
poKernel.CancelRequested = False
poKernel.VectorsCreated = False
poKernel.ApplicationState = classKernel.enumApplicationState.Idle
Me.tabpageDetectedKeywords VisibleChanged (Nothing, Nothing)
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Exit Sub
End If

' Prevents division by zero exception

If 1oTDF.Item(i) > 0 Then _
1oTDF.Item (i) = Math.LoglO (poQuery.ResultCount / 1loTDF.Item(i))

' Shows progress
SetStatus(, CInt(i / loTDF.Length * 100))
Next

' Calculates tf * log(N/dfi) for each keyword
SetStatus (" Calculating KF-IDF for all keywords and normalizing keyword
vectors...", 0)

For i As Integer = 1 To poQuery.ResultCount
System.Windows.Forms.Application.DoEvents ()

' Detects cancellation request
If poKernel.CancelRequested Then
poKernel.CancelRequested = False
poKernel.VectorsCreated = False
poKernel.ApplicationState = classKernel.enumApplicationState.Idle
Me.tabpageDetectedKeywords VisibleChanged (Nothing, Nothing)
Exit Sub
End If

' Performs result vectors' adjustment and normalization
poQuery.ResultByIndex (i) .VectorFull.Multiply (1LoTDF)
poQuery.ResultByIndex (i) .VectorFull.Normalize ()

' Constructs keywords' mean vector

poQuery.MeansVector.Add (poQuery.ResultByIndex (i) .VectorFull)

If i = poQuery.ResultCount Then _
poQuery.MeansVector.Multiply (1 / poQuery.ResultCount)

' Shows progress
SetStatus(, CInt(i / poQuery.ResultCount * 100))
Next

' Draws KF-IDF chart
SetStatus (" Charting keyword frequencies...", 0)

With Me.chartKeywordTFIDF
.ChartGroups.ChartGroupsCollection (0) .ChartData.SeriesList (0).
PointData.Clear ()
.ChartArea.AxisX.AutoMin = False
.ChartArea.AxisX.AutoMax = False
.ChartArea.AxisX.Min = 1
.ChartArea.AxisX.Max = poQuery.KeywordsSelectedCount
.ChartArea.AxisX.UnitMajor = ((poQuery.KeywordsSelectedCount - 1) \ 25) + 1
.ChartArea.AxisX.UnitMinor = Me.chartKeywordTFIDF.ChartArea.AxisX.UnitMajor
.ChartArea.AxisY.AutoMin = False
.ChartArea.AxisY.AutoMax = False
.ChartArea.AxisY.Min = 0
.ChartArea.AxisY.Max = poQuery.MeansVector.MaxItem
.ChartArea.AxisY.UnitMajor = Format (.ChartArea.AxisY.Max / 10, "0.0000")
.ChartArea.AxisY.UnitMinor =
Format (.ChartArea.AxisY.UnitMajor / 5, "0.0000")
.ChartArea.AxisY.GridMajor.Spacing =.ChartArea.AxisY.UnitMajor
End With

For i As Integer = 1 To poQuery.MeansVector.Length
System.Windows.Forms.Application.DoEvents ()

' Detects cancellation request
If poKernel.CancelRequested Then
poKernel.CancelRequested = False
poKernel.VectorsCreated = False
poKernel.ApplicationState = classKernel.enumApplicationState.Idle
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Me.tabpageDetectedKeywords VisibleChanged (Nothing, Nothing)
Exit Sub
End If
' Adds new data point to chart
Me.chartKeywordTFIDF.ChartGroups.ChartGroupsCollection (0) .
ChartData.SeriesList (0) .PointData.Add(
New PointF (i, poQuery.MeansVector.Item(i)))
' Shows progress
SetStatus(, CInt (i / poQuery.MeansVector.Length * 100))
Next

' Updates GUI

Me.trackbarThreshold.Maximum = 1000 * poQuery.MeansVector.MaxItem
Me.trackbarThreshold.LargeChange = CInt (Me.trackbarThreshold.Maximum / 10)
Me.trackbarThreshold.SmallChange = 1
Me.trackbarThreshold.TickFrequency = CInt (Me.trackbarThreshold.Maximum / 20)
Me.trackbarThreshold.Value = Me.trackbarThreshold.Maximum
Me.trackbarThreshold.Value = 0

poKernel.VectorsCreated = True
poKernel.ApplicationState = classKernel.enumApplicationState.Idle
Me.tabpageDetectedKeywords VisibleChanged (Nothing, Nothing)

End Sub

Private Sub ExecuteKeywordReduction ()

Dim lvSignificantTerms As New ArraylList ' List of the keywords that meet
reduction criteria

Dim lvThreshold As Single ' The frequency threshold

' Initialization

poKernel.TermReductionPerformed = False

poKernel .ApplicationState = classKernel.enumApplicationState.Processing

' Updates GUI
Me.tabpageKeywordReduction VisibleChanged (Nothing, Nothing)
' Determines significant keywords based on TFIDF mean values
SetStatus (" Determining keywords for removal...", 0)
' Parses textbox content
Try
lvThreshold = CSng (Me.textboxKeywordThreshold.Text)
Catch ex As Exception
MsgBox ("An exception has occured while parsing frequency threshold !",
MsgBoxStyle.Critical + MsgBoxStyle.OKOnly,
" Exception")
poKernel.TermReductionPerformed = False
poKernel.ApplicationState = classKernel.enumApplicationState.Idle
Me.tabpageKeywordReduction VisibleChanged (Nothing, Nothing)
Exit Sub
End Try

For 1 As Integer = 1 To poQuery.MeansVector.Length
System.Windows.Forms.Application.DoEvents ()
' Detects cancellation request

If poKernel.CancelRequested Then
poKernel.CancelRequested = False
poKernel.TermReductionPerformed = False
poKernel.ApplicationState = classKernel.enumApplicationState.Idle
Me.tabpageKeywordReduction VisibleChanged (Nothing, Nothing)
Exit Sub

End If

' Checks current keyword's mean value

If poQuery.MeansVector.Item(i) >= lvThreshold Then
poQuery.KeywordsReduced.Add (poQuery.KeywordsSelected.Item (i - 1))
lvSignificantTerms.Add (CInt (1))
Me.labelInfoKeywordsAfter.Text =



Format (lvSignificantTerms.Count, "##4#, ##0")
Me.labelInfoKeywordReduction.Text =
Format ( (poQuery.KeywordsSelectedCount -
poQuery.KeywordsReducedCount) /poQuery.KeywordsSelectedCount, "#0.00%")
End If
' Shows progress
SetStatus(, CInt(i / poQuery.MeansVector.Length * 100))
Next
' Applies term reduction
SetStatus (" Applying keyword reduction...", 0)

For i As Integer = 1 To poQuery.ResultCount
System.Windows.Forms.Application.DoEvents ()

If poKernel.CancelRequested Then
poKernel.CancelRequested = False
poKernel.TermReductionPerformed = False
poKernel.ApplicationState = classKernel.enumApplicationState.Idle
Me.tabpageKeywordReduction VisibleChanged (Nothing, Nothing)
Exit Sub
End If

poQuery.ResultByIndex (i) .ReduceTerms (1lvSignificantTerms)
' Shows progress

SetStatus(, CInt (i / poQuery.ResultCount * 100))
Next

' Updates GUI
poKernel.TermReductionPerformed = True
poKernel.ApplicationState = classKernel.enumApplicationState.Idle
Me.tabpageKeywordReduction VisibleChanged (Nothing, Nothing)
End Sub B

Private Sub ExecuteKeywordWeighting()
' Initialization
poKernel.TermWeightingPerformed = False
poQuery.PurityVector = New classVector (poQuery.KeywordsReducedCount)
' Updates GUI
poKernel.ApplicationState = classKernel.enumApplicationState.Processing
Me.tabpageKeywordWeighting VisibleChanged (Nothing, Nothing)
' Calculates purity vector
SetStatus (" Calculating keywords' purity vector", 0)

For i As Integer = 1 To Me.listboxRelevantDocuments.CheckedItems.Count
System.Windows.Forms.Application.DoEvents ()

If poKernel.CancelRequested Then
poKernel.CancelRequested = False
poKernel.TermWeightingPerformed = False
poKernel.ApplicationState = classKernel.enumApplicationState.Idle
Me.tabpageKeywordWeighting VisibleChanged (Nothing, Nothing)
Exit Sub
End If
' Adds current result's reduced vector
poQuery.PurityVector.Add (poQuery.ResultByURL (
Me.listboxRelevantDocuments.CheckedItems (i - 1)) .VectorReduced)
' Calculates mean vector if at last iteration
If i = Me.listboxRelevantDocuments.CheckedItems.Count Then
poQuery.PurityVector.Multiply (1 / _
Me.listboxRelevantDocuments.CheckedItems.Count)
' Shows progress
SetStatus(, CInt (i / Me.listboxRelevantDocuments.CheckedItems.Count*100))
Next
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End

Private

' Updates GUI
poKernel.TermWeightingPerformed = True

poKernel.ApplicationState = classKernel.enumApplicationState.Idle
Me.tabpageKeywordWeighting VisibleChanged (Nothing, Nothing)

Sub

Sub ExecuteClustering()

Dim 1lvOldCentroid As classVector ' 0ld cluster centroid

Dim lvNewCentroid As classVector ' New cluster centroid

Dim lvTolerance As Single ' Convergence tolerance limit
Dim lvSchemeSize As Short ' The size of the scheme to create
Dim lvIteration As Short ' Current iteration number
Dim lvConvergence As Boolean ' Convergence flag

Dim lvMinimumDistance As Single

Dim lvCurrentDistance As Single ' Current vectors' distance
Dim lvDocumentsSoFar As Integer ' Results processed so far
Dim lvStartingTime As TimeSpan ' Executing starting time

Dim lvTargetClusters As New SortedList ' List of clusters sorted on

minimum distance

' Initialization
poKernel.ClusteringPerformed = False
Me.listviewSchemeInformation.Items.Clear ()

Me.listviewSchemeInformation.BackColor = Color.FromArgb (245, 255, 245)

Me.listviewSchemeInformation.Columns.Item(0) .Width =

Me.listviewSchemeInformation.Columns.Item(1l) .Width =

Me.listviewSchemeInformation.Columns.Item(2) .Width =

Me.listviewSchemeInformation.Columns.Item(3) .Width =
(

Me.listviewSchemeInformation.Columns.Item(4) .Width =
Me.listviewSchemeInformation.Columns.Item(5) .Width =
Me.chartProgress.ChartGroups.ChartGroupsCollection (0)
ChartData.SeriesList (0) .PointData.Clear ()
Me.chartProgress.ChartGroups.ChartGroupsCollection (0)

138
80
80
80
80
78

ChartData.SeriesList (0) .PointData.Add (New PointF (0, 0))
Me.chartProgress.ChartGroups.ChartGroupsCollection(0) .
ChartData.SeriesList (1) .PointData.Clear ()
Me.chartProgress.ChartGroups.ChartGroupsCollection(0).
ChartData.SeriesList (1) .PointData.Add (New PointF (0, 0))
Me.chartProgress.ChartGroups.ChartGroupsCollection(0) .
ChartData.SeriesList (2) .PointData.Clear ()
Me.chartProgress.ChartGroups.ChartGroupsCollection(0) .
ChartData.SeriesList (2) .PointData.Add (New PointF (0, 0))
' Updates GUI
poKernel .ApplicationState = classKernel.enumApplicationState.Processing
Me.tabpageClustering VisibleChanged (Nothing, Nothing)
' Creates clustering scheme
SetStatus (" Creating clustering scheme...", 0)
Try
lvSchemeSize = CInt (Me.textboxSchemeSize.Text)
lvTolerance = CSng (Me.textboxConvergenceTolerance.Text)

poScheme.Create (lvSchemeSize)
Catch ex As Exception

MsgBox ("An exception has occured while creating clustering scheme !",

MsgBoxStyle.Critical + MsgBoxStyle.OKOnly,
" Exception")
poKernel.ClusteringPerformed = False

poKernel.ApplicationState = classKernel.enumApplicationState.Idle

Me.tabpageClustering VisibleChanged (Nothing, Noth
Exit Sub
End Try

' K-Means algorithm main body

lvStartingTime = Now.TimeOfDay

Do
SetStatus (" Assigning results to clusters...", 0)

ing)
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lvIteration += 1
lvConvergence = True
lvDocumentsSoFar = 0

Me.labelInfoIteration.Text = lvIteration.ToString

For i As Integer = 1 To poQuery.ResultCount

lvTargetClusters.Clear ()

' Calculates distance of current result from all clusters
For j As Integer = 1 To poScheme.Size
System.Windows.Forms.Application.DoEvents ()

' Detects cancellation request

If poKernel.CancelRequested Then
poKernel.CancelRequested = False
poKernel.ClusteringPerformed = False
poKernel.ApplicationState = _

classKernel.enumApplicationState.Idle

Me.tabpageClustering VisibleChanged (Nothing, Nothing)
Exit Sub

End If

If poQuery.PurityVector Is Nothing Then
' Non-weighted version of K-Means
lvCurrentDistance = classVector.Norm(

classVector.Add(poQuery.ResultByIndé&(i).VectorReduced,

classVector.Multiply(
poScheme.ClusterByIndex (j) .VectorCentroid, -1)), 2)
Else
' Weighted version of K-Means
lvCurrentDistance = classVector.Norm(
classVector.Multiply( _

classVector.Add (poQuery.ResultByIndex (i) .VectorReduced,

classVector.Multiply( _
poScheme.ClusterByIndex (j) .VectorCentroid, -1)),
poQuery.PurityVector), 2)

End If

' Constructs list of target clusters
If Not lvTargetClusters.Contains (CSng(lvCurrentDistance))
lvTargetClusters.Add (CSng (lvCurrentDistance),
poScheme.ClusterByIndex (Jj))

' Shows progress
SetStatus(, CInt(((i - 1) * poScheme.Size + j) / _
(poScheme.Size * poQuery.ResultCount) * 100))

Me.labelInfoTimeElapsed.Text = TimeElapsed(lvStartingTime)

Next

' Assigns current document to the most close cluster
poScheme.MoveDocument (poQuery.ResultByIndex (i),
lvTargetClusters.GetByIndex (0))

Next

Calculates centroid vector for each cluster

SetStatus (" Updating clusters' centroid vectors...", 0)

For i As Integer = 1 To poScheme.Size

System.Windows.Forms.Application.DoEvents ()

' Detects cancellation request

If poKernel.CancelRequested Then
poKernel.CancelRequested = False
poKernel.ClusteringPerformed = False

poKernel.ApplicationState = classKernel.enumApplicationState.Idle

Me.tabpageClustering VisibleChanged (Nothing, Nothing)
Exit Sub
End If

lvDocumentsSoFar += poScheme.ClusterByIndex (i) .Size
lvOldCentroid =
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New classVector (poScheme.ClusterByIndex (i) .VectorCentroid)
poScheme.ClusterByIndex (i) .CalculateCentroid ()
lvNewCentroid =

New classVector (poScheme.ClusterByIndex (i) .VectorCentroid)
lvNewCentroid.Add (classVector.Multiply (1lvOldCentroid, -1))
If lvNewCentroid.Norm(2) > lvTolerance Then lvConvergence = False
' Updates cluster information
If Me.listviewSchemeInformation.Items.Count < poScheme.Size Then

Dim lvListItem As New ListViewItem

With lvListItem
.Text = poScheme.ClusterByIndex (i) .Name
.SubItems.Add (poScheme.ClusterByIndex (i) .Size)
.SubItems.Add (Format (poScheme.ClusterByIndex (i) .Size / -~
poQuery.ResultCount * 100, "#0.000"))
.SubItems.Add (Format (poScheme.ClusterByIndex (i) .Entropy,
"#0.000M™))
.SubItems.Add (Format (poScheme.ClusterByIndex (i) .Similarity,
"#0.000M™))
.SubItems.Add (Format (poScheme.ClusterByIndex (i) .Purity,
"#0.000M™))
End With

Me.listviewSchemeInformation.Items.Add (lvListItem)
Else
With Me.listviewSchemeInformation
Items (i - 1).SubItems(l).Text =
Format (poScheme.ClusterByIndex (i) .Size, "#0")
.Items (i - 1).SubItems(2).Text =
Format (poScheme.ClusterByIndex (i) .Size / _
poQuery.ResultCount * 100, "#0.000™)
.Items (i - 1).SubItems(3).Text = _
Format (poScheme.ClusterByIndex (i) .Entropy, "#0.000™)
.Items (i - 1).SubItems (4).Text = _
Format (poScheme.ClusterByIndex (i) .Similarity,
"#0.000M™)
.Items (i - 1).SubItems(5).Text =
Format (poScheme.ClusterByIndex (i) .Purity, "#0.000")
End With
End If

' Shows progress
SetStatus(, CInt (lvDocumentsSoFar / poQuery.ResultCount * 100))
Me.labelInfoTimeElapsed.Text = TimeElapsed(lvStartingTime)

Next

' Updates side information bar

SetStatus (" Calculating scheme measures...", 0)

Me.labelInfoEntropy.Text = Format (poScheme.Entropy, "#0.000")
Me.labelInfoSimilarity.Text = Format (poScheme.Similarity, "#0.000")
Me.labelInfoPurity.Text = Format (poScheme.Purity, "#0.000")
' Updates entropy chart
Me.chartProgress.ChartGroups.ChartGroupsCollection (0) .
ChartbData.SeriesList (0) .PointData.Add(
New PointF (lvIteration, CSng(Me.labelInfoEntropy.Text.Trim)))
Me.chartProgress.ChartGroups.ChartGroupsCollection(0) .
ChartData.SeriesList (1) .PointData.Add( _
New PointF(lvIteration, CSng(Me.labelInfoSimilarity.Text.Trim)))
Me.chartProgress.ChartGroups.ChartGroupsCollection (0) .
ChartData.SeriesList (2) .PointData.Add(

New PointF (lvIteration, CSng(Me.labelInfoPurity.Text.Trim)))

Me.labelInfoTimeElapsed.Text = TimeElapsed(lvStartingTime)
SetStatus (, 100)
Loop Until lvIteration = CInt (Me.textboxMaximumIterations.Text) OrElse
lvConvergence = True
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' Updates GUI
poKernel.ClusteringPerformed = True

ExecuteSummary ()
poKernel.ApplicationState = classKernel.enumApplicationState.Idle

Me.listviewSchemeInformation.BackColor = Color.White
Me.tabpageClustering VisibleChanged (Nothing, Nothing)
End Sub

I1.2 KAaogig povrerlomoinong ovroTtev

' This class implements a float number vector with variable size
Public NotInheritable Class classVector
#Region " Instance members "
' The array containing vector's values
Private cvSubscripts() As Single
#End Region
#Region " Properties "
' Property that returns the value of supreme subscript
Public ReadOnly Property MaxItem() As Single

Get
Dim lvResult As Single = 0

For 1 As Integer = 1 To cvSubscripts.Length
If cvSubscripts(i - 1) > lvResult Then lvResult = cvSubscripts(i - 1)

Next

Return lvResult
End Get
End Property

' Property that sets/returns the size of the current instance
Public Property Length() As Integer

Get
Return cvSubscripts.Length
End Get
Set (ByVal Value As Integer)
If Value >= 0 AndAlso Value <> cvSubscripts.Length Then
Try
ReDim Preserve cvSubscripts (Value - 1)
Catch ex As Exception
MsgBox ("Exception raised due to invalid argument specification”
vbNewLine &
"during call of property classVector.Length().")
End Try
End If
End Set
End Property

' Property that sets/returns a specific subscript value of the current instance
Public Property Item(ByVal s As Integer) As Single

Get
If s > 0 AndAlso s <= cvSubscripts.Length Then

Return cvSubscripts(s - 1)

&_

Else
MsgBox ("Exception raised due to invalid vector subscript index " & _
"specification" & vbNewLine &
"during call of property classVector.Item(ByVal s As " & _
"Integer).")
Return Nothing
End If
End Get

Set (ByVal Value As Single)
If s > 0 AndAlso s <= cvSubscripts.Length Then
cvSubscripts(s - 1) = Value
Else

MsgBox ("Exception raised due to invalid vector subscript index " &

"specification" & vbNewLine & _
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"during call of property classVector.Item(ByVal s As
"Integer).")
End If
End Set
End Property

' Property that returns a value that indicates whether a vector is empty

Public ReadOnly Property IsZero() As Boolean
Get
For 1 As Integer = 1 To cvSubscripts.Length

If cvSubscripts(i - 1) > 0 Then Return False
Next

Return True
End Get
End Property

' Property that returns the geometric mean of current instance's values

Public ReadOnly Property GeometricMean() As Single

Get
If cvSubscripts.Length > 0 Then
Dim lvResult As Single = 1
For 1 As Integer = 1 To cvSubscripts.Length
lvResult *= cvSubscripts(i - 1)
Next
Return Math.Pow (lvResult, 1 / cvSubscripts.Length)
Else
Return O
End If
End Get

End Property
' Property that returns the arithmetic mean of current instance's values
Public ReadOnly Property ArithmeticMean() As Single
Get
Dim lvResult As Single

If cvSubscripts.Length > 0 Then
For i As Integer = 1 To cvSubscripts.Length
1lvResult += cvSubscripts(i - 1)
Next

Return lvResult / cvSubscripts.Length
Else
Return O
End If
End Get
End Property
' Property that returns a specific norm of the current instance
Public ReadOnly Property Norm(ByVal s As Integer) As Single
Get
If s > 1 Then
Dim lvResult As Single

For i As Integer = 1 To cvSubscripts.Length
lvResult += Math.Pow(cvSubscripts(i - 1), s)
Next

Return Math.Pow (lvResult, 1 / s)
Else

MsgBox ("Exception raised due to invalid norm specification" &

vbNewLine &

"during call of property classVector.Norm(ByVal s As " &

"Integer).")
Return Nothing
End If
End Get
End Property

"
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' Property that returns a specific norm of the current instance

Public Shared ReadOnly Property Norm(ByVal sl As classVector, ByVal s2 As Integer)
As Single

Get
If Not sl Is Nothing AndAlso s2 >= 1 Then
Dim lvResult As Single

For 1 As Integer = 1 To sl.cvSubscripts.Length

lvResult += Math.Pow(sl.cvSubscripts(i - 1), s2)
Next

Return Math.Pow(lvResult, 1 / s2)
Else
MsgBox ("Exception raised due to invalid argument specification" & _
vbNewLine &
"during call of shared property classVector.Norm(Byval " &
"sl As classVector, ByVal s2 As Integer).")
Return Nothing
End If
End Get
End Property

' Property that returns the standard deviation of current instance's values

Public ReadOnly Property StandardDeviation() As Single
Get
Return Math.Sqrt (Me.Variance)
End Get
End Property

' Property that returns a string representation of the current instance

Public Shadows ReadOnly Property ToString() As String

Get
If cvSubscripts.Length > 0 Then
Dim lvResult As String
For 1 As Integer = 1 To cvSubscripts.Length
lvResult &= Format (cvSubscripts(i - 1), "0.000 ™)
Next
Return "[ " & 1lvResult & "]"
Else
Return String.Empty
End If
End Get

End Property

' Property that returns the variance of current instance's values

Public ReadOnly Property Variance () As Single
Get
If cvSubscripts.Length > 0 Then
Return (cvSubscripts.Length * Math.Pow(Me.Norm(2), 2) - _
Math.Pow (Me.Norm(1l), 2)) /

Math.Pow(cvSubscripts.LengtH, 2)
Else

Return O
End If
End Get
End Property
#End Region

#Region " Methods "
' Method that adds the specified vector to the current instance
Public Sub Add(ByRef s As classVector)
If s Is Nothing OrElse cvSubscripts.Length <> s.cvSubscripts.Length Then
MsgBox ("Exception raised due to incompatible vector specification" &
vbNewLine &

"during call of method classVector.Add (ByRef s As classVector).")
Else

For i As Integer = 1 To cvSubscripts.Length

cvSubscripts(i - 1) += s.cvSubscripts(i - 1)
Next
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End If
End Sub
' Method that returns the result of the addition of the specified vectors
Public Shared Function Add (ByRef sl As classVector, ByRef s2 As classVector) As
classVector
If sl Is Nothing OrElse s2 Is Nothing OrElse sl.cvSubscripts.Length <>
s2.cvSubscripts.Length Then
MsgBox ("Exception raised due to incompatible vectors specification" & _
vbNewLine &
"during call of shared method classVector.Add(ByRef sl As " &
classVector, ByRef s2 As classVector).")
Return Nothing
Else
Dim lvResult As New classVector(sl)

For i As Integer = 1 To lvResult.cvSubscripts.Length
lvResult.cvSubscripts(i - 1) += s2.cvSubscripts(i - 1)
Next

Return lvResult
End If
End Function

' Method that clears (= sets to zero) all subscripts of the current instance
Public Sub Clear ()

For 1 As Integer = 1 To cvSubscripts.Length

cvSubscripts(i - 1) = 0
Next
End Sub
' Method that clears (= sets to zero) all subscripts of the specified vector

Public Shared Sub Clear (ByRef s As classVector)
For i As Integer = 1 To s.cvSubscripts.Length
s.cvSubscripts(i - 1) =0
Next
End Sub

' Method that reduces the size of the current instance by preserving only the

specified subscripts
Public Sub Reduce (ByRef s As ArrayList)
If Not s Is Nothing Then
s.Sort ()

For 1 As Integer = 1 To s.Count
cvSubscripts(i - 1) = cvSubscripts(CInt(s.Item(i - 1)) - 1)
'Me.Item(i) = Me.Item(CInt(s.Item(i - 1)))

Next

Me.Length = s.Count
Else
MsgBox ("Exception raised due to invalid argument specification" &
vbNewLine &

"during call of method classVector.Reduce (ByRef s As Arraylist).")
End If

End Sub

v

Method that returns the result of reducing the specified vector's size by
preserving only the specified subscripts

Public Shared Function Reduce (ByRef sl As classVector, ByRef s2 As ArraylList) As
classVector

Dim lvResult As New classVector (s2.Count)

If Not sl Is Nothing OrElse s2 Is Nothing Then
s2.Sort ()

For 1 As Integer = 1 To s2.Count

lvResult.cvSubscripts (i - 1) = sl.cvSubscripts(CInt(s2.Item(i - 1)) -
1)

'"lvResult.Item(i) = sl.Item(CInt(s2.Item(i - 1)))
Next
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Return lvResult
Else

MsgBox ("Exception raised due to invalid argument specification" &
vbNewLine &

"during call of shared method classVector.Reduce (ByRef sl as " & _
classVector, ByRef s2 As Arraylist).")
Return Nothing
End If
End Function

v

Method that multiplies current instance by the specified constant
Public Sub Multiply(ByVal s As Single)
For 1 As Integer = 1 To cvSubscripts.Length
cvSubscripts(i - 1) *= s
Next
End Sub

' Method that returns the result of multiplication between the specified vector
and the specified constant

Public Shared Function Multiply(ByRef sl As classVector,
classVector

Dim lvResult As New classVector (sl)

ByVal s2 As Single) As

If Not sl Is Nothing Then
For 1 As Integer = 1 To lvResult.cvSubscripts.Length

lvResult.cvSubscripts(i - 1) *= s2
Next

Return lvResult
Else
MsgBox ("Exception raised due to invalid argument specification" &
vbNewLine &
"during call of shared method classVector.Multiply (ByRef sl " &
"As classVector, ByVal s2 As Single).")
Return Nothing
End If
End Function

Method that multiplies current instance's subscripts by the respective specified
vector's subscripts

Public Sub Multiply(ByRef s As classVector)

If s Is Nothing OrElse cvSubscripts.Length <> s.cvSubscripts.Length Then
MsgBox ("Exception raised due to invalid argument specification" &
vbNewLine &

"during call of method classVector.Multiply (ByRef s As " &

"classVector).")
Else
For 1 As Integer = 1 To cvSubscripts.Length
cvSubscripts(i - 1) *= s.cvSubscripts(i - 1)
Next
End If
End Sub

' Method that returns the result of multiplication between the specified vectors'
respective subscripts

Public Shared Function Multiply(ByRef sl As classVector,
As classVector

If sl Is Nothing OrElse s2 Is Nothing OrElse sl.cvSubscripts.Length <>
s2.cvSubscripts.Length Then

MsgBox ("Exception raised due to invalid argument specification" &
vbNewLine &

ByRef s2 As classVector)

"during call of shared method classVector.Add(ByRef sl As " &
"classVector, ByRef s2 As classVector).")
Return Nothing
Else

Dim lvResult As New classVector (sl)

For i As Integer = 1 To lvResult.cvSubscripts.Length

lvResult.cvSubscripts(i - 1) *= s2.cvSubscripts(i - 1)
Next
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Return lvResult
End If
End Function

v

Method that returns the dot product of the current instance and the specified
vector
Public Function DotProduct (ByRef s As classVector) As Single
If s Is Nothing OrElse cvSubscripts.Length <> s.cvSubscripts.Length Then
MsgBox ("Exception raised due to invalid argument specification" & _
vbNewLine &
"during call of method classVector.DotProduct (ByRef s As " &
classVector) .")
Return Nothing
Else
Dim lvResult As Single

For 1 As Integer = 1 To cvSubscripts.Length
lvResult += cvSubscripts(i - 1) * s.cvSubscripts(i - 1)
Next

Return lvResult
End If
End Function
' Method that returns the dot product of the specified vectors
Public Shared Function DotProduct (ByRef sl As classVector, ByRef s2 As
classVector) As Single
If sl Is Nothing OrElse s2 Is Nothing OrElse sl.Length <> s2.Length Then
MsgBox ("Exception raised due to invalid argument specification" &
vbNewLine &
"during call of shared method classVector.DotProduct (ByRef sl " &
"As classVector, ByRef s2 As classVector).")
Return Nothing
Else

Dim lvResult As Single

For i As Integer = 1 To sl.cvSubscripts.Length

lvResult += sl.cvSubscripts(i - 1) * s2.cvSubscripts(i - 1)
Next

Return lvResult
End If
End Function
' Method that normalizes current instance to unit length
Public Sub Normalize ()
Dim lclResult As Single = Me.Norm(2)

If 1lclResult > 0 Then Me.Multiply(l / lclResult)
End Sub

' Method that returns the result of normalization of the specified vector to unit

length
Public Shared Function Normalize (ByRef s As classVector) As classVector
Dim lclResult As New classVector(s)

If lclResult.Norm(2) > 0 Then lclResult.Multiply(l / lclResult.Norm(2))

Return lclResult
End Function
#End Region

#Region " Constructors "
' Default class constructor
Public Sub New ()
ReDim cvSubscripts(-1)
End Sub
' Alternative constructor that initializes vector's size
Public Sub New (ByVal s As Integer)
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If s > 0 Then
ReDim cvSubscripts(s - 1)
Else
ReDim cvSubscripts(-1)
End If
End Sub
' Alternative constructor that initializes current instance to a copy of the
specified vector
Public Sub New (ByRef s As classVector)
If Not s Is Nothing Then
cvSubscripts = s.cvSubscripts.Clone
Else
ReDim cvSubscripts (-1)
End If
End Sub
#End Region

End Class

' This class implements the entity "Query result"

Public NotInheritable Class classResult

#Region " Instance members "
' The relevancy flag of the current instance
Private cvIsRelevant As Boolean
' The URL of the current instance
Private cvURL As String
' The keywords extracted from meta tag of the current instance
Private cvKeywords As ArrayList
' The full term TF-IDF vector of the current instance
Private coVectorFull As classVector
' The reduced term TF-IDF vector of the current instance
Private coVectorReduced As classVector
#End Region

#Region " Properties "
' Property that returns the informative flag of the current instance
Public ReadOnly Property IsInformative () As Boolean
Get
If cvKeywords.Count = 0 Then
Return False
Else
If poKernel.VectorsCreated Then Return Not coVectorReduced.IsZero
Return True
End If
End Get
End Property
' Property that sets/returns the relevancy flag of the current instance
Public Property IsRelevant () As Boolean
Get
Return cvIsRelevant
End Get
Set (ByVal Value As Boolean)
cvIsRelevant = Value
End Set
End Property

' Property that returns a copy of the keywords list of the current instance

Public ReadOnly Property KeywordList () As ArrayList
Get
Return cvKeywords.Clone
End Get
End Property

' Property that returns membership information about a specific keyword



Public ReadOnly Property KeywordExists (ByVal s As String) As Boolean
Get
Return cvKeywords.Contains (s.ToString.ToLower.Trim)
End Get
End Property
' Property that returns the number of keywords for the current instance
Public ReadOnly Property KeywordCount () As Integer
Get
Return cvKeywords.Count
End Get
End Property

' Property that returns a keyword accessed by index
Public ReadOnly Property KeywordByIndex (ByVal s As Integer) As String
Get
If s >= 1 AndAlso s <= cvKeywords.Count Then
Return cvKeywords.Item(s - 1).ToString
Return Nothing
End Get
End Property
' Property that returns the full term vector of the current instance
Public ReadOnly Property VectorFull() As classVector
Get
Return coVectorFull
End Get
End Property
' Property that returns the reduced term vector of the current instance
Public ReadOnly Property VectorReduced() As classVector
Get
Return coVectorReduced
End Get
End Property

' Property that returns the URL of the current instance
Public ReadOnly Property URL() As String
Get
Return cvURL
End Get
End Property
#End Region

#Region " Methods "
' Method that adds the specified keyword to the keyword list of the current
instance
Public Sub KeywordAdd(ByVal s As String)
If s.Trim.Length > 0 AndAlso _
Not cvKeywords.Contains (s.ToLower.ToLower.Trim) Then
cvKeywords.Add (s.ToString.ToLower.Trim)
cvKeywords.TrimToSize ()
cvKeywords. Sort ()
End If
End Sub

' Method that clears the keyword list of the current instance
Public Sub KeywordClear ()
cvKeywords.Clear ()
cvKeywords.TrimToSize ()
End Sub
' Method that removes the specified keyword from the keyword list of the current
instance
Public Sub KeywordRemove (ByVal s As String)
If cvKeywords.Contains (s.ToString.ToLower.Trim) Then
cvKeywords.Remove (s.ToString.ToLower.Trim)
cvKeywords.TrimToSize ()
End If
End Sub
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' Method that removes the specified keyword from the keyword list of the current
instance
Public Sub KeywordRemoveAt (ByVal s As Integer)
If s > 1 AndAlso s <= cvKeywords.Count Then
cvKeywords.RemoveAt (s - 1)
cvKeywords.TrimToSize ()
End If
End Sub

' Method that performs term reduction for the current instance
Public Sub ReduceTerms (ByRef s As ArrayList)
coVectorReduced = classVector.Reduce (coVectorFull, s)
coVectorReduced.Normalize ()
End Sub
#End Region

#Region " Constructors "
' Default class constructor
Public Sub New (ByVal sl As String,
Optional ByRef s2 As ArraylList = Nothing,
Optional ByVal s3 As Boolean = True,
Optional ByVal s4 As Integer = 0,
Optional ByVal s5 As Integer 0)

If sl.Trim.Length = 0 Then
MsgBox ("A run-time exception was raised because of invalid argument" &

vbNewLine & "supplied in classResult.New()",
MsgBoxStyle.Critical + MsgBoxStyle.OKOnly,
" Error")

MyBase.Finalize ()

End If

cvURL = sl.Trim
If s2 Is Nothing Then : cvKeywords = New ArrayList
Else : cvKeywords = New ArrayList(s2) : End If
cvIsRelevant = s3
coVectorFull = New classVector (s4)
coVectorReduced = New classVector (s5)
End Sub
#End Region

End Class

' This class implements the collection of "Query results"
Public NotInheritable Class classQuery

#Region " Instance members "
' The keywords' super-list for all results in the current instance
Private cvKeywordsAll As SortedList

' The selected keywords' super-list for all results in the current instance
Private cvKeywordsSelected As ArrayList

' The keywords' reduced super-list for all results in the current instance
Private cvKeywordsReduced As ArrayList

' The keyword purity vector

Private coPurityVector As classVector

' The list of results in the current instance
Private cvResults As ArrayList

' The keywords' mean TF-IDF vector
Private coMeansVector As classVector
#End Region

#Region " Properties "
Public ReadOnly Property InformativeSelected() As Integer
Get
Dim lvResult As Integer



For 1 As Integer = 1 To cvResults.Count
If DirectCast (cvResults.Item(i - 1), classResult).IsRelevant AndAlso _
DirectCast (cvResults.Item(i - 1), classResult).IsInformative Then
lvResult += 1
Next

Return lvResult
End Get
End Property
' Property that returns the number of informative results in the current instance
Public ReadOnly Property Informative() As Integer
Get
Dim lvResult As Integer

For 1 As Integer = 1 To cvResults.Count
If DirectCast (cvResults.Item(i - 1), classResult).IsInformative Then _
1lvResult += 1
Next

Return lvResult
End Get
End Property
' Property that returns the number of results marked as relevant in the current
instance
Public ReadOnly Property Relevant () As Integer
Get
Dim lvResult As Integer

For 1 As Integer = 1 To cvResults.Count
If DirectCast (cvResults.Item(i - 1), classResult).IsRelevant Then _
1lvResult += 1
Next

Return lvResult
End Get
End Property
' Property that returns the keywords' super-list
Public ReadOnly Property KeywordsAll () As ArrayList
Get
Dim lvResult As New ArrayList

For 1 As Integer = 1 To cvKeywordsAll.Count
1vResult.Add (cvKeywordsAll.GetKey (i - 1) .ToString)
Next

Return lvResult
End Get
End Property
' Property that returns the size of the keywords' super-list
Public ReadOnly Property KeywordsAllCount () As Integer
Get
Return cvKeywordsAll.Count
End Get
End Property

' Property that returns the reduced keywords' super-list
Public ReadOnly Property KeywordsReduced() As ArrayList
Get
Return cvKeywordsReduced
End Get
End Property

' Property that returns the size of the keywords' reduced super-list
Public ReadOnly Property KeywordsReducedCount () As Integer
Get
Return cvKeywordsReduced.Count
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End Get
End Property
' Property that returns the selected keywords' super-list
Public ReadOnly Property KeywordsSelected() As ArrayList
Get
Return cvKeywordsSelected
End Get
End Property
' Property that returns the size of the selected keywords' super-list
Public ReadOnly Property KeywordsSelectedCount () As Integer
Get
Return cvKeywordsSelected.Count
End Get
End Property
' Property that returns the keywords' TF-IDF means vector
Public ReadOnly Property MeansVector () As classVector
Get
Return coMeansVector
End Get
End Property
' Property that sets/returns the term purity vector
Public Property PurityVector () As classVector
Get
Return coPurityVector
End Get
Set (ByVal Value As classVector)
coPurityVector = Value
End Set
End Property

' Property that returns the specified result of the current instance accessed by

index
Public ReadOnly Property ResultByIndex (ByVal s As Integer) As classResult
Get
If s >= 1 AndAlso s <= cvResults.Count Then _
Return DirectCast (cvResults.Item(s - 1), classResult)
Return Nothing
End Get

End Property

' Property that returns the specified result of the current instance accessed by

index
Public ReadOnly Property ResultByURL (ByVal s As String) As classResult
Get
For 1 As Integer = 1 To cvResults.Count
If DirectCast (cvResults.Item(i - 1), classResult).URL = s.Trim Then _
Return DirectCast (cvResults.Item(i - 1), classResult)
Next
Return Nothing
End Get
End Property
' Property that returns the number of results in the current instance
Public ReadOnly Property ResultCount () As Integer
Get
Return cvResults.Count
End Get
End Property
#End Region

#Region " Methods "

' Method that clears the list of results of the current instance
Public Sub Clear ()
cvKeywordsAll.Clear ()
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cvKeywordsAll.TrimToSize ()
cvKeywordsReduced.Clear ()
cvKeywordsReduced.TrimToSize ()
cvResults.Clear ()
cvResults.TrimToSize ()

coMeansVector.Length = 0
coPurityVector = Nothing
End Sub

v

Method that adds the specified result to the current instance
Public Sub ResultAdd(ByRef s As classResult)
If Not cvResults.Contains(s) Then

cvResults.Add (s)

For 1 As Integer = 1 To s.KeywordCount
If Not cvKeywordsAll.ContainsKey (s.KeywordByIndex (i) .ToString)
cvKeywordsAll.Add (s.KeywordByIndex (i), 1)
Else
cvKeywordsAll.Item(s.KeywordByIndex (i)) += 1
End If
Next

cvKeywordsAll.TrimToSize ()
cvResults.TrimToSize ()
End If
End Sub
' Method that removes the specified result from the current instance
Public Sub ResultRemove (ByVal s As String)

Then

For 1 As Integer = 1 To cvResults.Count
If DirectCast (cvResults.Item(i - 1), classResult).URL = s.Trim Then
cvResults.RemoveAt (i - 1)
cvResults.TrimToSize ()
Exit Sub
End If
Next
End Sub

' Method that removes the specified result from the current instance

Public Sub ResultRemoveAt (ByVal s As Integer)
If s >> 1 AndAlso s <= cvResults.Count Then
For j As Integer = 1 To DirectCast (cvResults.Item(s - 1),
classResult) .KeywordCount
If cvKeywordsAll.ContainsKey (DirectCast (cvResults.Item(s - 1),
classResult) .KeywordByIndex (j)) Then
If cvKeywordsAll.Item(DirectCast (cvResults.Item(s - 1),
classResult) .KeywordByIndex (j)) = 1 Then
cvKeywordsAll.Remove (DirectCast (cvResults.Item(s - 1),
classResult) .KeywordByIndex (Jj))

Else
cvKeywordsAll.Item(DirectCast (cvResults.Item(s - 1),
classResult) .KeywordByIndex (j)) -=1
End If
End If
Next
cvResults.RemoveAt (s - 1)

cvResults.TrimToSize ()
cvKeywordsAll.TrimToSize ()
End If
End Sub

' Method that returns membership information of the specified result to the

current instance
Public Function ResultExists(ByVal s As String) As Boolean
For i As Integer = 1 To cvResults.Count

If DirectCast(cvResults.Item(i - 1), classResult).URL = s.Trim Then _
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Return True
Next
Return False
End Function

' Method that returns membership information of the specified result to the
current instance
Public Function ResultExists (ByRef s As classResult) As Boolean
Return cvResults.Contains(s)
End Function

' Method that removes specified keyword from selected keywords list
Public Sub KeywordDeSelect (ByVal sl As String)

If cvKeywordsSelected.Contains(sl.Trim) Then
cvKeywordsSelected.Remove (sl.Trim)
cvKeywordsSelected.TrimToSize ()

End If

End Sub

' Method that adds specified keyword to selected keywords list
Public Sub KeywordSelect (ByVal sl As String)

If Not cvKeywordsSelected.Contains(sl.Trim) Then
cvKeywordsSelected.Add (sl.Trim)
cvKeywordsSelected.Sort ()
cvKeywordsSelected.TrimToSize ()

End If

End Sub
#End Region

#Region " Constructors "
' Default class constructor
Public Sub New ()
cvKeywordsAll = New SortedList
cvKeywordsReduced = New ArrayList
cvKeywordsSelected = New ArrayList
cvResults = New ArrayList
coMeansVector = New classVector
coPurityVector = Nothing
End Sub
#End Region

End Class

' This class implements the entity "Cluster"
Public NotInheritable Class classCluster

#Region " Instance members "
' The name-description of the cluster
Private cvName As String

' The list of documents that belong to the current instance
Private cvResultList As SortedList

' The centroid vector of the current instance
Private coVectorCentroid As classVector
#End Region
#Region " Properties "
' Property that sets/returns the name of the current instance
Public Property Name () As String
Get
Return cvName
End Get
Set (ByVal Value As String)
cvName = Value
End Set
End Property

' Property that returns the specified document of the current instance accessed by

index
Public ReadOnly Property ResultByIndex (ByVal s As Integer) As classResult
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Get
If s >= 1 AndAlso s <= cvResultList.Count Then _
Return DirectCast (cvResultList.GetByIndex(s - 1), classResult)
Return Nothing
End Get

End Property

' Property that returns the Entropy measure for the current instance
Public ReadOnly Property Entropy() As Single
Get
Dim lvCategories () As SortedList = {New SortedList,
New SortedList,
New SortedList}
Dim lvPure() As Integer = {0, 0, 0}, lvResult() As Single = {0, 0, 0}
Dim lvCategoriesl As New SortedList
Dim lvCategories2 As New SortedList
Dim lvCategories3 As New SortedList
Dim lvPurel, lvPure2, lvPure3 As Integer
Dim lvResultl, 1lvResult2, 1vResult3 As Single
Dim hybrid As String

For i As Integer = 1 To cvDocumentList.Count
System.Windows.Forms.Application.DoEvents ()

With DirectCast (cvDocumentList.GetByIndex (i - 1), classDocument)
If .CategoryCount >= 1 AndAlso .CategoryCount <= 3 Then

lvPure (.CategoryCount - 1) += 1

hybrid = String.Empty

For j As Integer = 1 To .CategoryCount
hybrid &= .CategoryByIndex(7j)
If j < .CategoryCount Then hybrid &= "-"

Next

If lvCategories(.CategoryCount - 1) .ContainsKey (hybrid) Then
lvCategories (.CategoryCount - 1).Item(hybrid) += 1

Else
lvCategories (.CategoryCount - 1) .Add(hybrid, 1)
End If
End If

End With
Next

For i As Integer = 1 To 3
If 1lvPure(i - 1) > 0 Then
For j As Integer = 1 To lvCategories(i - 1) .Count
System.Windows.Forms.Application.DoEvents ()

lvResult (i - 1) += CInt(lvCategories(i-1).GetByIndex(j-1))
/ (lvPure (0) + lvPure(l) + lvPure(2)) * _
Math.LoglO (CInt (lvCategories (i-1) .GetByIndex (j-1)) / _
(1lvPure (0) + 1lvPure(l) + 1lvPure(2)))
Next
End If
Next

Return (-1) * (1lvResult(0) + 1lvResult(l) + 1lvResult(2)) / -~
Math.LoglO (poDataset.CategoriesCount + 45 + 120)
End Get
End Property

' Property that returns the Purity measure for the current instance
Public ReadOnly Property Purity() As Single
Get
Dim lvResult As Single ' Stores property result
Dim lvPureDocuments As Integer ' Counter
Dim lvLabelCounter As New SortedList

For i As Integer = 1 To cvResultList.Count
If cvResultList.GetByIndex (i - 1).CategoryCount = 1 Then
lvPureDocuments += 1
If lvLabelCounter.ContainsKey( _
cvDocumentList.GetByIndex (i-1) .CategoryByIndex (1)) Then
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lvLabelCounter.Item(
cvDocumentList.GetByIndex (i-1) .CategoryByIndex (1)) += 1

Else
lvLabelCounter.Add(
cvDocumentList.GetByIndex (i-1) .CategoryByIndex (1), 1)
End If
End If

Next
If lvPureDocuments > 0 Then
For i As Integer = 1 To lvLabelCounter.Count

System.Windows.Forms.Application.DoEvents ()

1lvResult = Math.Max (lvResult, CInt (lvLabelCounter.GetByIndex(i-1)))

Next
Return (lvResult / lvPureDocuments)
Else
Return O
End If
End Get

End Property
' Property that returns the internal similarity measure for the current instance
Public ReadOnly Property Similarity() As Single
Get
Dim lvResult As Single ' Stores property result
Dim loVectorA, loVectorB As classVector ' Temporary buffers

If cvResultList.Count > 1 Then
For i As Integer = 1 To (cvResultList.Count - 1)
For j As Integer = (i + 1) To cvResultList.Count
' Creates copies of original vectors
loVectorA = New classVector( _
DirectCast (cvResultList.GetByIndex (i - 1),
classResult) .VectorReduced)
loVectorB = New classVector( _
DirectCast (cvResultList.GetByIndex(j - 1), _
classResult) .VectorReduced)
' Calculates distance between current vectors
If loVectorA.IsZero And loVectorB.IsZero Then _
1lvResult += 0
If loVectorA.IsZero And Not loVectorB.IsZero Then
1lvResult += loVectorB.Norm(2)
If Not loVectorA.IsZero And loVectorB.IsZero Then
1lvResult += loVectorA.Norm(2)
If Not loVectorA.IsZero And Not loVectorB.IsZero Then
loVectorB.Multiply (-1)
1vResult += classVector.Norm(classVector.Add (loVectorA,
loVectorB), 2)
End If
Next
Next
' Returns the percentage of the calculated distances over the maximum
potential distances
Return 1 - 1lvResult / (Math.Sgrt(2) * cvResultList.Count *
(cvResultList.Count - 1) / 2)
Else
Return 1
End If
End Get
End Property

' Property that returns the number of documents that belong to the current

instance
Public ReadOnly Property Size () As Integer
Get
Return cvResultList.Count
End Get
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End Property
' Property that returns the centroid vector of the current instance
Public ReadOnly Property VectorCentroid() As classVector
Get
Return coVectorCentroid
End Get
End Property
#End Region

#Region " Methods "
' Method that calculated the centroid vector of the current instance
Public Sub CalculateCentroid()
coVectorCentroid.Clear ()
coVectorCentroid.Length = poQuery.KeywordsReducedCount

For 1 As Integer = 1 To cvResultList.Count
coVectorCentroid.Add (DirectCast (cvResultList.GetByIndex (i - 1),
classResult) .VectorReduced)
If 1 = cvResultList.Count Then _
coVectorCentroid.Multiply(l / cvResultList.Count)
Next
End Sub
' Method that adds the specified result to the current instance
Public Sub ResultAdd(ByRef s As classResult)
If Not cvResultList.ContainsValue(s) Then
cvResultList.Add (s.URL, s)
cvResultList.TrimToSize ()
End If
End Sub

' Method that removes the specified document to the current instance
Public Sub ResultRemove (ByRef s As classResult)
If cvResultlList.ContainsValue(s) Then
cvResultList.Remove (s.URL)
cvResultList.TrimToSize ()
End If
End Sub

' Method that searches for the specified document in current instance
Public Function ResultExists(ByVal s As String) As Boolean
Return cvResultlList.ContainsKey (s.Trim)
End Function
' Method that searches for the specified document in current instance
Public Function ResultExists (ByRef s As classResult) As Boolean
Return cvResultList.ContainsValue (s)
End Function

' Method that clears all documents of current instance
Public Sub Clear ()
cvResultList.Clear ()
cvResultList.TrimToSize ()
End Sub
#End Region
#Region " Constructors "
' Default class constructor
Public Sub New (ByVal s As String)
cvName = s
cvResultList = New SortedList
coVectorCentroid = New classVector
End Sub
#End Region
End Class

' This class implements the collection of "Clusters"
Public NotInheritable Class classScheme

#Region " Instance members "
' The list of clusters which constitute current clustering scheme
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Private pvClusters As ArrayList
#End Region

#Region " Properties "
' Property that returns a specified cluster of the current instance accessed by
index
Public ReadOnly Property ClusterByIndex (ByVal s As Integer) As classCluster
Get

If s >= 1 AndAlso s <= pvClusters.Count Then _
Return pvClusters.Item(s - 1)
Return Nothing
End Get
End Property

' Property that returns the number of clusters of the current instance

Public ReadOnly Property Size() As Integer
Get
Return pvClusters.Count
End Get
End Property

' Property that returns the Entropy measure for the current clustering scheme

instance
Public ReadOnly Property Entropy() As Single
Get
Dim lvResult As Single ' Stores property result
For i As Integer = 1 To pvClusters.Count
1vResult += ClusterByIndex(i).Size / poQuery.ResultCount *

ClusterByIndex (i) .Entropy
Next

Return lvResult
End Get
End Property

' Property that returns the Purity measure for the current clustering scheme

instance
Public ReadOnly Property Purity() As Single
Get
Dim lvResult As Single ' Stores property result
For 1 As Integer = 1 To pvClusters.Count
lvResult += ClusterByIndex(i).Size / poQuery.ResultCount *

ClusterByIndex (i) .Purity
Next

Return lvResult
End Get
End Property

' Property that returns the Internal Similarity measure for the current clustering
scheme instance
Public ReadOnly Property Similarity() As Single
Get
Dim lvResult As Single ' Stores property result
For 1 As Integer = 1 To pvClusters.Count
lvResult += ClusterByIndex(i).Size / poQuery.ResultCount *

ClusterByIndex (i) .Similarity
Next

Return lvResult
End Get
End Property
#End Region
#Region " Methods "

' Method that creates the specified number of clusters for the current instance by

random selection of input documents
Public Sub Create(ByVal s As Integer)
Dim lvNewCluster As classCluster ' Pointer to the new cluster
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Randomize ()
pvClusters.Clear ()

For 1 As Integer = 1 To s
lvNewCluster = New classCluster ("Cluster " & i.ToString)
lvNewCluster.VectorCentroid.Length = poQuery.KeywordsReducedCount

For j As Integer = 1 To lvNewCluster.VectorCentroid.Length
lvNewCluster.VectorCentroid.Item(j) = (i - 1) / (s - 1)
Next

pvClusters.Add (lvNewCluster)
Next

pvClusters.TrimToSize ()
End Sub

' Method that clears the list of clusters of the current instance

Public Sub Clear ()
pvClusters.Clear ()
pvClusters.TrimToSize ()

End Sub

' Method that adds the specified cluster to the list of clusters of the current
instance
Public Sub Add(ByRef s As classCluster)
pvClusters.Add(s)
pvClusters.TrimToSize ()
End Sub

' Method that re-assigns the specified result to the specified cluster of the
current instance
Public Sub MoveDocument (ByRef sl As classResult, ByRef s2 As classCluster)
For 1 As Integer = 1 To pvClusters.Count

If DirectCast (pvClusters.Item(i - 1), classCluster).ResultExists(sl) _
AndAlso Not Equals(DirectCast (pvClusters.Item(i-1),classCluster),s2)
Then
DirectCast (pvClusters.Item(i - 1), classCluster).ResultRemove (sl)
Exit For
End If
Next
For i As Integer = 1 To pvClusters.Count

If Equals (DirectCast (pvClusters.Item(i - 1), classCluster), s2) AndAlso
Not DirectCast (pvClusters.Item(i-1), classCluster).ResultExists(sl)

Then
DirectCast (pvClusters.Item(i - 1), classCluster) .ResultAdd(sl)
Exit For
End If
Next
End Sub

#End Region

#Region " Constructors "
' Default class constructor
Public Sub New ()
pvClusters = New ArrayList
End Sub
#End Region

End Class

' This single-instance class encapsulates all major variables used in the application

and facilitates manipulation of their values in a centralized, more efficient,
not error-prone manner

Public NotInheritable Class classKernel

v

v
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#Region " Data members "
' Enumerates the various application states
Public Enum enumApplicationState

Idle =1
Processing = 2
End Enum

' A flag that provides information whether a query has been executed
Private cvQueryPerformed As Boolean

' A flag that provides information whether vector representations have been
created
Private cvVectorsCreated As Boolean

' A flag that signals current action cancellation request
Private cvCancelRequested As Boolean

' The current state of the application
Private cvApplicationState As enumApplicationState

' A flag that provides information whether clustering has been performed
Private cvClusteringPerformed As Boolean

' A flag that provides information whether clustering summary has been created
Private cvSummaryCreated As Boolean

' A flag that provides information whether term reduction has been performed
Private cvKeywordReductionPerformed As Boolean

' A flag that provides information whether term weighting has been performed
Private cvKeywordWeightingPerformed As Boolean
#End Region

#Region " Properties "
Public Property QueryPerformed() As Boolean
Get
Return cvQueryPerformed
End Get
Set (ByVal Value As Boolean)
cvQueryPerformed = Value

If Not cvQueryPerformed Then
poQuery.Clear ()
Me.VectorsCreated = False

End If

End Set
End Property

' Property that sets/returns information on whether current action cancelling has
been requested
Public Property CancelRequested() As Boolean
Get
Return cvCancelRequested
End Get
Set (ByVal Value As Boolean)
cvCancelRequested = Value
End Set
End Property

' Property that sets/returns information on whether clustering has been performed
Public Property ClusteringPerformed() As Boolean
Get
Return cvClusteringPerformed
End Get
Set (ByVal Value As Boolean)
cvClusteringPerformed = Value

If Not cvClusteringPerformed Then
poScheme.Clear ()
cvSummaryCreated = False

End If
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End Set
End Property

' Property that sets/returns information on whether datafile has been read

Public Property VectorsCreated() As Boolean
Get
Return cvVectorsCreated
End Get
Set (ByVal Value As Boolean)
cvVectorsCreated = Value

If Not cvVectorsCreated Then Me.TermReductionPerformed = False
End Set

End Property

' Property that sets/returns information on whether summary has been created

Public Property SummaryPerformed() As Boolean
Get
Return cvSummaryCreated
End Get
Set (ByVal Value As Boolean)
cvSummaryCreated = Value
End Set
End Property

v

Property that sets/returns information on whether term reduction has been
performed

Public Property TermReductionPerformed() As Boolean
Get
Return cvKeywordReductionPerformed
End Get
Set (ByVal Value As Boolean)
cvKeywordReductionPerformed = Value

If Not cvKeywordReductionPerformed Then
poQuery.KeywordsReduced.Clear ()
Me.TermWeightingPerformed = False

End If

End Set
End Property

v

Property that sets/returns information on whether term weighting has been
performed

Public Property TermWeightingPerformed() As Boolean
Get

Return cvKeywordWeightingPerformed
End Get
Set (ByVal Value As Boolean)
cvKeywordWeightingPerformed = Value

If Not cvKeywordWeightingPerformed Then
poQuery.PurityVector = Nothing
Me.ClusteringPerformed = False

End If

End Set
End Property

' Property that sets/returns information on current application state

Public Property ApplicationState() As enumApplicationState
Get
Return cvApplicationState
End Get
Set (ByVal Value As enumApplicationState)
cvApplicationState = Value
End Set
End Property
#End Region

#Region " Constructors "

' Default class constructor
Public Sub New ()
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cvApplicationState = enumApplicationState.Idle
cvCancelRequested = False
cvVectorsCreated = False
cvSummaryCreated = False
cvClusteringPerformed = False
cvKeywordReductionPerformed = False
cvKeywordWeightingPerformed = False
End Sub
#End Region

End Class



