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Meoiinyn

H mapovoo gpyoaoia aoyoheitar pe tnv omadonoinen (clustering) docoinyov (transactions),
Tov  euavicovror o €vo xzaraveunuévo (distributed) ovotTnue eneEeQyaciog 60GOMYPLOV
(OLTP system), OUWMPOVOS TEOG TO XOQUXTNOLOTIXA TOV @OQToV £oyaciag (workload) ovtmy.

AToTELEL OVVEXELOL TNG METATTTUXLOXNG eQYootag [Lab95], dwagopomoteital, O, amd avtiv
010 OTL M onadomoinon yivetal mhvew oe o duvauxmg UeTafolAouevn axohovbio dedouévav
7oL Oyl TAEOV OE €va. OTATHO OUVOAO OQUTMV.

I'io T0 onomd owto, €xovv vhomowndel dVvo duvarol aiyoELOROL ORAdOTONONG, €L TWV
omolwv 0 TEWTOg Paciletor 0Tn XONON €VOS VEVQWVIXOU OKTUOU TUITov K-MEANS, evdd 0
0eVTEQOG nAveL xONOM YOPODEWONTIXMV UebOdWV opadoTOINONG.
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Abstract

The following work deals with clustering of transactions in a distributed OLTP system,
according to their workload characteristics.

It continues the work done in [Lab95], differentiating from it by the fact that it no longer
deals with static sets of data and thus with batch clustering algorithms. Instead, it deals with a
dynamic sequence of data which calls upon the use of an ‘‘on the fly’’ clustering algorithm.

For this purpose, two dynamic clustering algorithms have been implemented. The first one
is based on an artificial neural network of the adaptive K-MEANS family of networks, while
the second one is based on a graph - theoretical clustering method.






Evyagiotieg

O Noeha Vo EXPOAOW TLS EVYAQLOTIES UOV O OQLOUEVOVS avBomTovg, N fonbeo Twv omoimwv
VItNEEE ®ABOQLOTLXY YLOL TNV TEQATWON TNG TAQOVONS EQYAOTLOG.

[Towta amd dhovg, Ha Nbero vo evyaQLOTHOW TOV eMPAETOVTO ®abNyNTM wov, *. XENoTo
Nwohdov, 0 omolog pov €dwoe ™ OuvatdTTo va. aoxobm e to Béuo ovtd noL ue
10000MYNOE ROOOAN TN OLOPKELD TV UETOITTTUXLARMY OTOVIMV UOV.

Emiong, Oa nbeho vo evyaolotom to uéAN NG EEETAOTIXNG ETLTQOMNG TNG UETOITTUYLOANG
wov epyaoiog, radnyntég x. Tuogyo TCpita, %. Tuwpyo Teweyordmovio xor %n. Tuoyo
[Totawd, yuo TG OVUBOVAEG TOVUG %Ol TLG TTOAD ONUOVIWKES TTOQATNONOELS TOVG TTAVM O
oudpopa Benata g eoyaotag ovtg, xabwmg ®or Tov Avartinowti ~ abnynt tov Puotwov
Tunuatog . Nixo ~ vAdgn yua T ovupouviéc Tov %ol ™) Ponded tov.

Oo Mbelo emmiong va evxaELoThom Tovg (ihovg pov Iwdvvn Ildtea, Améotoho Zdaa,
" wvotovtivo Xdaon, Tuogyo ~ ayrdom, Anunton Iomwoddxn, Mavoin Mapoaldxn, Tungyo
T'ewyravvaxn o Ewprivn Povviovddxn yia tn fordeta xoL ovptodoTtooy Tovg.

H ohoxhnpowon g moovoog eQyactag otddnxe Ouvathy ¥AEn OTNV UAKOTEXVLXKY RO
OOVOULKY VTTOOTNELEN TTOV WOV TTOQELXOV %ATO TN OLGQXELD. TV OTOVOWMV WOV, TOOO
10 Twjuo Emotiung Ymoroywotwv tov IMovemotnuiov ~ ontng, 600 x»ar 10 Ivotitovto
ITAngogopuxng Tov Idpuuatog Texvoloyiag xar ‘Egevvog xnon eLdixOTEQA, 1 EQEVVNTLXY OUAd0.
Twv TTAelddmv.

Téhog, Oa NOeha vo eVXAOLOTNOW TOVG YOVELG wov, NEAAN ®ou = wvoTovTivo, ®abmg xot
™V 0dehgn nov, Maudvva, yua T OUWTAQAOTOO0N TOUG XL TNV UEQLOTN VITOOTHOLEN TTOU
Hov €dwoav ®OOOAN TN OLAQKELD TV OTTOVIMV UOV.
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gpaioo 1

Ewsayoyn

2TIG 0VYXOOVES EPAQUOYES TV PACEWV JEQOUEVIIV OL QUTOLTHOELS OTNV VITOAOYLOTIXT| LOYV, TO
uéyebog g nvplwg uvnung, xabwg xnar To uéyebog Twv EEMTEQUAMV QITOONUEVTIHDV UECWV
(Olonmv, TOLVLOV) 0dNYNOAV OTNV KATOOREVT] ROTAVEUNUEVWV CUOTNUATWYV, TTOU UTOQOUV VO
ovTOTTEEEADOVV OTLG OTTOLTNOELG QUTEG UE TTOAD WXQOTEQO XOOTOG AELTOVQYLOG KoL UEYOAV-
TeEES duvoTOTNTES Aueons avaBabulong amd omolodmote ovotnua. tov Bo facllotav otn
YONOM €VOG VITEQUITOAOYLOTY.

‘Evag €Eloov onuovtindg maQdymv Tov 00Mynoe otnv Vobétmon Twv xataveunuévov
OVOTNUATOV €lvaL TO YEYOVOS OTL TTAEOV YONOLUOTTOLOUVTOL OUTE Y10 TTAELOTESG DQAOTNOLOTNTES,
Y. nedtnon Oéoewv omd TOEWOLWTWE YOOpela 1) OLayElQLOM AOYAQLOOW®DY 0T dLAPOQO.
VITOXATOOTHUOTO TQOTTECMV, OL OTMOLES €X NG PUOEMS TOVG OONYOUV OTNV HOTAVEUNUEVT
oxedlaom ®ot AeLtovEyio Tov TEM®OV ovoTHUOTog oV B ®Anbel va tig vmootneiEet. Elvau,
TOQOOELYUOTOS XAOLY, QAVEQD OTL M ROTATUNON EVOG OVOTNUATOS €TTeEEQYA0log TOATTECHWV
QOCOAMMPLV OOMNYEL OTNV ®OTA TTOAV TOUTEQN ETEEEQYOOLO. TOV UEYOAVTEQOV AQLOUOV TwV
OOCOMMPLAIY, TTOV OVTWG N GAAWS HAVOUV YONOM TOQWV TOV POLOXOVIOL TOTUKWMG, OTWS M
avaAmm 1 M ®oTAOEoN EVOG TOOOV XONUATWV aITtd/0E €va AoyoQLaoud Tov €xel ovolyel oto
OUYHEXQLUEVO VITOXROTAOTNUA, TTEQLOOICOVTAG €TOL TOV 0QOUO TV SOCOAMPLOV TTOV TTRETEL
vo. HeTapeQBovV 0TOVG KEVTOHOUS VITOAOYLOTEG TNG TOAITECAS.

o ™MV ®oAOTeEn €000 TWV HOTOVEUNUEVOV OVOTNUATOV OUTAOYV, Elvol amaQaitnTn
N €QAQUOYN AAYOQWOU®Y dQOUOAOYNONG TV SOCOAMPLOV %Ol EELOOQQOTNONG TOV (POQTOV
OUTOV O0TOVS %ATA TOTOVUG VITOAOYLOTLXOUG XOUBOVS TOU OVOTHUOTOG, TTQOXELUEVOU VO YIVEL
TaXUTEON 1 €MeEEQYAOO TV SOCOAMPLOV, AAVOVTOG ¥ONON TOQWV TOVS OVOTHUATOS ITTOU
ROTA 1OLEOVG VITOYENOLUOTTOLOVVTAL.

Ou olyoptuor avtol, yior TNV ood0TLXY AELTOVQYLO. TOVG, YQeLdCovTol va €xel yiver €évag
YOQAXTNOLOUOG TOV (POQTOV €QYAOLOG TWV dOCOAMPLOV MOTE VA YVWEILOVV TO €ld0g ®aL TO
ueyebog TV OTOLTHOEWV OVTMV 0 TOQOVS TOV OVOTHUATOS. ‘Omwg €xel moatnondel, ot
OTTOLTNOELS QUTEG, TL.X. M XONON OUYHEXQUUEVOV QQYXELWV, TNG REVTIQUANG MOVAdNS eeEeQyaoiag,
M TOQOVOLA ONUElWV OVYXOOVIOUOU, ®.AJT. elvol ev yével oveEGQTNTES amtd TO QUOBMO GgiEng
(arrival rate) Twv OOCOAPLDV.

Zmv gpyaoio [Lab95] meotdOnne OTL M YEWYQOQ@LUXY ®OL OQYOVWTLIXY dOou] €VOg OQYOVL-
oMoV eMNEEACEL AUECO. TOV TEOTO HOTA TOV OO0 amoON1evOovVTaL AALG HOL TTQOOTTEAAVUVOVTOL
To Oedouévol TG vIToxeluevng BAONG OedouEvmy. Qg ex TOUTOV, XONOLUOTOWON®E 1 TOLAOO
(0EWV aQOUOg TEOYEAUUATOS, AVEMV 0LOUOS YONOTN, 0EWY aOLOUOS TEQUOTLXOV) TTOOXEL-
UEVOU vo. avayvmpitoviar oL docohmpieg, Bewpwvtag OtL dV0 docOMMpieg TOV £OoUV (Ol T
Tolo. AVTA XaEAXTNELOTWE O ToRoVoLGLovy o TOAD ueydAo Badud opoldTNTO WS TEOS TLG
OITOLTNOELS TOVG.

e €va oUyYovO 0QYaVIOUO OUmg, 0 0QUOS TV OLOPOQETIROV TOLIOWYV TOV WTOQOVV
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va. €(ouv oL docoMMpieg elvol TEQAOTLOC, VD UOVO €Vag TTOAD WxEOG 0OUOS AUTWV WTOQEL
Vo, (ONOWOTOOel  amd TOvg OLdpOQOVS ahyOOLOUOVS QOUOAOYNONG %ol EELOOQOOTTNONG
@optov. Emouévog, meémer va opodoomdovv ov d00OAMpieg oe UeYOAUTEQES OUAOES TTOV
TOQOVOLATOUV ROLVA YAQAXTNOLOTWHG WG TTOOG TG OUTOLTHOELS TOVG.

2ta whoiolo Tov eEevvnTIRoV poyeduuatog LYDIA [ESP], avamtiyxOnre oo v opddo
[MapdAAnhowv ®now = atoveunuévov Zvotnudtwv Tov Ivotitovtov ITAnpogoourng, tov Idpuua-
t0g Teyvohroyiag nar ‘Egevvag, 1o CLUE, éva meQBAALOV YL TNV ouadoToinon docoAmpLairv
0€ OUAOES UE HOLVAL KOQAXTNOLOTLRE (POQTOV €QYOOLAGC, TTOV TTEQLYQAPETAL OTNV UETATTTUY LAY
goyoota Tov AMEavVOQOU Aawtuvion [Lab9s]. Ztmv epyacio auvtn, pehetnonxe to TEORANUC
™G OUODOTOINONG OTUTKMY CUVOAMV SOCOAMMPLOV, TTOV HOTOYQAPOVIOL KOTA TN AELTOVQYiO
eVOG HOTOVEUNUEVOV OVOTNUOTOS ETTEEEQYAOLOG OOCOAMMPLOV. YAomowonoav, Og, TEELS aAYO-
ool opadomoinong, o HALC, o BOND ENERGY ALGORITHM [MSW72] nar 0 K-MEANS xau
ueheTOnne M €xlOO0N TOUg 0TO €V AdY®w TEOBANUQL.

ATO T xoMon TV oAyoolumy auTmv, Taeatnoiinxe OTL TOQOAO TOV elval SuvATOV Vo
eEaybovv onuavtd ovwtepdouata yio. To oV o mEémeL vo. emeEeyatovior ou d0oOAMMpieg
®noL Yoo 10 TG Oo weémer vou rotaveunOel m vwoxelpevn Paom dedoutvov, ev tovtolg Oo
nrav emuuntd va vITayEL ®oL €va. CVOTNUOL TO OTTOL0 VO WTOQEL VO ®AVEL TNV OUOOOTTOINoT
avth ‘‘ev TTNoeL”’, dnAodn ®OTA TN OLGO®ELD TNG AELTOVQYILOG TOV OVOTHUOTOG €TTEEEQYa0lag
dOCOMWLAYV, (MOTE VO WTOREL Vo avoryvowpilel UeTABOAES OTOV TEOTO XONONS TOU OAOV
OVOTNUOTOG KL OVOAOGYWS vo. BonBd autd va Aaufavel omo@doels yuo. 1o oldg Ba frov o
BELTLOTOG TEOTOG AettovQyiag Tov avd Tdoo oTLyun.

2ta. mhalowa TG TOQOVoag UETATTTUXLOXNG €QYaolag ueletOnue to mEOPANUA autd g
ouadomToinong “‘ev mINoeL”’ naL overTuyOnoov dvo Paowwés uébodoL ywo TV emiAvon Tov.
H mowtn ex twv OV0 xonowmwomotel €va vevpwvird Ointvo timov K-MEANS, mov €yel
dUVOTOTNTO. VO OVOTTQOOOQUOCEL TLG OUAOES OTLG OTOleS €xeL ®OTATAEEL TIG SOCOMMWiES,
Olvovtog ava mdoa. oTtiyur) o ®oTd To OUvaTOV TLOTOTEQN OVOTTOQAOTAON TOV TEOTOU
YXONONG TOU OVOTHUOTOS %Ot VO UETABOAAEL TO QUOUO TNG AVOITQOCUQUOYNG QUTHG, OVAAOYMG
TEOG TO TOOO UEYGAES €lvar Ol UETOPOAES OTN XONON TOV CUOTHUATOG.

H devteon Pooiletar oe pio yoogpobemontiny uébodo ouadomoinong TUmov opadixig
enegegyaciag (barch processing), n omolo petafAnOnue ®oTOAMMAWS 0TV €Qyaoion autn, TEO-
AELUEVOV VO UTOEEl Vo eTTLTELEOEL OUAOOTTOINON “‘ev TTTNOoEL””. ZTLG UETOPOAEG HaL TOOOOTHES
OV £yLvov otV aoywr uEBodo, £ytve TEOOTADeLa va Be00UV TEOTOL OVATTQOOQUOYNG TV
OUAdWV TV SOCOMWPYLOV UE TO MHQEOTEQO dUVOTOV HOOTOG, KAVOVTOG TOMHEG aAdayés Uovo
0TV €XAOTOTE QVOITOQAOTAON TNG €LxdVag TOV ovoTuatos. ‘Etol, n tehun nébodog Olagépet
OO TNV AQYWHY, TNV OTOLA AL XONOLOTTOLEL TTAEOV UOVOV ROTE TNV OQYLKOTTOINOY TNG.

[o ™ dwamioTwon Twv dVVATOTNTWV TV TEOUVOQEQDEVTIOV UebOdWV, ®OOMG ®oL TwV
TEQLOOLOUMY TOVG, £ywvay Wi 0eLlpd amd TeLduata, TO00 UE TEXVNTMS AATOOXEVOOUEVO.
O0edoUEVa, 000 ®OL UE OVO TTEAYUOTWHA iyxvn (fraces) Twv OOCOAMMPLOV TOV EUPAVIOTNHOV
®ratd T xonon Vo ovoTMUATwV emeEeQyooiag dOCOMMPLOV, TO OO0 TOROOYEONoOV amd
v Siemens Nixdorf Informationssysteme AG [SNI].

H dudpbowon tng epyaotag €xer wg eENg: 0to xne@dhoto 2 mapotifevior oQuopévo Bootrd
OTOLYELD. TV TELVNTAOV VEVQWVIXMDV OWTVWYV, TTQOKEWUEVOD VO OTTOXTNOEL O AVOYVMOTNG
uta €0l TOV YWEOV OVToY, TOU O TOU EMTOEWEL VO TAQOKOAOVONOEL TTLO €VHOAL TNV
OVATTTUEN TOV OUVAAMS AVOTTQO00QUOLOueVOoY K-MEANS aAyoobuov tov mopotibetar 0to
REPOAOLO 3. 2TO %EPALOLO 4 TaQOVOLAleTOL M yoopobewonTixy uebodog ouadomoinong “‘ev
TTNOEL”” ®OL OTO AEPAAOLO 5 TOQOVOLATOVTOL TO. OTTOTEAEOUOTO TWV OQYAXMV TTELQOUATWV
OV £yLvav ®OTA TNV OVATTTUEN Twv nebddwv opadomoinong ‘‘ev mmnoel’’. Téhog, 010
KEPAAOLO 6 TOQOVOLALOVIOL TO. OUTOTEAEOUOTO. TV TEMHMV TELQOUATWV TTOV £YLVOV UE TO
CLUE.



Odnyleg yua T xonon tov CLUE mapotibevtar oto mopdoua I, evad oto mapdotnua 2T
olvetol ulor TANENG TEQLYQUPY] TWV TEAXMDV TTELQAUATWY TOV £YLVOY, MOOTE Va. elvol duvar
N ETOVAAYPY TOVG.






eParoLo 2

Yrovyeta Teyvntov Nevoovirov AxTvoy

Ta tehevtaia yeovio €xel ouyrevTOWOEL UEYOAO EQEVVNTLIXO €VOLOGEQOV OTOV TOUED TV
TEYVNTOV  Vevpwvrmv OmtVwv.  To evilogépov autd mmydler HeQrmg omd v embv-
wio Vo %oTao®eEVAoDOUV VITOAOYLOTIXG CUOTHUATO. UE LKOVOTNTESG TTOQOUOLEG UE QUTEG TOV
avOQWITLVOU  €£YREPALOV.

O avOoWTLVOg eyrEPANOG AELTOVQYEL EVTEAMS OLOPOQETIXE QIO €va. OUUBOTIRG NAEXTQO-
VO VITOAOYLOTY. AVvator Ouwg VO, ETLTEAEOEL AELTOVQYIES, OTWS 1 AVAYVAOOLON QWIS 1 1
OQAOM, TTOAV TTLO EUXOAO. %OL TTLO OITODOTLXG QTG OTTOLOVONTTOTE OVYXQOVO VITOAOYLOTY]. AUTO
elvoL GUEON OVVETELOL TOV SLOGPOQRETLXOV TEOTOV AELTOVQYIOG TOV, ®abidg, avibéTwg ue Tovg
UITOAOYLOTEG TTOV OTN YEVIXY TTEQITTTWON 0TNEICOVTOL 0TO OELQLOKO UOVTELO AELTOVQYIOS TTOU
elye oploer 0 mEWTEQYATNG T™NG TANQOoOwNS John Von Neumann, o eyr€@aAiog 0TnoiCetal
0tV TAQUAMAN AettovQyia xar aAANAETTiOQOON €VOS TERAOTIOV 0QOUOV OO OTTAEG VITOAO-
YLOTWES UOVAOES, TOVG VEVOMVES. ANhadM, €xel T OuvaToTnTa VO OLAOTTG €vol UEYOAO HOL
OVO®OAO TEOPANUA, OTTWS M OVAYVAOQLON €VOS TTQOOMITOV 0t £vol (yvwoTo TeQUBAAAOV, o€
TOAMD UHQOTEQA KOUUATLAL TOL OTOL0. Ta. €TTEEEQYACOVTAL TOVTOXQOVIG WUQLODES VEVQWVWV.

H mpoomdOetor mov €xer yiver uéyor otrypung, €xer odnynoer oe éva aQreTd ®ohd emimedo
YVOONG TOV 0xQBOVS TEOTOU AELTOVQYIOG TOV €yreOAlov ®0obmg xar TN onuoveyio uiag
TAMODEOS UOVIEAWY, TOOO TWV VEVROVWV O00 %L TOV OAYOQLOU®WVY TOU YONOLUOTOLOVV
ovtol ywoo Ty emeEepyoota g TAneogopiag. ‘Exouv, Ot, mpotobel xou didgpopol akydolbuot
expdOnong xou emeEeQyooiag g TANQOYOQELAG TOV TOPOAO Tov Oev Polorovv amevbelog
@uowod ovdioyo, ev tovtolg PaciCoviar otig deg Paoinés 0Qxés TOouv peydAov Pabuov
TOQAAANALOUOU ROL TNG XONONG TTOA) QUTAMV PAOHMY VITOAOYLOTLAMV UWOVAdWV.

2T OUVEXELDL TOV REPOAOLOV OVTOV TTEOxELTAL VO O00El tia TeEQUANTTTIKY TEQLYQA(PY TOV
VEVQMVO, TOV ®UOLOQYOV MOONUOTIHOU HOVIEAOU QUTOU KOL TWV BOOLKMV OQYLTEXTOVIXWDV KOL
OAyOOUV EXUAONONG TTOV YOENOLUOTOLOVVTAL OTO. TEXVNTE VEvQwvrd dirTvo, ®obMg ®au
ular ovvToUn TTEQLYQOPY) TOU QUTO-0QYOVWVOUEVOD YOQTN YOQUXTNOLOTLRMV.

TTOAY 7TEQLOOOTEQES TTANQOPOQLES YLOL TOL TEXVNTA VEVQWVLXA dixTvo VAoV 01O [Hay94],
to [HKPI1], 10 [CB92], ®»0Bwc noL to [JM96]. Zta [MJI5], [MMI94], [JZ96], [Dui96] avape-
0OVTaL UEBODOL OLOOOTTOINONG HOL OVORAAVYNG ONUOVTLXOV YOQOXTNOLOTLADV TV JEQOUEVMV
ue yxonon vevpwvixmv Owmtiwv. To [ZMIR94] meoiéyel ueQunés aQUETE evOLOpEQOVOES EQYL-
oleg, Omwg M [IM94], mévw 0Tn YONON VEVEWVIXOV SUTVWV YL OROOOTTOIMOT - avayvmOLom
oedouévarv. Emiong, to [MRIO0] €Eetdlel o vevpmvind ovoTHuato. amd v Goyn g oTo-
TLOTLNG QuoLkNig, evar 0to [RM86a] magovotdletar n TEwTomopLoxy dovAietd twv Rumelhart,
McClelland »ouv Tov Parallel Distributed Processing (PDP) Research Group 0TLg 0Q)LTEXTOVIXES
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TOV VEVQWVIXOV OWMTUWV %ol 0TOVG ahyoolbuovg exudbnong, eved oto [RMS86b] o oot
TOQOVOLATOVV T AITOTEAEOUOTO TNG €QEVVAG TOVG TTAVMD OTO UOVIEAQ NG Yuyxoloylag xau
™G PLOAOYlOg YLor TOV TEOTO AELTOVQYIOG TOV €YHEQPAAOV.

Téhog, oto [Lau92] meQiéxovior UeQWES amd TG TAEOV ONUOVTLKEG €QYOOlES TTOU £x0UV
Onuootevbel oyeTHmg, OTWG Wo TaQOVOLooN TOV alyoolduov expudonong ue omicOra petd-
doon opdiparog (back-propagation) [Wer90], to oavioywviotirol tumou dixtva [CG87], ta
Perceptrons [WL90], TOV 00TO-0QY0VWVOUEVO YGOTN YAQOXTNOLOTUHwY [Koh90] »au ta dintvo
tomov Hopfield [Hop82].

2.1 O Nevoovog

Me v mpwtomopLaxy 0ovield tov Ramon y Cajal [RyCl1], amodeiyOnue Ot 0 avOQwmLvog
eYnéahog aIToTEAE(TOL QIO évav TEQAOTLO aQWOUO (TOVAGYLOTOV TOLAVTO OLOEXOTOUUIOLOL)
EOWMV ®UTTOQWY, TTOV %AAOVVTOL VEVEOVES (neurons) 1 oMM vevpurd xitToQa. Mia
OYNUATLXTY] TOQAOTAON TOV VEVQWVA @aivetar 0to oyfua 2.1. g ovtd Toatneovue OTL 0
vevpwvag yweiletar oe Téoogpa Poowmd TUquoTOL:

Dendrites

Synapses

Synapses

IRIRN

Synapses

Zymua 2.1: Xovoourn ovortodoTaon evog VEVQMVA

1. Tovg devdpiteg (dendrites), SLOMAOOLOUEVES QITOPUVOELS TWV VEVEOVWYV. Boploxovron
Ot €ma@n UEOW TWV GUVOYEDV (synapses) Ue TLS OTTOANEELS OLapOQmV veveaEdvav
(axons) OV TEOEVYOVTIOL OTTO YELTOVIXOUG 1] ATOUNKQUOUEVOVS VEVOWVES. O Oevopiteg
OUAMAEYOUV TOL ONUOTO JTOV  EXTTLEUTTOVIOL OO TG VEVQOEOVIXEG OTTOANEELS KoL TO
UETOOLOOVV OTO OVTLOTOLYO HUTTOQLXO OMUO. TOU VEVQMVA OTOV OTTOL0 AVIHOUV.

2. To oope (soma) Tov vevpwva, OMAadN TO ®LVTTOEOOWUE Tov. IleQLéyel TOV mVERva
(nucleus) now GALOL 0QyOVIOLQL, TTOV ETEUPAIVOVV OTLG OLAPOQES YNUHES OUVOEOELG.



3. Tov vevgdgova (axon), UOVOOLXY] VNUATOELONG TTQOEUTOON TOVU VEVQWVO 0€ avtibeon
UE TLG OEVOQLTIKES ATTOQUADES TTOV elvol TOAOTTAEG nau dromhadiouéves. Ou vevourég
wosewg (impulsion 1) influx nerveux) TOUV ®UTTAQOOMUOTOS TOU VEVQMVO XUAAOPOQOUV
0TO VEVEAEOVA, OLevbuvoueveg TEOG TNV OOANEYN Tov. OL VEVRAEOVES KATAANYOUV OTNV
TEOOVVAITTLXY] UEUSOAVT TTOU CUUUETEXEL OTO OYNUOTLOUO TNG OVvayng.

4. T ovvdpelg %ol T0 evvamtxd yaope (synaptic gap). Ouv ovvdyelg elvor oQyovidlo
omov dtoOpwveTar M aTtOANEN TOV VEVEAEOVO €vOg VEVRWVa e £vo devdpltn GAlov
VEVQWVO, M N OTTOANEN €VOS VEVQAEOVO te TN UEUPOAvN evog GANOV ®UTTAQOV (UULKOV
- vevpopury dLaEBowon - M adEVIXOV KUTTAQOV). ZTN OUVOYPN TTQAYUOTOTTOLELTOL 1
uetafifaon elte TG VEVOWNG MONG QITO VEVQMOVA. OF VEVQMVO (MAEXTOWT ovvaym M
gponm), elte TOV VEVQOUETAPLPBOOTY (YNUKES CUVANPELS). 2TLG CUVAPELS dLoKQIvVOUUE TNV
TEOOUVOITTINY] %KOL TN UETAOUVOTTTLXY UeuPodvn, TTov yweilovrar pe wio TOAD Aerrtr
OYLOW], TO OUVATTTLHO YOO

Ou VEVOWHES (MOELS TTOV ava@éEOnooy 0To. OveTEQW ElVOL MAEXTOLHG OYUOTO TTOV TTAQA-
YOVTOL OTO VEVQLXO ®VTTAQO %aL OLadldovTaL 0T0 VvevpdEova Tov. Punég moemv (rafales)
TOQAYOVTAL OTO. VEVQUAG ®UTTOQO TOU (PAOLOV TOU EYHEPAAOV OE ATTAVINOY TTEQLPEQELOAOV
€0e0lONOTOS HOL WTOQOVV VAL RATAYQAPOUV UE EVOL WUQONAELTOODLO.

AE(Cer €0 vo onuetwbel OTL OeV EMKOLVWVOUV OAOL OL VEVQWMVEG UE TN YONOM MAEXTQL-
AOV ONUATOV, OALNG OQLOUEVOL ¥ONOLUOTTOLOUV TOVG vevgouetafipactés 1 vevgodiofipoctés
(neurotransmitters). Ou vevQOUETAPPAOTEG elvar yMuréS OVoileg TOV TAQAYOVIOL OTOVG VEV-
QWVEG KoL EAEVOEQUIVOVTOL OTLG QITOAMEELS TWV VEVQOEOVMV, TTQOREWWEVOV VO ETEUPOVYV OTNV
uetaBifaon Tov vVEVELKOU ONUOTOS OTO ETUTEOO TV OUVAPEWMV TTOUV AELTOVQYOUV UE YMULxN
dradwacta. ‘Exovv amouovmOel denddeg vevpouetofStBaotés Tov dQOvV 0TO VEVLKO OVOTNUO.
O OTOV EYUEQONO, TT.X. N OUETVAOYOALVN, SLOQOQES ®OTEXOAOUIVES (VTOTTOULVY, VOQADQEAIV),
N 0EQOTOVIV %Ol SLAYOQO VEVQOTETTIOLL. |

BAémtovue emouévg OTL O VEVQAEOVAS €VOG VEVQMVA OUVOLETOL UECWD TWV OUVAEWV
ue tovg devopiteg AAAMV VEVQMVWYV. ~ aTd OUTOV TOV TQOTO ETLTUYYXAVETOL M ETLHOLVWVIQ
UETAEY TOVG, 0OV VEVQLKEG (MOELG TTOV TTOQAYOVIOL OTOV TTUONVO UETAPEQOVTIOL, UECW TOV
VEVQAEOVO, OTLG OVVAPELG ®oL 0xOAOVOWS 0TOVg 0evopiTeg GAAWV VEVEWVWV OOV UE TN
O€LO0. TOVG TTQOKROAOUV GAAES VEVQLXES (OELGS.

IToAV TTEQLOOOTEQES TTANQOYOQEIES, TOOO YL TN QUOLOAOYiG, OO ®OL YLoL TOV TEOTO
Aertovpylog Tov ovOEWITLVOU eyreqiAov meQLExovTor oto [Cha83].

2.2 Mofnpotizo Movtérho Tov Nevpova

To pobnuoTd UOVTELO TOU VEVQMVO. WITOQEL VA TOQAOTOOEL OYNUATLAG OTTWG QOLVETOL OTO
oynuo. 2.2, Zg auto OaxQivovtor Tolo Boowd TUMROTO TOU UOVTEAOU, O AVTLOTOUYlo ue
OUTA TOV TTQOYUOTLXOV VEVQMVOL:

1. Ouv ovvanpelg, nGOe wio ex Twv omolwv yxoaxtnEiletor amd évo PAeog. ZuyrexQuuéva,
TO ONUa zj, OTNV €l0000 NG oVVaYNg j TOV vevpwvo K, TOMOTAOOLACETOL (e TO
ovvamtTino PAog wy;. AEICeL €dm va onuetwdel 0 TEOTOG Ue TOV OO0 ONUELDVOVTOL

"EvdLapégoy eivor OTL TO nOVEAQLO, €l00G OMANTNElov oV TaAoxreVOLaV OQLoUEvES (QUAES Ivadvwv Tng
Notiov AueQuung amd SLipoa TEOTUHEG PUTE KOL XENOLUOTOLOVOOV OTO. EAN TOVg, €XEL WG OTOXO TOV TIG
UETACUVATTTLKES UEUBQAVES TWV VEVQOUULXMDV OUVApewv, OOV €VIOMICETOL O VIOd0oKENS TNG AXETUAOYXOALVNG.
To #ovEGELo TEOGHOAAGTOL OTOV VIOdoYEn noL Taigvovtag T Béom tov vevgouetafifaotr avtov eumodilel
SuaPifaon g vEvEUNG MONG OTO WUV TOROAVOVTAS €ToL TO Bvpo.
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Zynuor 2.2: Mobnuatind HoviEAO evOg VEVQMVOL

ou deinteg 010 PAQOS wyj. O TEWOTOG OLIXTNG AVOPEQETOL OTOV OUYAEAQLUEVO VEVQWVAL
®oL O 0gVTEQOG OTn ovvayn ywo. g omolog 1o Pdog whdue. To PAog wy; eivon
Detind av n avriotoyyn ovvopn elvalr evieyvTixny (excitatory) nour aQvntird av elvo
omotoentixy (inhibitory).

2. 'Evag abpototng, mov moobéter Oho o Befaonuéva onuata ewoodov. H Aertovpyia
TTOV ETLTEAELTOL OTO VEVQMOVO, UEXOL ®OL OVTO TO Oonuelo elvor avthy evog yoommxzov
ueixty (linear combiner).

3. Mio ovvdptnon evepyomoinong, ¢(-), M omolo mTeQLOPiler TO €VPOg TN €EOGO0V TOU
vevowvo.  Tvmwnd medlo evpovg g €E6dov elvow To [0,1], Ouwg aQreTd ouyva
xonowuosoteiton xotr to medio [-1,1].

To UOVTELO TOU VEVQMOVA TTOU QALVETOL OTO OYNUC 2.2 TTEQLEXEL ETLONG EVOL XATMQPAL
(threshold) 6), OV €POQUOCETOL OTO VEVQMVA EEWTEQLLMDS. AVTO YONOLUOTTOLELTOL TTQORELUEVOU
VO UELDOEL TN OUVOALKXY €L0000 TTOV TTAQEXETAL 0TI OVVAQTNOT €VEQYOTOINONG. Mmoel duwg
va. xonoumootndel ®ou yLor Tov avtibeto oxomd, dMMAadN wg €vag OPog empeons (bias), ovti
YL #OTO@AL. O OQOg emmLEEONGg aThmg Oa £xer avTibeto TEOOMUO ATTO TO RATOEPAL.

H Aettovpyio emouévig touv vevpwva k umopel vo meguypogel amd Tig eElowoelg 2.1
noL 2.2,

p
Uy = Zwijj 2.1
j=1
Yk = p(uk — O) 2.2)
OOV 1,2, ...,Tp ELVOL TA ONUOTO ELOODOV, Wi, Wk, - - -, Wkp ELVOL TO. OVVOTTTIXA PN

TOV Vevpwva K, uy elvor m €5000¢ TOv yooumxov uelntn, O elvar To ®RoTO@AL, @(-) elvar 1
OUVAQTNON EVEQYOTTOINONG ®OL Yk €lvaL TO 0RO €EOO0V TOV VEVQMVAL.

H yxoMon tov ®atm@ilol €xer wg amOTELEOUO. TNV EQOOUOYY] EVOS CP@LVIXOV NETACYNNO-
twopov (affine transformation) otnv €5000 uj TOV YOOUMHKOU UEIRTN, OIS QPALVETAL KOl OTNV
eElowon 2.3.



v = up — O 2.3)

‘Ontwg  avagéonre Mom, T0 ®OTOEAL elvar ulor eEWTEQWUT] TOQAUETQOS TOV TEXVNTOV
vevpwvo. K. MmoQovue va. TO XONOLUOTOOOVUE OTO UOVTELO Omwg otnv eElowon 2.2 M va
ovvovaoovue LG eElomoelg 2.1 nou 2.2 wg eENG:

p
Vg = Zwkjwj (2.4)
7=0
na
Yk = ¢(vk) 2.5)

2ty eElowon 2.4 €yer mpootedel pio omopo ovvayn (ue Oelntn undév), g omolag M
€lood0g elvar dvtote otobeEn

(IIQZ—]

®ou ™G omolog to PBAog eivan

wro = O

MToQOVUE ETOUEVIG VO UETOTOEWYOUUE TO UOVIEAO TOU VEVQMWVO. k 0€ 0vTd TOV (oiveTal
oto oynua 3(a). Ze ovtd, TO XOTWOEPAL OVILTQOOMITEVETAL OTO TNV TEOOOMHN Wag VEog
ovvayng ue otobepn €l0000 o = —1 xar ue PAQog (00 TEOg TO KATWPAL ff. AvTioTOLYQ,
WTOQOVUE VO UETATOEWYOUUE TO UOVTELO Omwg 0TO oynuo 3(F), Omov Bewmvtag TV €l00d0
™g véag ovvoymg tom we zp = +1 now T0 BAEOS wio = by TNV UETATEETTOVUE OTOV OQO
bias. IIapOro 7OV Ta HOVTELD. TV OyMuatwv 3(a) xnou 3(8) oivovtar dLopoeTLrd, 0ITo
noOnuaTiKng Gmoyng BewEOVVTaL LEOOUVOUAL.

2.2.1 Xvvagmioeig Evegyonoinong

H ovvdptmon evepyomoinong, mov ovpfPoriletor ota avotépm g ¢(-), opiler v €£0do
TOU VEVQMVA Of OXE0N UE TO €MTEdO EVEQYOTMOINONG TwV €L000mV TOV. Ol OUVAQTNOELS
evepyomoinong ywoeilovrar oe tola Poowd eion:

1. Xvvegtioeg xatwgriov (Threshold functions). Ot OUVOQTNOELS OQUTOV TOU €lOOVC,

OV YOOPLLMOG OUOLATOUV Ue auTr] TOU OYNUaTog 2.4, £(0uv T yeviry ooy g
eElowong 2.6.

1 >0
p(v) ={ 0 vZo 2.6)

Avtiotolymg, n €5000g Tov vevpwva. k €xer T uoegn g eSlowong 2.7,

)1 v, >0
y’“‘{ 0 ,ur<0 @7

OOV v €lVOL 1 E0WTEQWXY] EVEQYOTTOINOT TOV VEVQMVA, ONAQON:



Wi = 6, (threshold)
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Zyuor 2.3: AVO TOQOANOYES TOV UOVIEAOV TOV vevpwva. k

P
v = Zxkjij — 0
—

‘Evog vevpwvog TETOLoL eldovg avagépeton otn Buitoypapio g uovtérho twv McCulloch-
Pitts. H €£000g tov vevpwvo AauBdver v Ty 1 edv 1 e0WTEQAY TOU EVEQYOTTOINOM
ebvor un apvnery ®ow Ty Ty 0 elddAAws. T to AOyo avtd, Aéyetar OTL TO UOVTEAO
twv McCulloch-Pitts dwoxQivetar amd v WLoTnTe 6Aa 1 timota (all-or-none).

. Tunuotzog-I'oouninés ovvegtioels (Piecewise - Linear). Mio TUNUOTUAMG-YQOUULAN
OVVAQTINOT, TTOV YQUPLXMDG OUOLATEL UE OUTH TOV OXNUATOG 2.5, £xeL €V YéVEL TN LOOYPN
™¢ eSlowong 2.8.
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Zymua 2.5: Tunuatwms-Iooumxy ovuvatnon

3. Zwyposwdeig ovvagtnoels (Sigmoid functions). Ou GLYUOELWOELS OUVAQTNOELS €lvVOL OL TTAEOV
OLAOEOOUEVES OTA TEXVNTO VEVOWVLXA OlxTvo. TToOmreLTOL Lo wia OOYEVELD. AVEOVOMV
OUVAQTNOEWY TTOV €YOUV TG TTOAD ““HOAES™” MOOMUOTIXES LOLOTNTEG TNG OCUVEYELAG XL
TOQOYWYLONUOTNTAS 08 OAO TO ALAOTNUO OQLOUOV TOVG, OXOUO KOL OTO (®QO QUTOV.
Mia tétola ovvamnon eivar M Aeyouevn Aoyiotixi evvaetmen (logistic function), m
omota £yeL ™ woeyn g eElowong 2.9:



1

plv) = 1 4+ exp(—av)

(2.9)
OOV TO « elvor M maedpeTEog ®Aiong (slope parameter) g OLYUOELOOVS OUVAQTNONG.
MetaBEAOVTOS TIG TLMES TNG TOQAUETOOV «, AouPdvovue OLYUOELDELS OUVAQTNOELS
OLAPORETMV AALOEWV, OIS PAiVETOL 0TO O¥Nua. 2.6.

Zymua 2.6: Tunuatwmms-Tooumwxn ovvatnon

“0bwg M ToQAUETEOS ®Along a TEOOoeYYIleL TO AITELQO, M OLYMOEWONG OUVVAQTNON
TEooeYYileL TV ouvaETNoN ®aTw@Aiov. Evid Owwg m ouvaptnon xatw@iiov Aoufdvet
uoévo dvo Tuég, 0 M 1, M ovypnoetdg Aaufdver OAeg TG TLWES WeTOEV tou O %o 1.
EmumAéov, Oomwg ndn avagepdel, n oLynwoedng ovvaeinon moQaymyiletor, avibétwg ue
™ OVVAQTNON RATWPALOV. AVTH TG 1 LOLOTNTO €lval TOAV onuavtiky yia T Oewpia
TOV VEVQWVIXMV ORTVWV.

Ou ovvapToelg evepyomoinong mov optobnrav ot eElowoelg 2.6, 2.8 xav 2.9, éouvv
medlo Ty to dtdotnua [0, +1]. Meourég opés, dumg, elvar embuuntd to mEdlo TLUWDV
va. glvar to dwdotnua [—1,+1]. TG TEQUITWOOELG QUTEG, 1 CUVAQTNOY EVEQYOTOINONg
Aoppdver wior AVILOVUUETOUXY UOQPY G TTEOS TNV aQXN TWV 0EOVOV TWV OUVIETAYUEVMV.
ITwo ovyrexQuuéva, M ovvaTNon xatw@Aiiov g eElowong 2.6 opileton TALOV OTwg OTNnv
eEtowon 2.10.

1 ,o>0
p(v) = 0 ,u=0 2.10)
-1 ,u<0

H ovvdpmnon avty ovoudletar euvatnen onueiov 1 tgoonuov (signum function). Avti-
0TolY™G, OVl TG OLYUOEWOVS OUVAQTNONG WITOEEL va. yonowuosomdel n euvdgtnon g vaeQ-
Borxiis epantonévng (hyperbolic tangent function), wov opiCetar Omwg otnv eElowon 2.11.

v, 1—exp(-v)

p(v) = tanh(z) = T+exp(—v)

2.11)



AEiCer vo onuewwdel OtL M xoMon wiag oLyuoewdovs cuvaQTNONG EVEQYOTOINONG TTOV
AouBaver now 0QVNTIKES TLUEG OV €xeL UOVO TTAEOVEXTNUATO %aTd TNV Bewontiny ovaivon
TOV OKTUWV, OAAG OTNELCETOL %Ol OTTO TTELQAUOTLXO EVONUOTO. TG VEVQOQPUOLOAOYLOG.

2.3  Agyrrextovizég Nevpovirov AxTomv

‘Ontwg €xer NON avogeQdel, OL VEVEMVES TOU EYREPAAOV GUVOEOVTOL UE OLAPOQOVS TEOTOVG
TQOKELUEVOD VO OYNUATIOOVV VITOAOYLOTHG. CUOTHUATO UEYAAVTEQNS TTEQLITAOROTNTOG.

2TV TAEOO0 TOU YEOVOU €YOoUV TEOTOOEL OLAPOQEOL TEOTOL OUTVWONG TWV TELVNTOV
VEVQWOVWV, 1M TAELOVOTNTO. TV OTOlwV £xeL POOLOTEL OF AVTIOTOLXOVS TEOTOVS OHTUMONG
TOV TTQOYUOTIAMV VEVQWDVWV.

‘Evag dLoymeLopog Tov WTOREL Var YIVEL OTLG OQYLTEXTOVIXEG TMV OKTVUWV €lval avahdymGg
ue to erpopora (layers) ota omolo xwellovv tovg vevpwves. ‘Etol, €xovue:

1. Aixtva enmeoobiog netddoong evog otpopatog (Single-layer feedforward networks). Ze
avTd TO OlrTVa, OGS PaiveTaL xaL 0To oxNuo. 2.7(cr), oL vevpwveg Polorovior OAOL 0TO
(OL0 OTOMUA %L Ol OUVOEOELS €LVAL QTOXAELOTIXWG ATTO TLG ELOOOOVG OTOVG VEVQWIVEG.
Anhodn dev emTEEmETOL OVTE ®UAOG, OUTE OUVOEON OO €va VEVQWVO. 08 GAAOV TOU
Wiov OTEMUATOG.

2. Aixtvo gumeocdiog petadoons mtorrav eroopdtov (Multilayer feedforward networks). H
OLaLPORG. AVTOV TV OTVWV OO TO. TEONYOUUEVO. elvar OTL dLaBETOVV TEQLOOOTEQN
TOV €vOg otpwuata. Omwg Ouwg @aivetar xor 0to oxnua 2.7(F), ovte o0t ovtd
ETLTQETTOVTOL OUVOEOELS VEVQWVWV TOV WOV 0Tpmwuatog. Emiong 0ev emitémetal va
ovvdgeTaL N €E000G £VOG VEVQMVO. 0F VEVQWVO XOUNAOTEQOV 0TQWUAToS. EE ov now o
000G WTEO0OLO. LETAOOON TTOV XaEAXTNEICEL TOV TEOTO UE TOV OO0 UETAdIOOVTAL T
aQYWd ONUOTO ELOOOOV OTO VEVQWVIXO OIXTVO.

-@—

T [

Input layer Output layer Input layer Layer of Output layer
of source of neurons of source hidden of neurons
nodes nodes neurons
(@) Alxtvo evdg OTEMUATOG (8) Aintvo TOAADV OTQWUATOV

Zyquor 2.7: Aintua. eureoobiag petddoong

3. Avodpactxd dixtve (Recurrent networks). To avadQaotind dintva elvol TOQOUOL0 Ue
T OlnTva EUTEO0DLOG UETAOOONG, GALG OIS QALVETOL ®OL OTO OYNUOL 2.8, ETUTEETOVV



eTWITAEOV TNV VTAREN ®OxAwV 0TI OVVOEOELS, ®OOMS ®aL TN OUVATOTNTO CUVOEONS TNG
€EO00V EVOG VEVQWVA. €LTE OTOV (OLO 1 %L 08 VEVQWOVA YOUNAOTEQOV OTQMUATOG.

—1
~

A

A

) ] ) ] Unit-delay
z z z z operators

V

Zymua 2.8: Avadpaotind dirTvo

4. Aixtva pe dopn mivaxe (Lattice structures). Zto OlXTvO. QUTOV TOV TUTOV, OL VEVQWVEG
TOQOTACoOVTOL oxnuatilovrag éva pwovodldototo (BAéme to oynua 2.9(a)), dLodLAoTOTO
(PAéme to oynuo 2.9(8)) N xoL TolvdLdotato mivaxa. Ot €l0odoL TOv OXTVOU OUV-
OéovtoL 0g OMOVG TOUG VEVQWVEG OUTOV, OTWG QOLVETAL KOL OTO. TTQOOVOQEQDEVTA
oyMuoTo.

2TV TEAYUOTLROTNTO, TO OlrTvol ue oour Tivoxa elval wia TEQLITTMWON TV OKTVWV
EUTOO00L0G  UETAOOONS, UE TOVUG VEVQMVEG €EOO0V  TOQUTETOYUEVOUG OF OELOEG KOl
OTNAEC.

2.4 H Awodwaocia Expadnong

ITpoToV €Eetdoovue TN OLAOKOCLOL TNG EXUAONONG TWV VEVQWVIXMV dxTOWV, O TEETEL Vo
dwaoovue €vov 0pLoUO NG €VVOLOG TNG EXUAONOMG.

Onwg  avogégetonr »ar oto [Hay94], exudbnon eivar n dwadweaoia uéow tng omolog
TEOOAPUOLOVTOL Ol eAEVDEQES TAQAUETOOL TOV OLXTVOV, WECW TNG OUVEXOUS TTOQOXNG €0€0L-
oudtTwv amd 10 e5wTeQund TEQIBAALOV. O TUmOS TNg exuddnons rabopiletar amd Tov TOOTO
Ue TOV OTOLO YIVETAL N TTQOTAQUOYT) TWV TOAQOAUETOWV.
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TVOHO. TOUDV VEVQWVWV
Zynuo. 2.9: Altxtva pe doun sivono

O opLondg ovtdg TG eExpAONoNg ovvertdyetar Ty axdAovin axohovbio amd yeyovota:
1. TTapéyovtar ggebiopata 0to vevpwvind dixtvo ot To TEQLBAAAOV.
2. To gpebiopata ovtd TEOROAOUV aAAAYES OTO OlXTVO.

3. To dintvo amavtd pe OLAPOQETIHO TEOTO OTO TEQLBAAAOV TOV, €EQLTIOG TWV OAAAYMV
OV €XOVV OVUPeEl OTNV E0MTEQLRY TOV dOuUN.

MéyoL ToVv TAEOVTOG, €xovv mEotadel TEla magadeiynate (paradigms) g OLadWOOLOG
™me expadnong:

1. ~ aBodnyovuevn expabnon (Supervised learning). 2T0 TOQAOELYUO. OVTO, €XTOG ATO TO
ONuoL €L0OOOV TTOV OLVETOL OTO OIXTVO, VITAQYEL %L KATOLOG EEMTEQLHOG LOAORAAOG
OV TOQEKEL 0 QUTO TNV O0WOoTN omdvinon wov Oo €meeme vo dwoer ®abe QoQO.
‘Etot, to dlxtvo witopel va voloyioer Tn dtogpoed TG dvig TOU OTAVINONG OO TNV
ETLOVUNTY HOL VO OVATTQO0AQUOOEL AVOAOYWS TLG EAEVDEQES TOQAUETOOVS TOV.



2. Expndfnon paciopévn oy evdovvapwon (Reinforcement learning). 210 oQAOELyUd OVTO,
TO OUXTVO TELVEL VO EVOUVAMDVEL TG EOMTEQUAEG TTOQOUETQOVS TTOV OUUUETEXOUV OTNV
TOQOYWYT) €OV TOV OeWEOVVTOL KOAEG aTTd TO TEQURAALOV. ANhadY, OTWG ®OL OTNV
©000dMNyOoVUEVN EXUAONOT, £TOL %L €00 VITAQYXEL HATOLOG EEMTEQLROG OLOAORANOG. TNV
TeQITTWON oV, OUwS, OV TOREXEL 0TO OIXTVO TNV ETOVUNTY OTTAVINOT, AL UOVO
wio €vOeLEN oV TOV AdeL av M OTTAVINON TTOV €0MWOE NTAV LXAvOTTomTLkn 1 OxL. Tétolov
eldovg expdOnon engovitetor my. oty exmaidevon Twv Cowv, 6oV avtd auoifoviol
Otav ®Avovy autd Tov OEAOUUE HOL TLULWQEOUVIOL OtV avtibetn mepimtwon. ‘Etol, ta
Coa Telvouv vo eTovoAauBavouy TRAEELS TOVUG TTOV 00YNOOV 0€ avTauolpr Tovg, Omwg
TO OyNTO, HOL VO TEQLOPLOOVV TLG VITOAOLTES. XENolpomoteitar dtav eivatr aduvatov
vo. dMOOVUE TN OWOTH ATTAVINON 0TO OlKTVO (OTTWS OTNV TEQITTWON TOV COWV).

3. Expdfnon paciopévn oty avro-ogyavoen (Self-organised (unsupervised) learning). =to
TOQAdELYUO. AUTO OEV VITAQYEL HATTOLOG EEMTEQLROG dLOGORAAOG VO ®oBOdNYEL TO dinTVO,
oA ovtd meoomabel Vo avoTTOQOOTHOEL TNV €l000O TOU UE TOV OLXOVOMHOTEQO
OVVOTOV TEOTTO, TROOTOOMVTAG VA el avoroyieg UETOED TV OLAPOQMV ELOOOMV.

Ouv TOoooQUOYES TV Pagwv otnv xdbe TeQITTmwon WTOEOUV va yivouv ue OLdgoovg
TOOTOVG, OL OTTOlOL ®OAOVVTOL ®avoves expdOnong (learning rules). Ou POOWOTEQOL €5 QUTWV
elvar ov €ENg T€00eQLS:

1. O novovag dedmong epdinatog (error-correction), TOV €PAQUOCETAL OTO TTOQAIELYUOL
™G raboomyovuevng expddnong. e ovtov, TN EOvVudy OTLyun t, JTOQEXETAL OTO
VEVQWVOL TO ONua €L0000V Z(t) ®oL M owoTh amdvinon dg(t). 'Etol, €& avtwv uwropet
vo. vtohoyLobel To opdAua TG TEEXOVOOS OTAvVINONS, yk(t), To omoto Ba elvor:

ex(t) = dp(t) — yr(t)

Me fdon tv Twun ovT) TOV OQOAULOTOS, ETOVOUTOAOYICOVTOL Ta OoUVATTTXKG BN
OVUPOVOG TEOS TNV eElowon:

W (t + 1) = Wy (t) + 0 * ex(t) * (?)
omov 7 elvor uia Oetiny) otabepd mov xabopiler To EUOUO TG expdOnons.

2. O natd Hebb xavovag exudnong, ovouaobelg TQog Ty tov vevpoyuyohdyov Hebb
7oV TOoV TEWTOOLTUTTWoE [Heb49], mov umogel var TEQLYQUPElL OUVORTTIHMIG WG EENG:

(@) EGv 000 vevpaveg €VEQYOTTOLOUVTOL GuVYyeovws (synchronously), tOTe m UeTa&l
TOVC OUVOAPY EVLOYVETOL.

(b) Edv 000 veEvQmVEG €VEQYOTTOLOUVTOL aovyyeovems (asynchronously), T0Te 1 UETAED
TOUG OVVOAPY OTTOSUVOUMDVETOL 1] KOL OTTOAELPETAL.

H amhovoteon ouvaotnon UETABOANS TWV OUVOTTUAWV POQMV JTOV  XAVOTOLEL TOV
navovo expdadnong ratd Hebb, elvar n #xdTowbu:

W (t + 1) = D (t) +n * ye(t) * T(¢)

H ovvdotmon avt) avEdver ta ovvasttind Pdon omote n €5080¢ yx(t) »ow n eloodog
Z(t) €xovv TO (OO0 TEOOMUO KOL TOL UELWVEL OVTLOTOlYWS OTOV €xovv avTibeta mTEoOoNUa.



3. O avrayoviotixdg (competitive) ®ovovog expudOnong, ToOv 0w  OVOPEQETOL KL
oto [RZ86], mepuhaufaver dvo Poourd otouyeio:

(a) 'Evo. 0UvorO vevpwvmy mov elvar xoboha dlol, exTOg amd TA OVVATTTHG TOVG
Bdon ta omolo €(OUV COXWMMS TUXOLMS KATOVEUNUEVES TLUES, ®OL TO. OTTOL0L TOVG
avayrOCOUV VO OTTOVIOUV OLAPOQETIHMG OTO (OLO ONua ELOOJOV.

(b) 'Evav unyovioud oV €TTEETEL OTOVG VEVQMVES VA AvTAYWVICOVTOL METAED TOVG
YU TO OWOLMUOL OTTOVINONG O€ €V OUYREXQLUEVO VITOOVVOAO ONUATWV €LOOdOV,
€T0L OOTE UOVOV €VOG VEVQMVOG VO, amavid xdbe @opd. O vevpwvag ovtdg
RAAELTOL VEVQMVOG - VIUNTNGC.

YoQyovimv Tov ovetéow 00 oTouyelmv, xrou agol €xel emhexOel 0 vEVRWVOG
- viinTig HEow TOu  unyxaviopov 3b, M UETOPOAT) TWV OUVOTTLROV POV  YIVETOL
OVUPAOVOS TEOS TNV eElomon:

. - * (#(t) — Wi(t)) edv o vevpwvog K elvar o viun
wk(t—l— 1) :wk(t) +{ g ( ( ) k( )) ak)\tmg Y S S

4. O notd Boltzmann rovovag expudOnong, ovouaobelg Toog Tuny Tov yvmoToU (UOLKOU
Boltzmann, o omoiog elvar évoag eroyaetixog (stochastic) navovog expudOnong mov
eENADE 0O TN YONON HAVOVWV TNg Bepuoduvaxng ®a g Otwolag g ITAnpogopiag.

H Paow) wéa tov xavdva auvtol elvor Twg o €va avodQaoTind OiXTVO OV oL
VEVQWVES AELTOVQYOUV %aTd duodnd TEOTO, ONAAOY QUTOVTOUV TTOVIOTE €ite +1 M —1,
wrtopel vo. opuwobel uio evvdetnon evépyewog (energy function) E, m Ty g omolog
1000QICeTOL ATTO TLS HOTOOTAOELS OTLG OTOLES PEIOXOVTOL OL VEVQWVES, CUUPWVWS TTOOG
™V eElowon:

1
E = _E Z;wijsis]- YLl ¢ 75]

3

OOV s; elvol 1N ®rOTAOTAON TOV VEVQWVO i (ONAOON TO av amavtd Oetind v apvnTnd)
®noL wij elvol To BAOg NG oUVaYNG TTOV OVVOEEL TO VEVRWVa i 010 vevpwvo. j. To
YEYOVOG OTL ¢ # § onuaiver OTL OV ETLTEETETAL AVTO-AVAOQOOY O HOVEVOL OO TOVG
VEVQWVES TOV OKTVOV.

To dlxtvo AettovQyel EMAEYOVTOG TUXALWG AHATOLOV OITO TOVG VEVQMVES, €0TMW TOV
VEVQMVO j, KL OVTLOTEQPOVTAG TNV KRATAOTOON TOV amd s; 0¢ —s; Ue mbavommta

1
R P
omov AE; eivor M petofolr g evépyewag Tov OwTvov mov Bo mpoxAnbel  awd
wtor Tétowa avtotEo@n rou 1T elvor pian ueTofaAlouevn TooOTNTO TOV OAYOQWOUOV,
nalovuevn Begguoxgacia (temperature) Tov OWTVOV, M omolo dev oyetiCetor ue v
moayuatvy Beouonpooia ovtov, ol mailer To QOO TOV EUVOROV exuddnong, 7, TOV
eUaviCeTalr 0Tovg AAMOVS ®OoVOVES extdOnong.

Edv 0 xnavovog outdg e@aouoletal ovveywg, TOTe 1O Olxtvo Ba xatoAnEer otmv
RONOVUEVT ®oTAGTAON Oeouixtis woogpomiag (thermal equilibrium state), Omov TAEOV 1



evéoyeld tov Do €xer AdPer T xaunhoteOn T NG %ol n Ogouoxpacio Tov o €xel
TQOATUWOG UNOEVLOTEL.

AE(Cer edw va onuetwbel OTL 0 ®OVOVAS QUTOG ETLTUYYAVEL TNV €VPEON TOV OALXOU
PEATIOTOV TG OVVAQTNONG EVEQYELAS TOU OWTVOU oL OEV TTOYLOEVETOL OF TOTLKA
BELToTA 0TS, ‘OUmg ¥EeLdleTal TOAD XOOVO TQOXEUEVOV VA PTAOEL TO OIKTVO OTNV
RATAOTOON OEQULIXNG LOOPEOTTLOC.

2.5 Opodomoinon pe ta Nevoovizd Aixtva

Agdougvov OtL 1 Toovoo goyoota eEetdlel Tnv ouadomoinon dedouévmyv, otn ovvexela Bo
€EETAOTOVV TA VEVQWVIXA OlXTVO UOVOV WG TTEOS TN dUVATOTNTA TOVS VO ETLTEAOVV TO £QY0
oVTO.

‘Ontwg aovotaletor ®or 0to [Lip87], woAlol dLopoeTirol TUITOL SLXTVWY OUVAVTOL VO
XONOLMOTONOOVY yLa To 0%omd ovtod. IIAnv Ouwg, WOVOv 0 AeYOUEVOS GUTO-0QYAVMVOUEVOS
x0otng yooaxtnototixwv (Self-Organizing Feature Map (SOFM)) éxer Toutox0vmg OUo TOAY
ONUAVTIXAL XOQARTNOLOTLXAL:

1. Tn ovvatotnta va xelpiletor dedopévo eLoOd0V TOV AAUBAVOUV CUVEXELS TUUES, OMAOON
OLAVUOUOTA. TTOV OVIXOVV OTO XWEOo R”".

2. Tn duvotdtnTo vo €oQUOoEL TO TOQAdELYHO. TG exudOnong Pfactopévng oty ouTo-
0QYAvwon, diyxmwg dMAAdN va. xEeldleToL TNV TAQOVOL EVOS EEWTEQLLOU SLOATHANOV.

" 00wg ®oL T OVO AUTA KOQAKTNELOTIXA QITOTEAOUV BOOLXOVG TTEQLOQLOUOVS TOV TTOPAN-
LOTOG OUAdOTOINONG dOCOAMPLAOV GUUPOVIS TTEOG TO. YAQOKTNOLOTUA TOV (OQTOV €QY0O0LAG
TOVG, TTOV €EETACETOL OTNV TAQOVOO €Qyaoia, 0T ovvéyela Oo eEetaotel M aQYLTEXTOVLXY
SOFM ndvo, ®abmg xal auty Tov ovampooauolouevov K-MEANS olyopbuov (BAéme to
®nepaharo 3), mov uroel va Bewendel wg wio vomepimtwon tov SOFM.

2.51 O Avto-Ogyavovopevog Xaotng XaQuxtnoLoTizov

‘Eva. ToM) onuavtiid  4oQaxtnolotind g 0Qyavmwong Tov TURUOTOS TOU EYKEPOAOV TTOU
emeEeQyaletor Ta ONUOTO TTOV AQUBAVOUUE UEOM TwV alontnolmv oQydvov uag, eivar Ot
Ol VEVQMIVEG TTAQOVOLACOVV WL ROVOVIROTNTO WG TTOOS TN BE€0M TOUg ®aL CUYVA M 0QYAVWON
TOUG  OVTLROTOTTTOLCEL OQLOUEVA (PUOLKOL XOQOXTNOLOTXA TNG OUYXReEXQLUEVNG alobnong mov
emeEepyatovron. I mapdderyua, oe ®0be emimedo g axovetixng 000V (auditory pathway),
TO VEVQUKO ®UTTOQO. €(VOL TOTTOOETNUEVA OVAAOYWS TTEOG TN OUYKEXQLUEVY OUYXVOTNTO. OTNV
oTtol0. aVTLOPOVV TEQLOTOTEQO.

[TaQOAO TTOV UEYOAO TTOCOOTO TNG YAUNAOU €MLITEOOV 0QYAVWONG elvor TEoraboQLouévn
VEVETHMG, elvol TOOVO RATOL0. 0TTO TNV 0QYAVWON OTA VYNAOTEQO. ETTLTTEON VO ONULOVQYELTOL
ratd TN SLaErELD. TG exudinong oo alyoebuovg avto-opydvmong. O Kohonen [Koh82],
[Koh90], dnuovoynoe €vav TETOLOV OAYOQUOUO, O OTOLOG TAQAYEL OQUTO-0QYOVWVOUEVOUG
YOOTES (OQUAXTNOLOTIXAYV, TTAQOUOLOVS UE CUTOVG TOU eugaviCovior otov eyréporo. O
OAYOQWOUOG OUTOG XONOLUOTTOLEL TOV OVTOYWVLOTHO ®rovOova expddnong (BAéme oehido 17).

2no1og Tov SOFM elvor vo mopdyer évav xfavromomn drovvepdtov (vector quantizer),
ONAadn €va VOTNUO. TTOU VO OVTLOTOLYEL O OUVYHEXQLUEVOL OUVOAL OLAVUOUATWV ELGOOOV
%nATOLOL SLOVUOUOTO OVaPOQAS, TO. OTTOL0L VA TTEQLYQA(POUY 000 TO dUVATOV AAAVTEQL TO
OUVOAO 0TO Omolo avtotolovv. Ta dtoviopota avagoeds ouvtd Ta omodnxevel ota
OLOVOOUATA TV CUVOTTTLAMVY PAQMV TOV VEVQMVWV TOV ATOTEAOVV TO OlXTVO.



Mia oynuotixy ToQA0TO0N TOU OWTVOV TTOv VAOTOLEL TOV oAyopduo SOFM  gaiveton
oto oynua 2.10. Omwg goivetar oe ovtd, o, M tov aQbud, xoufor g €EGOOV eival
TOQOTETOYUEVOL O€ €va dLodLAoTaTo OlYTV ®ou elvar ouvdedeuévor oe peyoro Pfadud petagy
tovs. Emiong, o, N tov abud, »oufor tng €o000v ouvvdtovtal pe #dbe evav oo Tovg
rOUPovg €EGO0V, Ommg delyvel »aL 10 oynua 2.11.

[TQOXELUEVOV VO ROTAOKREVOOTOUV T OLAvUOUOTO 0vopods, o SOFM  ovoryrdler Tovg
VEVQWVES TOV OWTVOU va. avToywvilovrar yio To Towdg €5 avtmv Oo avIWtQoowTeoeL TO
EXAOTOTE OLAVUOUA ELOOOOV. AUTO YIVETOL RATA TNV EUPAVLON TOU SLAVIOUATOS ELOOOOV, OTTOV
OAOL OL VEVQMVEG VITOAOYICOUV TNV aITOOTOO0N TTOV £XOVV 0O 0vTO, ONAADT TO TOOO OTTEXEL
TO OLEVUOUO TV OVVOITTLXMV TOVS POQWV 00 TO Oudvuoua €Lo0dov. Nuxntrg Osmoeitan
0 VEVQMVOG TO OLGVUOUO TWV CUVOTTHMV PaQmV TOV OO0V €lval TANOLEOTEQO TTOOG TO
oudvvoua eLo000V. O VEVQMVOG OUTOG EVNUEQMVEL KOTOTLY TO AON TOV, OUUPOVEIS TOOG
TOV OVTOYWVLOTIXO KOVOVOL exidinong, eooeyyiCoviag €ToL axOuo TeQLOOOTEQO TO TEEXWV
oudvuopo €Lo0dov. Baowd otovyeio tov SOFM, nou Tavtoxeovmg onuelo dLogoQoroinong
TOU QITO TOV AVIOYWVLOTIXO ®AVOVOL expddnong, elvor Ot poll ue ToV VEVQMVO - VIANT,
EVNUEQMVOVTOL HOL TC OLOVOOUOTO TWV OUVOITTLAMV BOQOV TV YELTOVIXMV TOU VEVQMOVMY,
OvOyROCOVTAG T Ue QUTOV TOV TEOTO VA TTOOEYYLOOUV KL OUTA TO TEEXMY OLAVUOUA ELOODOV.
O AOyog Yo Tov omolo yivetar avtd eivar 6Tt 0 ahydelbuog Teoomadel va avayrdoer Tovg
YELTOVLXOUG VEVQMVES TOU OUTVOU VA OVTLOQ0UV Ug TTOQOUOLO TQOTO, (MOTE VO AATOPEQEL
VO HOTAOREVAOEL YOQTES YAQUXTNOLOTIXMV TTOQOUOLOVS UE CUTOVG TTOV JTOQATNOOVVIOL OTOV
EYXEQPAAO %L VO XOTOANSEL €TOUEVIS O Wiol TOTOAOYMY (OLOOLAOTATN) ROTATOEN TWV
OLOVUOUATWV ELOODOV.

2TV TEONYOVUEVN TTaQAYQAQO avagéonre OTL, MAll UE TOV VEVQWVO - VIXNTY, €Vn-
UEQMVOVTOAL %OL TO PAON TWV YELTOVIXMOV TOV vevpwvwyv. H €évvowo auvty g yeitovidg
(neighbourhood) eivar TOAY Paownt} yio Tov olyopdpwo SOFM xat yio autd yeetdleton va
VTG eL ndstoro. ovvaeTnon, NE; (), n omota, 000EVTog eVOg VEVEWVOL %ol TNG TEEXOVOUS XQO0-
VNG OTLYUnG, vor dlver €va GUVOAO aItd VEVQMVES TTOVU OUTOTEAOUV TN YELTOVLA TOU OQYLXOV
VEVQWVO. TN ovyrexQuuévn otryun. H ovvaptnon avt Oo wpémer va @biver ®otd v mdoo00
TOU XQOVOV. AQYW®g OMAAOY, TOU TO dlxTvo Oev €xeL ormobnuevoeL axoOUo. ®ETOLO YVMON
ota Baon Tov, N yertovid eivar ueydin (ovvnomg oAO®ANQO TO dXTVO) MOTE VO ETLTOETEL TN
YONYOQON TTQOOOQUOYN #OL EXTTALOEVON OAWV TV VEVQWVWY, eV ®OOMG O YOOVOG TEQVA %HOL
OL VEVQWVES 0QYICOUV VO EEELOMEVOVTOL O GUYKEXQLUEVO. GUVOAQ SLOVUOUATOV ELOOOOV, N
YELTOVLOL UELVETOL MOTE VO, TOVG PONONOEL VO E0TLOOTOVV TTLO ROAG OTN OUVYHEXQUUEVY TTE-
OLOYN TNG ELOOOOV TTOV €XOVV eMAEEEL. Mia OYNUATIXY TOQAOTAON TNG £VVOLAG TNG YELTOVLOG
%OL TOV TEOTTOU UE TOV OO0 auTh uetafdAletol, gaivetor 0to oynuo 2.12.

ITpémer va. onuewwdel €dw, OTL TOOO TO OYNUO TNG YELTOVIAG OO0 KOL O TQOTOG [UE
TOV OO0 OUTH UELVETAL %ATO TNV JTAQOO0 TOU YEOVOU elvor otolyeia Tov ahydoduov
OV €50QTOVVTOL OTTO TO EXAOTOTE TTOOPANUO. AQHETA XONOLMOTOMUEVES YELTOVLEG €lval T
TETQUYWVXT], TTOV QALVETOL %L OTO OxNua 2.12, ®ot 1 ®upehoeLdng.

Mia meouyoagn tov SOFM oe pevdonmowma  @aiveton otov mivoxo 2.1.  Ta Pdon
TOV OUVOPEDMV UETAEY TV ®OUPwV TG L0000V %Al QUTOV NG €EOO0V 0QYLRMG TiBEVTOL
(oo ue WnEES Tuyoleg TWMES ®aL UETG OlveTal OTO OIKTVO TO TEMTO OLAVVOUO. ELOOOOV.
YmohoyiCetar m Euxdeidlo omwdotoon avtov amd OAovg Toug xOUPous €600V oL ETTLAEYETAL
ovtog 0 ®OUPog €EOdOV Tov €xeL TV WxEOTEEN.  aTdmy, T Bdon Touv ®OuPfov avtov
AOL TOV HOUPWV TOV ATTOTEAOVV €XelVN TN OTLYU] TN YELTOVLO TOV TTQOOOQUOCTOVTOL HOTC
TETOLO TEOTO MOTE VA TTOOOEYYIOOUV AXOUO. TTEQLOCOTEQO TO TEEXWV Oldvvopo eloodov. H
OLadwaotor AUt ETOVAAAUBAVETOL UE TO ETOUEVO. OLOVUOROTO €L00d0V, €mg OTov To. BAon
otabegomobov dtav o eulnog expddnong (learning rate) €xer TAEOV UNOEVLOTEL.
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Zynuo 2.11: Ta: ovvamtnd BAEN TOV j-00TOV VEVQWVA.
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ololo ojolofo NE: (&)
ololo o ofolo 12
olo o oo oo
OO0O0O0O OO

Zyua 2.12: Tertovieg otov SOFM ®otd Ty TTdodo Tov (00VOoU
NE;(t) elvar T0 00vOhO TV %(OUPwV TOV OTOTEAOVV TN YELTOVLA TOU ®ROUBOV j, TN XQOVLXT]
ottyw) t. H yettovid oQyurmg €xel UeyGAo €VQ0g OANG OTOOLOXMG OUVQOUXVIVETOL. 2TO
ToadeLyua. ovto, Loydel 0 < ¢y < tp.



Bijua 1. Agywomoinon Tov fagav Tov dixTvov
AQyuromolovvtar o ovvorTd Baon, w;,0 < j < M, tov N e00dwv 1pog Tovg M
roupovg €£6dov, Tov @aivovtor oto oxfua 2.11, pe nEég Tuyaieg TLUES.

‘Etoi, nolvmretor n oosaitnon 3a (oehida 17) Tov ovioymvioTivoy xovova. expddnong
YLOL TNV GQYWT] OLALPOQOTTOINON TV VEVQWOVOV.

Bnua 2. Ilagovoiaon evog véov dedopévou e160dov, Z(t), 6T0 dixTvo

Brijua 3. YR0Aoylopog ToV T0GTAGEDMY 00 0A0Vg TOVG XOuPovg TOV dxTVOV

YmohoyiCovrow oL amootdoels, d;, UeTaED Tov Oedopévou Tng L0000V, Z(t), %L TOV
OLVUOUOTOS TWV CUVOTTTXMOV BV, wj(t), ndbe #Oufov €£600V j YONOLUOTOUDVTOG
™V eElowon

dj = ||Z(t) — i (2)|

omov Z(t) elvor TO dLavVoUo ELOODOV TN XEOVIAY OTLYUN t %o ;i (t) elvar To dudvvoua
TOV OUVOTTTLROV BaQmV TOV j-00TOU ®OuPov €E6dov v dwa yoovixy oty t. (H
amwootaon d; Oev eivar GAAn omd TO TETEAYWwvVO Tng Euvxheidiag amdotoong twv 0o
dwavvonatwv Z(t) now wj(t)).

Bijua 4. Emiloyn tov zoupov €£600v ne myv £AayL6T] ATOGTAON

Emiéyetar 0 ®ouPog j* wg 0 noupog eEO00V OV €xeL TV eAd L0 aTOOTOON d;.

Biua 5. [Mgocaguoyn Tov fagov TV 6uvayPemv Tov x0ufov j* xoL TOV YELTOVOV TOV

ITpooopuoCovrar ta Paon Twv ovvdpewmv Tov ®ROUPoV j5* xotr Ohwv Twv xOuPov
OV OVIHOUV OTN YELTOVLA TOv, OTtwg auth opiletor omd ™ ovvapmon NE;-(t) mov
YOOPLRMG TaEOVOoLdleTor 0to oxnua 2.12. Ta véa Paon divovior omd v eElomwon

Wit + 1) = @ (t) + n(t) * (£(t) — a;(t))
Vj € NE;«(t)

O 6pog n(t) ovoudCetar euBuog expadnoeng (learning rate) (0 < n(t) < 1) noL UELDVETOL
®raTd TNV TAROO0 TOV KEOVOV. H magovoio Tov otny 7o v eEL0mon €xeL OXOTO Va.
ETMLTOETIEL TN YONYOQN TTQOOOQUOYN TwV PBOQOV TEOG TO. OLOOUEVA ELCOOOV OTNV 0],
OV TO OlTVO PoloneTar axoud UaxQUA amd TV TEAR TOv ®atdotooy, Ponbavrog
TO £T0L VO QITOXTNOEL KATTOLOL OQYLXY] YVOT %AL UE TNV TTAPOOO TOV YEOVOU, TOV TO
OlnTvo TANOLACEL OAO ®OL TTEQLOOOTEQO TNV TEALXY] TOU ROTAOTOOM, VO ETLTQETEL UOVO
WxEEg OANOYES 0T BAEYN, DOTE TO dIXTVO VO OLATNQEEL TN YVAON TOV €)EL OTTOXTNOEL
€WG EXELVN TN YQOVLXY OTLYUN ®OL VO xGvel WOVO mxég addayég (refinements) oe o).

Biua 6. Emiotoogn 6to Bijnao 2

[Tivorog 2.1: O akyopbuog SOFM







gpaioo 3

AVVOZmg AVOTQ0060oUOLONEVOS
K-MEANS

O K-MEANs [Mac67], [Har75], [VR92] elvon €vag evpémg OLodedouevog alyooubuog ouodo-
moinong dedouévewv. H peydhn duadoon xatr xeom Tov ogeiletar 0Ty aTAdOTNTA TOV, OTO
OtL ovvatan vo. xonowpomowmbel o TOAAG SLOOQETLXA TTEOLA EPUQUOYWDV HOL OTO OTL €lval
TOAV YONYOQOG.

Ou WOOMTEG TOV aUTEG 0ONYNOAV €S ®OL OTNV VAOTOINOY TOU UE ¥ONOM VEVQWVIXMDV
OWTVWV. 2TO REPAAOLO QUTO TTOORELTOL VO TTOQOVOLOOTEL O ®AOOOLROG OAYOQLOUOG, OQLOUEVEG
TOQUALOYES TOV, TO TG auTOg Wropel vo viomowmbel ue €vo vevpwvird Olxtvo, Ta
mofAuato wov €xer €vo TETOLo OIXTVO, OQLOUEVES TTQOTELVOUEVES [EATLOTOTTOLNOELS TTOV
WTOQOUV VO YIVOUV O OUTO YLOL VO ETTLOEWVVEL KOAVTEQN OUUTTEQLPOQC, %AOMDG %Ol TG
TEMKNMG VAOTTOWON®E AUTO 0TV TOQOVO0. EQYOOLO.

3.1 O hooowog K-MEANS

O olyoobuog K-MEANS 0yedLdotnxe Yoo TNV ouodomoinomn dedouévmv oe ouddeg ue nouva
UETOED TOVg Yoaxtnolotird. H uovn €loodog mov yeetdletal amd To YoNoTn, extog QuoLkd
TOV OV TOV TEOG OUAdOTOINoMN dedopévary, elvar 0 aQnog K twv embuuntdv opnddmy.

Tig onddeg mov oynuatiler TG ovomTaQLoTa ue To %évrgo (centroid) Tovg, OV dev elvol
TwoTo. GAMO 0O TOV UECO OPO TV OEdOUEVWV TTOV €XO0VV OTTO000El 0TV €XAOTOTE OUAdAL.
Ao 1O YEYOVOg OouTO TNEE, OF, ®OL TO OVOUd TOU, TOU Ot €AevOeEN UeThpoaon elval
7 -Méoou 6pou’’.

Mia yevurn meQrypagr tov aiyoobuov goivetar otov mivoxa 3.1. ZTov mivaxa avtov
®noL 0TO xeluevo mov axorovdel, ue K ovufohrieror o apbudg twv ouddwv otig omoieg Oa
YWELOTOVV Ta. Ogdouéva, ue S; to TAN00g Twv OedouEvev TTov £xovv artodobel otn i-00Tr|
oudda, ue ¢ TO %EVIQO NG i-00THG OUAdAG, ®aL ue I TO j-00TO dedOMévo g i-00TNg
onadog. To dedouevo ®oL To ®REVIQA TV OUAdWV YOAPOVTIOL 1S dLovOoUOTa, OLOTL GuVHBmg
elvor wohvdidotateg moodtNTeg, OMAad ovixovv oto xweo R™. Téhog, ue to ||@ — §||
ovpPoALCeTOL M OeVTEON VOQUOL TV N-OLAOTATWVY dLOVUOUATOV & %O ﬁ oniadn n EuvxAeidia
artéotaoh Tovg (||@ — B = /X0 (es — Bi)?).

To w600 oAy emAoyn €ylve Yoo TG ouddeg Twv Oedouévmwv, WTOQEL Vo Qovel eqv
eEetaotel 1 dLaomoed Tng ®be ouddac. H Owoomopd elvor 0 néoog 0p0g TV amooTdoemy
TOV OEOOUEVV TTOV OTTOTEAOVV TNV ouddo atd To ®€vtpo (WEco Opo) g oudodag. Opileton,
0g, oOVUPOVOS TEOS TNV eElowon 3.1:
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[Brina 1]:

EmileEe apyunmg uio tuyoio ouadomoinon twv dedouévwv oe K ouddeg.
Erovélape

[Brina 2]:

Evnuéowoe ta xévipa ¢,i=1,..., K twv ouddwv, O¢tovtde ta {00 ue Tovg avtioToL-
YOVG UEOOVG OPOVS TV OUAdWY, dNACON:

omov, S; eivolr To TANBog Twv dedousvwv Tov €xovv amodobel otn i-00TH oudda, ¢
elvoL TO %EVIQO NG i-00THG OMAdOG, %OL T, &lval TO j-00TO OEdOUEVO NG i-00TNG
ouddog.

[Bijuna 3]:

o #G0e dedouévo, Tk, Peeg TV oudda exelvn tO x®EVIQO g omolag elvor o
HOVTIO TOV (OVUQOVEDS TEOG TV Euxheldio amdotaon), dnhad Pfoeg 1o delntn i* mov
LxavortoLel ™ oyéon:

di- = min(||# — &), i =1,.... K

[Bijna 4]:
Metdgepe TO Oe0OUEVO T OTNV OpAO vit” apLudv ¢*¢.
‘Ewg 6tovu:

Aev yivovtar Théov ahhayég 0T ®EVTQO TV OUGdWV.

“0 olydpBuog duatnel Yo ®Gbe ouddo To OUVOAO TV OEOOUEVIV TTOU TNV AITTOTEAOVV.

[Tivonog 3.1: Tevuun meQuypagn Tov ®Aoootrov aiyopbuov K-MEANS.

,, def Tt 17, — Gl
Si
ITpogovmwg, 600 Aydtepa otouyela €xer uio opddo, T000 wxEdTeEn Do elvor ev yéver M
OLaoTORA TNG. ‘Ouwg OTav TEETTEL VO OLOXWOELOTOVV TaL dedOUEVOL 0€ €vo. OVUVOAO OO OUAOES,
TOTE M QQPALOEOT HATOLWV €5 QUTMWV QITO Wio OUAd0 ®OL 1) UETAPOQG TOVG O€ KATTOLA GAAT
UELAOVEL UEV TN OLAOTTOQA TNG TEMTNG OUAOAGS, OANG QUEAVEL TN OLOOTTOQA TNG OEVTEQNG.
T to AOyo auvtd, o K-MEANS 0yedldotnxe ®OTe 1 OuvaQINom mov TEoomadel va
EMO(LOTOTTOLOEL VO, €Vl TO HECO TETQUYOVIXO 6palna (mean square error (MSE)), dnhoon
T0 GOpoLoUa TV dLUOTOPMV OAWV TV OUAdWY, OTTWS @aivetor xrow otV eElowon 3.2.

3.1)

K
MSE(K) =) v, (3.2)
=1

" 0T’ oUTOV TOV TEOTO, 1 UETAQOQG evOg dedouévov amd wior oudda oe ndmolo GAAN



ETMLTOETETAL UOVOV €AV 1 Uelmon NG OLOTORAS TNG TEMTNG OUAd0G elvol HeyaAvTeQN OITO
™MV 0OENON TG OLAOTTORAS NG deVTEONS OUAONGC.

To yeyovog autd €xer xatr éva. GALo aEloonuelmto otolyelo. Xdapn oe ovtdv TOV TEOTO
Aertovpyiog Tov aiydobuov, elvor evnoho va aroderydel OTL 0VTOS OVYrALVEL TTAVTOTE, Ol
TOTE vo eLoéQyeTaL ot aréopova Pedyo (endless loop), nabwg uetaxtvel dedoueva amwd pia
ouddo oe piov AAAn (omdte noL ovveyilel vo exteheltor), edv noL uoOvov edv, 1 Uetaxivnon
ovtn Ba odnynoer oe Uelwon ToOv PECOV TETQUYWVIXOV O@AAUATOS. ~ abwg, 08, TO UECO
TETOOYWVIXO OQOAUO. elvor pior un apvnter ToooTNnTa, elvol TEOQOVES OTL OEV WTOQEL va
UELDVETOL €777 QITELQOV.

AUTO TOU TO TAEOVEXTNUO OTTOTEAEL OUMG TAUVTOXQOVIS %Ol TO UEYGAO TOU UELOVEXTNUO,
rabwg 0 K-MEANS, ®atd v ovalitnorn tov yio To PEATLOTO dLoxmoLoud Tmv dedoueévwv oe
onaoeg, elvar duvatdv vo eyxhofLotel 0e ®ATOLO0 TOTXO EAGYLOTO TOU YMEOV AvVALNTIOoNG
(search space). 'Etoi, 60tav o K-MEANS @Odoel oe évo tétolo tomind ehdyloto, tote Ba
mopoueiver oe avtd, xnabwmg yuo va Eeguyer Oa ToémeL vo petoxivioer xdmoro dedouévol
0¢ ouddeg oV elvol TOTKA VITOPEATIOTES. ~ GTL TE€TOLO Onwg, Omtwg OelyOnue, dev yivetal
oté. ITpoxrelnévoy vor EemeQuoTel 0UTO TOU TO UELOVEXTNUO, OVVIOWS OL EQEVVNTES TEEXOUV
TOV OAYOQOUO OQUETES POES Ue TO. (OLo. dedoueva, emhéyovtag xndbe @ood OLapOQETIHES
0OYWES TUYalES OUODOTTOLNOELS KOl ETTLAEYOVTOG OTO TEAOG exelvn TNV ouadoroinon wov €xel
TO WMAQOTEQO UEOO TETQAYWVIXO OQAAUQL.

3.1.1 IMogarroyég tov ~ Aasowov K-MEANS

Yy ovv OLdgopeg TaQaALAYES TOV ®AaoOWOV akyoplbuov K-MEANS, mov a&ilel vo ovo-
@eebovv. Ta onueta Tov aAyoEBUOL TOV WITOEOVV vo. oAy BoUV elvor Tor €ENG Ovo [Har75]:

1. H emioyn twv ooy ouddwv (Brua 1 otov aiydobuo tov mivara 3.1).

2. O ®ovovag eVNUEQMONG TWV %EVIQWV TV OUAOWV %OTA TN UETORIVNON OEdOUEVOV
(Brua 2 otov alyoduo tou mivaxa 3.1).

‘O00V 0OEA TNV ETLAOYT TWV AQYXOV OUAOWY, VITAQYOUV TOELS TTEQLITTMOELS:

1. Ov oQywéc ouddeg umopovv va emthexbovv tuyxaiwg. Tote o ahydbuog emava-
hoppdvetar ue OLOPOQETIHES QYLKES OUODOTOLNOELS TTEOXEWEVOY vo. eEoyDel ndTolo
ovwtéQaoua yia T 6€om Tov olxov PeATioTov amd TN OLATAEN O0TO XWQEO TWV TOTLAWV
ehaylotwv ov @odver ndbe Qopd o akyoplduog. ITpoxelnévou vo xonowmomoindel avtm
n texvirn, Oa mEémer va vdEyeL ramola Bewion yio T xaTAvVOW] TOU OUVVOELEL TO.
TOTTLRA ®OL OMXO BEATLOTOL ONUELD TOV XMDEOV avalnTNong.

2. Mmooet va emheyOel uia. ovyrexQuuévn uetaBintm twv dedopévav, vo xwoiobel ovtr ot
K oo dwaotquato xar va xwoiobovv ta dedouéva oe K ouddeg pe Pdon to ddotnua
OV OVIAXEL M avTioTolyN UETOPANT] Tov ®Abe dedouévov.

3. Ov opyutég K opddeg wrooouv va gival (OLeg te avtég ov elye ®oTaANEeL O ahyooLOnog
yoo K — 1 oudoeg, ue ™ oLagod OtL T0 9edOUEVO exelvo OV amtelye TeQLOOOTEQO AITO
TO ®EVIQO NG ouddag Tov, Tweo Oa amotelel EexwoLoty) oudda.

AVTLOTOlY ™G, VL0 TOV ROVOVOL EVNUEQWONG VITAQYOVV OL €ENG OV0 TTEQUTTMOELS:

1. Ta ®évtpo Twv ouddmv UTOQOVV Vol eTOVOVTOAOYICOVTAL UeTd ammd ndOe uetomivnon
oedouévou artd wiar ouddo o wia GAAN.



2. Ta #€vTto TWV OpAdWVY WTOQOUV Va. ETTAVOUTOLOYICOVTOL 0TO TENOG OMDV TV UETAXL-
vioewv dedouévav amtd wio opuddo oe wiar GAAM.

Oo meémer va. onuetwdel Twg 0 ®hooowrdg olyopbuog K-MEANS mov €xer vhomownOel
ota haiowo Tov CLUE [Lab95], ndver Tuyolo emAoyn TV aQymmy OUddmY KoL EVIUEQMVEL
TO ®EVTQO. TV OUAOWV 0TO TEAOG OAWV TWV UETAXLVNOEWV TTQOXELUEVOU VO, ETTLTONVVOEL M
Aettovpyio Tov.

3.2 Ylomoinon tov K-MEANS pe yo101n Nevgovizov Axtvov

H upeydin omuotiwdtro tov K-MEANS, 00Mynoe oL OTNV UETATQOTY TOVU ITTQOXELUEVOU
vo. witoel vo. vhomownOel pe €va vevpwvird dixtvo [L1o82],[MD89], [HL8S]. Avtd €yvve
TEOXELWEVOY VO UTTOQEL var yonowpomowndelt 0 K-MEANS xou oe oxolovdieg ammd dedouéva,
ONAOON HOL OTLG TTEQUTTMOELS EXELVEG OTTOV OV VITAYXOVV OAa. Ta. Oedoueva dabeotpo eEaQYNg
OTtwG OTTaLTel 0 ®AaoOowOg K-MEANS, aAld autd yivovtar dtobéotua xatd v Taodo Tou
YOOVOU.

To vevpwvird dintvo mov vhomoiel tov K-MEANS, TO 0mOlo ®OL OVOUGCTETOL 0VOITQO-
000uoConevog K-MEANS TTQOKELUEVOV VO. OLaywEiCeTor amd tov rhaoowrd K-MEANS, €xel
TOV aQUOUO VEVQMVES, OL OTOlOL avTLOTOLOVV OTlg ~ Tnrovueveg ouddeg TV OedOUEVMV.
Aedopévov OtL 0%omog Tov K-MEANS elvar vo OmoeL To %EVIQO TV~ oudowv, autd
amoOnxevovTaL 0T SLOVOOUOTO TWV BOQWYV TWV GUVOPEWV TWV VEVQWMVWV.

H vlomoinon tov K-MEANS pe €va Texvntd VEVQWVIXO OIXKTVO TAQOVOLALETOL OTOV
mivoro 3.2. O OelrTNg €YHAELOUOV TTOV OVAGPEQETOL OTOV TTLVOrO VT, Ogv elvon Timotal
GALO ammd plo “‘uabnuoatiromomuévn’’ Exgoaon Tov ‘‘emiheEe TV oudda, TO AEVIQO TNG
orolog elvatr TANOLEOTEQO 0TO TEEXOV OedOUEVO €L00doV™’. TIodynatt, OTwWS @aiveTar oo
TG eElowoelg 3.3 xar 3.4, ywo OAOVG TOVG VEVQWVEG TANY TOV i-00TOV, TO M;(Z) elvor (00
ue undév, omdte T BAEN TOVg TaQAUEVOUV 0TadEQd. ‘Ouwg, t0 M;(Z) elvor (oo ue ™
novaoda, omoTe T0 OLdvuouo. BoQOV TOV i-00ToU vevpwva Bo petafindel ®otd Ty ToooTNTA
0+ [#(T) - &(T)].

ZeYVOVTAG TEOOWOLVMG TO CUVIEAEOTY] 7, M TOOOTNTO JTOV TEOOTIDETAL OTO OLdvuoua
Baowv dev elvar timwoto GALO, TOQEA M OLOPOE TOV OEOOUEVOD ELOOOOV OO TO TEEXOV OLd-
voopa Boav. OvoLaoTmsg ONAAOY, UETABAALETAL TO OLAVVOUO. BOQWY TEOS TNV ®OTEVHUVOY
TOV SEQOUEVOV ELOOOOV, TEOOTAODVTIOS VO TO TTQOOEYYIOEL.

Emwotpégovtag twea 0to ouvieheoTy 7, 0o TEémeL vo onuelwbel OTL 0TV 0QywHN
vhomoinon tov K-MEANS ue €vo vevpmvird OixTvo, autdg nrav otabepog %ad’ OAn tnv
exmaidevon tov duxtvov xar meQLoolldtav oto dudotnua [0, 1].  EEetdlovtag Tig oxQaieg
TWEG TOV dLOOTNUATOG O0TO 0molo AouPdvel Tiuég to 7, Taatneeitar Ot €dv elvor (oo
ue undev, tote Ta Pan Tov drtvov Ba ToouEvovv TAVToTE 0TabeQd, omoTe naL Oev O
nobaiver 1o Olxtvo TimoTOL OO TO OLdOUEVA. TTOV TOV TTOQOVOLALOVIOL.  AVTLOETWS, €4V
elvaw (00 ue ™ uovaoa, tote T Papn o Tibevrar oo ue to exdoToTE OLdOUEVO ELCOOOV,
EgYvOvTag ovoLaoTimg OAa Ta JTEONyovueva dedouéva Tov elyav magovotootel. Emouévog,
0 OUVTEAEOTNG 7 ®OBOQICEL TO TOCOOTO Ue TO OTOLO AGUBAVETAL VITOYN TO TEEXOV OEDOUEVO
eL0Od0V 0€ OY€0M UE T TTEONYOVUEVE TOU TTQOXEWEVOL VO VITOAOYLO0EL M TEé OVvoa TLW) TWV
Baowv. Xonowwever, OMAaOT, yror vo. VAOTOWNOEL €va €ld0g uvnung, OTmg %xaL O avVTLOTOL(0G
OUVTEAEOTNG 7(t) TOV OVOEQEQOTOV OTNV TEQLYQAPN TOv aAydobuov SOFM otov mivaxa 2.1
TOV vItoxepalaiov 2.5.1.

H oxton ue to vworepdhowo 2.5.1 dev meQLoQileton HOVO 0TV TOQOVOL0. TOV OUVTEAEOTY]
avtov g uvunc. Edv mogafinbotv ov dvo akyodotbuor (ivaxag 2.1 xow mivaxog 3.2) tote
elvor @avepd OTL 0 avarEooaUolouevog K-MEANS amotelel pio vrromepimtwon tov SOFM



‘Eotw K vevpwveg xnou €0Tw ¢j,...,Cx TO OLOVOOUOTA TWV OUVOITTLXMV TOVS BOQaV, To
omolo TeMnwg Ba meQLéouv Tor drorvoopata TeEQLYQopng Twv K onddwv (niadr to névtoa
TOVG).

Av Z(T) non ¢;(T) elvar To daviopota eL0Od0V (9edOUEVO) HOL TO JLEVUOUO TOV OUVATTTURMDV
Baomv Tov i-00T00 vevpdva T xeovixy otwyul T, xau d(F, &) = ||F— &[> eivar To TeTedymvo
s Euxheidiog omootaong Tmv 000, TOTE TO VEVOWVIXO SIXTVO ETAVOITTQOOOLOQICEL TIG TLUES
TOV BaQWV CVUPOVEMS TEOS TV eElowon 3.3.

G(T + 1) = &(T) + My(@(T)) + % [#(T) — &(T)] (3.3)

Omov 7 elvar 0 euONdg expddnong (learning rate) Tov dwtvov, TOV ®OOOEICEL TV TaxVINTO
noL oxQIPELa TG TEOOEYYLONG Twv dedouévav, xour To M;(-) elvar évog deixtng eyxreropov
(membership indicator) mov ®00o0QiCel TO0 ®atd TOCOV TO dedoUEVO €LOdOV Z(T') avixeL 0TV
i-ootn opdda.

210 OlnTVo OWTO, 0 EVOUOS expdbnong, 7, opiletar va elvar wion 0tabeQd xnov O OelnTng
eyrheronov M; opileton ovugpavemg TEOg TV e5lowon 3.4:

[ 1 sav () < d(7) Vi #i
M;(@) _{ 0 alhic (3.4)

[Tivorog 3.2: Yhomoinon tov K-MEANS pe évo texvntd vevpmvird Ointuo.

OAYOQWOUOV, 0TV OTOlo. N YELTOVLAL €VOG VEVQWVOL Elval TTAvToTte 0TadeQn xoL (on pe Tov
OL0 TOV VEvRMVO.

O AOYOG OV YONOLUOTOLE(TAL O avarTtOoooUOLOuevos K-MEANS avti tov SOFM, elvau
OTL TTOQOLO TTOV O OEVTEQOG €xeL UeYOAUTEQN €VEMELD, EVTOUTOLS UETA TNV E€QOQUOYY TOU
Oev elval yvwOoTO TOLOL VEVQMVES €XOUV eXTTaLdeVTeEL Vo avayvwpilovv otovyeta g ovag
ouddag.

‘Etol, upetd v egaouoyn tov SOFM moémer var epoouoolel €vag anopo aiyoeuiunog
0 Aeyouevog LVQ (Learning Vector Quantization) [Koh90], mov dwoweiler Toug vevpwveg,
TAéOV, avd opdades. O alyoeuuog avtdg Oumg elvor olyoolouog expdadnong ue OLOAoroAO,
omortel OMAadN TV VIaEEN OedOUEVOV YLl TA OTTolo elvor MON yVwOTES OL OUAOES OTLG
OTTOLES AVIHOVV OUTE, (MOTE VO OOKLUAOEL, OVOLOOTIXMG, TOVS Vevpwveg Tov SOFM xou va
OeL ool € oUTV avTOQOUV 08 OUYREXQLUEVES oudoes. Edv dev vidyovv TéTolov eldovg
TTEO-OUOOOTTOLNUEVO. OedOUEVA, TOTE elvol adUVATO VO eQUNVEVDEL O XAOTNG XOQARTNOLOTLRWDV
TOV 0TOl0 €xeL naTaoreVAoeL 0 SOFM, TEOxEUEVOU VO EE0XO0UV OL TTEQLYQAPES TV OUAOWV.

3.3 Tlgoprmjuata tov Avargocaguoiopevov K-MEANS

O avompooouotonevog K-MEANS, O0mtwg zar 0 ®haoowmdg K-MEANS, €xer T0 TQOPAnuo
OtL umopel vo moyldevOel 0e HATOLO TOTLKO EAGYLOTO, TTOU VO OTTEYEL OQHETA OO TO
OMxO BEATLOTO. AUTO Oo@elheTor O0TO YEYOVOS OTL, RATO TNV GQYHOTOINOY, HATTOLO. OITO TOL
dravvouata Paomv WTOEEL VA TAQOUV TLUES TTOV Vo BOLOXOVIOL OF TEQLOYXES TOV XWOOU
ovatntmong oL ooieg meQLEovv Alyo 1 now xabolov otoyeia. ‘Etol, xatd v exmaidevon
TOU OUXTVOV, OL VEVQMVES ouTol dev TTEOreLTAL TTOTE va foedovv ®xOvVTd 0 ®ATOL0 OO TO
OedOUEVOL ELOODOV HOL ETTOUEVING, TOL OLAVUOROTA BOQMV TOVG 00 dLaTNENOOVV TLG CQYHES
Tuxaieg TwéEg Tovs.  'Evog ®hooowrdg TOmOg viéQPaong Tng Loy ONOLMOTOINoNg auvTtig
elvor vo yonowwosownoet n Aeyouevn dvageéovoo expddnon (leaky learning) [RZ86] émov, o€
OVVOUOOUO UE TNV EVNUEQWON TOV TTANOLEOTEQOV TTROG TO OEdOUEVO €LOODOV VEVQMVO. %dbe



(POQJ, EVNUEQWVOVTOL %0l OL VITOAOWTOL VEVQWVES OAAG UE UXQOTEQOVS QUOUOVS exudOnong.

Miov GAAN TEOOEYYLOM Elval m ¥ONOM TOU xavove expddnons me tnpewg (conscience
learning law) [Des88], O0mov 0 %aB0QLOUOS TOU TTANOLEOTEQOV VEVQMVOL TTROG TO TEEYOV
OLvVopnoL ELOOOOV KONOLUOTTOLEL Mol VOQUOL TTOV EVLOYVEL TOVG VEVOWMVES TTOV LAV OTTOVINOEL
o¢ ALyotepa dedoueva eLo0dov 0To TaREAOOV. To Ovouo Tov ®ravOvo TEOXVITTEL ATTO TO OTL
Ol VEVQMVEG TTOV £(OVV AITAVINOEL OTO TEQLOOOTEQN OEOOUEVOL VOLMOOLVV “‘TOPELS™” yLa QUTO
ROL TTOQOWEOVY TN OELRE TOVG 0TOVS VITOAOLITOVG.

‘Ouwg, 0mwg ovyvd ovufaiver, n Oegasteia elvor xelpdteON 0O TV aobévela. ~ L ovTtd
yioti ov dvo uéBodor auTég 0dNYOUV Of OUODOTOUOELS TTOV Oev elval PBEATLOTES (UEQWHES
@opég, Oe, dev TANOLALOUV oV OTNV BEATLOTY) CULUPWOVMS TEOS TN OVVAQTNON HOOTOVG
oV 0pICeTaL 0O TO UEOO TETQOYWVHO O@AAUA %®L QUTO OLOTL M XONOM TOVS €xEL MG
OTTOTELEOUO. TNV TTAQOANOYT] TNG OUVAQTNONG %OOTOVS TTOU TEOOTOOEL VO EAAYLOTOTTOLNOEL
T0 Olxtvo. ExtOg autov, m dtopeéovoo exudOnom avEdver TOvg OVVOMXOVS VITOAOYLOUOUG
OV TEETEL vo. eTTLTELEL TO OIXTVO YL ®GOE dEdOUEVO ELGOOOV, OPOV TWQEO. TTAEOV TTRETEL VO
EVIIUEQMVOVTOL OACL TOL dLovOoROTO BaQMV.

‘Eva. MO TeOPANUa. TOV  0votQoooQuolopevoy K-MEANS €xel vo. #xdvelr ue 1o Quiuod
eXUGONONg 7 TOV YONOLUOTTOLELTOL 08 OUTOV. TNV ETLAOYN TOV, GVOYROOTIXMOG o vdQyeL
wia. avriotdOmen (tradeoff) petaSy ng emidpaong tov otnv duvamxn emidoon (dynamic
performance) (OnAodn 10 QUOUO OVYRALONG) ®OL TNV emidoon ot 6Tadeen xotdotaon (steady-
state performance) (OMAad TNV TeAnt) amdxrhon oo TV PEATLOTN AYom, TOU TOQATNEEITOL
0TO TEAOG TNG exUdONoMG) TOV OTVOV. ANAaOY, OTOV YENOLUOTTOLELTOL £vag 0TabeQdg QUOUOG
expabnong, avtdg Bo wEémer vo elvor aEreTd QOGS TEOXELUEVOY VO OUYrALVEL M SLodwaotal
™G expdbnong. 000 wrEOTEQOS elvar 0 EUOUOG exudOnong, TOOO WxEOTEEN elvor M TeAr
amorAon amwd T PEATLOTN AVoY, ARG TOVTOYEOVIS TOOO ULrEOTEQOS Bar elvor ®oL 0 QUOUOG
ue Tov omoto emitedeitar n expdOnon. ~ abwg o PEATIOTOS EUOUOS expdbnong eEapTdTar amod
TLG LOLOTNTEG TOV OUYHEXQLUEVOV TTQOPANUATOS ®G0e oA, Oev elval duvvatr n eTAoyN TOU
eE aQyng, oAAG TO OUVNOEG elval VO ETAEYETOL QQYLUIOG €VOG OYETUMOS WMXOOS QUOUOS *oL
ROTOTILY VO, BEATLAOVETOL OUTOS UE LODOYLHOVS TTELQAUOTLOUOVG.

EE autiag tng dvoxollag tng Avong ovtng, €xouvv ueletnbel SLGQoEEg TeXVIRES Yo TNV
eQOOUOYY €VOg UeTOfaAlOneEVOL QUOUOV expdOnong. 2to [DM90a], mEotdOnxe yLo TEMTY
@oEa 0 EUOUOG exudOnong Tov xdabe veEvEWVO VO ELVOL OVTLOTOOPWS AVAAOYOG TTOOS TNV
TETQOYWVLXT OICa TOV aELOUOV TV dedouéviv Tov £x0uv 0IT0d00El 0t ovTdV, Dewpnvtog OTL
000, TeQLO0OTEQA. dEdOUEVOL £XOUV OTO000EL 0E €vov VEVQWVO, TOOO TTEQLOOOTEQO £xeL UAOeL
avtds. ~ abwg M ovyrhion g webodov avTHS HTav TOAD 0y, TEOTAONHE 0O TOVg (dLOVG
uia néBodog  avatnmmens-cvyxhong (search-then-converge), omov n(t) = U_J:]to/_f) [DMO90b].

Me ™ pébodo ovt), 0 EUOUOS exudOnong wéver xOVIO OTNV TWH 79 YL €va XOVIXO
OLdoTNUa. T %Ol ROTOTLV UELWOVETOL UE QUOUO % I ToALG TEoPAMuaTo, avth 1 uébodog
ovyxAlver ue axpifela now 0 rQO Yeovird oudotnua. ‘Ouwg, dev elvar duvatov va
eTMAEYOUUE EX TTOOOLUIOV TNV BEATLOTY TLUY TOU YQOVLXOU OLAOTHUOTOS 7 Yo ®AOE TEOPANUQL.
Emiong, tétowov eidovg ueboodot, ue mporabooroueévovg Quiuovg exudonong, oev elvor aQxetd
EVEMHTES TTQOKELUEVOV VAL YONOLUOTTOLOVVTIOL 08 TQOBANUATO, TO. XOQOATNOLOTLAG TV OTOlmV

UETABGAAOVTOL ROTE TN OLAOKELD TOV YQOVOU.

3.4 Béltietog Avangocaguolopevog K-MEANS

2ty goyaoto [CS95] ov ovyypagels TaQabETOVV Ta OTOTEAEOUOTO TNG TEOOTAOELAS TOVG Val
eLAIOOUV TO SVO VT TEOPAUOTO TOV OvaTTROo0UOCLOMEVOY K-MEANS. H epyooia toug
elye, oe peydho Pobud, wg évovoua v eoyoaoio [Ger79]. Zmmv Tehevtoio 0TOdeVIETOL



OtL Yoo uto Agiew (smooth) noatovouy] P twv dedouévmv not yor ueyoho oobud ouddwv K,
N PEATLOTN OUAOOTOINON CVUPOVIS TEOS TN ovvdetnon MSE, 0o 0woel oudoeg ue (Oveg
OLaoTORES v;. OtwpEnoav Ot Ba elye oflo va mpoomadnoel novelg var ®OTOANEEL 08 OUAOES
ue (Oeg OLaomopeg, omoua #«t av 10 K dev elvar aguetd pueydho 1 n P oev elvor Aelo. Qg
gX TOUTOV, OLAUOQPWOOY TOV aVOTQOo0QUOLOuevo K-MEANS og Vo onueilo Tov, To omolo
TEQLYQAPOVTaL axOAOVOWG.

3.4.1 BéltioT Y0101 TOV VEVQOVOV TOU HXTVOV

ITooxelévou vo. emAVoOVV TO TEOPANUA TNG TTOYIOEVONG TV VEVQWVMWV OF TTEQLOYES Ue Alyo
N oL ®xaBoAov dedouéva, Tov Omwg OelyBnre oto vmoxepdAolo 3.3 odnyel og ouadoTOLN-
O€Lg TTOV OTTEYOUV TOAU amd TN PEATLOTY, TEoTelvouv TV aviwatdotaon g Evxieidiog
OTOOTOONG OTO (o CUVAQTNOYN ATTOOTAONG TOV AAUBAVEL VITOYN TNG ®OL TN OLOOTOQA TV
otoyelwv Twv onddwv. H ovvdotmon avt mapovoldletar otnv eElowon 3.5.

dyias (Z,E) = v; * ||Z — &])? (3.5)

Zmv 3.5, n mooomta v; elvar M dLaoToEd TG i-00TNg ouddag, dAadY O UEcog GPOg
TWV OTTO0TACEMY TWV OTOLXELV TNG OUAdNS QUTNG amtd TO #€EVIQO NG (e5lowon 3.1).

" 0bwg 600 avEdvetor To uéyebog wiag ouddag ev yéver oVEAVEL oL M OLAOTOQA TG, M
XONON NG ATOOTOONG OVTNG €XEL G AITOTELEOUA TNV TEOTIUNON TWV OUAdWV EXEIVIV TTOV
€xouv Aiya otouyelor ev oyéoer pe Tig viorowtes. ‘Etor, avayrdlovv OAOUG TOUG VEVQWIVES
VO, CUUUETAOYOVV 0TV Opodortoinom, Pondmviag 0oovg €xovv eyxhmBLoTtel o ndsToLo 0TelQO
TEQLOYN TOV ¥WOEOV avaTNTNoNg vo. atOUOrQUVOOUV atd auTy.

" 00mg TO vevpmVIrO dinTVo deV dLUTNEEL RATTOV TA OTOLYELR TTOV OTTOTEAOVV #AbE oudda,
dev elvar duvatdv vor vitoroyiletar M axoig Ty g dtoomoeds g ®abe opdadog. ‘Etot,
ovtn TEooeYYIteTor ovugpaovemg TEOg Ty eElowon 3.6:

vi(T + 1) = axv;(T) + (1 — ) + My(&(T)) * || #(T) — &(T)|]” (3.6)

O ovvteleomic a g eElowong 3.6 eivar uiar 0To0eQd ®ATA TL MKHQEOTEQN TNG UOVADIGS.
‘000 o ®OVTA elvol TO a 0T uovada, TOOO o axEWBNg elvol M TEOOEYYLoN TG v;, GALA
1000 o 0QYd Bo yivetar n mwootyylon ovtr. Ouv ovyypageic g epyaociag [CS95] ota
TELEAUOTA ToVg Bétovy 10 @ (00 ue 0.9999.

O mEooEXTIROS OvayVAOTNG Oo TaQoTNENoeL OTL Ue TNV OANOYT) TNG OVVAQTNONG OTTO-
OTAONG TTOV TTQOTELVETAL UETOPAALETOL OVOYROOTIXMOG ®OL 1) OLVAQTNON TOV TeMxwg Oa
BEATLOTOTONOEL TO VEVQWVIXO OLXTVO.

ITpdypatt, n CUVAQTNON TOV EAAYLOTOTOLEL TMEA TO dIXTVO elvar avTty Tov opiletar oTnv
eElowon 3.7. Av Angbel vroyn xow 0 0QLOUOS NG OLAOTOQAS, TOTE TALQVEL TN UOQPN TNG
eElowong 3.8:!

i S |13 — &l
VWMSE(K) = v« =210 ° 3.7
K
VWMSE(K) = > v} (3.8)

i=1
ITAnv Ouwg, ov ovyypagelc omédelEav OtL €dv 0 aQWbuos K Twv ouddwv eivor aQretd
UeYAAOG %Ol M ®ATOVOUY TWV JTROG OUAO0TONoMm Odouévwv eivar Aeia (smooth), tOTE M

'To 6vopa VWMSE mpoxtmter amd o *‘variance-weighted mean square error”.



ovvaETMon Tov ehaylotomolel to dixtvo (eElowon 3.8), elvar woodvvoun ue TV aQyLxi
(eElowon 3.2), OMAad uwe TO UEOO TETQAYWVIXO O@AAlua. T Orevrdlvvon, mn awddelEn
ToQATOETOL ®oL 0TO TAEAETNUO. A. H mapadoyn mov éxavav elval OTL oL 0TS TTEQLITTMOELS
enelveg mov Oev LoyveL xAmowo. ortd Tig dVo avtég ouvvOrxres, mn PEATLOTH opadoToinon g
oG T ovvaptnon VMSE dev 0o améyer wol omd v MSE.

3.4.2 Avvopxn PoOuion tov Pvluov Expdfnong

‘O00v agoEd To TEOPANUOL TNG ETLAOYNG TOV QUOUOY exudOnong, Toatonoav OtL 1 PEATLOTN
Aoon Oa woémer vo emmLTEémeL T Ouvauxy @uBmwen (adjustment) TOv, OVOAOYWS UE TO TOOO
aréyel 1o Ointvo amd ™ PENTLOTN Avon.

ZuynexQuuéva, otav Tto dlxtvo améyxer TOAY amwd TN PEATIOTN Avom, TOTE O QUOUOG
exudOnong Oo meémer vou avEdvetar mote vo Pedtimbel yonyopa m TExOovoa. OpodoTOiNo,
eve Otav elvor ®ovtd ot PEATLOTN AVoY, TOTE Dol TEETEL VO EAATTWOVETOL (DOTE VO WTOQEOEL
va. TRO0eYYLo0eL M PEATLOTN OUAOOTOINOMN Ue UeYOAUTEQN axQifeLa.

INo va emtevyOel #dtL Tétolo Oo meémer mEwtTa vo. ogLobel M TOLOTNTOL TNG EXAOTOTE
onadOTOINONG, 0NV OTOl0L £xEL KOTAANEEL TO OlXTLO, WOTE VO WTOEEL Vo uetondel »ow m
oOoTOon ™S 0O TN PEATLOTNH OUOOOTTOINON).

Agdouévov 0Tt 0tn PEATLOTN ouadoToinon ot daomToRés Twv ouddwv v; elvar (Oeg,
fdoloav TO UETEO TNG TOLOTNTOG TNG TEEXOVOOS OUOOOTOINONG OTO TOCO OUOLES €lval Ol
OLOOTTOQEG UETAEY TOVG.

" 0bwg a6 ™ Ocwplo ITAngogoiag yYvmollav OTL N evigomia (entropy) £vog GVOTHUATOS
ue K notaotdoelg ehoyrotomoteitor Otav or mhovotntes OAMV TV ®OTAOTAOEWVY elval (OLEg
UETOEY TOVG %L (08 e % ROVOVLUXOTTOINOOV TLG OLALOTTORES CUUPMVWMS TEOS TNV eElowon 3.9,
WOoTe va £(ovv avtég TLEG 0to drdotnua [0, 1], 6mwg ®or ot mhavoTnTeg TAVW 0TLS OTToleg
EQPOQUOCETAL | OUVAQTNON TNG EVIQOTTLOG, KOL XATOTLV EPHOUOCAV TN OUVAQTNON EVTQOTIOG
oe avtéc, 6mwg galvetolr oty eEtowon 3.10:

Vg

—_— (3.9
Zle vy

Vi,norm =

K
H(Ul y U2y - - aUK) = Z —Vi,norm * ]n(vi,norm) (3.10)
i=1

H ovvdptnon 3.10 peyrotomoteiton, Ommwg nom avopéebnue, 0tov v; = v; Vi, 7 = Vi pnorm =
% Vi, omdte now n Ty g yivetau ton pe In( ).

‘Etot, 0 ouiuog expdbnong wropet var optobel omwg oty eElowon 3.11. O aobuntmg Tov
“AAOUOTOG ATTOOLOEL TNV QUTOOTOON TTOV £)EL 1 TTOLOTNTA. TNG TEEXOVOAS OUADOTOINONG It
ovTtn TG PEATLOTNG %OL O TTOQOVOUAOTNG YONOLMEVEL OTO VO, HOVOVLIXOTTOLNOEL TNV T} TOU
ovbuov exudOnong, wote avt) va Peioxetor oto didotnua [0, 1].

B ]H(K) — H(Q}],Q}z,... ,UK)
= In(K)

(3.11)

3.5 O avoamgocagnotopevog K-MEANS 6to CLUE

" 0Td TN OLEEOYYN] RATOLWVY AQYRDOV TTELQOUATOV UE TEXVNTOG AOTAOKEVAOUEVO OEDOUEVOL
(ToL OedOUEVA TTOV YONOLUOTTONONOAV TEQLYQAPOVTAL OTO VITOKEPAAALO 5.1) TQOAELUEVOV VO
agohoynOetl M emidoon tov dwTVOV, TOEATNENONHE Uia avermbvunty ovuTeQLYPOEE. Anhadm,
TO Ol1TVO TA OUAOOTTOLOVOE £TOL MOTE %A OUAO VO €)EL TAQOUOLO. OLAOTTOQ(, UETURLVDVTOG



OEOOUEVOL OF OLOGPOQETLAY] OUAO0 QIO VTNV TTOV TTQOYUOTLXA aviroy, OTav 1 Tehevtaio
““ueydhove’” alodntd.

To @OLVOUEVO QUTO NG E0QOAUEVNS OUADOTTOMONG EUPAVICOTOY oxduo %ol OTav oL
ouddeg elyav 1o OO0 TEQiTOV TANBOG oToLKElY, EEAQTOTAY, O, AITO TN OLLRG Ue TNV OOl
TOQOVOLACOVTaY TOL OEdoUEVA OTO VEVQMVIXO OIXTVO, %aBMDS %aL OO TNV KATOVOUY TV
TV TTOV lyav T OedOUEVQL.

Ou TaEOTNENOELS OVTES, TNG EEAQTNONG TNG OUVAQTNONG amdoTaAoNg atd 1o Héyedog Twv
dLapopmv ouddwv ®obwg xar amd TN 0elRd TAQOVOLooNG TV OedOUEVIV GTO VEVQWVLXO
OlXTLO, OONYNOAV OTO OVIITEQAOUN OTL 1 TTQOTELVOUEVN GUVAQTNON OTTO0TOONG OEV AITOdOEL
TO00 ROAG UE TO. OEQOUEVOL TTOV XONOLUOTTOLOVVTAL OTNV TAQOVO0. EQYNOLa, 000 e eXELVO TTOV
elyov yonowomowmbel otnv [CS95]. Qg ex TOoUTOU, €XTOG QTG TO OIXTVO TTOV TTEQLYQAPNHE
ovoTtéow, To omoto Ba avagépetar oto €ENg wg NN-VWMSE, viomowmonxe oto CLUE xou
£V0L TTAQATTANOLO VEVQWVLXO OIXTVO TO OTTOL0 ¥ONOWMOTTOLEL TNV ®Ahaoowry Evrhelowa amdotaon
ovti g 3.5, dotneel opwg ™ wEBodo g duvanng EUouLong tov EUOUOY expddnong. To
OlrTVO aUTO emedeLEe RAAVTEQN OVITEQLPOOG 0TO (Ot TexvnTd dedopéva. To devtepo auvtd
dtntvo Oa avagépeton oto eEng wg NN-MSE.

Ta amoteléopato TV TELRAUATOV PEIOXOVIOL OTO TURUC 5.2 TOV TOQOQTAUATOS A
YLo. TOV avartpooapuolouevo K-MEANS mov eloyrotorotel ™ ouvaptnon VWMSE xou oto
Tunua 5.3 Tov WOV TOPUYTNUATOS YL TOV OVATTRO00QUOLOUEVO K-MEANS TTOU €AO(LOTOTTOLEL
™ ovvatnon MSE.






gpaioo 4

I'oagoBewontiny M£Bodog
Ounadomoinong ‘‘Ev IItnoer”’

2ta mhalowa g eQyaoiog avtig oxedldoTnxe xnon vAomowonxe xou GAAN uion uébodog
opadomoinong “‘ev wINoEL”’, M omolo. awoTedel TEOETAON WiaG YOOPODEWOENTIXNG UeDOdOV
onadoTOINoNG opadixng exeEegyaosiag (batch processing).

2T0 OOV KEPOAOLO TTQOXELTOL VO O0DOUV TO YEVIXG OTOLXELD TV YQOPODEWONTIXMV
uefOdwv opadomoinong, wio TeQLYQapn TG aXNG UEOOdOV opadwmng emteEeQyaoiog, ®abwmg
0L TTOG AVTY] TTQOEXTAONKE TTQOKELUEVOV VO UTTOQEL VO HAVEL OUOOOTTIOINON OLOOUEVIIV ‘EV
JTTNOEL .

4.1 Teviza Xrovygeia I'oogodewontizov Medodwv Onadomtoinong

Ou ypagobewonTinég uebodoL onadoTOinong TEOOEYYILOUV TO TEOPANUO. TNG €VQEONS TWV
ouddwv, 0TS Omoleg aviprouy To. Ogdoueva, Oewowvtag xabe €va €€ avtmv mg xOufo evog
TAMEWG OUVOEOEUEVOD YOAQOV. ZTIG axUEG TOV YOAPOV 0mtodldovtar wg Bapn ov Euxheidieg
QITOOTAOELS TV OEdOUEVIIV TTOV GUVOEOUV CLUTEC.

2ty goyaoio [Zah71] mweQuypdgetol £va 0UVOLO OLOQOQETXMV UeBOdWV TOV UITOQOVV VO
XONOLUOTTONOOVV TTOORELUEVOV QITO TOV TTOAVAPEQDEVTA YOAPO Va. atorTnBOUV oL Tnrovueveg
OnAoES TV SEdOUEVOIV.

Ou mepuypapoueveg LEOOOOL TEOEXVPOV AT TNV TTEOOTAOELD TEOCOUOLWONG TOV TEOTOU
Ue TOV OO0 OuodoToLEL TO avBMITLVO naTL £€vo OVVOAO OTTO onuela 0TO dLodLAOTATO
xwEo. ITopdha tavta, n xONoN Tovg 0ev TeQLOPIteTal uOvo oe dLodLAOTATOVS KWEOVS OAAG
OVVOVTAL VO YONOLUOTONOOUY %Ol 08 YMEOVS UEYOAVTEONG OLAOTAONG.

‘Eva. foowd TAEOVEXTNUG TOVG €elval M €UXOAN TTEQLYQOUPY ®OL ETEENYNON OO EVOV
avOQWITO TV OROOTOMOEMY TOV TAQAYOUV, %AOMDG 0xOAOVOOUV TIG (OLEG 0QXES UE TIG
OTOlES  0QYOVMVOUV 0L OvOQMITLVES QLOONOELS OUVOAD. OLOdLAOTOTWV ONuUelwv.  Aniodn,
telvouv vo evaovouv tar dedouéva oe ouddeg Paollopeves oty eyyvinTo TV OedOUEVMV
©00Wg ®AL OTNV TVRVOTNTA TOVC.

Ou ugbodor avtég, Ommg mopovoldlovrar 0to [Zah71], €0oUv ®g OO YOQAXTNOLOTIXO
Tovg 10 OTL Paoifovrar otn xonon tov ghayictov Levyviovrog dévdgov (minimum spanning
tree) TOV TANQEOVG YOAQPOV. ANAodr, €POQUOTOVV OQYLKMG OTOV TTANQES YOAQPO HAEITOLOV
OO TOVG YVWOTOUG OAYOQLOUOVS €VQEONS TOV €AaylOTOV Cevyviovtog 0EvOQOov, OTtwg elvol
ov [Kru56] »av [PriS7], »ar ®xatomy xOoNnoLuoTolovv uovov autd, 0yvOmVIoG TG VITOAOWTES
oxUES TOV YAgov (ou dv0 ovtol aAydEOUOL VTOAOYLOUOV TOV ehayioTtov Cevyviovtog
OEVOPOV €VOg YOAgov ToaTidevtar 0to mapdQTnua B). Mia oynuatinn maQdotaon evog
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ovvorlov dedouévav Tov astoteheitol amtd Vo ouddeg @aivetar 010 oxnuo 4.1(x), v
oto oynuo. 4.1(8) @aivetor 0 TAENG YEAPOS TOV OYNUOTICETAL QIO OUTA TA OEOOUEVQ.
®nov 0T0 oxnua 4.1(y) to ehdytoto Cevyvoov 0€vOpo autov. Ou ewmdveg Tov oxfuatog 4.1
onuovpynOnrov ne ™ xonon g LEDA [MN89], [MN95], [N&h90], uiog Piiiodnixng mou
TROOMEQEL OOUES OEDOUEVIV ROl OAYOQLOUOVS YLoL TEOPBANUaTA ZuvovaoTinng xau 'ewuetplog,
n omoio €yer yonowmwomownbel o ueydrho Pfabud xatd TV OVATTVEN Twv oAyOQbuwv OV
TEQLYQAPOVTOL OTO KEPAAALO QUTO.

(a) AVo oudodeg dedouévmv (B) O mMipng YOGQOg Twv Oe- (7) To ehdyoto Cevyvvov Oév-
douévav 000 TOV TANEOVS YEAPOV

Zyuo 4.1: Aettovpyio g yoagpobewontivig uebddov: roTaoxreV) TAMQOVS YOAPOU %ol TOU
ehatotov Cevyviovtog 9évopou ovtoy atd €vo. OVUVOAO deQOUEVMV

Baowloueveg 0T0 eAAyLoTo Cevyviov OEvOQO 1oL Oyl OTOV aQyrd YOAQO, eTLTUYYX VoLV uio
ONUOVTLAY CUUTTLEOT TNG VITAQYOVOaS TTANQOPOQLOG, AoV OIto w OXUES TOV TTANQOVG
YOAPOV, RATAAYOUV VO YONOLUOTTOLOVYV UOVO TIg n— 1, Otov n elvar 0 0buog Twv ®oupwv
- 0E0OUEVMV.

Emtuyydvouv emiong, wior ®rohitegn meouyoopn g douig Tg vItdyovoas TTANQoQooLog,
AoV TMQEO ELVOL TTOAD TTLO EVXOAO VO EVIOTLOTOVV T OEOOUEVA EXELVOL TTOV €lval TTANOLEOTEQO
oe¢ namoLo dALNO. Avtd @oivetar %L amd to oxynuo 4.1, émov ywo woévo 10 dedouéva Tng
wiag oudodag xow 20 dedopéva TG GAANG, O TANENG YOAQOS Oev OlveL ®OUlOL TTQOATIAN
OTTTLXY] TTANQOQOQLA Lo TS OVOYETioELS Twv dgdouévay (oxfuo 4.1(5)), ool meoéxer 435
OUES, EVA) TO EAAYLOTO Cevyviov d€vOQOo, ue HOALS 29 axuég, fondd TOAD TeQLOOOTEQO OTNV
ROTAVONON TWV OVOYETIOEWY UETAED Twv Oedouévov (oymua 4.1(y)).

H Poown wéa oty omolo otnoifovrar ov pébodor avtég, elvar OTL oL axpég TOv
Cevyvoovtog dévOopov ywoellovtar oe dV0 OUVOAA, TO OUVOAO TV OXUMV TOU CUVOEOUV
0edOUEVAL TTOV OVAXOUY OTNV (L0 OUAd0. KL TO GVVOAO TV OXUDV TOV OUVOLOUV OEOOUEVOL
OV AVIHOVV O€ OLOPOQETLXEG OUAOES.

Emouévwg, 1o meoPfinuo tmo 0opiletor mwg m €00e0 TOU OUVOAOU OUTOU TV OXUMV
OV OUVOLOUV OLOGPOQETIREG OUAOES HOL M QITOAOLPY] TOVG QIO TO EA(LOTO Cevyviov O£vOQO
TEOXELUEVOY VO, TTEOXMPOUV OL ENTOVUEVES OUAOES.

4.2 Agywn I'oagodewontizny MéBodog Onadixig EneEeoyaciog

MeTaE0 twv dopoomwV TEOTELVOUEVWV UEDOOWY OROdOTOINONG OUOOWNG ETTEEEQYAOLOG *OL
dedouévng ™G QUONG TV O0edOUEVOV TO. OO0l eUPOVICOVIOL 0TO TEOBANUC. TG OMadO-



TolNoNg Twv SOCOMPLOV CUUPMOVMG TOOG TO. XOQAXTNOLOTHG TOV (POQTOV €QYOOLAS TOVG,
emAExOnue TeMnmg wio uebodog m omoiar epaQuoler 0To eAdyoTo Cevyvvov OEvOQo TNV
OLadLraol0L OLAOTTAONG OVTOV 08 VITOOEVOQO, TTOV AVIWTQOOWITEVOVV TG TNTOVUEVES OUAOES,
oV aivetal otov mivoxa 4.1.

I #@0e oxun, e, Tov dévoov:

[Bijpa 1]:
YTOAOYLOE TOV UECO OQO TV UMDV TWV YELTOVIXMDV OXUMV TNG €.
‘Eotw M(e) m Twu vty tov uéoov 0Qov.
Qg vertovinn axp) g e Oewpeiton xdOe oxpy tov yedgov mov Poloxeton éwg L
frinata uaxQud ad TV € %KoL OTLG UETAEV TOVG axuég OV UTAQYEL HOTTOLM axu)
OV VO, OUVOEEL OLAPOOETIHES OUGOES. ANAodY, OV %ATO TOV VITOAOYLOUO TOU UECOV
000V ovvavinOel uior CUVOETLHY axUY, OUTH ®OL OL OXUES TTOV TNV 0KOAOVOOUV TTROG

TNV ®OTEVOUVON QUTY %Al HOVOV QUTH OYVOOUVTOL KOL CUVEXICETOL O VITOAOYLOUOS TOU
UECOV OQOV UE TLG OXUES TTOV EXTELVOVTOL TTEOG TG GAAES KOTEVOVVOELS.

[Bnna 2

Edv w(e) elvor To unnog g axuig e, ToTe:

Edv ]\“;(é)) > P, 10Te YOQOXTNOLOE TNV € WG axU] TOU OUVOEEL OLAPOQETIHES OUAOES,

OLOLOTIMVTOS OVOLOOTLAMG TO OEVOQO %Ol ONULOVEYWDVTOG Uia VEa oudoa.

[Tivonog 4.1: Toagobewonundg - ouaduuig emeEepyaciog - aiydoolbuog ovdomaons evog
ehayloTov Cevyviovtog O0EVOQOU 0¢ VITOdEVOQQ.

Ztov okyopduo tov wmivaxa 4.1, 1o L (W€yLotog QUGS PNUATmV TEOXELUEVOY VO
uetofovue 0e W0 YELTOVLRY] axut], EEXLVAOVTAS aItd TNV TEEXOVOA) %l P (TT0000TO VITéQPIoNg
TOU UEOOV OQOV TV PBOQMOV TWV YELTOVIXMOV OXMDV, TOOREWEVOV Vo OemwonOel uior axpy wg
OVVOLOVO0. AVO OLAPOQETIREG OUAOES OEOOUEVMV) Elval TAQAUETOOL TOV aAyOQduov. H tuun
Tov P xvpoivetar ovvifwg uetaEy tov 1.5 xnou Tov 2, evad 1 tun Tov L €50QTaToL 0To TN
@UON TOV EXAOTOTE TEOPAUATOG.

H wéa miow amd ovtdév tov ahyoolipo elvor OTL oL OrUES TTOU EVAVOUV OEOOUEVA TNG
OLog oudodag Ba €xovv ev yéver TaQOUOLAL UNKN - BAQY, €V OUTEG TOV OUVOEOUV OedOUEVQL
OLaPORETHMV OUddwV Bo €xovv winn onuavid ueyaAvtepo amd Tig TEMTeS. 'Etol, ®admg
wlar axpr) Tov OVVOEEL OLOPOQETLXEG OUAOES YELTOVEVEL VITOYQEWTIXMDS UE HATOLES OTTO TLG
E0MTEQWES OMUEG TV OUAOWV QUTWV, 1 OLapoEd avty Ba gavel ®atd TN OUY®RQLOM TOU
WKOVS TNG UE TOV UECO OQO TWV UNKMV TWV YELTOVIXAOV TNG OXUWDV.

O akydpbuog tov mivaro 4.1 otopatd Otav TAEOV €xel eAEYEEL OMeC TLG OXUEG TTOV
OTTOTEAOVV TO EAYLOTO Cevyviov 0€vopo (n — 1 1o TAN0og).

H uébodog avtn €xer 1o mheovertnuo OtL dev ypewdletar va ®oboorobel o apbuog twv
OUAdWV TTOV VITAEYKOVV 0TO OVVOLO TV 0TOLYelwV, ARG TOQAYEL M (DLl TO ®OAITEQO OVVOAO
ouddwV.

[Toorelévou vou yiver pior oQyLxn UEAETN TG OVIITEQLYPOQAS TNG HebOdoV ovThg, XONOLLO-
TOWONOAV T TELVNTMOG RATAOKEVAOUEVA OEOOUEVA, TTOV TTEQLYQAQOVTOL OTO VITOXEPAIALO 5.1,
OTWg elye yiver xow Ue To VEVQWVIXA OlrTvo TOV TTEQLYRAgovTal 0To ®e@dAialo 3. To amo-
TELEOUATO. TWV TTELQOUATOV GUTOV TTAQOVOLACOVTAL OTO VITOXEPAAALO 5.4.



4.3 Merargonn g MeBodov Opadwng EneEegyaciog oe MéBodo Ona-
domoinong ‘‘Ev IItnoel’’

" aBmg 0NV TAEOVoN €QYaola TO €VOLOPEQOV €0TLALETOL 0TN xONom uebddwv ouadoroinong
TOvw 0g Suvaprmg petafarioueveg axohovdieg dedouevmy, £yuve wio TEOOTADELO ETEXTOONG
™G TEONYOVUEVNS UEDODOV TQOKELUEVOD VO UTTOQEL VO ®AVEL OUAOOTTOINON “‘ev TTTNoEL’ .

2ty teMx) uébodo, otav eugoviletor €vo véo dedopévo, v, TEOG ouadomoinom, ToTe
avalnteitor 0 ®OuPog - OedOUEVO ExelvOg TOV SEVOQOV, K, TTOV OTTEYEL TNV WMHQOTEQN OTTO-
otaon omd avtd. [Tpoobétovrog Ty ueta&l tovg axur, (k,r), 0To 0évoo, Ba dnutovEyndel
¢va. véo Cevyvoov dévdpo, to omoto Ba nolvmter xan tovg n+ 1 xoupovs. ITpoxelnévov avtod
va. gbvar xor EAdLoTo Cevyvoov 0évopo, Ba motmer vo eheyybel natd TOoOV N amdoTaon Tov
v 070 TOVG YELTOVLXOUG ®OUPBOVS TOV K elval UeyohUTEQN amtd TNV amtdOTO0N TOV OOV Tov K
OO OUTOVS. AV YLOL RATTOLO ROUPO A, TTOV CUVOEOHTAV UE TOV K, LoXVeL w((v, A)) < w((k,A)),
T0TE M anpn (K, A) Oo mEérmer vo dtorypopel xnan va oviwatootadel amwd v axun (v, A). To
oynuor 4.2 TaQOVOLATEL €var TTOQAOELYUOL TNG TTEQLITTMWONG CVTYG.

K_o¢§ K08
V

(o) To a6 ehdyroto Cevyvvov 0€vOQo (B) To telnd ehdyroto Cevyvoov dEvOpo

Zymua 4.2: T1ooo0Mxn evog VEOU OEOOUEVOV ¥ ROL UETOTQOTY TOU €A0yioTOV CeEVYVUOVTOG
OEVOQOV
To ehdyoto Cevyvoov O0EvOQO yLoL TO. TOLOL OEOOUEVA K, A, 1 ®OL € TOV OXNUOTOS ()
UETATEETETOL OTO €MAYLOTO Cevyvvov 0£vopo Ttov oynuatog (B), otav mpootibetar To
véo Oedowévo v. Ouv anpég (k,A) xou (k,p) aviwabiotavior omd Tg (v, ) xou (v, p)
avtiotoiyws. ITooooyn: H axut (k,v) moootifetar mdvrote!

2710 onueto avtod, Ba TEETEL OL OUAOES, TOV OLAYWOELLOVTAV ATTO OUUEG TTOV OVTLXOTOOTA-
Onroav, va evorrotnBotv. Anhadr, av oL ouddes 0to oyNua 4.2(c) NTav oL k, A, & %L WU, TOTE,
axQBOg UETE TV TEOoOHn TOu v ®oL TNV duLovEyio Tov VvEou elayiotov Cevyviovtog
Oévopov, OTtwg 0To oynua 4.2(3), o vrdoyer uovov uior oudda, M K, A, p, v, €.

A@ov €xer dnuovpyndel to vEo eMdyLOTO Cevyviov SEVOQO, epoQUOCETOL O OAYOOLOUOG
ToV Tivoxo 4.1, oAG UOVOV TOTTHMG OTNV OUAd0 OTNV OTTolar TTEOOTEONKE TO VEO OEdOUEVO,
TTQOXELWEVOY VO OLOOTTAOTEL QUTN v Y EELCETAL.

210 onueto ovtd Bo meémer var onuetmbel OTL ®rOTE TNV TEOOONKN TOV VEOU OEdOUEVOU
elvar duvatov va OLoToQaxfoUv oL UEXOL OTLYUNG OVOYETIOELS UETAED TV ouddmv. Anhadn),
WToEel M TEOOHNUN TOV VEOU OEOOUEVOV ®OVIQ Ot wior axur), Tov uéyor exelvn ™ otiyun
Oewpovvtav 0tL ouvdéel OVO drapopeTinés ouddeg, vor uetafdier Tov uéoo OO Twv Pagwv



TV YELTOVIXAOV TNG AXUMV. O TOETEL ETOUEVIG VO VITAQYEL 1 OUVOTOTNTO AITTOYOQAXTHOLONG
OAUMV WG OVVOETLXMDV KOL UETOTOTLONG TV OQLMV TV OUAdWV 1) axOUO %KoL OVUWTTUENG
ouddwV.

[Tponelnévou vor eEeTaleL O ahyOQLOUOG WOVOV TIG axUES exelveg TTOV VIdyeL mmbavotnto
VO (OELACOVTOL QITOYAQAXTNOLOUS %Al OxL OAES TG OXUEG TOV YOAUPOV, O aAYOQLOUOG ®EaTA
TO OUVOAO EXELVOV TV OUVOETLXMOV OAUMV UETAED OLAQPOQETXMV OUGOMV TTOV OLOTTEQVA
nobwg mpoomabel vo vitoloyioel TOvg HEGOVS OPOVG.

" oTomy, Otav €xer telewwoer 0 ahyoobuog touv mivaxa 4.1, agyiler vo eEetdiler TLg
OUVOETIXES OXUES TTOV E(YE OUVOVINOEL AOL VO ETTOVEEETALEL TO HOTA TTOOOV OQUTES ATTOTEAOVV
TEAyuatL ovvOeTIréG axués. Eqv ywo ndmoa €€ autmv Beel OTL OL OVOYETIOoELS €X0VV TAEOV
OANGEEL, TNV 0TTOX0QAXTNEICEL, CUVOEOVTOG £TOL TIG TTOWNV OLAPOQETIXEG OUGOES OE WoL KOLVY).
" 0TOTLY, €QOQUOCEL AVOOQOULXMOS OAO TOV OAYOQWOUO 0T vEo. aUTH OUddw, ONUELDVOVTOG
TS OVVOETLXEG OKUEG TTOV OUVOVT(H, ONUWOVQYMVTOG AHALVOVQYLES, %.0.X.

Me ™ né00d0 OovTH ETLTUYYXAVETOL I EVOOUATMOON TOU VEOU OEDOUEVOU KOL O YOQUATNOL-
OUOG TOU UE OYETLAMS ULXQO VITOAOYLOTLRO HOOTOG.

O Tehrdg oAyOEWOUOGg TOQOVOLALETOL 0TOVG Tivaneg 4.2 nou 4.3.

TeheudvovTog TV TEQLYQOEPT] TOV aAYOQOUOV auTov, a&iCer va onuewmdel OtL €xer TOAG
#noLvOL onuetor ue évov GALOV, 0QXETA YVWOTO olyopbuo ouadoroinong, tov Single Linkage.
O olyoobuog auvtdg meQuypdgeton deEodinmwg oto [Har75]. To onuelo mov meémer va
mpooeybel WoTtéQwg o owTOV, elvor OTL 0ev TEOOTOOEL VO EAOYLOTOTOMOEL TO UEOO
TETQAYWVIKO OQAAna, Omwg ®avouv o K-MEANS xar 0 NN-MSE (rouv otnv ovota xou o
NN-VWMSE), aAAd n 7TO0OTNTO TOV €AAYLOTOTTOLEL €lvar TO GOQOLOUa TV OLAUETOWY TWV
oudadwv, OTtws aivetor oty eElowon 4.1.

K
GT-error(K) = diameter(Cluster;) 4.1
i=1

Qg duduetpog wiag ouddag, diameter(-), opietar 0 ehdyLoTog aEOUog G, yia TOV 0motov
ol ta Cevyn Twv oTtolKelmv TS ouddog aUTNg OUVOELOVTOL UETOED TOVS UE €va UOVOTTOTL
oxUWV, TOV xouiag 1o BAog oev vmepPoaiver To G. ‘Etotl, n féATiotn opadomoinon Oo eivan
TO. péYLoTo. ouvdedEuéve Tnuata (maximal connected components) Tov YAQOV, OTOV VO
noupor Ba. ouvdtovtor Otav M amdoToon Tovg oev Ba vepPaiver To G, ywa ndsowo G.

To yeyovog ovtd, odnyetl Tov aAydQLOUO OTNV ROTOOKEVY] OUAOWV UE OYNUA “AovrdvIROV™,
ovil ywo TIg xotheg (convex) ouddeg 0TLS omoleg xatohnyovv ov K-MEANS, NN-MSE xa
NN-VWMSE, Aoym g ovvaemnong UECOV TETQOYWVIXOU OQAALOTOS TTOU EANYLOTOTOLOVY.

[TAngogoprand, Omwg avagepetar xow 0to [Har75], wia ovvaptnon mov Ba weooéyyile
TEQLOOOTEQO TO WUECO TETQOYWVIXO O@AANQ, OALG O xONOLUOTOLOVOE €TTioNg TN SLAUETQO
TV ouddwv, elval avtn g eSlomong 4.2.

K
MSE-diameter(K) = Z(diameter(Clusteri) x Number of Elements(Cluster;)) 4.2)
i=1
Avtég TG TEhevTOieg TaQaTNENOELS Oa TEEmEL VA TG €XEL KATOLOG VITOYN TOV OTAV
Oa ovyrpiver tovg dudgpopovg aikydpbuovg ueta&y tovg. Ev téher, M emhoyn xATowov
olyopuov Oo €xer vo xdver mTEowTa omd Oho amd TO €ldOg TWV TEOS ORadOTOiNoM
OedoUEVOV ®aL TO TG 0pLLeTal n €vvolo TG aTO0TAONG - OUOLOTNTOG O QUTA.



[Bijpa 1]:
(270 Priwa aUTO 0PXLXOTTOLEITOL O YOAQPOS %Ol OXNUATIEOVIaL Ol 0OXLXES OUAOES)

AQYWHMOG YONOLUOTTOLOVVTAL OO0, OEOOUEVOL VITAQYOVV TTOOKELUEVOV VO, KOTAOKEVOOTEL O
TTANENG YRAGOC.

" 0TOO%EVALETOL TO €AGXLOTO Cevyviov OEVOQO TOU YOAPOU QUTOV %ol eQaQUOCETaL O
oAyoeWuog Tov Tivaxra 4.1, TEORELWEVOL VO dINULOVEYNOOUV OL 0YLKES OUADES.

Edv vrdoyouv 1M ouadomotnueva dedopéva, .. Ue TN xONoN Twv alyoolduwy ouadt-
wig emegepyooiog tov CLUE (HALC, K-MEANS 1| BOND ENERGY ALGORITHM [MSW72]),
ToTE Yo #Gbe opddo VITOAOYICETOL O VIOYQAQOS TOV OYNUATICEL aUTY, ROOMG %L TO
eMLOTO Cevyvioov O€vOo tng. = atomy, yuo ®dbe Cevyog ouddmv-0evopwy, Boloretol
N WXEOTEEN axUT} TTOV OUVOEEL OVO OTOLYELDL TOUG KOL QUTY TEOOTIDETOL OTOV GUVOALRO
YOOAQPO, YOQUATNOLLOUEVN WG CUVOETLAN.

’

“at’ ouTdvV TOV TEOTO EMLTUYYAVETAL 1 ¥ONOMN NG TEOTEQNS YVAONG TTOV €OV
OYNUOTLOEL OL ahyOOLOUOL OHOOLXG €TTEEEQYA0TOG EQPOOUOCOUEVOL Ot iyxvn (traces) Twv
YOQOUATNOLOTIXMV TV UOVAOWY QOQTOV gQyaoiag. H yonon vty Too@EéQeL naL 0TOvV
YOOVO AeLTOvEYiag TOU aAyOoLOuov, %abmdg TWEa OV YOELALETOL VO AOTOUOKEVOOTEL
OMOMANQEOG O YOGA(OG GAAG UOVOV OL VITOYQAQPOL TV NON AvoyvVmELOOELOMV OUAdmY.

Atéguovag feoyos (© voimg Tunne Tov alyogiépov)
[Bijna 2]:

(270 Prina avTto EVOWUATWOVETAL €va VEO OEOOUEVO OTO YOUO)

INa xaOe dedouévo mov enaviCetar, Poloxetar 0 #xOuPog - OedOUEVO Exelvog TOV
YOApOV, £0TM O ®OUPOS K, TOV PBELOKETOL TTLO KOVTE TOV CLUPWVWS TEOS TV Euxheidio
adoTOoN.

Anutovpyeitar €vag véog nOupog, v, 010 YEAQPO TOV avILoTOlKEl O0TO VEO OEOOUEVO
%O TTEOOTIOETOL 1 oy TOV OVVOgeL auTOV ue Tov ®ouPo . ~abwg o k Mrov
0 TTANOLEOTEQOS ®OUPOg TEOS TOV v, M UETOEV TOVg axpy] 0o avijrelr 0TO €AG)LOTO
Cevyvov 0€vdpo tov véou yodpov. Etol, dev y0eldleToL Vo ®ATOOREVAOTEL QVTO OITO
™mv aQym.

EAéyyovtor ov yeLtovinol pog Tov k ®rouPor xar ovriradiotovrar 00eg axnués YOeld-
Covtar, TEOKEWMEVOU TO TTEOXVITTOV Cevyviov OEVOQO va elvar TOo eAdyLoTo. AV A
évog amd autovg, tote M axun (k,A) aviwodiotator omwd ™MV (v, A) €@QOCOV LOoYVEL
w((v, ) < w((k,A)).

Edv »ndmowo amd Tig oxXUEG OV avIaTooTanxay, (k,A), Ntav ouvvdetny, tote Oo
TEETEL OL OUAOES TTOV OVTH SLOXWELCE VO evortomBouv oe uiow ueyaAvTeQn.

[Bijna 3]:
(270 Priua autd EAEYXETOL O YOAQPOS TTOU TTQOEXVYE OO TNV EVOWUATWON TOU VEOU
OEOOUEVOV IO TUYXOV OAAQYES TTOU XeLdleTal va yivouv)
Zexvavtog amd Tov VEo rOuPo v, eAEyovTal OAES OL OXUEG TTQOKELUEVOU VO EVTOTL-
0ToVV TUXOV OVVOETHES. O €heYy0G OVTOG OUVEXILETOL TEOG ®KATOLO. RATEVOUVON UOVOV
otav otnv xatevbuvon ovty Oev €yeL NON OVVAVINOEL KATOLO TEOVTTAQYKOVOA. CUVOETLXY
onun.
" 0Td TN dLAErELD TNG OLAOKLONG OUTNG TOV YOAPOU ONUELMDVOVTOL OL OUVOETLXEG EXEIVES
oxuég ov xabopifouv to dpLa TG ouAdag TOV TEQLEXEL TOV ®OUPO v.

(Zvveyiteton otov mivaxa 4.3)

ITivaxag 4.2: T'oagobewontirdg aiydolbuog ouadomoinong dedouévwv “‘ev mrioer’” (ME€pog
TEWTO)



(Zuvvéyero amo tov mivaxa 4.2)

[Bnna 4]:
(Zt0 Priua avtd eréyxovral oL TEONYOUUEVWS XaQOATNOLOOEI0ES WG OUVOETIHES anUég
TTOOXELUEVOV VO, OLOTTLOTWOEL #0TA TOOO OVVEXICOVV Vva €LVOL TETOLEGS)

oo #G0e ovvdeTiny axur ov eixe ooeyywobel xatd To Puo 3, emoveEetdletor m
YELTOVLA TNG Yo Vo OLommloTwOel sThavy UeTofoh] TNG OVYHEXQLUEVNG TTEQLOYNG Ttov Dol
00N YOV0E OTOV QITOYOQAXTNOLOUO TNG.

Edv mpdyuatt duamotmOel xdtL T€T0L0, TOTE 0IToXaQaxTNOLCETOL M OXUY OTOTE %Al OL
000 OUAOES TTOV OUVVEDEE TTOONYOVUEVIS EVOTTOLOVVTOL OF WAL

T oTomLY,  avadpouxwsg  epoouotovtar ta Pripata 3 now 4 oty véa autn) oudoa,
eoxreluévoy vo. foedel To VEO OQLO TV OUAOWY, OV VITOQ)EL.

Exavaimm

ITivaxag 4.3: ToogoBewontnds ahyobuog ouadoroinong oedouévav “‘ev mtnoet”” (MEQog
OgVTEQO)






ePairoLo 5

Anotedeonoata Agyzov Ieipopatmy

To xepdloo avtd TOQOVOLATEL TO OTTOTEAECUATA TTOV €AMPONCAV OO Uia OELRd aQYLLMV
TELQAUATOV TTOV £YLVOV TTOOXELUEVOL Va. ueletnOel M emidoon Twv akydobuwy ouadomoinong
“ev TTNOEL’.  ATO TO OTTOTEAEOROTO OUTA €YLVE WOl OQYLKY EXTIUMON TV OUVATOTHTWY,
1oOMG KoL TWV TEQLOQLOUMYV TTOV EUPOVICOVV oL aAydolbuol, hvew oty omoia otnoiyOnre
N UETETELTO. AVATTTUEY TOVG.

To ne@diaro yxwelletor wg €ENG: 0TO VITOREPAAOLO 5.1 TEQLYQAQETAL TG OYEOLAOTNHAV
TOL TTELQALOTA QUTA %O TTOLG LOQPY €lov T OEDOUEVAL TTOV XONOLUOTTOWONoaY. = aTOmLY, 0TO
VITOXEPANALO 5.2 TEQLYQAPOVTOL TO OTTOTEAEOUOTA TTOV eANPONCAV OTO TOV OVOTTROOAQUOLCO-
uevo K-MEANS Otav avtdg mpoomobdel vor eEAaLOTOTTOWOEL T ouvaeInom xootovg VWMSE
(BAérte O vITOrEPAAALO 3.4), EVA OTO VITOXEPAAOLO 5.3 TOQOVOLATOVTOL TO. ATTOTEAEOUOTO. TTOV
eM@Onoav atd tov ovampooauolouevo K-MEANS Otav ovtdg mpoomadel vo e oy LoTomou-
oeL TN ovvaETnon ®ootovg MSE (BAéme to vmoxepdhowo 3.5). Téhog, oto vmorepdiowo 5.4
TOQOVOLATOVTOL TOL OTTOTEAEOUATA TTOV EAMONoaV 0T0 TO Yeagpobewontind aiydobuo oua-
domoinong onadwng emesepyaciog (BAéme tov mivaxra 4.1 tov voxregaiaiov 4.2).

51 Xyedroopog Agyzav Iepoapatov

[0 Tov aEyo €AeYXO0 naL UEAETN TMWV OLALPOQETIXMV VAOTOUOEWV TWV VEVQWVIXMV XTIV
100G ®oL TG YOOPOBewENTXNG UeBOdOV, YONOLUOTOMONOAY HATTOLO. TEYVNTMG HATOOHEVA-
ouéva OedouEVa.

Ta dedouévo aUTd QITOTEAOUVTOL OO dlavvopota  oxeQoimv aplbuwyv.  H dudotaon
Tovg umoel vor Bewendel OTL avtuTooWITEVEL TO TANOOS TwV OEAdWV TOV VIAQYOVV OTNV
ROTAVEUNUEVN BAOTN OEOOUEVV, EVED OL OLAPORES TLUES TLG OVOPOOES OF HATTOLOL CUYHEXQLUEVT|
oehido Tov rAveL M HOvAdA POQTLOV.

ZUVOMAA YONOLUOTTONONOAV TECOEQO OLAGPOQETLXA OVUVOA OEOOUEVWV, OTTOV 1 dLAoTa0N
Tovg NTav ton ue 500, now To ndbe oUvoLo TeQLelye 2000 oTtolyelor polpaouevo. oe 10 OuaoEs.
To téooepa ovtd 0VVOrO TAQASELYUATWV 1TOV:

o Mn eTRAAVTTTOUEVO TETQAYWVO.

Mn emmrahvrtopevo TeTedymva e 06upo.

MeQurg ETLRAAVTTOUEVO TETQAYWVO.

MeQurmg emnalvmTOueva TeTEdywva e B0pvpo.

41



500 500

0 Noise
2000 e 2000

0 Noise

() Mn emraAVTTOUEVA TETQA YWV (8) Mn emrolvmtouevo. TeTdywvo. pe 06pupo

50 - -~ 50 -

0 Noise
2000 2000
0 Noise

(7) MeQurg €TTROAVTTOUEVO TETOAYWVOL (6) MeQug emaluTTOueva TeTRdywva. ue 06-
ovpo

Zynuor 5.1: Toapuur TaQAoToon TOV OLAPOQETIXMY TUTTMV OedOUEVWV
Ou duaotdoelg Tov #ndbe teTpaydvov emiéxOnuav Tuyaio. Q¢ Bopupo Bewpovue Tuyoleg
un undevinés TLég Tov PBOLoHOVTAL EXTOS TOU TETQAYWDVOU TTOU OQICEL T ovyxexQuuévn
oudda.

To oynua 5.1 magovotdlel wio Yoot TaQdoToo oUuTmY.

H emhoyn twv avotéom TOmmv 0edouévemv £yLve TEOXELUEVOY VO OOXLUAODEL 1 emtidoom
TV aAyoumV ouadoToinong “‘ev TINoeL’” oe SLoDOYLHMG OVOKROAOTEQD. GUVOAD OEDOUEVMV.

Elvar e0noho va Oer novelg OTL TO OUVOAO TV W] ETUAAVTTOUEVOV  TETQAYDVOV
elvol TO OTTAOVOTEQO, OOV OEdOUEVOL TTOV OVIROVV OTNV (Ot opddo Ba €xovv mavtote
wxEOTeEN Euxhideior ammdotaon amd O00UEVE TOV aviHOUV 0t V0 OLOGOQETLREG OUAOES.
Me v ooOxn evog oyeTol BoQUBOV eXTOS TWV TETEOYDVWV TTOV 0piovv v %dabe
ouada, To TEORANUA duorohevel xabOS TMEA OL ahyooLduoL Oo TEETEL VO ROTUPEQOVV VO
avayvmpicovy to 00pupo xat va Eexweloouv TOTE KATOLEG AVAQPOES OPELLOVTOL OE AUTOV
®OL TTOTE OQELNOVTOL OTA YOQUATNOLOTIAA TNG OUAdOS TOV (OQTIOV €QYaolag.

To 0UVOAO TWV UEQLHMG ETLXAMVTTOUEVOV TETQOYDVOV ELVOL 0XOUO OVOROAOTEQO, POV
0€ QUTO OVAQOQES OF OUYXREXQLUEVES OEALOES TNG PAONG OEOOUEVV OTTOTEAOUV AOLVA X0Q0-
ATNOLOTLRE TOVAGYLOTOV OV0 ouddwv. ‘Etor ov adyoobuor avayrdlovrar vo dioymeitovv ta
dedouéva Paollopevol oe €va WXQOTEQO GUVOAO YUQAXTNOLOTIXMV OUTMV.

TEhOG, TO OVVOAO TV UEQUMG ETLXAAVTTTOUEVOV TETQUYMVWV €lvOL TO TAEOV SVOXOAO,



0OV CUVOVACEL TNV EUPAVLON HOLVIDV YOQUXTNOLOTIXMOV O TTEQLOOOTEQES TNG WaG Opddog,
#raBwg xar v YaEEn BopvPov ota dedouéva.

5.2 Amoteréopota tov Avangooaguotopevov K-MEANS (VWMSE)

21a ndTwOL oxnuaTe TOQATIDEVTAL TO. ATOTEAEOUATA TV TTELQAUATWV TTOV EYLVOV UE XONON
TOV OVOTTQOO0QUOCTOUEVOY K-MEANS »at ovvdQtnon eloyotomoinong tmy VWMSE. Ta idwa
OTTOTELEOUOTO TTAQOVOLACOVTOL XOL UE TN XONON QTAMDV TLVAXWV 0TO TaQAQTNUo. A.

INoe #G0e €va amd Tor OVVOA TV TOQAOELYUATWY, £YLVOV OVO TTELQOUATO. ZTO TEWTO, TA
#EVIQA. TV OUAOWY OQYLXOTONONCOV UE SLOVUOUOTO TTOV €LYV MHQES TUXOLES TLWMES (TG
TAENG Tov 0.005), evay 0to devTEQO Ue €var dLdvuouo artd Ty xdbe oudda.

2Zg OMOL TO. TELQOUATA O CGQLOUOS TV TEAYUOTHMV ouddwv Tébnre (oog ue 10, evo
0 auog twv emoxdv! mooxewévoy va exmondevBel to dixtvo TéONMe (oog ue 1000.
Qg Ogdouéva TEOG EXTOLOEVON TV XTVWV yonolwomoninkov 1o 10% TwV GUVOALROV
oeoouevov xndbe @opd, »abmg To TELPAUATA OVTA OLEENKOMOOV TELV TNV EVOWUATWON TWV
olyopwuwv oto CLUE, omdte dev vmioye m OuvatoTnTo ¥ONONG TTQONYOUUEVNS YVAOONG
omoxrtnOeiong amd Tovg alyoolbuovg opodomoinong ouaduxig emegepyooiog ovtov (HALC,
K-MEANS, BOND ENERGY ALGORITHM [MSW72]).

To oyiuo 5.2 meQLéyer T0. 0TOTEAEOUATO TNG OUOOOTONONG TWV W1 ETUHOAVITTOUEVV
TETQUYMVWY, OTAV TO ®EVTQO. £XOVV 0QYWHOTONOEL ne Tuyaieg TLUES.

Ta ovtioTory o amOTEAEOUOTO YLO. UM ETTLUAAVITTOUEVA TETQOYWVO, OTAV £X0VV XONOLUO-
ownOel TOQOOELYUOTO WG AOYWMES TLUES TV AEVIQMYV, (PALVOVIOL 0TO OoxNua 5.3.

‘Otov etoaydyovue xor 00QUBo (U UNOEVIXES TLUES EXTOS TV TETQOYMVWYV), TOTE, YLo
TUYOL0L AOYHOTTOINON TWV UEVIOWY AOUPAVOUUE TO OTTOTEAEOUOTA TOV OXNUOTOS 5.4, EVM YLa
0QYLOTTONON atd TOL TORAOELYUATO, OVTO TOV 5.5.

‘OTOV €(OVUE UEQLRMG ETTLAOAVITTOUEVO. TETQAYWVO AL TUXalo. 0QyLxomoinom, T0te Aapuld-
VOUUE TO QITOTEAEOUATO TOV OYNUOTOS 5.6, eva) OTOV M AQYHOTOINON YIVETOL Ue RATOLO EX
TOV TAQUOELYUATWY, TOTE OvTd TOL 5.7.

Edqv emumhéov, ewoaydyovue ot OOQUBO OTA UEQLRMG ETLXOAVITTOUEVO. TETQAYMWVA, TOTE TO.
amoTeAéoNOTo. LETOPAAAOVTOL OTTwg @aiveTtal 0to oynuo 5.8, ®abwg oL oto 5.9.

H notaxopugn dtdotoon tmv mTooavagepbévimv oxnudtmy Oely Vel TIG TEAYUOTIXES OUd-
0gg TV TaQAdELYUATWV (TTQOYUOTIXG OedOUEVA), eVAd M OQLLOVTLA TLS OUAOES TTOV €ENyaye
TEMUWMG O AAYOEUONOS (extipovuevo atoteréopata). ‘Etor, m.y. m 0¢on (1,7) evog oynuotog
ovagéper OO TAQOOELYUATO TG TEMOTNG ouddag TomodetiOnuoy telMnwg otnv €Rdoun.

IMopotmowvtag ta omoteléopata, PAETovpe OTL N Tuxoio aywxomoinon dlver xohiteQa
OTTOTEAEOUOTA, LOLWG OTLS TTEQUTTMOELS TTOV VITAQYEL OOQUBOS M T TETOQAYWVO. ELVOL UEQLUMG
ETTLROAVTTTOUE VL.

Emiong, mopotnoovue OTL OTNV TEQITTmon TV W] ETHOAVTTOUEVIV TETQAYMVWY, 1
TEMUY RATATOEN Oev elval wavortomTny, ®obmg Oleg OL OUAdES eXTOS TOLWV (TELTN, évotn
now Oénatn) ovayvopilovrar Mg M déxatn xAGom ®ou eXTOg aVTOV 1 dérotn €xeL dwoomoobel
o€ Ghheg WHQOTEQES.

AVTH] TNV ®OXY OUUTTEQLRPOQE OeV TNV £xEL O OAYOQLOUOG OTA UEQLUMG ETTLXOAVITTOUEVOL
TETEAYWVO. (OHOUO. %ot Toovoia BopvBov ota dedouéva,).

Mia mbavi) eEnynon yuo To @aLvOUEVO OQUTO, €lval TTwg TO TOQAOELYUOTO TOV €YOUV
UEQWHIG ETTLAOAMVITTOUEVO. TETOAYMVA, €(VOL TTLO OUOAG HOTAVEUNUEVA OTLG OLOPOQES OUAOES
oo oUTa TOV OV £XOUV ETMUKOAVTTTOUEVO TETQAYWVA KoL £€TOL, 1 OLOTOQA v Tng %GOe

'H emoyn (epoch) opiletar wg wio magovoiaon OAwv Twv dedoutvmv, TOV OLAOETOVUE TPOG EXTTOLOEVON TOV
dTVoV, 0F OTO.



onadag etvar mepimov n do. Emouévwg, n omootoon telvel va wpooeyyioel Ty Evxeloua,
OV 0NV TTEQITTWOT UOG OLaymOilel ®OAITEQA TLG OUAOEG.
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Zyua 5.2: NN-VWMSE: Mn emaivtopeva 1etodymva dlywg 00oupo  (Apyromoinon

TUYOloL)
Extiuneioeg opddeg Evovtl TV TOOYUOTUAMV.
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Zymua 5.3: NN-VWMSE: Mn emuolvrtouevo Tetpdymva dlywg 0opupo
ExtiunOeioeg oudoeg £vavit Twv TQAYUOTLAMDV.
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Zyua 5.4: NN-VWMSE: Mn emuolvrtouevo tetodymvo ue 00pupo (Agxuomoinon tuyoio)
ExtiunOeioeg ouddeg €vavit Twv TQAYUOTLROV.

Zymua 5.5: NN-VWMSE: Mn emuolvrtoueva tetodymvo ue 60pupo
ExtiunOeioeg ouddeg €vavit Twv TQAYUOTLROV.



i

Zymua 5.6: NN-VWMSE: Meourmg emnolumtoueva Tetooymvo dixmwg 00oupo (AQyromoinon
TUYOLaL)
Extiuneioeg opddeg Evovtl TV TOOYUOTUAMV.

R
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Zymua 5.7: NN-VWMSE: Mepurnmg emnahvmtopevo TeTedymva. olymg 00pupo
ExtiunOeioeg oudoeg £vavit Twv TQAYUOTLROV.
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Zymua 5.8: NN-VWMSE: Meoutmg emnaivtopevo Tetodymva ue 00oupo (ApyLromoinon
TUYaLLOL)

Extiun0eioeg opdoeg Evovtl TV TOOYUOTUAMV.
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Zynuor 5.9: NN-VWMSE: Mepuwg emuaivmtoueva Tetodywvo ue 60pvpo
ExtiunOeioeg ouddeg €vavit Twv TQAYUOTLROV.



5.3 IMepapnata pe ovvdotnen xoctovg T MSE

2T0 VITOREPAAOLO OUTO TTOQOVOLACOVTOL TO. QUTOTEAEOUATO. TV TTELQOUATWVY TTOU £YLVOV UE
YONOM TOV avOTTROO0QUOCONEVOY K-MEANS »aur ovvainon eloyotortoinong tv MSE. Ta
0L AITOTEAEOUATO TTOQOVOLALOVTOL ®OL UE TN XONON OTAMY TULVORWY 0TO TOQAQTNUA A.

Mehetwvrog to oxfuate  5.10, 5.11, 5.12, 5.13, 5.14, 5.15, 5.16 »ou 5.17 eivon
POVEQD OTL TO VEVQWVIXO OIKTVO ETTLOELXVVEL TTOAD KOAVTEQN OVWTEQLPOQG HOL UEYAAVTEQN
oxQiBetor ouadoToinong OTav ¥ENOLMOTOLEITAL WG OVVAQTNON eAaxLoTorToinong 1 MSE, oniadr
otav yonowpomoieitor n xAaoowr Evxheidwo amootoon ovil g Pefaonuévng Evrkeidiog
oVVAQTNONG OTTO0TAONG TTOV TTEOTelveTaL oto [CS95].
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Zymua 5.10: NN-MSE: Mn emmuodvmtouevo Tetodymva diywg 000upo (AQyromoinon tuyoia)
ExtiunOeioeg ouddeg €vavit Twv TQAYUOTLROV.

Zymua 5.11: NN-MSE: Mn emwmolvrtopeva tetodywvo. diyxmg 06oupo
ExtiunOeioeg ouddeg €vavit Twv TQAYUOTUROV.
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Zymua 5.12: NN-MSE: Mn emwolvrttopeva tetodywvo ue 00pupo (AQyuomoinomn tuyoia)
ExtiunOeioeg oudoeg £vavit Twv TQAYUOTLRODV.

Zymua 5.13: NN-MSE: Mn emwolvrtoueva tetodywvo. ue 00pupo
ExtiunOeioeg oudoeg £vavit Twv TQAYUOTLAOV.
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Zymua 5.14: NN-MSE: MeQurig emnaAuttoueva TeETQOymvo. Olywsg B0pupo (AQyromoinom
TUYaLLOL)
Extiun0eioeg opdoeg Evovtl TV TOOYUOTUAMV.
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Zymua 5.15: NN-MSE: Mepurig emunolvmtouevo. Tetodymva olyws 0opupo
ExtiunOeioeg ouddeg €vavit Twv TQAYUOTLROV.
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5.4 Amoteréopora pe m I'oagodewontizn Mé0odo Opadomoineng Ona-
owng EneEeoyaciog

2ta. oynuato. Tov axohovbovv 5.18, 5.19, 5.20, nar 5.21, TOQOVOLEALOVTOL TO. ATTOTEAEOUOTO
TOV TELQAUATWY UE TN YOOPOOEmONTLXY UEDOSO ouadomToinong ouodwmng emesepyaotog (BAéme
tov mivaxa 4.1 Tov vworepoiaiov 4.2).

Ta O amoTeAéonoTo TOQOVOLACOVTIOL KoL UE TN ¥ENON OTAMV TVARWV OTO TAQAQ-
tua E.

Ou TEg OV Yenotporombnoav nrav:

K ApBuog ‘mooryuatinwy’ ouddwv tov dedoutvov = 10
L Mnnog uovomatov = 10

P Twm mov moémer vo. vmepPoiver TO TMAI®O Tov BAQOVG WG OMUNG TEOS TOV UECO OQO
TOV PAQWV TWV YELTOVIXMV TNG AXUNDV, TOOXEUEVOU VO, DewEndel avtn wg GuVOETLXY
UETOED OVO OLAPOQETHMV OUAdwV = 1.5

Amd to amwotehéouato @aivetar 0tL M yoopobemontiny néBodog ouadomoinong eupoviCet
wia ooretd neydn evawonoior oto BopvpBo. H evowoOnoio g avtr dev €ytve duvatd vo
TEOOOLOPLOOEL av oelheTaL OTNV ETLAOYN TWV TOQAUETOWV TOV ahyoolbuov (£ xar P) 1 o€
eyyevelg aduvvopieg avtov.
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Zymua 5.18: Toagobewontnn uebodog: Mn emnolvmtouevo TeTedymva dlyws Hopupo.
ExtiunOeioeg oudoeg £vavit Twv TQAYUOTLROV.
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Zynuor 5.19: Toogobemontny) uéBodog: Mn emurolvrttopevo. Tetdymva ue Boupo.
Extiuneioeg opddeg €vovtl TV TOOYUATUAMV.
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Zymua 5.20: Toagobewontnn uebodog: MeQunmg emralvmToneva TeTRdywva. olyws Bopufo.
ExtiunOeioeg ouddeg £vavit Twv TQAYUOTLROV.
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Zyuor 5.21: Tooagobemontnr) uéBodog: Mepurmwg emmroAvTTOUEVO. TETRAYWVA te BOpUPo.
ExtiunOeioeg ouddeg €vavit Twv TQAYUOTLAOV.



gpaiono 6

Anotereopnoato Tehnov [lergopnatoy

2T0 %EPANOLO QUTO TTEQLYQUPOVTAL TO. OITOTEAEOUOTA TV TEAXMOV TTELQAUATWV TTOV £YLVaV
ue TOVg OLdpoovg ahydolbuovg ouodomoinong ‘ev TTNHOEL’, ®obMG ®aL Ue TOvg OVO
oAyoewuovg ouadunng emeEepyootag, Tov K-MEANS »ar tov HALC.

To mewpduato €ytvov pe OVO €lon OedOUEVOV.  AQYMMS XONOLUOTOWONoAV oVVOeTH(
OeOOUEVOL TTOV LYV HATAOKEVAOTEL ATO TOV AMEEOVOQO AQUTTOLVION %O HATOTILY TTOOYUOTLRA
ogdoueva Tov TEONABOV amd ixvn oV EM@PONOoAV 0O TEOYUATIXEG EQAQUOYES eeEEQYOOLaG
doocoAmpuwrv.  Ta televtoio mopooyédnoov amd T Siemens Nixdorf Informationssysteme
AG [SNI].

6.1 Xevdglo meELQANATOV

To oevapLo mov oxolovdnOnre ota TELQAUATA €XEL WG €ENG:

OewEOVTOG OTL 0f £VOL TOYUOTIXO OVOTNUO. €TteEeQyaotag docoAMpLdv Ba Aoaufdvetan
oYHMG €va (xvog g AeLToveylag TOv, TO OOl Oa ¥ONOLUOTOLELTAL YLOL TNV OQYLXY|
UEAETN TNG OVWITEQLPOQAS TOV OVOTHUOTOG, %(be GUVOLO Twv dedouévov ywelobnue oe dvo
TUUOTO, €va. Tov OewEeitor OTL 0ITOTEAEL TO TOOAVOPEQDEV VoG nan €vol TOV aITOTEAEL
TG TOWIOES OV EUQOVICOVTAL O0TO 0VOTNUO. OTOV TAEOV €XOUV 0QXLOEL VO TQEXOUV OL
oAyouoL opadomoinong “‘ev TTNOeEL’’, ®ATA TN OLOQXELD. TNG HOVOVIXNG AELTOVQYLAG TOV
OAOV OVOTHUOTOG.

To TEWTO VTOOUVOLO TeQLEKEL TeQlmov 10 10% TV OVVOMXMV OedOUEVOV, EVD TO
0evTeQ0 TO VIOAOLTO 90%.  Ilpoxeluévov Ta amOTEAEOUOTO. v elvor 600 TO duvaTov
OVEEGQTNTO. TOV OVYXREXQLUEVOD TQOTTOV UE TOV OTOLO EYLVE O YWELOWOS TV SedOUEVWV OTO
dv0o ovvoha, ndBe melpapo TEAYUOTOTOMONKE O (PORES AL KATOTLY YONOLUOTOWNONKE T
UEOT T TV QTOTEAEOUATWY 0TS OLAPOQES YOOPWHES TTOQAOTAOELS TTOV axohovdovv. O
OLAYWOLOUOS TV OLOOUEVV £YLVE UE TN XONOM TOV TEOYQAUUOTOS TTS, TO 0TOLO TAQAYETOL
TavToYEOvwg ne To CLUE. 210 mapdotnuor ZT vmdoyer wio TeQuyQor Tov JTQOYQAUUOTOS
ovtoU, ®abdg 1oL TOV OQLOUATWV TTOV YOENOLUOTOMONOaY 0TO. TELQAUATOA.

Ze nabe wio awd ovtég TG emavolpels, Cnreitor amd to CLUE va magdyer évo
oTuvymotuno (snapshot) g TEEXOVOOS HUTAOTOONG TOV Ot TOXTA Ypovird dwootnuata. Ta
OTLYMOTUTTO. QAUTA TTEQLElY OV TOOO TO OVVOAO OAWV TV OLOOUEVWV TTOV elyav TaQovataobel
UEXOL OTLYUNG OTOV €XA0TOTE OAYOQLOUO ouadoToinong “‘ev TTNoEL”’, OCO AL TNV OVTLOTOLYN
ouadoToinon Tov aTdg Elye TOQAYAYEL. ~ ATOTLY, XONOLuoTomoOnoav or aiyouor ouodo-
moinong ouadig emeEeQyaolag TAvVw OTA GUVOAO OEQOUEVV TV OTLYUWOTUTWV, (MOTE VO
elvar duvoty) 1 oVY®HOLON TV EVOLAUECMY OUTMV OTTOTEAEOUATWY.

H moodtto tov vitoloyiletar 0 ®Gbe OTLYWOTUTTO, TTQOXEWEVOY VO OVYrQWIElL 1 emtidoom
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TV oAyoolumy, elval To TETQAYOVIXG G@dina (square error), SE, mov opiletar otnv
eElowon 6.1 (6mov S; 10 TANBOS TV OTOLKELWV TNG i-00TNG OUAdOG, ¢ TO KEVTQO CUTNHG KOL
Zj; T0 j-00TO OTOLKEl0 TG i-00THG OUADdAG).

K S;
SE=3 > |I#; —alf (6.1)

i=1j=1

6.2 XvvOetixd dzdousva

To ovvhetind dedoueva dnuwovpyndnoav ue 1o eoyoreio TSG mov avostuydnxe amd Ttov
AMEEAVOQ0 AOMITOLVION OTA TTAGLOLO TNG UETOTTTUYLOXNG TOV gQyaoiag [Lab9s]. Amotehovvron
Oh0L 0TTO ex0TO ouddeg dedouévmv, N ®aOe wio ex TV OolwV TEQLEYEL OEDOUEVOL TTOV KAVOUV
OVOQPOES UOVO OF OUYREXQLUEVO OUVOAQL OeAOwV Tng vroxelpevng Pdong dedouévov. Ta
OUVOAQL QUTO TV OeAOWV elvar Eévo petagy Tovg, amoQTilovtag £€T0L £vav OLUUEQLOUO TV
oeMdwv g Paons. Ov ovagpoEég oV navel ndbe OEOOUEVO OTLS LAPOEES 0eAlOES elvar £vag
Tuyotog apuos. Téhog, Oo mpémer vou onuelwbel ®ATL 0EUETA ONUOVTLXO YLd TOL OEdOUEVQ!
TOQAYOVTAL ava opade, dAadn 0To aQyelo TOV YEAQPOVTAL, TOMWTA VITAQYOUV T OEOOUEVA.
™G TEWTNG OUddag, UETE auTd Tng devTEONS KoL OVTW %aOeENS. AVTO €xel onpooia xaddTu
N 0eLRd aUTY) OEV OVOUEVETOL VO OUVAVTIOTOL O€ TTQUYUOTLHO. OEOOUEVO, AoV 0t VT elval
O AOYHO VO VTTOQYEL WO TTLO TUXaLo. ®ATATOEN TwVv OedOUEVOV MG TTEOS TLG OUAOES TOVG.
ZUVOTTTIXMG, TO. OUVOAO CUVOETLXMV OedOUEVDV elval To ®ATWOL:

1000x1000=100:diagsR 1000 TOLAdES TOU %AvVOUV avagopés ot o Paon 1000 oelidwv.
Ymdpyovv 100 opddeg, ta Ot dedouévo €xovv UOQEPN TOQAAANAOYQAUUWY €TL TN
OLaYOVLO, 0TO XWQEO (TLddeg x oeildeg Pfdong x mANBog ovogpoemv). Ou TES TV
OVOPOPMV elvoL Tuyaieg.

10000x1000=100:diagsR 10000 tOLAdeg TOV %RAVOUV avagoEés ot uio. Bdon 1000 oelidwv.
Ymapyxovv 100 ouddeg, to 0 Oedopéva £xO0vv UOQYT TTOQAUAMAOYQOGUU®Y €L TN
OLaYMVLIO, 0TO YWEO (TELAOES X oelideg Pdong x TANOOS avagoowv). Ou TLUES TwV
OVOPOPMV ElvOL TuyOLES.

30000x1000=100:diagsR 30000 toLddeg OV ndvovv avaqopés oe o Bdon 1000 oehidwv.
Ymapyxovv 100 ouddeg, to 0 Oedopéva £xOvv UOQYY TTOQAUAMAOYQAUU®Y €L TN
OLaYMVLIO, 0TO YWEO (TELAOES X oelideg Pdong x TANOOS avagoowv). Ou TLUES TV
OVOPOEMV elvol Tuyaieg.

210 oynua 6.1 TOEOVOLATOVTAL T OITOTEAEOUATO TV TTELQOUATWV TTOV £YLVAV UE TO
oUvoro Oedouévary 1000x1000=100:diagsR. ZvyrexQuuéva, ToQOVoLdlovtol oL emdO0ELs (Te-
TOAYOVIXO OQAAIO) OAwV TV aiydolbuwmv oe AoyaouOmunn xhipoxo. H emhoyq tng Ao-
yoouurng xAipoxag €yve OLOTL M €TTLOO0N TOV YROPODEMENTHOV ahyOQLOUOV NTOV TOAY
YELQOTEQN QIO OWTEG TV VITOAOITTWVY ahyOQLOUmy, Ue OTOTEAEOUO OL AAUTUAES €TmidooNg
OUTMV VO CUUTTLECOVTOL 0TO XATW UEQOS TNG YOUPWNG TTOQAOTAONG, AOLOTMOVTIOG 0dUVOTY
TNV UEAETN TOVG.

[Tagomewvtag to oyfuo. 6.1, PAEmTovue OTL TO TETQAYWVIXO OQAAUC OVEGVETOL €V
véVEL OUVEXMGS. AUTO o@elhetar 0TO YeYOVOS OTL U@aVICOVTOL OUVEXMS VEES TOLAOES TTOV
TEOOTDEVTAL 0TO TTEOG OUAOOTOINON GUVOAO.

‘Eva GALO YEYOVOG, TOU TTAQOTNENONKE ®OL OTO VITOAOLTA TTELQANOTO, €lvor OTL OL G-
yoowluor opadirkig emegepyaoiog, onhadn o K-MEANS xor 0 HALC, eugaviCouv yelpoten



1000x1000=100-diagsR (Log scale)
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Triplets read On The Fly

Zynuor 6.1: Avoxvpovon tov Tetpoywviroy ZQAAUATOS YLO. TO GUVOAO GUVOETLXMOV dedOUEVIIV
1000x1000=100:diagsR. ~ Alpnoxa AoyoQuOuuri.

emidoon amwd tovg OVo aAiydpduovg opadomoinong ‘‘ev mrnoer’’, tov NN-VWMSE xauv tov
NN-MSE. Avtd ogelhetar 0Tt0 OTL OL OAYOQUOUOL OUadIrNG emTeEeQyaolag £XOUV Vo avTL-
UETWITLOOVV €Va TEQAOTLO TANOOS TLOAVOV OLAPOQETIXMY OUODOTOMOEMY, €4 TV OTOLWV
ovayralovrar ex TV TEAYUAT®VY Vo eAEyouv ®dbe ol UOVO £val TTOAD wrQO TO00O0TO.
AvtiOétmg, o alyoduol opadomoinong ‘ev TTNOEL’’, €lval OYEOLAOUEVOL (DOTE VO OXOAOV-
Bovv 600 TO OUVATOV TEQLOCOTEQO TNV ORYWXY OUAOOTTOINON TTOV elye YONOLUOTONOEL Yo vou
TOVG aQyLROTTOmoovy. ~ abwg oty opodoroinon avty 10 TAN00g Twv TEOS OopadoToinom
OEOOUEVOIV NTOV QQUETA KO, OL GAYOQOUOL OMOONG ETTEEEQYOOLOS TTOV TNV TTAQNYAYOV
WTOQECAV VO TTROOEYYLooVV TN PEATLOTNH ouadoroinom, divoviag €ToL évo TOAM ®OAO onuelo
exnivnong otov NN-VWMSE xzar tov NN-MSE. Ouv idwor opwg mpoomabouv xabe god
vo. €EeTACouV 000 TO OUVATOV TTEQLOOOTEQES EVOANOKTIXEG AVOELS, Olymwg TavTOXQOVA VO
Aoppdvouv vtdyn TOVg TLG OUADOTTOLNOELS OTLS OTOlES €V KATOANEEL OTLS TTOONYOVUEVES
TEQUTTMOELG, OOV TO. OLdOUEVOL MTOV AyOTEQO ®aL (G0 TO TTEOPANUa o evnoho. 'Etol,
TégTovv Buuata tov ueyeovg Tov TEOPANUATOS TOV AUVEGVEL EXDETLXMG AL KATOANYOUV VO.
TOQAYAYOUV AVOELS TTOV elval LOVOV TOTLRMG PEATLOTEC.

Téhog, elvar qovepd OtL M emidoon Tov yapobewonTirov aiydLduov ouodomroinong
“ev mTNoer’’ elval JTOAD xeLpoTeEN OAWV TV VITOAOITWV.  YTAQYOoUV aQreTol AdYOL TTOV
TEOXOAOVV TO awvouevo auto. Ilpowta meémer va avagepdel OtL 0 aiydebuog nehetonre
TTOMD MyOTEQO €V OYE0EL TTEOG TOVG VTOAOWTOUS KoL MG €X TOUTOU €lvor mlavov ol
TWES TV TOQOUETOWVY TTOV  ¥XONOLMOTOMONoOV %atd TV exXTéAE0 TOU VO QITEXOUV amtd
TG PéATIoTeg. Emiong, o alyoolbpog ovtdg mapdyer ovvnimg €vo TOAD mrQOTeQO TANO0OG
ouadwv (or axppng aptbuol agovoldtoviar oto mapdotnua 2T). ‘Etol, elvor dvorolo va
eupovioer ®ahy emtidoom, ®abwg TEOPAVOS OUAOOTOLElL TOLAOES TTOV AVIHOUV OF OLALPOQETIHES
ouddec. O O OoNUOVTLXROS, OUmWS, AOYOS TNng doynung emidoong Tov elvol 1o yeyovog OTL



N TOCOTNTO TTOV TEOOTOOEL Vo eAaLOTOTTOLNOEL OeV OYETICETAL e TO TETQOYWVLRO OQAAUCL,
Omwg ovupaivel we TOvg VITOAOWTOVS, OTOTE €LVOL TEMAKMS AOYLXT 1 XOxN TOV €Tidoon
OVUPAOVOG TOOG OVTO TO UETQO.

10000x1000=100-diagsR (Log scale)
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Zyiuor 6.2: Avoxopovon tov Tetporywvirol ZQAAMIATOS YL TO GUVOAO GUVOETLXOV dedOUEVIIV
10000x1000=100:diagsR. ~ Alpoxo AoyoQuOurri.

EEetdCovtog Teo T OTTOTEAECUOTO TOU OEVTEQOV TTELQAUATOS UE TO GUVOAO OEOOUEVOV
10000x1000=100:diagsR mov maovotdloviar 010 oynua 6.2, elvor TEOPOVEG OTL OL TTOQA-
TNONOELS TTOU €YLVAV L0, TO. OJTOTEAEOUOTA TOV TTQONYOUUEVOV TTELQAUATOS OUveEXILovv val
woyvovv. Emmiéov, €0d qaivetar mo xobopd n tdon, tov pev NN-MSE va odnyel mwpog
uto ouadoToinon ue UeEYOAUTEQO OUVEXMS TETOAYWVIXO opaiua, Tov 0t NN-VWMSE mpog
wia ue ovvexmg mxrotepo. EEartiag Tou @ouvouévou outov, Oo@ooiodnxe TEMKMOS %o
n OteEaymyn Tov TEITOV %aL TEAEVTALOV TTELQAUOTOS Ue OUVOETIRG Ogdouéva, dNAodn e To
oVVOLO Oedouévemv 30000x1000=100:diagsR, mooxeluévov vo @ovel €Gv ue TV TAROO0 TOU
XOOVOU %OL UE TNV EUPAVLON TEQLOOOTEQWV OXOUO. TOLAdWY, OL OVO autol ahydobuor Oa
OALGEOVV TEMKMG OVUITEQLHOQC.

210 oynua 6.3 TOEOVOLATOVTAL TO OITOTEAEOUATO TV ITELQOUATWV TTOV £YLVaV UE TO
0UVOAO Oedouévewv 30000x1000=100:diagsR. =10 oynua ovtd, Oev TeQLAAUBAVETAL O YQO-
PoDemENTOg  aAYOEOMOG, ®OOWG O YOOV eXTEAEONG TOU MTOV OTTAYOQEVTXOS YLO TO
ovyrerQLUEVO TAN0og dedouévary. Emiong, Mo amd ta TONyoUUEvVo TELQAUATO, €lye POVEL
OTL 1 €TTLOO0N TOV NTAV ROTE TOAV YELQOTEQN TWV VITOAOITWV AAYOQOU®Y, OTTOTE OEV VITNQYE
AOYOG TTEQULTEQW UEAETNG TOV.

210 melpoua avtd @oivetar OtL TeMnmwg o akyoobuog NN-VWMSE xatogéover vo
UELOEL OLOONTE TO TETEOYWVIXO OPAAUO. OTNV OUAOOTONON TOV TTAQAYEL, EETEQVIVTOS OTO
T€LOG OhOVG TOVG GAlOVG ahydobuovs. Avidétwg, 0 NN-MSE mapdyer opuodOTOOELS Ue
OMOEVOL UEYOAVTEQO TETQAYWVIHO OQaAUa ®oL vepPaiver 0to Téhog tdéoo tov NN-VWMSE
000 noL tov K-MEANS.



30000x1000=100-diagsR (Log scale)
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Zynuor 6.3: Avoxdpovon tov Tetpoymviroy ZQAAUATOS YLOL TO GUVOAO GUVOETLXMOV dedOUEVIV
30000x 1000=100:diagsR. ~ Aluomo AoyaorOpxy.

H ovutepupopd tov NN-VWMSE, mtov ovveywg avgdver v emtidoorn tov amd évo onueio
nOL UETE, QALVETOL €x TTEMOTNG OYews Vo €QYETOL Ot avTibeom ue v TaQOTNENON TOV &lye
yiver avotépm, Ot ®0bmg 0 aUOS TwV TEOG OuadOTONoN TELIdWV OVEAVEL, Dol avEdvel
AOL TO TETQAYWVIXO OQOAUC TNG exdoToTe onadomoinong. H eEnynon duwg touv qarvouévov
ovtov etvar oAy 0 NN-VWMSE mpoomadel vo. Omuovpynoer ouddeg ue oxeTirms oo Thion
otouelwv. ~ abmg Ouwg o TELAdES €OV OooONKeVTEL TAELVOUNUEVES WS TEOS TNV OUAda
TOVG, YL VA UEYAAD XOOVIXO OLAOTNUC OVOYROATETOL VO AYVOEL TLS TTQOYUOTIHES TOVG OUGOES
®noL Vo TLG Tomobetel oe dAheg, we wxEO g exelvn T otvywn TAN0og oTouKelwv, moTe Vo
TG Looratoveipel. ‘Etol, oe OMoL TO UEXOLS OTLYUNG TTELQAUOTOL, TTAQOVOLATEL OQYWMMS Wio
TOAMD (eLROTEQN €TTLO00N atd TOVG VITOAOWITOVS aAydolduovg, tnv omolo Beltiwver, %admg
TEQVA O YOOVOG ®OL eUpaVICovVToL 0TO OVOTNUO. TOLAOEG 0O OAeg TG oudoes. AEIler €dw
vo. onuetwBel TL avtov TOou €ldovg M TAELVOUNON Twv Oedouévmv elvor M xELEOTEQN Lol
TOV OVYXEXQUUEVO aAyOOLOno. TIaOha TaUTO, TEAAMG HOTOPEQVEL VO ETTLTUYEL TNV RAAVTEQN
emidoon, OTwe QalveTal xaL 010 oynua 6.3.

6.3 Tlgaynotixd dedopéva

AOMOVOWG TV TELQAUATWOV UE TO. OUVOAO GUVOETLXWOV OEOOUEVMV, XONOLUOTOONoav 0v-
VOAQL TTQAYUOTWHMV OedOUEVIV TTOV elyav AngOel ammd v yvolppia (fracing) wiog Teayuo-
TiNG €PoQUOYNG PAong dedouévawv o €vo. oVoTNUO. €TeEEQYOOLAS SOCOMPLDV TNG ETALQELAS
Siemens Nixdorf Informationssysteme AG [SNI]. Avtd pag mapaoyédnoav amd v ev AOYw
ETOLELDL OTOL TTAQLOLOL TOV €QEVVNTIXOV TTROYRAumatog LYDIA [ESP], 0to ommolo ovuuetéyel
1600 ovtH 600 ®ot N oudoa TTaEdAANAWY ®aL = aTavEUNUEVWY ZVoTNUAT®Y Tov Ivotitovtou
ITAngogopuxng, Tov Idpvuatog Teyvoroyiag xar ‘Egevvag. Ta ovvoha autd eivar dvo Tov



apud' To ovvolo PULS xar to ovvoho DOA.

Ta ovvolo autd petatpdmnoav otn oy ewwddov mov haufdver o CLUE (BAéme to
modoTua I' ywor v sepLyo g noegng eloodov tov CLUE) uéow evog meoyQduuotog
@IATOOV, TO OTOLO TTOQAAAMIAWS UE TNV UETATQOMY] QUTH %af’ VT, OVYXREQOOE TIG TTQOOTTE-
Aaoelg ot faon dedouéviv OV TwV EEXMOLOTMOV TeQuTT®eeE®Y (instances) Twv TOLOOWY,
TEORELWEVOY VO, AN@OEL €vag OVYREVTOMTIHOS TTIVOXAS TQOOTEALOEMYV.

Oo moémer vo onuelmbel edw n woatnonon tov AAEEavOpov Aourtouvion [Lab9s], ot
To. OVO OVTE OVVOAOL €XOUV TTOAMU YOUNAY TTUXVOTNTO TTQOOTEAGOEWV, OOV 1 TURVOTNTO
TEOOTENAOEWVY OQLCETAL C:

TM00G U UNOEVIXMV TEOOTEALOEWV
TA00g TOWTAETMV X TAN00G oeMidwV Pdong dedouévov

6.2)

TVRVOTNTO. TTQOOTTEACOEWV =

ZuynexQuueva, To oUvoho PULS €xer ta #dtmOL yaomtnolotind:

e 53 OLOGPOQETLHA AVOLYVWQLOTLXA TTQOYQAUUATOV
e 103 dLaOoQETLRA OVaYVWELOTXA KONOTWV

e 110 SLOQOQETLRA OVAYVWQLOTXG TEQUOTLRWV

e 280 TOLOOEG

e 66846 oehidec Pdong

e 178749 un undevirég TOOOTENAOELS CUVOMHMG

e TUxvVOTNTA TEOOTEAdoEWV: 0,95501%
Avtiotolymwg, 10 00vorho DOA £yer ta #ATwOL OQOATNOLOTLXA:

e 103 OLOPOQETLHAL OLVOYVIQLOTLX TTOOYQOUUATWV
o 474 OLOQPOQETHA OVOYVOQLOTLXA XONOTOV

o 474 dL0QOQETLRA OVAYVWQLOTIXG TEQUOTLRMDV

e 1984 TOUL00EG

e 41003 oehidec pdong

e 180017 un undevirég TOOOTENAOELS

e TuxvVOTNTA TEOOTEAGOEWV: 0,22123%

210 oynua 6.4 TaEOVOLECOVIOL TO. OTTOTEAEOUOTO TV TTELQOUATWV UE TO OUVOAO TTOOY-
notwmv  oedouévwv PULS, oe hoyaoubuwxn xAlpoxo. ~ abog oe autd, ov Touodeg Oev
euqaviCovror ot oelpd pe PAon TV ouddo TOovg 0TS 0T CUVOETLXKA OedOUEVA, OL OA-
YOOWOUOL EUPAVICOUV OLAPOQETLXY OVWITEQLROQRA, Wimg 0 HALC now o NN-VWMSE. ‘Etot,
@atvetar 0tL 0 NN-MSE €&yer oxeddv v idwa ovpstepupopd pe tov K-MEANS, yeyovog mtou
nrav avapevouevo, dedouevov 0tL 0 NN-MSE elvar otnv mooyuatindtnta n vAoToinon tov
K-MEANS ue éva vevpwvird ointvo. Emiong o NN-VWMSE ratagépver va metvyer T PEATL-
otn emidoon, ®abmg TME 1 OELG EUPAVLONG TWV TOLADWV TEOOEYYICEL HOAVTEQO. TO UOVTELO
oV aVTtdg OemwEel OTL LOYVEL.
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Zyfuo 6.4: Avodpovon tov Tetpoymvirol Z@QAAUATOS YLo TO OVVOAO TQAYUOTHMV dedOUE-
vov PULS. ~ Alpoxro AoyaoiOuux.

" 000TL To TANOOC TV dedOUEVOV NTOV OYETLRMG WKrQO, 0TdOnre duvoty xar n a&lo-
AOYNON tov yeagpobewontirov akyoolbuov opadomoinong “‘ev wtnoer’’. ITaQorho mov ovtdg
oivetar vo. emTuyyover T PéATiotn emidoon oto oyxnua 6.4, Oo mweémer vo onuelwOel
OtL 10 TAMBOg TV OUAdWV TOV avoyvwEICel elval xatd TOAD peyoliTeQo atd autd TWV
vrtohoimwv.  ‘Etol, evad or vdloumor akyoptbuor avoyvwpitouv mepl Tig 30 ouddeg, o
Y00pODeEmOENTHOG aAyOEWOUOG ouadortoinong “‘ev mInoel’”” avayvmpiler €mg xar 167 oudoeg
(to TMBog TV OpAdWV TAQOVOLALETOL aVOATIXOTEQO. 0TOV Ttivoro =2T.4 Tov TaEaQTHUO-
t0g 2T). Emouévmg, elvor meogaveég OTL n vypnkn Tov emiO00N OQEILETOL OTTORAELOTIXMG OTO
UEYOLO TANDOS TV OUAdWV TTOU £)EL KOTOAOKEVAOEL %L OYL OTOV AKOAO OLOWELOUO TWV
Oe00UEVOV aVTAOV %A’ autdv. Qg ex TOUTOU %ol OedOUEVOV TOV OTL elvol OxeTwmmg aQYog,
0 YQPOOEWOENTIROS OAYOEWOUOG dev yxonolpomouiinxe 0to Televtaio melpaua pe To 0VVOLO
Teaynotirav dedouevwv DOA.

MEAETMOVTAG TMQOO. KOL TO OITOTEAEOUATA TV TTELQAUATOV UE TO OUVOAO TTQUYUATIXMDV
dedouévaryv DOA, mov maQovotdfovior 0Tto oynua 6.5, evioyovior Ta. GUUTEQAOUOTO TTOV
eElxOnoav amd To meLpdpota ue Ta OUVOAD CUVOETHMV dedOUEVIV, ROOMG %Al LE TO CVUVOLO
PULS. Anhadn, o NN-VWMSE diver v ®olitegn ouadomoinom, ®aAvteon axduo xaol oo
TOoVg OAyopuovg opodwng emeEepyaotag K-MEANS war HALC.
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Zymua 6.5: Avoxvpavon tov TeTooywviroy ZQOALOTOS YL TO GUVOLO TTQOYUATIXMY OEOOUE-
vwv DOA. ~ Alpoxo. AoyoorOuxn.



gpaioro 7

Yvumepaonoto - MeAhovTineg
aTEVOVVOELS

2T0 ®ePOAOLO OVTO TTapoTOETOL Pio 0VVOYN TWV OVUWTEQUOUATMY TNG TOQOVONS £QYAOLAG.
ITopovotdZovtol emiong ogropéva Bépata Tov Bo elyxe eVOLOPEQOV VO UELETNOOVV 0TO UEAAOV.

7.1 Xonon tov Alyooibnov ot Ioaypatizd Xvetiuata

Ao tO. 0TTOTEAEOUOTO. TV TEAMROV TELQOUATOV (BAETE TO ®e@OAOLO 6) elvor TEOPOVEG
OTL OTLG TTEQLOOOTEQES, AV Oyl 0t OAEG, TIG ITTEQUTTMOELS TTOV TTOETEL VO OUadOTOLNOOVV
Toayuatnd dedouéva, o akyopbpog ov Ba meémer va yonowwomombel eivar o NN-VWMSE.
To mewpduato €detEov OTL naTaPEQVEL TAVTOTE VA £XEL TNV ®OAVTEQN emiooon. Edv ouwg oe
#AITOLO oVoTNUA elval TOOVOV vor enpoviCovtor OUOLES TOLAOES Lo OO YEOVLXO dLdoTnua,
OTTWG OVVERALVE OTA TELVNTIOS XATAOKEVAOUEVA Oedoueva, tOTe B meémer vo Angbel vitdym
o0tL 0 NN-VWMSE 0o ypetootel oo teplodo TEOCAQUOYNS TEOTOV Q) LloEL VO TTOQAYEL
rahUTEQES opodomownoelg artd Tov NN-MSE.

Aedopévng emiong g ovayung yuo. JTTOAAY YONYoon E€meEeQyaoio. TV SOCOMPYLOV TOV
eupoviCovrar, Oa wpémer va e€etaobel 0oPad xaL M TOQUAANAOTOINON TOV aAYOQLOUOV TOV
Oa emuheyOel TeAnmg. To andAoVOO VITO-UTOREPAAOLO OVAPEQETOL ELOWUMG OTO OEno aUTO.

7.1.1 Iogarinromoinon tov AlyooOpmv

Ou olyopBuor ouadomoinong “‘ev mINoeL” TOV VAOTOWONOAV UE VEVQVIXG OlxTuO, €XOVV
™MV TTOAU  €VOLA@EQOVOX OLOTNTO. OTL WTOQOVV VO TTAQAAANAOTOMOOVV  TEOXELUEVOL VO
yivouv axoua mo yonyopor. ‘Etol, edv yonowwomoieitar wg eEvaneetntig (server) ®OmoLo
unxdvnua. ue TeEQLOOOTEQES NG Wag xevrouxns movadag exegepyacsiag (CPU), eivor duvotov
vo. ovTiotoymbel £vag M ®ow TEQLOOOTEQOL VEVQWVES AVA Mol ®EVTOLXRY MOVAda. eTTEEEQYAOLOG.
" 00wg ndbe vevpwvag dOVAEVEL 0VEEAQTNTO ATTO TOVG VITOAOLTOVS, 1 TAQOAANAOTOINOY OUTH
Do €xer wg omotéheopo wior aQxetd ueydAn PeAtimon Tov GUVOALXOU XOOVOU TTOV GITALTELTOL
YLOL TNV €VQEON TOV VEVQMVO. TTOV AVIWTQOOWITEVEL TNV OUdOd NG eXA0TOTE TOLAOAS TTOV
gWpoviCetal 0to ovoTNUaL.

H emtdyyvuvon avty ogelhetar 0To OTL 0 VITOAOYLOUOS TNG AITO0TAONS TNG TOLAOOS aITtd TO
#EVTQO TNG OUAOAG TTOV AvVTLOTOLKEL 0 n(be VEVOWVO, WITOEEL Vo Yivel aveEGQTNTO atd TOVG
VITOAOLITOVG VITOAOYLOUOVS ®OL Olymg va UeTaBAAAEL RATTOLO QEOOUEVO. TTOV YONOLUOTTOLOVVTOL
oe GAlovg vmworoyiouovs.  Etoir, dev yoeldletor va yiver yonon xAiswaguav (locks) 1
OTTOLOVONTTOTE GAAOV €lOOVS Gueong M €uueong emwowveoviag. H emuowvmvia wropel va
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TEQLOQLOTEL OTO TEMHO OTAOLO UOVO, OOV OTTOLTE(TOL M €VQEOT NG EAAYLOTNG ex TV K
OVVOMAMG 0TTO0TA0EWY. "HON vitdoyouvv TOALOL YVWOTOL TOOTOL Ue TOVG OTTOLOVG WITOQEL Val
emLTevyOel M YONyoon VAOTOINOT QUTOU TOV TUNUOTOS TOU TTOQAAAMNAOL aAydLOUOv.

ITwo ovyrexpuéva, €otw ot K elvor 0 aodnog twv ouddwv xor D n dwdotoon twv
TOLOWV - dgdouévary. TOTe yia TOV VITOAOYLOUO TNG ATOOTAONG EVOG OEOOUEVOU OTTO TOUG
vevpwveg Ba meémer va yivouv yua ®dbe vevpwva:

e D agawpéoelg

e D+1 molhamhaowaouot (D vpmoelg 0to TeTEdywvo + 1 TOMOTAQOLOOUOS UE TN
OLAOTTORA TNG OUAONG)

e D-1 mpoobéoelg

OewEWOVTNG TO ®OOTOS TNG TEOoEoNS %L TS oaipeons 0o xaw (00 ne Cgym HOL TOV
TOAMATAAOLOOROV (060 UE Chpyy, TOTE TO ROOTOG YLO. TN O€LOLaxt] VAoToinom Oa elvor avtd
™™g eElowong 7.1:

Cseriat = K % [(2%D — 1) % Coum + (D + 1) % O] "2 K % D % (2 % Coum + Comat) (1)

Avtiotolymg, ywoo pior TadAAnAn viomoinon wov xaver yonon N emxeEepyaotwv (N < K),
10 %00T0¢ Ba elvar avtd Tng eElowong 7.2:

D>>1 K

CParallel = * [(2 * D — 1) * Csum + (D + 1) * Cmul] ~ ﬁ * D * (2 * Csum + Cmul) (72)

2=

Emouévmg, n emrdyvven (speedup) mov Oa emitevyOel 0o elvau:

speedup = M ~ N (7.3)
Parallel
AE(Cer €0 va onuewwbel OTL elvor TOOVOV vo ToQOTNENOEL 0mOUa ®oL TO POLVOUEVO
™G VIEQ - yooumxig emtrdyvveng (overlinear speedup), ®00mg oV T SLOVOOUOTO TV BOQOV
TOV VEVQMVMV YWEOUV OTLS %Qupés mviineg (caches) towv emeEeQyaotav, TOTE 1N TOQAAANAN
vAOTTOINOM B0l YONOLUOTTOLEL TTOAD AYOTEQO TNV ®VEIWG UVIAUN TOU VITOAOYLOTY], €V OVTLOEOEL
TEOG TNV TEEXOVOO. OELOLAXY VAOTTOINOM.

7.2 Evgeon Bértiotov AlyogiBuov

‘Eva. wol¥ evaiodnto onuelo, mwov mwopolo avtd ofiler vo ovagepbel, elvor to ®atd moéoov
0ElCer va uehetnBovv o TOAUTAOXROL GAYOQLOUOL 0TOV TOUED QUTO TNG OUOOOTOINONG “‘ev
TTTNOEL’.

[TaOAa TO. TTOAD RAAG QITOTEAEOUATO TTOV EMIPONOAY QITO TOUG GUYREXQUUEVOVS AAYOQLD-
Hovg, elvar aEreTd TOoVOV va. VITaE)EL ®ATOLOG GALOG OAYOOLOUOG O OTTOLOg VO £xEL orOua
ROAUTEQN €TTLOOOM.

‘Evog T€to10g  aAydolnog oumg, avoyraotirog o elvolr o TOAOTAOXKOS amd v
vhomoinon tov K-MEANS pe €vo vevpwvird Oixtvo.  Avtd, avtoudtmg onuaiver 0tu Oa
EXTENEL TTEQLOOOTEQES EVIOAES TTQOKELUEVOD VO OUAOOTTOLOEL ®AOE TOLAOO TTOV EUPOVICETOL OTO
ovotnua. Emiong elvar Aoywo vo vrobéoovue 6Tl TV avEnuévn emidoor) tov Bo v ogetlel
€V UEQEL HOL OTN YONOLWOTOINON OTOLXELWV aitd OAeg TG OUAOES 1 OO AATTOLO VITOOVVOAO



ovtav oe ®0le Pua. AT TéTolo Ouwg onuaiver OtL oe TUXOV TAQAAANAN VAOTOINoY Tov Oo
elvar oToQaiTNTo vo HETOEQBOVY Tl OTOLKElDL AUTE amtd TOV €va €TEEEQYNOTH OTOV OAAO,
UELDVOVTAG €TOL GOXETA TNV ETULTAYUVON TOV Oivel 1 ToQaAANAoToinom.

Téhog, évo apnetd onuavtird mheovéntnua Tov K-MEANS givar OTL OUvaToL vo. ONoLuo-
TOLNOEL TNV OUAOOTOINON TTOV TARAYOUV OL OAYOQLOUOL OUOOLXKG ETTEEEQYOOLAS TTQORELUEVOL
VO, QY LXOTIOLNOEL TOVG VEVQWMVES, QITOPEVYOVTOG £TOL TNV 0uvnimg ¥eovoBOeo. dtadwmaato g
EXTTOLOEVONG TWV VEVQWVIXWV OWMTVWV. AVTO elvor duvaotdv axopmg xden oty aAdtnto
TO00 TOV OOV OO0 %L TV OOUMV TTOV YONOLWOTIOLEL YLO VO 0TTOOMKEVOEL TNV VITAQYOVO0.
TAneogopia. Edv moorertar vo yonowwomowmnbel oty 0€om Tov %ATOLOG TO  TOAVTAOROG
oAyOEWUOG, TO TAEOVEXTNUO. QUTO elval TOAD mbavd va yobel. Ztnv meplmtwon ovt, O
XONOTNG €VOG TOOYUATIXOV OVOTHUOTOS B0 avoryrdletar vo. ayvoel TAEOV TV OpodoToinom
OV TOQAYOUV Ol OAYOQLOUOL ouadixig emesepyaotag ywoo ta dwobéoma TEOg exmaidevon
OEOOUEVOL KOL VO, EXTTOLOEVEL TO VEVQWVIXO OIXTVO ATTO TNV aQyM.

Qg ex ToUTOV, €lvanr GmmoYn Hog OTL M UEAETN TOAVTAOXOTEQWV OAYOQOUWV OTO OVYXE-
“OWEVO Bfnar Oo elye UOVOV EQEVVNTIXO EVOLOPEQOV, TANV OUWS eAdLoTO Bol umoovoe vo
TEOOPEQEL ETMLTAEOV OTNV TTQAXTIXT] XONON €VOS OVOTHUOTOG.

7.3 Melhovrnég = atevdivvoerg

Avti vo yiver Toomaelo evpeong ®OAUTEQWY OAYOQWUWY, Oo elye evolagépov va mTapbouv
OMAES nOTEVOUVOELG, OTN OUVEXELDL TNG EQYAOLAG QUTYC.

AQyumg, Qo GEWe va yiver ubto perétn tov amoteleoudtwv tov CLUE, evo avtd
YONOLUOTTOLELTOL, €LTE QTG HATOLO TEOOOUOLWTY EVOG GUOTNUATOS €TEEEQYOOLAS SOCOAMYLOY,
omtwg elvow 1o TPsim [Mar95], | amd éva moayuatnd ovotnua. Andodn, yio xdbe docormpia
oV guaviCetar 0to ovotnuo emteEepyaoctog docoAmpLv vo Cnteiton amd to CLUE n opddo
OV OVIKEL QUTY %OL 1 TANQOQYOQLOL OUTH VO (ONOLUOTTOLELTOL YLO. TNV €5L00QQOTNON TOV
POOTOV TV ALOPOWV ®OUPWV %Al TN OEOUOAOYNOT TNG OOCOAMPLOG TEOS TOV RATAAANAOTEQO
xoupo. 'Etoi, Oa otobel duvotd va petondel xotd OO0 M yveoon g ouddog otV omola
OVIROUV OL dLdopeg docoMpieg Fondd TEOYUATIXG TO TEAXO OVOTNUO.

To Oéua avtd €yev MON oEyloer va pehetdtor oty eQevvnTxy oudoo twv ITAelddwy.
Zuyrexouuéva, n Mopta © apofactin xor 0 Movolng Mooaldxng €xouvv yodper ®mowral
mov emtEéner 0t0 CLUE vo xotoydger wio, 000 TO OUvatov TTANQEOTEQN, EwOVO TOV
OVOTHUOTOG, OO0V Ao TG dOCOMPiES TTOV euoviotnrov ot avtd, ®abMg KoL KATOLO
dlho otouyeta, ta omotor To TPsim tor Stofidier #ow To YONOLUOTOLEL KOTE TNV TEOOOUOLWOT
NG AELTOVQYIOG TOV ROTAVEUNUEVOV OVOTHUATOS ETTEEEQYOOLOG OOCOAMPLIIV.

Avti ™ otryun Oev €yer yiver axdua TANENg dtaouvoeon Twv dVo eQyaieiwvy, OMAad TO
CLUE dev umoget va emxotvovel ouvourwg pe to TPsim. Amhwg 1o devtepo duafdler tnv
TeA opadomoinon xon yonowmwomotel avty. ‘Etoi, dev elvor duvotdv andua va pehetnOet
N emidpaon Twv akyooumy opadomoinong ‘‘ev TTNoeL’’, waed povov av Bewondovv wg
oAyoeuoL onadwng emeEepyootag xour AngOel voOyYn uovo n TEMKXN OROdOTOINOM TTOV
TTOQAYOVV.

Ao ™ otvywyy mov Ba €xer ohoxAnowOel n dtoovvdeon avtn, Oo eixe evologpéQov va
Eenvvnoer wia. LEAETN OLOPOQETHMV OAYOQWOUWY EELOOQQOTNONG TOV (POQTOV €QYAOLOG HOL
OQOUOAOYNONG TV OOCOAMMPL®Y, OL OTotol va Aaufdvouvy vmoyn Tovg TG Ouddes Twv
O0COMMPLDV.






IMogdoua A

Iocodvvapnia tov Xvvaptnoeov VWMSE
zov MSE

210 TOEAQTNUA aVTd Taatifetor N aTddelEn g TEOTOoNg OTL, dtav 0 0EWnog K tov
OUAdWV TTOV dNULOVEYOUVTOL €lvar ueydhog xar n xotovouwr) P twv oedopévav & elvor
Aeta, TOTE M PEATLIOTN OLOUEQLOM ROL TO OVVOAO TV PEATLOTOV SLOVUOUATOV OVOQOQES
(HEVTQWV TV OUAdWY) TTOV EAAYLOTOTOLOVV T OVvAQINon ®00tovg VMSE xar autd mov
ENOYLOTOTTOLOVV TN OVVAQTNOYN ®O0TOVg MSE elval ta (oo

H oamwodelEn avt €xer avirypogel oo to [CS95].

Ou opwopol Twv ovvaptmoewv VWMSE xalr MSE, 6mwg eldaune ®or 010 ve@dAao 3, 0TLg
eElomoelg 3.8 nal 3.2, elvol oL ®aTwou:

K
VWMSE(K) = > v} (A.1)
=1
K
MSE(K) =) v, (A2)
=1

2ng eElomoeg Al o A2, vy elvor n OLOTORG TG i-00TNg oudodag (BAéme Tnv
eElowon 3.1).

‘Eotw I* n BELTLOTN SLapéOLon Tmv Oe00UEVIV TTOV EAAYLOTOTTOLEL TN OVVAQTNON KOOTOVG
MSE. Oa deiEovue OTL 1 OLapnEQLON VT EAAXLOTOTTOLEL ®OL TN ovvdptnon VWMSE.

Av v],...,v% elvor oL OloToREs Twv ouddwv g PEATLOTNG Owauéouong I*, t0Te O
S (OLUIVER

K K
S>> (A.3)
i=1 i=1

I omoLeodMTOTE TLWES TWV W1, ..., VK ELVAL YVOOTO OTL LOYVEL:
1 , 1 &
72U 2 (35 2o m) (A4)
i=1 i=1
,OTOU M L0OTNTA LoYVEL OTOV ROL WOVOV OTAV v = ... = VK.

Avtiraflotoviag Ty A3 otmv A4, hauPavouue:

D> (2 w) (A5)

==
=



2ty eoyaota [Ger79] amodelyOnre OTL YLa AOVUTTWTUAG UeYGAO K nan yia Aelo xatavour
P twv dgdouévov, OL OLAOTTORES TV Ouadwv, vf,...,v5%, ™S PEATIOTNG Owauéouong I*
LXLOVOTTOLOVY TN OYéom:

v =...=v =0" (A.6)

Zuvdvdloviog Tig oxfoelg A5 xal A.6, Aoupdavouue:

1 & 2 2
— > vy > (vY) (A7)
K&

H tehevtaio oyéon wropel vo yooptel xnal wg:

K
> vl > K(v*)? (A.8)

"~ 0bdg, N mooomra K (v*)? elvon n Ty g VWMSE yio owapéolom I*, n oxéon A.8
oodenvueL OTL 1 dtouépuon I* ehayrotomolel xou ™ ovvaptmon VWMSE.

‘Eotw, twea, I** n PBéhtiotn dtouéoron mov elayrotomolel ™ ovvaptmon VWMSE. T
va. ebvor TANENG N artddelEn g oodvvautag twv VWMSE now MSE, Oa moémer va deiEovue
OtL M owapéorom I** ehayrotomotetl »war T MSE.

‘Eotw 0tL n dwapépuon I* mov ehoyrotomorel T MSE elvar ouaqogetinn amd v I,
Tote, Oa éxovue:

MSE(I**) > MSE(I*) (A.9)

" 00wg €xovue MO delEer OtL M I* Oa ehayrotomotel rou T cvvaptnon VWMSE e@ooov
ehayrotorolel T MSE, n oxéon A.9 odnyel 010 ovwITtéQUOoUa OTL:

VWMSE(I*™) > VWMSE(T") (A.10)

Avti 1 Tehevtala oxéon ouwg, aviitibetar oty aQywxy nog vtdbeon ot m I vrov m
Bértiotn Owapéoron ywoo T ovvaptnon VWMSE. Emouévog, ouv dwapepioelg I* o I** moémel
va. elvor (OLeg.



IMMogdomuo B

AdlyogiBuotr * ataoxevng Tov EAdayrtotov
Zgvyvviovtog AEvogov

210 TORAQTNUO. OVTO TOQOVOLALOVTIOL OVO aAYOQLOUOL KATOOXREVNG TOV eAdyLOTOV Cevyvvo-
vTog OévOov evog yodgov. Ou akydpbuor ovtol eivor o odyoewbuog tov Kruskal [Kru56]
®noL 0 alyopuog Tov Prim [PriS7].

Mio TOAAY ®aA1] TOQOVOLOON ®OL UEAETN TV OAyOQWOUWY avtmv yivetar oto [Cor89],
evw oto [Tar83a] yiveror pia avaoxrdmnon g PPALOYQA@LOg ®oL TAQOTIOETOL €va 0QUETA
TEOYWENUEVO VARG v 0T0 TTEOPANnua. Téhog, oto [GHS8S5] yivetow pia wotogurn avadpour
TOV TTEOPANUATOS QUTOV.

To meoPinua opileton wg eENg:

‘Eotw yodgog, T', mov amoteieitar amd €vo ovvoho rOuPwv, K, nar €vo 0UVOAO OXUMYV,
A, mov ouvdéouv Tovg nOUPOVS UETAED TOVS. Oewmvtog OTL ®A0e axun @epeL éva PAog,
OV VITOOMAMVEL TNV aTO0TOON TV ®OUPWV TOU OVUVOEEL, INTelTOlL TO OVVOAO ExelvOo Twv
OXUMV TTOV OPEVOS UEV GUVOEEL OAOVG TOVG KOUPOVGS, APETEQOV O, E€XEL TO EALOTO OUVOALXO
abpoopo BOQOV TWV AXUDV TOV.

Elvor etmoho vo amoderytel OtL TO Tnrovuevo oUvoho Twv axwmv Bo omotelel éva
0EvOPO 1o Dol €xeL TOOES 0mUEG 00EG O aPUOUOS TV ®OUPWV (V) TOV YOAPOV uelov éva.

O olyopbuog tov Kruskal Eexwva €xovtag toEtvopnoer OAeg TG OxpUEG TOV YOUPOU
#oTd OVEOVO0. OELG CVUPMOVMS TEOS TO PAQOS TOVG. ~ aTOMLV €TMAEVEL OXUES OTN OELOA
TEOOEXOVTOG M oxun TTOV eTLAéyel xdbe QoG var un OMULOVQYEL ®ATOLO ®UXAO OTO YQAO.
Ztapotd otav €xer emAEeEL v — 1 axpég, Omov v elval 0 aQUdg Twv ®OUPwVY TOV YOAUPOU.

O oiyo6obuog tov Prim Eexntvd oo €vav omolodmote ®OUPO TOV YOAQOU %L TQOOOETEL
™MV axpy) exelvn, a0 aUTég TOV CUVOEOVTOL 0TOV ®OUPOo, N omolo £xeL To eAdyLoTo PBdoog. H
axp avTn ®ow Ta OV0 GxEO TG amoTehovv TO dEVOEo Ti. To dévopo T, madyetar amd To
0évdpo Ty, mEoobétoviag o autd TNV oxuny Ue To MxEOTERO BAEOg oV ovvoteL To 1),
Ue 1OTOLOV ®OUPO TOV YEAPOL TTOV dev ovurtepthouBavetor axouo oto T,_i. H daduaoio
ovty) ovveyiletar €mg OTov ®rataliEeL 0 ahyoolbnog oto tnrovuevo 0évdpo T, ;.

‘Exev amodetyOel 6tL xow ov dvo akydptbuor €xovv molvmhondmra O(A * In(K)), duwg
0 aAyouog tov Prim wiwopel vo omoxtnoel, we I xeMon emeav (heaps) tov Fibonacci,
mohvmhordtnto. O(A + KIn(K)). Av 0 apbudg | K| Tov ®oufov eivor oA unpoTeog Tov
apuoy Twv axpwv |A], tote avt) N Tagarlhayn Tov akyopbuov tov Prim xatakiyer va
elvar toyvTeQn.
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Mogdomuo I

Interacting with CLUE

This appendix describes how one can use CLUE. The information herein is derived from

the

information contained in Alexandros Labrinidis’ Master thesis [Lab95].  Additions,

enhancements, etc. are marked accordingly.

Il

CLUE command line options

CLUE accepts the following command line options:

—-in Mandatory

Must be followed by a filename argument, which should contain a description of
transaction triplets in CLUE format.

—-out Mandatory

Must be followed by a filename argument, where output will be stored.

—-par Mandatory

Must be followed by a filename argument, which should contain settings of parameters
and commands to be executed by CLUE.

—-fly Optional

Must be followed by a filename argument, which should contain a description of
transaction triplets in CLUE format. These transaction triplets will be used as input to
one of the on--the--fly clustering algorithms.

-msg Optional

Must be followed by a filename argument, where messages and other additional
information will be stored.

-TPsim Optional

Must be followed by a positive integer argument, which should be the number of nodes
that will be used in the experiments with TPsim. CLUE needs to know this, since it
uses it for distributing the Data Base pages to the system nodes.

—Verbose Optional

Used to instruct CLUE to enter verbose mode, in which it produces additional messages,
informing the user on the particular command it is currently executing.
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The following two sections describe the format of the file where the transaction triplets
are stored (argument to the —in / —f1y options) and the format of the script file that is used
to set parameters and give commands to CLUE for execution (argument to the —par option)
respectively.

I''2 CLUE Reference Input File

HCLOU_sample_input

# The header 1ine has tobe the first line. THIS is a comment.

# The header line stringmust not contain any white-space characters.
# The header line string' smaximum length is 40 characters.

# Maximum line length is 80 characters.

- - 2=———————= 3——————— d————————= S5———-——— 6————————— === 8
#

# Note: The order of the following SECTIONS is mandatory. The order of the

- records WITHIN the sections is immaterial.

#

#
#******************************************************************************
# * Global Section (record type=G): *

#******************************************************************************

# RecordFormat: "G<what_string>=<how_many_string> [comment]".
#

# The global section is the first sectionafter the header line.

# Withinthis section, theorder of theentries is immaterial.

#All global lines are mandatory.

#
G interval _length=1000 Length of observation interval (seconds).
Gno_user_ids=3 Number of user-IDs (first component of WL class id).

Gno_term_ids=14 Number of terminal-IDs (second component of WL class id).
Gno_tran _ids=5 Number of transaction IDs (third component of WL class id).

Gno_workload_class_elements=12 Number of WL class elements (triplets).
Gno_workload classes=3 Number of workload classes.
Gno_data_class_elements= 10 Number of data classelem. (initial databuckets).
Gno_data_classes=10 Number of data classes.

# >>>Note: This list may be extended in the near future!. <<<

#

#***************************************k*k*k*k************************************

#* List of USER_IDs (containsno_user_idsentries, record type=U) *
#************************k*k*k*k*****k*k*k*k****k*k*k*k*****k*k*k*****k************************
# RecordFormat: "U<u_key><u_id string> [comment]".

#

# AUSER_ID is a character stringwithout white-spaces.

# The maximum length is 8 characters.

# Each USER-ID string is uniquely associatedwith an integer key.

# The integer key isusedto identify "it's" USER_ID string in the

# workloadclass description (seebelow). The order of the USER-IDs or

# the integer keys is immaterial. The integer key range must not have gaps.
# Zeroes are not allowed as key values. The number of USER-IDs has to be

# equal to the value of no_user_ids in the global section (this condition

# is checkedby the program! Note: ID-Strings are case sensitive!!!

#

# IMPORTANT NOTE: Actually, the key list must be dense and in increasing

# order. Thismay be changed in future versions of the




modules which read and process this type of input file.
Though it is not reallynecessary toexplicitly represent
thekeysinthis file (under this restriction), it makes
debugging easier because the file ismucheasier to read.

Ee s

#

U 1 UALPHA
U 2 UBRAVO
U 3 UCHARLY
#

#

#******************************************************************************

#* List of TERM_IDs (containsno_term idsentries, record type=T) *
#******************************************************************************
# RecordFormat: "T <t_key><t_id_string> [comment]".

#

# Specificationsandrestrictionsof user _idlist applies (see above).

#

T 1 TDELTA

T 2 TECHO

T 3 TFOXTROT

T 4 TGOLF

#

#

#******************************************************************************

# * List of TRAN_IDs (containsno_tran idsentries, record type=X (xaction"))*
#******************************************************************************
# RecordFormat: "X <x_key><x_id_string> [comment]".

#

# Specifications andrestrictionsof user_idlist applies (see above).

#

X 1 XINDIA

X 2 XJULIET

X 3 XKILO

X 4 XLIMA

X 5 XMIKE

#

#

#

#******************************************************************************

# * Description of WorkloadClass Elements (no_workload class_elements, 'e') *
#******************************************************************************
# RecordFormat: "e <element_key><u_key> <t_key><x_key> [comment]".

#

# One entry for each occurringWorkload Class Member. The members are

# some kind of "refinedtransactiontypes" andare uniquely defined

# by the triplet (user_id, term id, tran_id). The IDs are

# not representedas strings, but as their integer keys as described in the

# above lists (U, T, and X).

#

ell23

e2124

e3131

edl4d1l

e5332

e6l125



e7314
e8145
e9215
el0224
ell233
el2242
#

#

#***************************************k*k*k*k************************************

# * WorkloadClass List (containsno_workload classesentires, rect =W)*
#******************************************************************************

# RecordFormats: "W<wl_class_key><number_of elements> [comment]".

# "w<element_keyl><... _5> [comment]".

#

# Eachworkloadclass consistsof a set of workloadclassmembers. The class

# descriptionis introducedwith a workloadclass record (recordtype 'W'). This

# recordis followedby a seriesof 'w' records. A'w' recordlistsupto
# 5 classmembers. Aclassmember isidentifiedby the element_key fromthe
# above element list. Inaninitial input file, eachworkloadclass has exactly
# one member.

#

#

# Workload Class Description (Class_1, 3 Members)

W13

wl

w2

w3

# WorkloadClass Description (Class_2, 4 Members)

W25

w9

w10

wll

w12

# WorkloadClass Description (Class_3, 5Members)

W35

w4

w6

w5

w7

w8

#

#***************************************k*k*k*k************************************

# * Description of Data Class Elements (no_workload class_elements, 'b") *
# KA A KA A AR A A AR A AR A A A AR AR AR AR AR AR AR A AR A AR AR A AR A A AR A AR A AR A A A A kA Ak Ak kA kA hkhkhkhkkkkkkkkkkk%
# RecordFormat: "b <bucket_key><min> <max> [comment]".

#

# Adata classmember is a continuous sequence ( "bucket": min, ... max) of data
# objects accessedby workload class members/elements. Adata classmay be

# described by physical block numbers or lock names or whatever as long as

# the identifierscanbe usedto identify the physical locationof data.

# Min and Max may have the same value. The data bucket is an atomic unit;
#Normally, two (ormore) buckets are NOT "melted together". If twobuckets are
# assumedtobe similar, they are put into/assumedtobe in the same data class!
#
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b21019
b 32029
b 43039
b 54049
b 65059
b 76069
b 87079
b 98089
b 1090 99
#
#
#
#

#******************************************************************************

# *Data Class List (containsno_data_classesentires, rect =D) *
#******************************************************************************

# RecordFormats: "D <d_class_key><number_of_elements> [comment]".

# "d<bucket_keyl><... _5> [comment]".

#

# Each data class consists of a set of data class members (buckets). The class
# descriptionis introducedwith a data class record (recordtype 'D'). This

# recordis followedby a seriesof 'd' records. A 'd' recordlistsupto
#5 classmembers. Aclassmember is identifiedby the bucket_key fromthe
# above element 1list. Inan initial input file, eachdata class hasexactly one
# member.

#

# Data Class Description (Class_1, 1 member)
D11

dl

# Data Class Description (Class_2, 1member)
D21

d?2

# Data Class Description (Class_3, 1 member)
D31

d3

# Data Class Description (Class_4, 1member)
D41

d4

# Data Class Description (Class_5, 1 member)
D51

ds

# Data Class Description (Class_6, 1 member)
D61

de

# Data Class Description (Class_7, 1 member)
D71

d7

# Data Class Description (Class_8, 1member)
D81

ds

# Data Class Description (Class_9, 1member)
D91

do

# Data Class Description (Class_10, 1 member)
D101



#******************************************************************************

# * Reference Matrix *

# KA A KA A AR A A A A A AR A A A AR A AR AR AR AR AR A AR A AR A A AR A A AR AR A A A A A A A A kA Ak Ak Ak Ak kA hkkkhkkkkkkk k%
# RecordFormats: "r <workload class_key><data class_key><#accesses> [comnt]".
# "u<workload class_key><data class_key><#accesses> [comnt]".

#

# This section containsall non zeroentriesof the referencematrix. This
#matrix isorganizedas follows:

#

# —arow for eachworkloadclass

# —acolumn for each data class

# —eachentryconsistsof two sub-entries:

# . number of retrieval/readaccesses (recordtype 'r')
# . number of update/write accesses (recordtype 'u')
#

#Alineinthis file describesexactly one sub_entryof the referencematrix.
#

# Though zero_entriesmay be storedhere, this isnot necessary andtherefore
# awaste of disk space.

#

r111.000000e+02

ulll0l

r221000

u221001

r 3310000

u3310001

r14200

r252000

r3620000

ul?7301

u283001

u3930001

u310 300001

#

#

#***************************************k*k*k*k************************************

f oxxokx Kok xkokxxkx This is the last 1ine of the workloaddescription file **xx**x*

I'.3 SCRIPT Reference Input File

# This is a comment
# Maximum line length is 80 characters.
o 1l 2——m— 3 e 5 6————————— T=—————— 8

# FILENAME: reference-input. pro

# DESCRIPTION: Contains a sample protocol script file, and shows all the
# commands / settings of the script grammar.

# CREATION DATE: July 13rd, 1994



#

# Note: The order of the following SECTIONS and the order of each command

#—— WITHIN the sections is immaterial.
#******************************************************************************
# * Settings Section *
#*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*k*****k*k*k******k*k*k*****k*k*k*****k*k*k************************

set maximumnumber of utilizationclasses=15
# Sets the maximum acceptable number of utilizationclasses
# (i.e. thegoal of the clusteringalgorithm)

set automatic clustering=0N
# Sets whether the clusteringperformedwill re-compute the clustering
# distance automatically or not. Validchoicesareon/trueORoff/false.

set metric=PLDM

# Sets the distancemetric tobe usedby the clusteringalgorithm.
# For the time beingvalidchoices are:

# PLDM = Pseudo Linear Dependency Metric

# VDM = Vector Dependency Metric

set clusteringdistance =0. 2

# OR: set clusteringdistance =sqgrt(2.0)

# OR: set clusteringdistance=sqrt(2.0) /15

# Sets the (initial ornot) clusteringdistance for the clusteringalgorithm.

# Validparameters are of type double or sgrt (double) or sqrt(double) / integer.

set clusteringdistance increase ratio=10%
set clusteringdistance decrease ratio=10%
# Sets the ratiothat CLOUwill use while automatically re-adjustingthe
# clusteringdistance (increase or decrease)

set clusteringdistance upper bound= 0. 0001

set clusteringdistance lower bound=1.0

# Sets the range of allowable values for the clusteringdistance
# Upper bound shoulddefinitelybe 1 (or less) for PLDM

set maximum clusteringdistance increase ratio=1000%

set maximum clusteringdistance decrease ratio=90%

# Sets themaximumallowable ratio that CLUE can use while automatically
# re-adjusting the clusteringdistance (increase or decrease).

# Going off bounds equals to the terminationof the algorithm.

set maximum number of ping-pongs = 3
# Sets the maximumnumber, the algorithmisallowedto "ping-pong", i.e.
# to change its mind about decreasing / increasing the clusteringdistance.

set max compressionrate=10%

# Sets the maximum acceptable compression rate of the number of PUCs.
# When the compression rates becomes more than that value

# the clusteringdistance has tobe re-adjusted (decreased).

# Validparameters are of type double, or percentage.



set k factor=15%

# Sets theminimumacceptable compressionof the compression rate of PUCs.

# When the compression rates becomes less than some k% of its original value,
# the clusteringdistance has to be re-adjusted (increased).
#Validparameters are of type double, or percentage.

set goal almost reached at 5%
# Sets the "proximity" to the original goal criterionwhich is used
# torelax the k_factorcriterion, whengoal is almost reached.

set unify style=avg

# Sets thebehavior of theunify function regarding the update of the

# referencematrix. For the time beingvalidchoices are:

# ADD: Simply adds up the vector rows of the workload classes tobe unified.
# AVG: Calculates the average of the vector rows of the workloadclasses

# tobeunified.

set stop at no change =10

# Sets whether to stop the clusteringwhenamodification (i.e. increase) of
# the clusteringdistance does not lead to a reduction of the number of PUCs
# during a ECS for a certainnumber of times (10 in the example).
#Validparameters are of type integer.

set writeweight =1

set readweight =1

# Set the weight to use when adding up the number of read and the number of
#write accesses. Validparameters are of type integer.

set maximum intervals coefficient =299%

set minimum intervals coefficient =43%

# Set the two coefficients that are usedto define the range in which the
# number of rows for each intervalsmust fall in.

set snapshots at every 1000 triplets

set snapshots when learning rate change by 20%

# Sets the conditions that must bemet for theonthe fly clustering
# algorithms to take a snapshot of their current state.

#***************************************k*k*k*k************************************

# * Commands Section *
#******************************************************************************

#

store zeroes in columnO
#OR: initialize columnO
#Fills column O entries inthe referencematrix with zeroes.

store sums in columnO
#Fills column O entries in the referencematrix with the sumof
# the elements for each row.

wipeout zero rows
# Completelyeliminates rows withall elements=0



sort
# The 1st preprocessing step: sortingof rows in descendingorder of references.

store sum squares in columnO
#Fills column 0 entries in the referencematrix with the sumof
# the squares of the elements for each row.

downscale
# The 2nd preprocessing step: downscalingof all the referencematrixentries.
# (Allmatrixentries are dividedby the maximum number of accesses. )

normalize

# The 3rdpreprocessing step: normalizationof the row vectors usingthe

# maximum vector norm.

# (Allmatrixentries are divided by the maximum of the maximum vector norms. )

do clustering
# Performthe clustering (used when automatic clusteringison).

do clusteringwith HALC
# Performthe clusteringwith HALC (=the default)
# (other possible candidates: BEA, KMEANS, ISODATA).

do clustering step
do 6 clustering steps
# Performone or more Elementary Clustering Steps.

do clusteringon the fly using KMeans minimizingMSE [with KMeans] [@ 8890]

do clusteringon the fly using KMeans minimizing VWMSE [with KMeans] [@ 8891]

do clusteringonthe fly usinggraph 5 180% [with KMeans] [@ 8892]

# Start onthe fly clusteringwitheither one of the two KMeans Neural-Networks

# or the graph theoretical algorithm.

# The last one takes two arguments: the depth (an integer) of the pathit will search
# for inconsistent edges and the percentage whichwill be usedas a threshold

# value.

#If "withKMeans' is specified, thenbatch Kmeanswill be run at each snapshot

# inorder to compare its clusteringwith the one of the on-the-fly algorithm.

# Input to the on-the-fly algorithmcan be given in two ways:

# 1) Throughthe -fly option at the command line, inwhich case CLUEwill read

# the contentsof the specifiedfile, or

#1i) Througha client programwhichestablishes a socket connectionwith CLUE

# anduses that topasstoCLUE the tripletstobe clustered. The socket port

# thatwillbeusedinthisconnectionisthe number givenafter the @' character.

#******************************************************************************

#AxAxkxkoxkxkxkxxx Thig i the last 1ine of the protocol description file *****xx%






IHogaotnua A

Anotedeonota Agyuzov Iewpopdtov ne
tov Avangoocaguoiopevo K-MEANS

2ta ®OTOOL TUWUOTO TOQATIOEVTAL TO QITOTEAEOUATO TWV TTELQAUATWOV JTOU EYLVOV UE TO.
OEOOUEVOL TTOV TTEQLYQUPOVTOL OTO AEPAAOLO 5 UE XONOMN OTO uev tunua A.l tov ovomo-
oopuotonevou K-MEANS mov eloyrotorotel T ovvdptmon VWMSE, oto de tujua A2 tov
ovastooaUOLouevov K-MEANS mov ehaylotomotel ™ ovvdotnon MSE.

To undevind otovyelor Twv Tvdrmv oV axolovbolv €xovv magaiergpbel mote va elvor
EUXOAOTEQN M %OTAVONOY TOVG.

A1 Tlewgdparo pe gvvagnon xé6ctovg ™ VWMSE

O mivarag A.l TeQLeExeL TO QITOTEAEOUATO TNG OUOOOTOINONG TWV UN  ETTLROAVTTOUEVOV
TETQAYDVWVY, OTAV TO. ®EVTQO £XOVV 0QYLKOTTOLNOEL e TUXOLES TLUES.

To ovtioToly o aITOTEAEOUATO YLOL UN ETTLXAAVITTOUEVA TETQAYWVO, OTAV £X0UVV YONOLUO-
TownOel TOQOOELYUOTO MG AQYWES TLUEG TWV KEVIQWV, POLVOVIOL OTOV JTivora A.2.

‘Otov eloaydyovpe xor 00QUBO (UN UNOEVIXES TLUES EXTOS TV TETQOYMVWYV), TOTE, YLo
TUalo. aQYMOTOINON TV %EVIQWV AoUPAVOUUE TO QITOTEAEOUATO TOV TTivaxa A3, eved Yo
0QYLLOTTONON aTtd TO TORAOELYUATO, OUTO TOV A4,

'OtV €YOVUE UEQUMG ETTUAAVTTOUEVA TETQAYWVO %Ol TUXAlo 0QyLroToinom, TOTE Aou-
Bdvovue TO ATTOTEAEOUOTO TOV TTivoro A5, evid OTAV 1 0QYXOTTOINON YIVETOL UE KOTTOLOL €
TOV TOQUOELYUATWY, TOTE OVTO TOV A.6.

Edqv emumhéov, ewoaydyovue ot OOQUBO OTA UEQLRMG ETTLKOAVTTTOUEVO. TETQAYWVA, TOTE TO.
aroteAéopnato. LeTOPAAAOvVTOL OTtwg @aivetal otov Jivona A.7, nobwmg ral otov A.8.

H notoxdQugn oLdotaon TV TOAVOQEQDEVTWV TTLVARMYV OElyVEL TIG TTQOYUATIXESG OUAOES
TOV  TOQUOELYUATWV  (TEayuatnd Oedouéva), eved 1 0QLLOVTLOL TG OUAdES TTOV €Efyaye
TEMUOG 0 OAyOOUOg (extipovuevo omoteréopota). 'Etol, mwy. m 06éon (1,7) evog mivana
ovagéper TOo TAQOOELYUATO TG TEMOTNG ouddag TomobeTiOnuoy telMnmwg otnv €Rdoun.

IMopotmowvtag ta omoteléopota, PAEmovne OTL N Tuxoio aQywxomoinon dlver xohiteQa
OTTOTEAEOUOTA, OIS OTLS TTEQUTTMOELS TTOV VITAQYEL OOQUBOS M T TETOQAYWVO. ELVOL UEQLUMG
ETTLROAVTTTOUE VL.

Emiong, mopoatnoovue OTL 0TV TeQUTtTmon TOV (] ETUOAVTTOUEVDV  TETQAYMVWY, 1
TeEARN ®ATATOEN Oev elval trovortomtiry, ®obmg Oheg OL OUGOES eXTOS TOLOV (TELTN, €vatn
now O€natn) ovayvmpilovrar g M déxatn xAGom ®ou exTOg aVToV 1 dérotn £xeL dwoomoobel
o€ Ghheg WHQOTEQES.
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AvTr) TNV ®axn OVWTEQLYPOQA Oev TNV €xeL O OAYOQLOUOG 0T UEQUAMG ETTLAOAVITTOUEVO.
TETQAYWVO. (axoua zat Toovoiar BopUBov ota dedOUEVQ).

Mio mbavy €Eqynon yio T owvOuevo ovToO, €lval Twg TO. TOQOOELYUOTO TTOV €OVV
UEQLAMG ETTLXOAVITTOUEVO. TETQAYMWVO, ELVOL TTLO OUOAD KOTAVEUNUEVO. OTLG OLAPOQES OUAOES
0O AUTE TTOV OEV €YOVV ETLXAAVITTOUEVO TETOAYWVO %OL £TOL, 1M OLOOTORA vg TG rAde
ouadag etvar mepirtov n dwo. Emouévwg, n amootoon telver va wpooeyyloer tnv Evrheloua,
OV OTNV TTEQITTWOT HOG OLaymEilel ®oAITEQA TLG OUADECS.

Ouv mivareg A9, A.10, A.11, A.12, A13, A.14, A.15 nou A.16 mwopovoldCovv To
OTTOTEAEOUOTOL TTOV TTROEXMpaV OTav yonouortomiOnxe n Evrkeidio amootaom.

2g QUTOVG TOQATNEOVUE OTL TO VEVQWVIXO OIXTVO €TLOELUVUEL TTOM) ROAVTEQN CUUTTEQL-
POQA. %aL UeYAAUTEON axQifela opadoroinong otav yonowpomoreitar n xAaoown Euvxieidio
aTOoTOoN.



@ RcaAQE=QO D

Extipovpeva
R ————

| | 1] 2] 3[4] 5] 6] 7] 8] 9] 10] Svvohxd |
1 181 181
2 114 114
3 199 199
4 188 188
| 5 158 158
6 193 193
7 160 160
8 161 161
9 185 185
10|59 | 44 317016563 157 461
[ Zvvohnd [[59 [44 [199[3[70[ 6563 ] 1155 [ 185 [ 157 | 2000 |

ITivaxag A.1: NN-VWMSE: Mn emwmolvrtopeva tetpdymva dixmg 00pupo (Agytromoinon

TUYOLOL)
1 Extipovueva
0
al] [1] 2] 3] 4] 5]6] 7] 8] 9] 10] Svvohxd |
ﬁ 1 181 181
a 2 114 114
v 3 199 199
% 4 138 183
¢ 5 158 158
6 193 193
7 160 160
8 161 161
9 185 185
10 6] 107 100 517057 116 461
| Zuvohuxd [ 6 | 107 [ 199 | 100 [ 158 [ 5[ 70 [ 57 | 1182 | 116 || 2000 ||

ITivaxag A.2: NN-VWMSE: Mn enwnaivtopeva TeTedymva otyws 06pvfo



Extipovueva
e

| | 1] 2] 3] 4] 5] 6] 7] 8] 9] 10] Suvohxa |
181 181
114 114
199 199
188 188
158 158
193 193
160 160
161 161
185 185
10 153 132 2174 461

[ Zvvohwa [[ 181 [ 153 [ 199 | 132 [ 158 [ 193 | 160 | 463 | 187 [ 174 ]| 2000 |

@ RecAaQE=QO

||| N B W —

O

[Tivoxog A.3: NN-VWMSE: Mn emweahvmtoueva TeTedymvo. pe 00ouBo (AQyuromoinon Tu-
yoio)

1 Extipovueva

Q

al] | 1] 2] 3] 4] 5| 6] 7] 8] 9] 10] Suvvohxa |

;{ 1 181 181

o 2 114 114

L 3 199 199

g 4 188 188
5 158 158
6 193 193
7 160 160
8 161 161
9 185 185
10 || 152 | 136 1] 172 461

| Suvohnd || 152 [ 136 | 199 | 483 | 158 | 193 | 160 | 161 | 186 | 172 | 2000 |

ITivarag A.4: NN-VWMSE: My enwnaivttopevo TeTodywva e 06oupo



@ RcaAQE=QO I

Extipovpeva
R ————

| | 1] 2] 3] 4] 5] 6] 7] 8] 9] 10 Svvohxd |
1 175 175
2 167 167
3 145 53 198
4 154 15 169
5 1 164 | 3 168
6 111 111
7 22 | 150 6 178
8 1 126 127
o 8] 9] 3 14 6] 2] © 108
10 | 100 | 98] 94 92 97 118 599
| Suvolwnd || 108 | 107 | 97 [ 300 | 106 | 707 | 154 [ 103 | 194 | 124 | 2000 |

[Tivorog A.5: NN-VWMSE: Meoumwg emnalvmtopeva tetodymva dixmwg 06oupo (Agyuro-
moinon Tuyoia)

@ RecaQE=RQO

Extipovueva

| | 1] 2[ 3] 4] 5] 6] 7] 8] 9] 10] Suvvohwud |
1 175 175
2 167 167
3 145 53 198
4 154 15 169
5 1 164 3 168
6 111 111
7 22 | 150 6 178
8 1 126 127
off 4] o9 8 8 41 62| 13 108
108 [ 115 | 87 109 85 118 599

| Suvohna || 89 | 124 [ 95 [ 300 | 117 [ 707 [ 154 | 89 | 194 | 131 | 2000 |

ITivaxag A.6: NN-VWMSE: Meoutg eTXaAVTTOUEVA TETQO YWV dlymwg 06upo



Extipovueva
e

I
Q
alf | 1] 2] 3] 4] 5] 6] 7] 8] 9] 10] Suvohxa |
le 1 175 175
a 2 119 48 167
v 3 21| 24 53 198
g 4 1]153] 15 169
5 1] 125] 42 168
6 1] 110 111
7 22 | 150 6 178
8 1 126 127
9 21 62 | 25 108
10 || 294 1 304 599
| Suvohund || 315 [294 | 122 [ 178 | 142 | 174 [ 151 [ 101 | 194 | 329 | 2000 |
[Tivoxog A.7: NN-VWMSE: MeQurmg emroAlvTtopevo. TeTedymvo. ue B0pupo (AQyromoinon
TUYOLO)
1 Extipovueva
Q
al] | 1] 2] 3] 4] 5] 6] 7] 8] 9] 10 Svvohxd |
\,i 1 174 1 175
a 2 165 2 167
v 3 53 [ 121 | 24 198
® 4 1153 15 169
¢ 5 11125 42 168
6 1]110 111
7 22 | 150 6 178
8 1 126 127
9 10 17] 62| 19 108
10 || 170 197 232 599
| Zuvohuxd [| 180 [ 392 | 122 [ 178 | 144 [ 174 | 151 [ 214 | 194 [ 251 | 2000 ||

[Tivorog A.8: NN-VWMSE: Meoutmg emrolmTopevo. Tetodymva ue 06oupo



A2 Tlewpdpato pe ovvagtnen »éotovg T MSE

- Extipovueva

Q

al] | 1] 2] 3] 4] 5] 6] 7] 8] 9] 10 Svvohund |

ﬁ 1T172] 9 181

a 2 1]105] 8 114

v 3 1 91 7 199

g 4 1 181 6 188
5 1 152 5 158
6 1 188 4 193
7 1 156 | 3 160
8 1 158 2 161
9 1 183 1 185
10 1 460 461

[ Zuvohuxd [ 181 [ 114 [ 199 [ 188 [ 158 [ 193 [ 160 [ 161 [ 185 [ 461 | 2000 |

ITivaxag A.9: NN-MSE: M7 emuolvrtoueva Tetodymva diyms 00pupo (AQxuromoinon tuyoio)

Extipovueva
R ————

| | 1] 2] 3] 4] 5| 6] 7] 8] 9] 10] Suvvohwxd |
181 181
114 114
199 199
188 188
158 158
193 193
160 160
161 161
185 185
461 461

| Suvohuxd || 181 [ 114 | 199 | 188 | 158 | 193 | 160 | 161 | 185 | 461 | 2000 |

A RcaAQE=RQOI

OO0 | NN | W N —

—

ITivaxag A.10: NN-MSE: M7 emurahvmtopevo TeTedymva olymg 00pvpo



@ RecaQE=RQO

Extipovueva
e ————

il
e
hal

9]
>
~

8 ‘ 9 ‘ 10 H SVUVOALRA H

181
105 8 114
191 7 199
181 6 188
152 5 158
188 4 193
156 3 160
158 2 161
183 1 185
10 460 461
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Mogdompua XT

Telhxza Iergapata

210 TOQAQTNUOL OVTO TTEQLYQAQPOVTAL T AQYELR €000V TOV XONOLMOTOWONoaV %atd
OLEEQYYY] TWV TTELQAUATWVY MOTE VO ELVOL OUVOTY] 1 ETTAVAAYY TOVG.

3T.1  Auoymelopiog TV GUVOAMV dEdONEVOV

To ovvoha dedouévwv Tov YoNnouoToOnoav oto Tewpduata, dwoyweiodnoav oe dVo vITo-
OVVOAQ, €VOL TTOV YONOLUOTTOON®E YIo. TNV EXTOUOEVON TV OAYOQLOUWY OpadoTOinong “‘ev
TTTNOEL”” %Al VA TTOV XONOLUOTTOWON®E yiow TNV 0ELOAOYNON TOvG. O SLomELOUOG €YLVE Ue TN
XONON TOV TEOYEAGUUatog TTS (ouvtouoypogia Tov training & testing sets). To mwdyoauuo
ovtd Aapfaver To eEng oplonata:

-f Ynmoyoewtino

[Tpémer vor omolovbeltar amd TO GvOuo. TOV GQYELOV TTOV TEQLEXEL TA TTROG OLAOTTOON
dedouéva oe nopen eLoddov tov CLUE (BAéme to mopdotnua I' yio v meouypagn g
Mo cTiS).

-p Ymoxoewtixo

IMpémer vo axohovbeltor atd T TOCO00TO TWV dedouEvev Tov Bo. xonouotombovv ya
enmaidevon, oto odotnuo. (0,1).

—c Ipoatetino

IMpémer vo axohovOeitor ard 1o TAMB0g TV opddwv Tov oynuotiCouv ta dedouéva.
‘Otav olvetar, to TTS Pdaler ota dedouévo ov Bor xonopomomnbouv o extaidevon
(00 aEud amd #dabe oudda.

-s ITpoateTino

[Toérmer vo. anohovbeitor oo évov abud o omoiog o yonowwomowmbel yia va. 0Qywmo-
TTOWOEL TNV YEVVITOLOL Tuyaiwy aoubumy mov yonowpomotel To TTS. Edv oev dobel, tote
YONOLWMOTTOLELTOL O TEEXWV XOOVOG TOU OVOTHUATOS YL VO VITOAOYLODEL €vog TETOLOG
aQnog now 1o TTS tov avageéper oty €5000 TOV.

To TTS mopdyer d00 apyeio ta omola ovoudlel TEOOHETOVTAS OTO TEAOG TOU OVOUATOS
TOV aQyelov ewoddov To embéuato -training xon -testing. ‘'Etoi, ov extehéoel wAmoLog v
EVIOM]:

tts —f input -c 100 -p .10 —-s 32481
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0o dnuwovpynbouv dvo agyelo, To input-training xow to input-testing ue mAndog

oedouévaov 10% ot 90% avtiotouyo.

Ou evtohég mov Oa mapdyouv To. idtor aQyelor Oedouevwy ue ovtd TOV KENoLHOTOL ooV

0TO. TEMXA TTELQOUATO. TOV AEPOAQLOV 6, elvor oL rATwOL:

tts
tts
tts
tts
tts
tts
tts
tts
tts
tts

tts
tts
tts
tts
tts
tts
tts
tts
tts
tts

tts
tts
tts
tts
tts
tts
tts
tts
tts
tts

tts
tts
tts
tts
tts
tts
tts
tts
tts
tts

tts
tts
tts
tts
tts
tts

-t
-f
-f
-f
-t
-t
-f
-f
-f
-t

1000x1000=100: diagsR -c 100 -p .10 —-s 845291227
1000x1000=100: diagsR —c 100 -p .10 —-s 845411653
1000x1000=100: diagsR —c 100 -p .10 —-s 845637782
1000x1000=100: diagsR —c 100 -p .10 —-s 845653660
1000x1000=100: diagsR -c 100 -p .10 —-s 845728222
1000x1000=100: diagsR -c 100 -p .10 —-s 845741067
1000x1000=100: diagsR —c 100 -p .10 —-s 845899157
1000x1000=100: diagsR —c 100 -p .10 —-s 845908929
1000x1000=100: diagsR —c 100 -p .10 —-s 845915609
1000x1000=100: diagsR -c 100 -p .10 —-s 845919532
10000x1000=100: diagsR —c 100 -p .10 —-s 845925843
10000x1000=100: diagsR —c 100 -p .10 —-s 845927624
10000x1000=100: diagsR —c 100 -p .10 —s 846174694
10000x1000=100: diagsR —c 100 -p .10 -s 846181050
10000x1000=100: diagsR —c 100 -p .10 —-s 846237748
10000x1000=100: diagsR —c 100 -p .10 -s 846238604
10000x1000=100: diagsR —c 100 -p .10 —-s 846341981
10000x1000=100: diagsR —c 100 -p .10 —-s 846342013
10000x1000=100: diagsR —c 100 -p .10 —-s 846416416
10000x1000=100: diagsR —c 100 -p .10 —-s 846446662
30000x1000=100: diagsR —c 100 -p . 03333333333333333333
30000x1000=100: diagsR —c 100 -p . 03333333333333333333
30000x1000=100: diagsR —c 100 -p . 03333333333333333333
30000x1000=100: diagsR —c 100 -p .03333333333333333333
30000x1000=100: diagsR —c 100 -p .03333333333333333333
30000x1000=100: diagsR —c 100 -p .03333333333333333333
30000x1000=100: diagsR —c 100 -p . 03333333333333333333
30000x1000=100: diagsR —c 100 -p . 03333333333333333333
30000x1000=100: diagsR —c 100 -p . 03333333333333333333
30000x1000=100: diagsR —c 100 -p . 03333333333333333333
PULS. clue -p .10869565217391304347 —-s 847720836

PULS. clue -p .10869565217391304347 —s 847828982

PULS. clue -p .10869565217391304347 —s 847829089

PULS. clue -p .10869565217391304347 —-s 847829234

PULS. clue -p .10869565217391304347 —-s 847829441

PULS. clue -p .10869565217391304347 —s 847829575

PULS. clue -p .10869565217391304347 —s 847829709

PULS. clue -p .10869565217391304347 —s 847829844

PULS. clue -p .10869565217391304347 —-s 847829984

PULS. clue -p .10869565217391304347 -s 847830090

DOA. clue -p .10 —-s 847923159

DOA. clue -p .10 —-s 847923329

DOA. clue -p . 10 —-s 847923499

DOA. clue -p . 10 —-s 847923671

DOA. clue -p . 10 —-s 847923841

DOA. clue -p .10 —-s 847924010

846777221
846777222
846796739
846938197
847039933
847039935
847109283
847109286
847191772
847191787



tts —f DOA.clue -p .10 —s 847924179
tts —f DOA.clue -p .10 —s 847924439
tts —f DOA.clue -p .10 —s 847924815
tts —f DOA. clue -p .10 —s 847925176

O AOYOG Y00 TOV 0700 TO TOO0O0TO TV dedOUEVIV TTEOG EXTTALdEVON OTNV TTEQLITTMON
Tov ovvohov 30000x1000=100:diagsR elvar .033... avti yuo .10 eivor OtL Béhaue va éyovue
uovo 1000 dedopévo TEOG exTTaidevon, OTWG ®aL 0To ovvolo 10000x1000=100:diagsR.

2TV meplittmwon Tov ouvolov PULS, yonowportomonxe to mooooto .10869565217391304347
yott avtd €0wve 30 Oedouéva TEOG eXTOLOEVON O0EC NTav %ol oL ouddeg OV Cnrovooue.
‘Etot, oL vevpmveg Twv OU0 dUTUMV UTTOQOVOAV VO 0Q)LXOTOLNOOTUV OAOL.

3XT.2 Agyeia evrorov tov CLUE mov yonoipomounocov

Ta merpodpata ue to CLUE éyuwvav toéxovidg 1o wg €ENg (avordymg ue Tov alyoolipo ov
Bo. enxtehovvTOV):

clue -in 1000x1000=100: diagsR-training —fly 1000x1000=100: diagsR-testing \
—out snapshot -par script-1000-nnmse

clue -in 1000x1000=100: diagsR-training —fly 1000x1000=100: diagsR-testing \
—out snapshot -par script-1000-nnvwmse

clue -in 1000x1000=100: diagsR-training —fly 1000x1000=100: diagsR-testing \
—out snapshot -par script-1000-kmeans

clue —-in 1000x1000=100: diagsR-training —fly 1000x1000=100: diagsR-testing \
—out snapshot -par script-1000-halc

clue -in 1000x1000=100: diagsR-training —fly 1000x1000=100: diagsR-testing \
—out snapshot -par script-1000-graphos

clue —-in 10000x1000=100: diagsR-training —fly 10000x1000=100: diagsR-testing \
—out snapshot -par script-10000-nnmse

clue —-in 10000x1000=100: diagsR-training —fly 10000x1000=100: diagsR-testing \
—out snapshot -par script-10000-nnvwmse

clue -in 10000x1000=100: diagsR-training —fly 10000x1000=100: diagsR-testing \
—out snapshot -par script-10000-kmeans

clue -in 10000x1000=100: diagsR-training —fly 10000x1000=100: diagsR-testing \
—out snapshot -par script-10000-halc

clue —-in 10000x1000=100: diagsR-training —fly 10000x1000=100: diagsR-testing \
—out snapshot -par script-10000-graphos

clue —-in 30000x1000=100: diagsR-training —fly 30000x1000=100: diagsR-testing \
—out snapshot -par script-30000-nnmse

clue —-in 30000x1000=100: diagsR-training —fly 30000x1000=100: diagsR-testing \
—out snapshot -par script-30000-nnvwmse

clue —-in 30000x1000=100: diagsR-training —fly 30000x1000=100: diagsR-testing \
—out snapshot -par script-30000-kmeans

clue —-in 30000x1000=100: diagsR-training —fly 30000x1000=100: diagsR-testing \
—out snapshot -par script-30000-halc

clue —-in PULS. clue-training —-fly PULS. clue-testing \
—out snapshot -par script-PULS-nnmse

clue —-in PULS. clue-training —fly PULS. clue-testing \
—out snapshot -par script-PULS-nnvwmse

clue —-in PULS. clue-training —-fly PULS. clue-testing \



—out snapshot -par script-PULS-kmeans

clue -in PULS. clue-training —-fly PULS. clue-testing \
—out snapshot -par script-PULS-halc

clue -in PULS. clue-training -fly PULS. clue-testing \
—out snapshot -par script-PULS-graphos

clue —-in DOA. clue-training —fly DOA. clue-testing \
—out snapshot -par script-DOA-nnmse

clue —-in DOA. clue-training —-fly DOA. clue-testing \
—out snapshot -par script-DOA-nnvwmse

clue —-in DOA. clue-training —fly DOA. clue-testing \
—out snapshot -par script-DOA-kmeans

clue —in DOA. clue-training —fly DOA. clue-testing \
—out snapshot -par script-DOA-halc

Ta agyeta script-... TeEQLYQAQPOVTOL 0TA OKOAOVDA VITO-VITOREPAALAL:

2T.2.1 script-1000-nnmse

enable DEBUG_OTHER

- Settings - —————————————————————————
set maximum number of utilization classes = 100

set metric = VDM

set random split = On

set snapshots at every 50 triplets

store zeroes in columnO
store sums in columnO
wipeout zero rows

# Use KMeans to compute the clustering to be used as an initial one
# for the on-the-fly algorithms

timestamp KMeans_Start

do clustering with ISODATA

timestamp KMeans_End

timestamp OntheFly MSE_Start
do clustering on the fly using Kmeans minimizing MSE
timestamp OntheFly MSE_End

2T.2.2 script-1000-nnvwmse

enable DEBUG_OTHER

- Settings ——————————————————————————
set maximum number of utilization classes = 100

set metric = VDM

set random split = On

set snapshots at every 50 triplets

store zeroes in columnO
store sums in columnO



wipeout zero rows

# Use KMeans to compute the clustering to be used as an initial one
# for the on-the-fly algorithms

timestamp KMeans_Start

do clustering with ISODATA

timestamp KMeans_End

timestamp OntheFly VWMSE_Start
do clustering on the fly using Kmeans minimizing VWMSE
timestamp OntheFly VWMSE_End

2T.2.3 script-1000-graphos

enable DEBUG_OTHER

o Settings — ===
set maximum number of utilization classes = 100

set metric = VDM

set random split = On

set snapshots at every 50 triplets

store zeroes in columnO
store sums in columnO
wipeout zero rows

# Use KMeans to compute the clustering to be used as an initial one
# for the on-the-fly algorithms

timestamp KMeans_Start

do clustering with ISODATA

timestamp KMeans_End

timestamp OntheFly_ Graphos_Start
do clustering on the fly using graph 5 180%
timestamp OntheFly_Graphos_End

3T.2.4 script-1000-kmeans

enable DEBUG_OTHER

o Settings —————-—————————
set maximum number of utilization classes = 100

set metric = VDM

set random split = On

store zeroes in columnO
store sums in columnO
wipeout zero rows

copy matrix
timestamp KMeans_Start

do clustering with ISODATA
timestamp KMeans_End



swap matrix
evaluate results

2T.2.5 script-1000-halc

enable DEBUG_OTHER

o Settings —————————————————————————

set
set

maximum number of utilization classes = 100
automatic clustering = ON

set metric = PLDM

set
set
set
set
set
set
set
set

clustering distance = 0.2

clustering distance increase ratio = 10%

clustering distance decrease ratio = 10%

maximum clustering distance increase ratio = -1.0

maximum clustering distance decrease ratio 99. 99%

clustering distance lower bound = 0. 00001

clustering distance upper bound = 0. 95 # clust. dist. must be <<1.
maximum number of ping-pongs = 0

solve ping-pongs using last

set
set
set
set
set
set
set
set
set

max compression rate = 10%

k factor = 15%

goal almost reached at 5%

unify style = avg

stop at no change = 500

write weight =1

read weight =1

maximum intervals coefficient = 299%
minimum intervals coefficient 43%

store zeroes in columnO
store sums in columnO
wipeout zero rows
downscale

copy matrix

timestamp HALC_PLDM Start

do

clustering

timestamp HALC_PLDM_End

set

metric = VDM

clustering distance = sqrt(2.0) / 100
clustering distance increase ratio = 50%
clustering distance decrease ratio = 30%
clustering distance lower bound = 0. 0001
clustering distance upper bound = 100. 0
maximum number of ping-pongs = 0

solve ping-pongs using last

store zeroes in columnO
store sums in columnO



wipeout zero rows
store squares in column0

timestamp HALC_VDM Start
do clustering
timestamp HALC_VDM_End

swap matrix
evaluate results

Ta opyelo script-10000-. .. elvar dwa ue Too avriotovyo script-1000-..., ue uovn OLapoed
OTL OTIOV VITNEYE N YOOUUN:

set snapshots at every 50 triplets
€yeL aviatootobel ue ™ yoouun:
set snapshots at every 1000 triplets
Avtiotolymwg, ota aQyelo script-30000-..., n yoauur avtn €yer yivel:
set snapshots at every 3625 triplets
2ta aQyela script-DOA-..., m yoouun avty nrav:
set snapshots at every 283 triplets
Téhog, ota apyela script-PULS-..., n yoouun ovty frav:
set snapshots at every 30 triplets

[MagdAAnha, ota aQyeta script-PULS-... aAldyOnue now o aobpudg twv ouddwv mov
Intovooue, ue to va oAAGEOUUE TN YOO

set maximum number of utilization classes = 100

Ue T yoouun:
set maximum number of utilization classes = 30

Snueiwon:

‘Otov extehovviov 10 CLUE ue touvg olyopwbuovg ouadomoinong ‘“‘ev mroelr”’, T10Te
ONULOVEYOUVTAY, €XTOS atO TO TeMrO aQyelo €E000V snapshot xau T aQyelo snapshot-XXX-
triplets, omov XXX 0 aQuiuog Twv TELAdwV Tov elxav oVWTANOwOEl 0To exdotote snapshot.
AvTd NTav To 0QyEla EXELVOL TTOV YONOLUOTOWNONOAV MG EL0000G 0TOVG aAYOQOUOVS ouadrng
eneEepyaoiag (K-MEANS now HALC), mooxeluévou vo vroroylobel m emidoon tovg yia Tig
evOldiueoeg PAOELS TNG OUOOOTTOINONG.

3XT.3 I[IM6n opddmv mov xotaoxevdcnoay

2tovg wmivareg =T.1, 2T.2, 2T.3, ZT4 wouw ZT.5 mov axohovdovv, TOQOVCLALOVIOL TO.
TN Twv ouddwv TIg omoleg dnuoveynoav o oiyopwuog HALC ot o yoogpobemontinog
oAyoEWUOg opadomoinong “‘ev TTNHOeEL’” (OTOTE OVTOS XENOLMOTTOLONKE) HOTA TNV EXTENEON
TOV TEMROV TELQOUATWY TOV TTEQLYQAPOVTIOL OTO %eQPAAALO 6. 2 OAEG TG TTEQUTTMOELG,
TNV TOV GUVOLOV TTRAYUATLXOV dedopévav PULS, 1o miibog Twv Intovuevov opddwv 1o
too pe 100. Ztnv mepimtwon Tov ovvohov PULS (mivarag 2T.4), T0 TAn00g Tov Cnrovuevov
ouddwv Nrav ico pe 30.



Triplets read

HALC | GRAPHOS
on the fly

50 | 96.2 1.0
100 || 90.6 1.0
150 || 92.8 1.0
200 || 90.6 1.6
250 || 89.8 25
300 || 88.9 8.8
350 || 88.5 15.3
400 || 85.1 215
450 || 87.1 24.9
500 || 84.7 24.5
550 || 85.3 25.9
600 || 88 30.4
650 || 83.9 25.8
700 || 91.6 33.9
750 || 87.5 304
800 || 834 32.0
850 || 81.8 323
900 || 92 32.3

MMivaxrog ZT.1: ITAR00g opuddwv yLa To oUvoho ovvleTixwv dedouévv 1000x 1000=100:diagsR

Triplets read

HALC | GRAPHOS
on the fly

1000 || 84.9 26.9
2000 || 85.2 45.3
3000 || 91.7 50.3
4000 || 93.1 58.6
5000 || 87.4 61.4
6000 || 83.6 63.2
7000 || 87.7 63.2
8000 || 92.6 67.9
9000 || 97.1 71.6

IMivorog ZT.2: TIAM00g ouddwv yio. To 0UVoAo ouvBeTirv dedouévay 10000x 1000=100:diagsR



Triplets read

on the fly HALC

3625 || 82.6

7250 || 89.4
10875 || 92.1
14500 || 87.7
18125 || 85.1
21750 || 87.1
25375 || 89.7
29000 || 86

IMivoxog ZT.3: ITAR00g ouddwv Yo T0 0Uvoro cvvleTixwv dedouévarv 30000x 1000=100:diagsR

Triplets read

HALC | GRAPHOS
on the fly

30 || 27.6 26.6
60 || 29 34.1
90 || 28.9 75
120 || 284 100.9
150 || 28.7 123.5
180 || 28.6 135.9
210 || 29.3 144.7
240 || 28.9 163.4
246 || 284 167.2

[Tivonog ZT.4: IIAn0og ouddwv yua To 0VVOAO TTEayuaTnwy oedouevwv PULS

Triplets read

on the fly HALC

283 || 99
566 || 91.8
849 |1 97.3
1132 || 95
1415 || 96.4
1698 || 96.5
1748 || 93.9

[Tivoxog ZT.5: IIAn0og ouddmv yuo T0 OUVOAO TROYUATIRMOV Ogdouévwv DOA
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