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I MovwAnc Mapaykoudakng






2YXETLKA LE TO OLdaoKovI

I
0 7° xpovog oto Mav. Alyaiou

0 Amodoitnoa amno to MNav. Kpntng to 2000
o Awdaktoptko otnv Texvnt Nonpoouvn armo to Mav. Matpwv to 2005
O Awotplpn: Movtelomnoinon Kot ZUMITEPACOG UTTO cUVONKeC afeBardtntog
o€ dtadoyika Kat aAAa cuotApata GUoLKNG YAWOOoOG LE TEXVIKECG SLKTUWV
Bayes
0 Epeguvntika evéladepovta
o Data mining (e€opuén 6ebopevwy)
o Semantic Web (onpaotoAoyikoc Lotog)
o Aiktua Bayes
o Pattern Recognition (avayvwplon mpotunwv)



BiBAL(0)a
1
o Data Mining (ota EAANVIKA)

o Margaret H.,Dunham
m Etoc Ekbdoonc: 2002
m Exdotne: Pearson Education
Limited
m AplOuog oeAidwv: 315
m Kwdikoc ISBN: 9780130888921 SAUEARET H DUnAN



http://www.papasotiriou.gr/results.asp?field=Author&ty=2&aid=20&av=Margaret H.,Dunham
http://www.papasotiriou.gr/results.asp?field=Publisher&ty=2&aid=21&av=Pearson Education Limited

ALaAEEELC, ONUELWOELC KOl EpyOoTNPLL
P

0 Ot dlaAg€elc Ba eival NAeKTPOVIKEC Kal Ba lvall
dlaBeotpec peta amno kabe pabnua.
O 2UUBouAn: N pvAun dpeokapetal KaAAUTEPQA avV
ouVvOUOOTEL KL LLE ELKOVEC TIEPAV TOU PLPALou...
0 Ta epyaotnpla Oa yivovtal kaBe 1-2 eBdopadec

o AEN eival utoxpewTikd aAAd cupPailouv otnv
eunedwon Twv dtdaokaAlwyv TS Bewplag



Mwc Ba mepaow to padnuo;
P

o Project (P): 0 TeAlkog Babuog (T):
o Napadoon TNV nUEPQ oT=
NG YPOTTTAC EEETAONC [panta*0,5+Project*0,5

0 Opadiko (2-3) atopa




Evotnta 1: Elcaywytka




MANupUpa AsdopeEvwyY

0 Asbopeva dSnulouvpyouvtal
SLapKWC aTo:
0 Tpamelec, TNAETUKOWVWVIEC, AAAEC
EUTTOPLKEC OUVOAAQYEC...

0 Eriotnuovika dedopéva
aotpovopia,Bloloyia, Latpikn...

o Awadiktuo, ketpeva, NA/KO EUNOpLo



http://www.cultindustries.com/new/html/frame.html
http://www.cultindustries.com/new/html/frame.html

[Tl va e€opuéoupe dedopeva?
H eumopLkn mPoOoTTTLKN

N

0 MoAAd dedopéva cUAAEYOVTOL KOIL CUCOWPEVOVTOL O
anoBnkeg bedouévwy (data warehouses)

W3 N H0L2% 453

o Ano to Stadiktuo, To NA/KO epmopLo

[ YO

0 ATIO AYOPEC OE EUTIOPLKA KOTOOTI | LOTOL
0 ATO OUVOAAOYEC LE TPATIECEC, TILOTWTLKECG KAPTEC
0 OL UTTOAOYLOTEC £XOUV Yivel LoxupoTtepoL Kat $OnvoTepol

0 loxupn mieon amo Tov aviaywviopo

0 MNapoxn KAAUTEPWY, TTPOCAPUOCUEVWY OTOV
KOTAVOAWTN UTINPECLWV




H ETLOTNHOVLKE TIPOOTITI , P
“3

77
— .
&A .

0 To dedopeva cuAAEYovTAL Kal armodn Ke()ovra?a‘é
gVTUNIWOoLoKoU¢ puBbuouc (GB/wpa)

0 AwoBntnpec oe Sopudopoug

0 TnAgokomia aviXVEUOUV TOUC OUPOAVOUC

0 E¢opowwtég dSnuioupyolv texvnta dedopeva
o Avaluon tou DNA

0 OLTtopadOCLOKES TEXVLKEG VAL LN EPLKTEC YL
adpa dedopeva
0 He&opuén debopevwy pmopel va cUpBAAEL

O TNV KOTNYoPLoTtoinon Kol TUNUOTOTIoLNon Twy
dedopevwy

o Xtn Statunwon unmoBecewv




E€opuén oe peyala cuvolo SeOoUEVWV -

'
Klvntpo
-*
VVOAO KOLVOUPYLWV OLOKWV
, ' ' TB) oo to 1995 /\
0 YmApxeL MOAU cuyva ( 4300000 X6

nAnpodopia mov givar \ acuo.
«KPUHHEVN» péoa otor o0 Q@{tsv HV )
dedopeva kat dev elval 3000000

katBoAovu mpodavng 2,500,000 \

0 OuavBpwriivn avaluon 2000000
UTTOPEL VAL TIAPEL MAVEG 1,500,000
LEXPL VOL TNV EVTOTILOEL 1000000

0 MoAAa dedopeva dev 500,000
ovaAvovtal KaBoAou 0.

Ap1OHog
OVOADTOV

1995 199 97 1998 999
Mnyn: R. Grossman, C. Kamat?w,ﬁ\/. Kumar, ‘Jlgata Mining for cS"cientific ancjf
Engineering Applications”



TLelval n e€opuén dedopevwy;

]
0 MAnBwpa oplopwv

OAokAnpwaon

0 Mn TETPLUUEVN E€aywyn Eopnveia & n
UTTOKPUTTTOUEVNC, AT S
AyVWOoTNC KoL €V SUVAHEL S ﬂ rvion
Xprowng minpodopiog

I'IptéTuna (patte}ns)
qu Kavoveg [rlrles]

arno ta 6edopeva

O E&epef)vnon KoL avaAuon,
UE aurouato r] NUL-
OUTOMOTO 'EpOT[O
UEYOAWVY TTOCOTATWVY B rehousl
dedopEvwy yLa Tnv
avakaAvPn xpNoLUwV |
TMPOTUTIWV |

MpwToyevn
OeboMEVQ

LolioAaDLD sy

I

. Metiva |
o{ AcBopévd Sedopéva |
- moxogl !
(target dat;a) i
I

1

I

I

Aedopévwy (data

|
|
|
|
|
|
|
i




TLelval n e€opuén dedopevwy;
P

0 H dwadikaoio nui-avtopatng avalvonc peyaAwyv Bacewv
SebopEVWY yla TV eVpeon tpoTUTIWV (patterns) nou eivad:

0 Eykupa =2 woxvouv yla vea dedopgva pe kamota Befatotnta
o Kawoupyla =2 pn-mpodavr) yla To cuotnuo
o Xpnowa =2 mbavov va epapuolovtol 0 OVILKELLEVOL
o Katovonowua = ol avopwrol pmopoulv Vol T EPLLNVEVOUV
0 Mvwotn kot wg AvakaAvdn N'vwong ano Asdopéva

(Knowledge Discovery in Databases) 1 (Knowledge
Discovery from Data) KDD



TL (AEN) etval e€opuén dedopevwv

AEN slvalt

EEODU&] e H ebpeon napopowwv BLpAlwy
o€ £val NA/KO KOTAOTNHA UE
[ HeOpeon | BAon To MEPLEXOUEVO TOUG
| ovoudrtwy oe éva e Oplopéva ovopaTa sival mLo
TAEDWVLKO OUXVA OE GUYKEKPLULEVEC
KaTaAoyo ,
TIEPLOXEQ
. 4
Henepwmon oe Lc\)/ed)nlz\ets Olpic;lta VU UATWV
avalntnong oto
Sdladiktuo




[MpoeAevon tnc e€opuénc Sedopevwy
P
0 2ToXUOAOYEL LOEeC amo

O unxavu«] nabnon, TE)(VI’]TI’]
von uoouvn, avavvaton
TPOTUTIWV, OTATLOTLKA KAl BACELS
dedopEvwv

0 OLTopadOCLOKEC TEXVIKEC OEV
elval KATAAANAEC AOYW
o NANBwpac twv dedopevwy

0 MeyaAnc SLooTaTkOTNTOC TWV
dedopEvwv

O Etepoyeveic, KATAVEUNUEVEC
opYOVWOELC SESOUEVWY

E€opuén
Aebopgvwv




[P OYUOTLKEC TIEPLITTWOELC £€0pUENC

EmwtuynUEveC

N EVA G,

Epyaoia: vo GUGTACOUNE OTOV Gazelle.com

neAatn Kot aAAa cuvadn -

nipoiovta (BLRAla) Ta omoia Epyaoia: KDD-CUP 2000

HTTOPEL KAL VO AYOPAOEL 2TOXOGC: ovayvwpLon EAQTWY Tou
AUTOlI. TTOV avlépaoav to «Data unope[ val EO&ékI)OUV T[CIIV(U a'r[c')
Mining» ayopacav kal 1o 124 A
«Data Mining: Practical /mapayyelio
Machine Learning Tools Bdon:3465 tc 1831 Tteld
and Techniques with Java , el HVOPES, TIEAGTES
Implementations» E€oba: X.000.0005

To mpoypappa exeL BeAtlwoet Ecoba: Y.000$

TIc TwARoelc tnc Amazon®
5 ISSS SIS Ertikn610¢: ExAeloe tov 08/2000



Epvaoiec E€opuénc Asdopevwy
P

0 MpoPAemntikeg MeBobol 0 Nepypadikéc MéBobdol
0 XpnoLUomoinon opLoUEVWV : ,
; o Eupeon npotunwy mou
HLETABANTWYV yLa vaL , ,
T[POB7\€¢9§i N TN | H.T[OpEL VOl EPUNVEVOEL O
(ayvwotn n peAAovtikn) avBpwrocg yla tnv
TN aAwy petapAntwy nepypadr twv dedopEvwy
m [1.X. N LETPNON TOU OYKOU : , ,
cuvaMaydgv LLOC LETOXAC m [].x. r] EVPEDN evc?q |,<avova
yla tnv npoB}\ELl)n ¢ HLE Bao'r] TOV OTTtOLO eva

nogeiaq Tou A TNV enMopevn cvotnuo Ba KATATAOOEL Eval
nHepa LNVU O WG aVETILOU UNTO



Epvaoiec E€opuénc Asdopevwv...

O

O

O

Katnyoplonoinon f Ta§wounon-Classification [NpoBAentkd]
Yuotadomnoinon A Opadomnoinon-Clustering [Nepwypadw]

AvakaAupn Kavovwv Zuoxetioewv-Association Rule
Discovery [Mepypadikn]

AvakaAlun Xpovoloyikwv MNpotunwv-Sequential Pattern
Discovery [Nepwypaduxn]

MaAwdpounon-Regression [MpopAemtikd]
Avixveuon E€alpeocwv-Deviation Detection [NpopAemntikd]



Katnyoplornoitnon: Oplouoc
N
0 AoopEVNC pac cuAdoync syypadwyv (cwpa
eknaidbevonc)
0 KaBe eyypadn meplexel Eva cUVOAO LOLOTATWY, MO EK TWV
omolwv givatl n kAaon (N katnyopia)
0 Bpec eva povieAo yLa TNV KAAon w¢ ocuvaptnon Twv
TIHLWV TWV A AWV peTaBAntwy
0 2TOXOC: N akpLPNC avaBeon KAAONC O VEEC EYYPADEC
o Eva ouvoAo a&loAoynonc XpnoLLOTIOLELTOL VLA TNV

aéloAoynon tou povtelou. 2uvnBwc to cwpa SeSopEVWY
Xwpiletal o owpa ekmatdbevonc Kat a&éloAoynong



Katnyoptlomoinon: Mapadeyua 1

Ed

Jwpoa dedopévwy

.. O...

MovTtEAo katnyopLomoinong
He Sévtpa anopAacewv

if X = 5 then blue
else if Y = 3 then blue
else if X > 2 then green
else blue




Katnyoptlomnoinon: Napadsypa 2

& Emotpo Oikoyev. Eio68nua
Tid Emiotrpo Oikoyev. Eic6dnua Ui Kardotaon Amarn;
on Kardoraon No Single 75K ?
1 |Yes Single 125K No Vs Married 50K 5
2 |No Married 100K No NoO Married 150K =
3 |No Single 70K No _
Yes Divorced 90K ?
4 |Yes Married 120K No :
No Single 40K ?
5 |No Divorced 95K Yes
_ No Married 80K ?
6 |[No Married 60K No \
7 |Yes Divorced  |220K No \ 1
8 [No Single 85K Yes ,
9 |No Married 75K No EKHCXGI’]O'I’] ) .
_ , MovteAo
10 |No Single 90K Yes MovteAou




Katnyoptomoinon: Epapuoyn 1

0 MAPKETIVYK

O 2toxoc¢: H peilwon
TOU KOOTOUG E TNV
Toxudpounon evog
OUYKEKPLUEVOU
OUVOAOU
KOTOVOAWTWYV TTOU
elval mBavov va
OlyOopAoOUV EVA VEO
KLvNto tThAEdwVo

IInyn: [Berry & Linoff] Data Mining Techniques, 1997

o MNpoogyylon:

XpAon 6edopévwy amno Eva
T(POYEVECTEPO, TIAPOLOLO TNAEPWVO
'vwpiloupe ToloL TIEAATEC
anodAcLoav va ayopacouV Kol ToLo
oxL. Autn €ival kat n KAaon tou
npoPARMATOC
YuAAovyn Sladopwv dnuoypadLlkwyv
OTOLXELWV KOl ETALPLKWV OTOLXELWV
m QUMAo, nAkia, TOTOC SLAUOVAG,
geloodnua, Adyol xpnong, KTA.
Xprion twv 6860uevwv yla thv

EKMAONONG svoq HLOVTEAOU
KoTnyopLomoinong



Katnyoptlomoinon: Epapuoyn 2

I
0 Avixveuon AmaTng o MNpooéyylon:

m XpnolUomoinoe TG OUVOANOYEG UE

' i TILOTWTLKEC KAPTEC Kol TAnpodoplec yia
O ZTOXOC' H TOUC KOTOXOUC TOUC WC LOLOTNTEC.

- - m [10te ayopdoOnkKe KATL, TL AyOPAOE, MOCO
T[pOBAf:Ll) N XpPNone ouxva MAnPwveL tn 600N TNE KAPTAC, KTA.
KAE MHEVWV m Eruonpeiwoe tig malolotepeg cuvaAAayEG

' o0V KOVOVLKEC 1N OxL. Autn €lval n kKAdon
TUWOTWTLKWV

TOU TIPOBANHATOC

KOLpT(i)V m Exkpadnon sevoc povtélou tng KAAoNC
m XpNOLUOTIOLNOE TO LOVTEAOD yLa TNV
avixvevon mlavng xpriong KAEUUEVNG
KAPTOLC.



Katnyoplomoinon: Epapuoyn 3
N 1
’ ’ o MNpoogyylon:
0 Aloppon rmeAatwv = Xprion AETTTOUEPV

o 3toyoc: No geyypadpwv ME TG oUVAAAQYEG
, . LE TOV TTEAQTN
T[pOB)\ELDOU ME eav m [10co ouxva KaAel TnVv
£vac eAatng Ba etaupla, TL wpa KaAel, TV

, , OLKOVOMLKA KaTdotaorn, KTA.
TTAEL OE KATTOLOV , ,
m Emonpelwoe tov kabe

OVTAYWVLOTN AT oAV TLoTO 1} OXL

m EUpeon povtEAoU yLa tnv
IInyn: [Berry & Linoff] Data Mining Techniques, 1997 T[LGT(')TI']TG



Katnyoplomoinon: Epapuoyn 4
I
0 Oupavia avtlkeLpeva o Mpoogyyion

O toxoC: n mpoPAedn TG ¥ TUNUATOTOLNGN TNG ELKOVOG

kAdong (aotpo N yaiaéiog) m Metpnon WBLOTHTWVY ELKOVAG

artd OUPAVLOL AVTLKELIEVQ, (40 ava avtiketpevo)

HE BAON TNAECKOTILKEC ® Movtelomoinon g KAaonG He

£LKOVEC TOU Baon Tig mopandavw OLOTNTEG

Aotepookoneiov Palomar m [oTOpLKO emtuyioc: Evpeon 16

m 3000 ekdvec pe 23,040 X Vé‘*,"’ KOKKIVWV FBdZap, eva
23,040 pixel avd edéva aro ta 6UOK0?\OTEpOL KOLL TTLO

QTTOLALKPUOUEVWV

QVTLKELLEVWV OTO UMV
Inynq: [Fayyad, et.al.] Advances in Knowledge Discovery and Data Mining, 1996



IInynq: http://aps.umn.edu

Katnyoptomoinon MNAaéiwv

° 270010 TG AVNTUENG e XapakTnpIoTIKa TwV
Evéiaueoo KUMATWV PWTOC, KTA.

TeAwko

MeyeBoc O€dONEVWV:

e 72M aoTpa, 20M yaAagjec

e Katahoyoc AvTikeipevwv: 9 GB

e Baon dedopevwv ikovwv: 150 GB




Ouadomnoinon (N Zuotadomoinon):
OpLoMOC

P
0 Aebopevou evoc cuvoAou dedouevwy, armtoteAOUEVO
aTto Vol GUVOAO LOLOTNTWV KOl EVOL LETPO OUOLOTNTOG
LeTaEU Touc, Bpec opAdOEC TETOLEC WOTE:
0 Ta 6dedopeva pac opadoc va eival mo opola Hetaél Toug
O Ta dedopeva EexwploTwy opadwv va gival Alyotepo opola
HeTaéL Toug
0 Metpa opolotnTog
0 EukAelbela anootaon, av oL LOLOTNTEC ELVOLL CUVEXELC
o ANa peTpa, e€aptwpeva tTnS ePpappoyng



Ouadornoinon Eyypadpwv

n A€6ouéva Karnyopia ApBpa Zo_clljggg
opadomoinaong Financial 555 364
o 3204 apbpa twv Los Foreign 341 60
Angeles Times.
O I\/Iétpo oumétntaq: National 273 36
B [100ec A&€eLc elvall KOLVEC Metro 943 746
ota €yypada avtd (petd
oo €va oTtdsLo Sports 738 573
$Utpapioparog) Entertainment 354 278




Opadomnoinon HETOXWV

]
v v Eaydueves Oudoeg Katnyopia
2 [lapaTnpnon METOXWV Mezogiic
Y Y Applied-Matl-DOWN,Bay-Network-Down,3-COM-DOWN,
O€ r] IJ Ep n old BG OT] . 1 Cabletron-Sys-DOWN,CISCO-DOWN,HP-DOWN,
DSC-Comm-DOWN,INTEL-DOWN,LSI-Logic-DOWN,
. Micron-Tech-DOWN, Texas-Inst-Down, Tellabs-Inc-Down, TEChnOIOle'DOWN
n Natl-Semiconduct-DOWN,Oracl-DOWN,SGI-DOWN,
s OHUAOEG:

MeToxn{UP/DOWN}
2 METPO opoloTNTAC

, , , Fannie-Mae-DOWN,Fed-Home-Loan-DOWN,
38 AUO IJETOXEC; gival nio O”OIEC MBNA-Corp-DOWN,Morgan-Stanley-DOWN
av Td yeyovoTa rnou Ta

nepIypagouv cuppaivouv
ouxva Tnv idla nuEpa




ATtelkovion tng opadomnoinong

o Ouadonoinon

. Eocwtepikd otic opdods
oTtov 3A Xwpo 5 > OFHOES

/ Ol TOGTAGELS ® 0g¢
He EUKAeIOEIa EAMOLYIGTOTOLOVVTOL o° ....

anooTacn




Opadomoinon: Epappuoyn 1
I

' [poogyyon:
o Tunpotonoino .
HAK non m JuA\oyn SLadopeTIKwY

Ayopag: LOLOTHATWVY TWV TTEAXTWV,
. . . BaolopEvwy otn yewypadiki
O 2TOXOG: OLAXWPLOHOG TNG KOLL KOLVWVLKI] TOUG KOTAVOUH
ayopaC 0€ UTTOCUVOAQL m EUpeon opddwv mapdpoLwy
MEAATWY, UE KAOE TEAATWY ,
' , B Metpnon tTnC moLoTNTOC TWV
UTTOOUVOAO VOl OITOTEAEL OUASWY LE TTAPOTPNoN
EexwploTo target group QyOPOLOTLKWY TIPOTUTIWY TWV

neAatwyv tn¢ ibLag opadag



Ouadornoinon: Edappoyn 2
-5
0 Opadormoinon o MpocéyyLon:

® AvayvwpLon cuxvwv 0pwvV o€

' KAOe eyypado. ZXNUATIOUOC
EVVp(ICI)(UV HLETPOU opoLoTNTOC HE BAon
TLC CUXVOTNTEG.

O ZTOXOC: N gupeon Opaboroinon pe paocn to
OHAd WV KOWVWV METPO auto
, ' m Kepdog: n avaktnon
EVVpOLd)U)V TOUGC OPOUC nAnpodopiac prnopet va

o€LOTIOLOEL TIC OUAOEC yLa VE
OUOXETLOEL €va £yypado N
AEEN KAELWOL pe Eyypada amod
TLC opadec.



AvakaAuPn KaVOVwWV CUCXETIOEWV:
OpLoMOC

T
0 AebopEVOU EVOC GUVOAOU ID  Avuksipeva

armno eyypadwyv, KaBe pa ek |1 Bread, Coke, Milk
TWV OTIOLWV TIEPLEXEL EVal 2 Beer, Bread
aPLOUO AVTLKELMEVWVY OTTO 3 Beer, Coke, Diaper, Milk
pio dedbopevn culoyn 4 Beer, Bread, Diaper, Milk
o Mapoaywyn Kovovwv 5 Coke, Diaper, Milk
g€dptnong oL omoiot
TtpoB)\ertouv Ty gpdavion
£VOC QVTIKELLEVOU pE BAoN Ecaymyn Kavovev:
NV eudavion aAAwv {Milk} --> {Coke}

OVTLKELLEVWV {Diaper, Milk} --> {Beer}



AvakaAuPn KaVOVwWV CUCXETIOEWV:
Edapuoyn 1

' v O Ta MATaTAKLO WE CUVETAywyn =2
=nl pO(.L)e norn NPoLoviwyv Xpnotuomolovvtal yia va e€akplBwOei mwg Ba

npowBrnoouv TNV MwAnon Toug

0 Eotw OTL 0 Kavovac TTou , , ,
0 Ta mo€lpadla we TPOYEVECTEPO AVTLIKELUEVO

e&r']xer] KE AEEL OTL: TNC CUVEMOYWYAC = XPNOLUOTIOLOUVTOL YLa Val
e€akplPwOBoUV oL CUVETIELEC €AV OTOUATAOEL N

0 ' .32 XK )
{ma&uadia,...}2 matatakia HANON TOUC

0 O OUVOALKOC KOVOVAC —> UTTOPEL va
xpnotpornolnBet ya va e€akplPwOeil mola
npolovta MPEMEeL va twAouvtol pall pe ta
rnaélpuadia yo va TwAoUvTal Ko ToToTakLo
podi!



AvakaAuPn KaVOVwWV CUCXETIOEWV:

Edapuoyn 2
- r

0 AutoSioiknon oe o Mpoceyyion:
m Ene€epyaoia twv KwOKWV KAOEe

ToAU Kataotnpa MPOLOVTOG OTIWG QLUTA TIEPVAVE
O 2TOX0C: va a6 to barcode tou tapeiov
avayvwploouv mota o Evag KAAOLKOC Kavovac
npoiovta ayopalovtal m EdQv o meAdtng ayopdost ydha ka
ol aré oo Taveg, Tote rBavo va ayopdoet
KoL propal

TLEAQLTEG m Eropévwe, Sev eival amniBovo va

TomoBetnBolv oL urupec dutAa
OTLC Ttavec!



AvakaAuPn KaVOVwWV CUCXETIOEWV:

Edappoyn 3
I
0 Alaxelplon 0 MNpooégyylon:
epyaAeloBbnknc:
O 2TOXO0G: ULo TaLpla
ETILOKEUNG NAEKTPLKWV
OUOKELUWV BEAEL va

0 Eneepyaoia twv
dedopevwy yLa ta epyaleia
KoL TS BAaPec oe

npoBAEneL tn dUon TG TIPOYEVEOTEPEC TIEPLTTTWOELG
BAABNG KaL va exeL otal BAoBwV Kat avokdAun
OXnpota ta katoAAna MPOTUTIWV CUVEUPAVLONG

epyoAela



AvakaAuPn xpovoAoyLKWV TTPOTUTIWV:

I
OpLopoc¢
N
0 AedopgEvou evoc ouvoAlou 0 Ot kavoveg oxnuatiovrol
OVTIKELLEVWY, UE KAOE arto avakaAvn
QVTLKE{LEVO VOL EXEL TN npotunwy, Ta cupBavra

TWV YEYOVOTWV SLEMovTal

6LKI TOU XPOVOAOYLKN) QUTtO XPOVLKOUG

GELQd VEYOVOTWV, Bpeg NEPLOPLOUOUC

KOLVOVEC Ttou TtpoBAETOUV

LOYUPN XPOVOAOYLKN

aMn)\gEdpmon LETOEV (A B)_ (C) ‘ (D E)
VEVOVOT(UV < S=Xg =|<>ng|< =

(A B) (C) (D E) ) =




AvakaAuPn xpovoAoyLKWV TPOTUTIWV:

Napadeiypota
P

0 2TLC TNAETUKOWWVLEC

o (Inverter Problem Excessive Line Current)
(Rectifier_Alarm) - (Fire_Alarm)

0 2ta BLBAlontwAsia
o (Intro_To Visual C) (C++_Primer) = (Perl_for_dummies,Tcl Tk)

0 2TO KOTaoTnpata aOAnNTikwy
o (Shoes) (Racket, Racketball) --> (Sports_Jacket)



MaAwvdépopunon

0 H ntpoBAedn TnC THAC 0 Moapadetypota
uoc SoopeEVNC ouveXoUg o MNpdéPAedn Twv NwARCEWV
netaBAntng, pe Baon Tig £VOC VEOU TIPOLOVTOC UE
TLHEG AMwV peTaBAntwy, Baon ta €§06a Stadnuiong.
UT[OGETOYT,O‘S pa - o NpoPAedn Twv TaUTATWY
YPOALHLKN N OXL geaptnon TWV AVEUWV WE ouvapTnon
TOU HOVTEAOU TNC vypaoiac, BepHokpaoiog

0 MeyaAn €€eAén otn ' KoL tpoodaLpLkAC Ttieonc.
OTOTLOTLKN, TA VEUPWVLKA o0 MpoPAedn XPOVOCELPWV TWV

OlKtua KTA. SELKTWV TOU XpnUaTLoTnpiou



Aviyvevon E¢alpecewv

]
0 Oplopoc: E€aipeon

O Aviyveuon onUOVILKWY TTOPOKAUYPEWY
OTtO KOWVOVLKEC OUUTIEPLDOPEC
0 Edoappoyeg

o Avixyvevon anatng (Fraud Detection) oe
OlYOPEC UE TILOTWTLKEC KAPTEC

o Avayvwplon elofoAwv os
Slktua

o Avayvwplon EeMAUUATOG XPHUOTOC

0 Tpopokpatia




E€opuén yvwonc ko

LOLWTLKO amoppnTo
N

o TIA: Terrorism (mpwnv Total) Information
Awareness Program

O Emiotnuoviko mpoypappo
Xpnuotodotoupevo amnd to Yroupyeio

Intel
Data

Detect # Classify = ID = Track = Understand = Preempt
Authentication
Biometric Data

~ -
|::: Virtual Data
-Face

Repositories
> * Finger Prints  Privacy P—
r.’;\‘ : Salt and .../ A
/1 Security e,
Transactional i
Data

« Financial

Flace / Event Entry

« Transpematen
- Housing ,-"_‘mx‘:a.
+ Gritical Resources Rttt

« Gowernment..
+ Communications

Total Information Awareness of transnational
threats requires keeping track of individuals
and understanding how they fitinto models

Apuvog twv HMNA
Alokonnke amno to KoykpEoo

MepPLKEC Ao TIC AEITOUPYLEG TOU
HeETAPEPONKAV OTLC UTINPECLEC
nAnpodopLwv

m  KatayyeAia Edward Snowden, 2013

o CAPPS Il — dwtoypadnon OAwv Twv
eMPATWY TWV AEPOUETAPOPWV

O €XELTIPOKAAEDEL avTlOpAoelg (amo
empBartec, etalpeleg, KUBEPVROELG)

0 OLTEXVIKEC £COPUENC OEDOIEVWV OVA{NTOUV

npotuna, oxL avlpwrouc!

YTdpxouVv TEXVIKEC AUCELG TTOU pTtopoUV va
NepLOploouV TNV MPOCBACN CE TTPOCWTILKA
dedopéva

O Avtwkotdotoon evaiocdntwv dedopévwy pe

QAVWVULOUG KwLkoUG (data anonymization)

Katavepnuéva Sedopéva — KATAVEUNUEVOC
uTtoAoyLopo¢ (distributed data mining)




E€opuén yvwonc ko

LOLWTLKO aroppnTo....
N =,

o To 2006, n NSA (National Security 0 TLOa OUVéBOLLVE oV N
Agency) katnyopnBnke otL

TIAPAKOAOUBEL OAEC TLC ECWTEPLKEC NSA eU PLOKE 1
TNAEPWVIKEC cUVOLLLALEC (~200M npay LI.CITLK(') UTTOTITO OE
TEAATEC) yLaL VAL EVTOTILOEL '
POLOKPATEC 1000 eodpaApevoug
0 NapaBiaon Tng SuwTKdTNTOC UTLOTTTOUG,

O Oa oag meipale n mapakoAovBnon o Amto 1.000.000;

TWV CUVOULIALWV 00 aTto TNV

KuBépvnon;

B (BA. tawia: Ot {weg twv aAAwv)



MepPLKA OTATLOTLKA

] Mnyn: kdnuggets.com

0 OLTLo SNUOPLAELG TEXVLKEG 0 Epeuvntka mpoBAnuata
Decision Trees/Rules | >1-1% Scaling up for huge data I 41%
Clustering | 3°-58% Mining text I 29%
Regression 38.1% Automating data cleaning 27%
Statistics | 36.4% Dealing with cost-sensitive data 26%
Association rules I 30.7% Mining data streams —— 18%
Visualization B 21.6% Mining links and networks N 17%
SV 17.6% Unified tll'neory.f of DM B 6%
R DM for biological problems BN 149
DM with privacy mm 8.9%
Sequence/Time series analysis I 13.6% Mining images - 74%
Bayesian NN 13.6% DM for security applications W 5.4%

Nearest Neighbor — 11.4% Distributed (multi-agent) DM B 3.6%



AKOLLN LEPLKA OTATLOTIKA

P
0 Tudedopeva avalloupe

tabular data 82%0

time series I 40%b

text, free-form I 33%

transactional data 30% nvn:

web click stream B 170 T
_ — kdnuggets.com

spatial data (2-D, 3-D) 16%o

web content EE 1504

email S 139%

XML data = 139

links or networks — 11%b

anonymized data - 119%b

multimedia 6%0



[MpokAnoeLc otnv e€opuén 6edopevwyv

0 MpocappootikoTnTa 0 ldlokTnoia Ko
0 AlooTOTLKOTNTA Kotavopn dedopeEVWY
0 MoAumAoka Kat 0 AlaTnpnon avwvupLog

gtepoyevn dedopeva 0 ZUVEXNG por
0 Mowdtnta SeSopévwy bedopevwy



Mot e€opuén dedopevwy Twpa;

—
0 Ta 6dedopeva mapayovtol
KOLlL OpYyalVWVOVTOLL

0 H umoAoylotikn toyuc
o Elvol StaBgoun
o Elval mpooun

0 YPnNAOC avtaywviopoc

0 AldBeon eUmopLKwWV
epappoywv




H e€opuén douAevel pe amoBnkec
dedopeVwY

OL amoBnkeg S€60UEVWV TAPEXOUV H e€opuén dedopevwy mapexeL
oTNV eMelpnon T otnv enxeipnon tv evduia




YevapLa xpnonge

B
0 E€opuén dedopevwy amo amobnkec dedopevwy

O JuyXwveuon SeSOUEVWV OO AELTOUPYLKEC TINYEC
o E€opuén otatikwyv dedopevwy
0 E€opuén apyeiwv kataypadnc xpnong (Log data)
0 ZUVEXNC €€0pLEN: tapadeLypa oTov EAEYYO
Stadikaolwv (process control)
0 2tadla e€opuénc:

O Emttdoyn 8ebopévwy = npo-enefepyaocia =2
HETAOXNHATIONOC =2 €€0puén = afloAdynon =2
OmTIKOMoinon



OLAP mining

o OLAP (On Line Analytical o State of the art

Processing) O Aévtpa anodoong

o Tpryopn 5108pa0TIKA [Information discovery,
eEepevivnon moAuSLdotatwy Cognos]
OUYKEVTPWTLKWY SeboUEVWV o Yuotadonoinon [Pilot

0 Baoileton o peyaio Babuo otn software]
XELPOKIVNTN avaAuon EUTELPWV o AvaAuon XpOVOGELPWV:
avOpwrnwv [Seagate’s Holos]

O Emppenng og AaBn yia peyaia o MoAU emninedot kavoveg
dedopeva uhnAng avtiotoixnong [Han et al.]

6LaOTATIKOTNTAG o Sarawagi [VLDB2000



Epyootia kat E€opuén Asdopevwy
s
] nr]vr'] KDnuggets Job Ads

o KDnuggets.com | **°

160

0 Adopd ayyeAlec | 140

yla eUpeacn 120
1 100 B Industry
Epvaouxq oS 80 @ Academic

HIMA

m MepLKEC Ao
Evpwrnn, Acla
Kot AuoTtpaAia







|6LoTNTEC

Tuovopaloupe dbedbopeva;

' : Tid Ao 0]1¢ Eic6dnpa
0 ZUA\OyN QVTIKELLEVWV KoL TwV iwoén” KoTéoT. b
LOLOTATWY TOUG
) , , / 1 |Yes Single 125K No
0 Muw blotnta eivat Eva > Ino Married | 100K \o
XOPOLKTNPLOTLKO EVOC OVTLKELLEVOU N Sl ok .
0 ingle 0
0o Mapadelypoto: XpwHo LaTLWY, _
Bepuokpaoia, elcodnua, puAo, KTA. M ¢S B 120K NE
O Juvwvupa: petaBAntn, nedio, AvTikeipeva < R BIVerceds) 95K VEE
XOPOAKTNPLOTIKO, YVWPLoUA 6 |No Married |60K No
0 Mua cuAdoyn WLoTATWY MepLypadel 7 |Yes  |Divorced | 220K No
EVO QVTLKELEVO 8 |No Single 85K Yes
O Juvwvupa: eyypadn, onueio, 9 |No Married |75K No
nepinmtwon, Selypa, ovtotnta N \ 10 |No Single 90K VoG

OTLYULOTUTIO



/ /
TLHEC LOLOTNTWV
P
0 OL TLHEC elval aplBpol ) cupBola mou avatiBevtal oe
uLa iootnta
0 Alopopd TIHWV oo LOLOTNTEC
0 Mo lbotnta pmopel va €xel SLOPOPETIKEC TLUEC
m To Uoc pmopel va ekppaotel o pETpa ) odLa
0 ALaPOPETIKEC LOLOTNTEC UTTOPEL VAL EXOUV KOLVEC TLUEC
® H nAwia kat to ID eival akEpatot

m Exouv Opwc aAAa yvwpilopata
m To ID bev €xel 6pLo evw N NALKLOL £XEL LEYLOTO Kol EAAXLOTO OPLO



Turot oLotTNTWV
N
0 Yrmapyouv dtadopeTikol TUToL LSLoTATWVY
o Ovopaotikeg (Nominal)
m AAT, tay. KWOLKEC, XpWHO LOTLWV, KTA
o Taktikég (Ordinal)

m KAlpokec (r.x. BeTikn yvwun ylo €va IoALTIKO o€ kKALpoka 1-10),
BaBuoi, vpoc (PNAdC, KavoviKOC, KOVTOC)

o Awothpata (Interval)

m Huepopnvieg, Beppokpacieg kehaiov N Qapevalr...
o Avaloyikeg (Ratio)

m Oeppokpaoiec KEABLY, HAKOC, wpa, LETPNOELC



XapaKTNPLOTLKO TWV TLLWV
P

0 O TUMOC HLOC LELOTNTOC o Nominal: Atopwkotnta
egopTATOL OTOL , o Ordinal: Atopkotnta
XOLPOLKTNPLOTLKA TA OTtolal & TAEN
n OLEMouV

o Interval: Atopwkotnta,
taén & mpoobeon

o Ratio : kat ta 4
XOLPOLKTNPLOTLKAL

0 Atopkotnta = #
oTaén< >

o NpooBeon + -

o MoAAamAaoctootikotnta * /



Eidog
[0t Tag

Nominal

Ordinal

Interval

Ratio

Metaoynuatiopog

Omo1060MT0TE GLVOLOAGLOG

Mo povotovikn covéaptnon f,
TETOLN DOTE
véa tyun= f(raiaid, tiunq)

véo, tiun=a * moloid,_tiun+ b
6mov a ko b otabepéc

véa_tiun = a* woioud._tiun

Xyola

Edv 6Lot o1 kwdikol tmv
VOAAN AV Eova-avatefolv,
Ba vépyel drapopd;

Mo 1010t T TOV TEPTYPAPEL
™V £vvolo KoAO Kol Koko
avomoplot®val eEicov and

T1g Tiéc{l,-1}.

Metatponn and Keloiov
oe Oapevart

To unkog exppdleton o€
oS0 1 LETPOL.



ALOKPLTEC KOLL CUVEXELC LOLOTNTEC
P

0 ALOKPLTEC LOLOTNTEC 0 Yuvexeic 1dlotntec
o Exel éva enepaopévo cUVolo o Exouv mpaypatikous aptBpoug
TILWV WC TLUEC

® Napadeiypota: AéEeLg, = Toapadeiyporta: Beppokpaacia,

taxubpopkol KwOKoL, XWPE, 0P oG, XPOVOG, KTA. |
ovopota, KTA. O MPAKTIKE, OL TTPAYHOTIKOL

aplOuot avarmnapiotaviat amno

O 2uxva avarnaplotavial we MEMEPACHEVO aplOpo Yndlwv.

aKEpPOALOL , ,
, , 0 OLouvexelc LOLOTNTEC
= Inuelwon: ot 6ua6’u<eq ’ QVAIIAPLOTAVTOL WG
LOLOTNTEG armoTEAOUV ELOLKN LETABANTEC KWNTAC
nepimtwon StakpLltwy UTIOSLOOTOMNC.

ldLotATwy



>wpato 0edopevwy

0 Eyypadég !
o Nivakag Sedopévwv — XapaKtn p LOTIKQ
o ‘Eyypada O Awaototikotnta
o AeSopéva GuUVOANQYWY ® H katapa tng SLooToTLKOTNTAG
0 padot o Apawotnta
o World Wide Web m Metpdel povo n noapoucia
O Moplakég Sopég o Avaluon
0 Tafwounpéva ® Ta nmpotuna e{opTwVToL Ao TV
o Xwpikd SeSopéva KAipoka

0o Xpovika dedopéva
O Zelplaka dsdopéva
o

FEVETIKEG OELPEG



Evvpad)éq MnyR: WEKA, University of Waikat

F.elation: contack-lense
- _ - age spectacle-prescrip | astigmatism | tear-prod-rate | contact-lenses
Maminal Maominal Mominal Maominal Mominal
’ 1 waLrg myope no reduced none
I:I A E 6 O HEV a T[O U 2 voung  |[myope na normal saft
3 wang myope VS reduced none
’ ! 4 wang myope VS narmal hard
aT[ OTEAO U Vta l. aT[O 5 wourng hypermetrope no reduced none
, =] wourng hypermetrope no normal sofk
G UAAOV E q 7 waoung hypermetrope VES reduced none
=] waoung hypermetrope VES normal hard
’ 9 pre-pr... [myope no reduced none
aVTLKE l.IJ.EVU)V T[O U 10  |pre-pr... myope no normal saft
i1 pre-pr... [myope VES reduced nones
! ! 12  |pre-pr... myope Ves rormal hard
T[E p LEXO U V Eva 13 |pre-pr... hypermetrope no reduced none
, , 14 |pre-pr... |hypermetrope no normal sofk
KA& LGTO 0 U VOAO 15  |pre-pr... |hypermetrope ves reduced none
16 pre-pr... |hypermetropes ves narmal none
7 17  |presb... |myope no reduced none
L6 LOT ntwv 18 |presb... |mvyope no narmal none
19 |presb... |myope VS reduced none
20 |presb... myope VS narmal hard
21 presb... |hypermetrope no reduced none
22 |presb... |hypermetrope no normal soft




Mivakoc 6€dopEVWV

0 Otav ta dedopéva £xouv Eva KOLVO
KAELOTO CUVOAO apPLOUNTIKWY
LdlotATWYV, uropoulv va BewpnBouv
wC¢ onueia og €va moAu-dlaotato
XWpPo, OTtou KABe dtaotaon
QVOTTOPLOTA L0 CUYKEKPLLEVN
pnetapfAntn

0 TEtowa dedopéva avarapiotavral
wC¢ Evac M X N mtivakog, 0rmouv M n
KaBe oelpd (avtikeipevo) kot N n
KaBe otnAn (WbLotnta)

Relation: cpu
Mo, | MYCT | MMIMN | MMAX | CACH | CHMIM | CHMAX | class
Murneric | Mumeric | Mureric | Murmeric | Murneric | Mumeric | Mumeric
1 125.0( 256.0| 6000.0| 256.0 16,0 128.0 199.0
|2 29.0( 80000 32000.0 32.0 8.0 32,00 253.0
3 29.0( 80000 32000.0 32.0 8.0 32,00 253.0
4 29.0( 230000 32000.0 32.0 3.0 32,00 253.0
] 29.0( 23000.0( 16000.0 32.0 3.0 16,0 1320
] 26.,0( 80000 32000.0 64.0 g.0 32,00 290.0
7 23.0( 16000.0( 32000.0 64.0 16.0 3200 381.0
] 23.0( 16000.0( 32000.0 64.0 16.0 3200 381.0
El 23.0( 16000,0( 64000.0 64.0 16.0 32,00 749.0
10 23.0( 32000.0( 640000 128.0 32.0 64,00 1238.0
11 400.0( 1000.0f 3000.0 0.0 1.0 2.0 23.0
12 400.0( 512.0f 3500.0 4.0 1.0 6.0 24.0
13 60.0( 2000.0( 8000.0 65.0 1.0 8.0 70.0
14 50.0( 4000.0( 16000.0 65.0 1.0 8.0 117.0
15 350.0 64.0 64.0 Q.0 1.0 4.0 15.0
16 200,0( 512.0( 16000.0 0.0 4.0 32.0 64.0
17 167.00 524.0| 2000.0 3.0 4.0 15.0 23.0
18 143.0{ 512.0{ 5000.0 0.0 7.0 32.0 29.0
19 143.0{ 1000.0{ 2000.0 0.0 2.0 16.0 22.0
20 110.0{ 5000.0| 5000.0| 142.0 8.0 64.0 124.0
21 143.0{ 1500.0| 6300.0 0.0 5.0 32.0 35.0
22 143.0{ 3100.0| 6200.0 Q.0 5.0 20,0 39.0
23 143.0{ 2300.0| 6200.0 0.0 6.0 64.0 40.0
24 110.0{ 3100.0| 6200.0 0.0 6.0 64.0 43.0




Aedopeva Eyypadwv

]
) ’ MAPAAEIrMA
- Kaee Ev,vpad)o ’ D1: “Shipment of gold damaged in a fire”

ueratpenerat O€ EVQ D2: “Delivery of silver arrived in a silver
s s truck”

6 LOAVU O'ua (@) p WV I;l3‘:c“Shipment of gold arrived in a truck

o KaBe opoc eival Eva
OUOTATLKO (LbLoTNTA) TOU - .

I w >’

dlavuopatocg 5 3| ¥ 5 ) 2 |

0 H tyun kaBs cuotatikoU 2 | E -‘E E HEPE _g E 5
7 /J | e |
€lvai o aplBuog i I I O B I I R R R A
€|.1CI)(IIVLO'E(L)VTOU Oopov 1lololilololililolz2l1
010 Evvpad)o i1 )10 fO0O]JO0O| 1T (1T (1] 1]O0]|1




Agdopeva cuvallaywv

0 Mua eldikn meplmtwon
geyypadwv Omou

1 KaBs evvpad)r'] (I"] TID  Avuxeiucva
ouvoAlayn) ExeL Eva Bread, Coke, Milk
OUVOAO QVTLKELUEVWV Beer, Bread

O I'LOL T[apa'_6€l_vua’ Beer, Coke, Diaper, Milk
Bewpniote €va oouTEP Beer, Bread, Diaper, Milk
LAPKET. To oUVOAO TWV Coke, Diaper, Milk
NPOLOVTWYV ayopac amo
gval TIEAATN artoteAoUV
dedopéva cuvallaywv

gl | W N -




Mopro Beviivng CsHg

[padol
—
o0 Moapadeiypata:

O Mevikevpévol ypadol
(kukAodoplac, doptiou
o€ 6lkTuo, KTA) OTWC
enionc ko eyypoadoa o€
HTML A XML | &AANng
markup popdng

<a href="papers/papers.html#bbbb">
Data Mining </a>

<li>

<a href="papers/papers.html#aaaa">
Graph Partitioning </a>

<li>

<a href="papers/papers.html#aaaa">
Parallel Solution of Sparse Linear System of Equations </a>
<li>

<a href="papers/papers.html#ffff">

N-Body Computation and Dense Linear System Solvers



Taévounueva

AAN\NnAouvuyiec ocupBaviwv Xwpo-xpovika dedopeva

Avtikelpeva/Zuppavta
1 1 MéEoeg unviaieg

Oeppokpaoieg

(AB) (D) (CE) otnv §npa Kat Tov
(BD) (C) (E)
(CD) (B) (AE)

WKEAVO

‘Eva cupfav tng akoAouBiog



[Mototnta bedopevwy
P

0 Tuetbouc mpoBAnuata
TTOLOTNTAC UTTAPXOULV;

0 Nwc aviyvevouue
npofBAnuata oto
dedopeva

0 Nwc avtipetwnilovpe ta
npofBAnuata avta

0 Napadeiypata

npofBAnuatwyv

rniototnTac O0eOOUEVWVY

0 O@opuBoc kal
eEOILPEDELC

0 AVUTTOLPKTEG TLULEG

0 AutAotuTa



0 O Bopufog avadepetor PP .
0€ OAAOLWOELC TWV orjpoTa

1 .
0 0.2

OPXLKWV TLLWV ULOG Time (omsonds)
LdLoTNTOC 15

_ ®opufoc FHil \ ‘
=t B

o Napadeypa:
napopopdpwon oto onua
OMLALaC AOYW KAKAC
TIOLOTNTOC EVOC
LLKpOdWVOU, XLOVLOL OE
onpa tnAgopaonc Aoyw
Kakng AnYng, KTA

2 nuLTOVoELdN
ORUOTO KE
Odpupo

0.2 0.4 0.6 0.8 1
Time (seconds)



E€apeoelc

—
0 OLetatpéoelg (outliers)
elval dedopeva e

XOLPOKTNPLOTLKA TTOU ® 3
6La,c|>epouv ONHAVTIKA __- “%ﬁi‘i
OLTTO TOL TTEPLOCOTEPQ ‘ R

dedopEva tou cuvolou




AVUTIOPKTEC TIUEC

0 Aoyol avUTIOpKTWV TLLWV 0 Mw¢ XepW{OPAOTE TLG
O Asv cUNEyETOL N QVUTIOPKTEC TLUEG
nAnpodopla o Adaipeon deSopévwy Tou
m [1.X. opLopEVOL apvouvTal Va TLC TIEPLEXOUV
arokaAUPouv TNV nAtkia n , :
10 B&POC TOUC O EKTlUNON TWV TIHWV
o OL8LoTNTEC Sev o Na TG ayvonoouue
xapaktnpilouv oAa ta O AvTLKATAOTAON HE ONEC TLG
dedopeva rOaveg TLHEC (pe otdBpon
m [1.x. TO eL06dNnNua bev TwV TIBavVoTATWVY TOUC)

epappoletal ota madla



ALUTAOTUTIO

P
0 To cUvoAo dedouevwy pmopet va mepthapBavet
dedopeva e SUTAEC eyypadec 1 oxedov SLTAOTUTIA
o Meyalo {ntnua otav ocuvevwvovtal dedopeva amno
ETEPOYEVELC TINYEC
0 MNapadelyporta:
o Eva atopo pe moAAeg StevBuvoelg nA. taxudpopeiou
0 KaBaplopoc bedopevwy

o0 H dwadikaoia e€opdAuvong tou mpoPARLATOC TWV
SUuTAOTUTIWV



[po-eneéepyaoio SedopeEVWV
P
0 2uvaBpolon

0 AswypatoAnyio

0 Melwon AlaoTaTKOTNTOC

0 Emtloyn umoouvoAou oLotnTwv

0 Anpoupylo LbLotNTwv

0 Alakpltomnoinon kat Avadormoilnon
0 Metaoxnuotiopoc ISlotAtwy



2uvaBpolon

o O ouvbuaouoc 2 n 1 2KOTLOG: ,
, , 0o Meilwon dedopevwv
NEPLOOOTEPWV 16 LOTNTWV = Meiwon tou aplBpol twv
' ! LOLOTATWV I AVTLIKELUEVWV
OVTLKELMLEVWV) OE LA
(n ) H ) ) IJ o AAoyn KALHOKOG
povadikr wotnta (1 = OL N6l cuVaBpoifovTaL o
, OMOUG, TIEPLPEPELEG, EG,
QLVTLKELLEVO) VOHOUG, TIEPIPEPELES, XWPE

o Mo «otaBepa» debouéva

m Ta ouvaBpolopeva dedopéva
Teivouv va €xouv Alyotepn
pHetapAntotnTa



2uvaBpolon
]

MetafoAn atpuoodalplkic nieong otnv Avuotpalia
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AsypoatoAnyla

0 Eivow n kupta Texvikn yia erhoyn 0 ApXN OIOTEAECHLOTLKAG
bedopevwy SewypatoAnbiog
0 XpNOLUOTOLE(TAL TOCO O€ TIPOKATOPKTLKEG A Sei ,
EPEVVEC 000 KL 0TNV TEALKH avaAuon O AV TO Oelypa ELVOLL'
SeSopévwy QVTLUTPOOWTIEUTLKO, Bt
0 Ol oTaTLoTkoAOYoL Kdvouv Seypatolnbio S0UAEPEL TO 1010 KAAQ LLE TO
eNMeLdN N amoktnon oAwv twv SedopEvwy OUVOALKO OWHOL dESOUEVWV
elvat akpLpn n xpovofopa o Eva Selypa sivalt
o H SewypatoAndia xpnotpomnoleitat otnv QVTUTPOOWTIEVUTIKO EAV EXEL
e€opuén dedopevwy emeldn y sns&epyaota TIPOCEYYLOTLKA TNV oL
OAwV Twv dedopEvwy p.TtOpEL va elvoi LOLOTNTA UE TO APXLKO GUVOAO

UTTOAOYLOTLKA QTTalY OPEUTLKN Sedopévwy (m.x. kortovopun)



Tumot SeypatoAny Lo

-1

0 ArAn tuxaia deypatoAnyia

O Yrapxel idla mBavotnta emAoyn g EVOC OVTLIKELUEVOU
0 AswypotoAnyia ywplc avikatdotoon

0 Otav eTAEYETAL VA OVTLKELPEVO, adalpeital amo Tov TAnBuouo

m EruAéyetal povo pia popa

0 AewypatoAnyia pe avtkataotoon

o To i8lo avtikeipevo pmopel va erthexBel meplocotepo ano pa dopad
0 Alootpwpatikn delypatoAnyia

0 AloXwpPLOHOG Twv 6EOOUEVWVY OE TOUELG, KoL ETILAOYN TUXALWV
QVTLKELLEVWV OO KAOE TOpE



MeyeBoc Aslypatoc

8000 onpeia

2000 onpeia

500 onueia

bil

(U .

rob

o W

Thv péyeBog octypatog yperaleTon
Ywo va emrey0el TovAayietov
£va avVTIKEINEVO 00 KGOE Eva

a6 to 10 cvvora;

____________________________________________________________________________________

I I
10 20 30 40 50 60 70
Sample Size




H katapa tnc SLaoTaTkOTNTOC

= 3.5 .
o ‘Otav av§dvouv ol S,
dlaotaoelg (L6Lotnteg), Ta =5l
bedopeva ylvovtal ohogva g ol
KOLL TILO OLPOLLOL OTOV =
noAudLaoTato Ywpeo 5 |
0 H andotaon Kal n Tukvotnta "N
HETG‘C’OTNVGHHEWVHOU E:E 0| A T S T D e e e
Ell.V(Il Kp’lO;lLlEq Yla U]V - 20 10 rjlgmggr 02f5dir%gns?o5ns40 45 90
OHQGOT[OU]O-” n TnV e Tuxaia dnpovpyia 500 onpeiwv

ay lXVE ) r] € Ea Lp EIO-E wv * YIoAoyLlopog tnG Stadopag HETaU HEYLOTNG KoL
XavVOouV Tn onuaoLla Toug gAdytotng amdotaong HeTaly GAwWV Twv {Evywv

ONMELWV




Melwon dLooTaTIKOTNTOG

0 ZKOTOG: 0 TEXVLKEC
o Armoduyr) TNG «KATApAG» T .
&aodza‘t’{‘m?ﬁwc POG> TS o Principle Component
0o Meilwon Xpovou Kal Xwpou Analy5|5 (PCA)
ot ahvopLajIoUS o Singular Value
£€OpU eSouévwv i
PUENS g : Decomposition (SVD)
o Emutpénel T ontikomnoinon ’ ,
Twv Sedopévwy 0 ANEC: TEXVLKEG
o BonBdeL otnv adaipeon eniPAedng kat pn-

ACXETWV OLOTNTWV 1 01N ; ;
uelwon Tou BopuBou YPOLLLKEG TEXVLKEG



Melwon dtaotatikotntac: PCA
]

0 O otoxocg elval n X, |
EVUPECN ULOLC
npooAncg nou
aXpaAwTileL TN
LEYaAUTEPN TTOCOTNTA
SdlooTopac TWV
dedopevwy




Melwon dwaotatikotntac: ISOMAP

0 Kotaokeun evoc And: Tenenbaum, de Silva,
YPAPOU YEITOVWV

0 M kaBe (evyoc
onuelwv Tou ypadou,
UTTOAOVYLOE TO
OUVTOMOTEPO LOVOTIATL
QTTOOTAOEWV-
VEWOALTIKWV -
QTMTOOTAOEWV .




ErttAoyn urtoouvoAou LoLoTtNTWV

-5
0 EvaAAaKTLKOG TPOTOG pelwong TG 0 TEXVLIKEC

OLOCTOTLKOTNTA o E§avtAntwkn (Brute-force):

0 MNAgovalovta XOpOKTNPLOTIKA . ,
¢ XopaKnp m Aok oAwv Twv TiBavwy

o Nepypadouv oAl mAnpodopia mou AdN UTTOGUVOAWV
UTTAPXEL O€ AAAEC LOLOTNTEC ) _
u I‘Iagd&ewuq: N T EVOC Ttpo'[évrgq Kol N I EVGwHaTw MEVEG.
TIUAR Tou $OPOoU TIoU ToU avaloyel m H ET[L)\OW'] V[VETOLl eowrepu«i
0 Mn OXETLKA XOPOKTNPLOTIKA arno tn ¢uon Tou alyoplOuou
o Aev meptéxouv mAnpodopia mou propet £60puéng dedopevwy
va alomnotnBel yia tnv epappoyr) mou o Qiltpa:
evlladépetl

. 14 14
m MNopadadeypa: to AOM gvog moAltn ival Ot L&OTH)T &G EFL)\EV}? V,Tale
AoxeTo yia T epapuoyr pOPAednG Tg TIPLV EKTEAEOTEL O AAYOPLUHOG
TUGTOANTITIKAG LKAVOTNTAC TOU e€opuéng dedopevwy



Anuovpyia Wdotntwy
P

0 Anpoupyia véwv 0 3 KUPLEG T(POCEYYIOELG
LOLoTATWY 1ov propouv o E€aywyn 1610tAtwy ano
va aypaAwTi{ouvv ELONUOVEG ,
onuavuKr'] T[)\r]pO(I)OpiOL m [1.X. oTNV LOTPLKN

, ; o Avtilotoiywon 6edopevwy
£VOC OUVOAOU OE VEO YGPO

bedopevwy e 0 JuvSUAOUOC LBLOTATWY
OLTTOTEAEOLLOTLKAL OLTTO = TPAUULKOC, e XPAON

TLC OLPXLKEC LOLOTNTEQ TLOAVOTHTWY, KTA.



AvTlotolxnon o€ VEO XWPO

0 Metaoxnuatiopoc Fourier

o Wavelets
1 . ‘ . 15 . . ‘ . 0
L i 0,
05
i 0_
O I ot
0_
_0_5_
N | WNN\J\MMM\/\W\N
_1 1 1 1 15 1 1 1 1 0| 1 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 0 0.2 0.4 06 0.8 1 0 10 20 30 40 50 60 70 80 90
Time (seconds) Time (seconds)

Avo nutovoeldn KupoTa Avo nutovoeldn pe 66pufo Juxvotnta
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MeTooxNUATLOUOC LOLOTNTWV
P

0 Mo cuvaptnon mou avtlotolyilel To cUVOAOo
TWV TIMWV JLaC LBLOTNTOC O EVOL VEO CUVOAO
TIHWV, TETOLWV WOoTE KAOe maAala TLun va
TOLUTOTIOLELTOL OTTO MLOL VEQ
0 ATIAEC OUVAPTNOELC

m XX, log(x), €%, |X]|
00 JUVOPTNOELG KAVOVLKOTIOLNONG



OHOLOTNTEC KOLL ALVOLOLOTNTEC
P

[ Ouo l(’)'[n'ta 0 Avopolotnta
. 0o AplOuntikn PETPnoN Tou
-~ AF’JLGW]TLK’n Hetpnon tou nooo dtadopetika eival duo
nooo potalouv duo QVTIKELPEVA
QVTLKELEVA o Mewvetal tav To

avtlkeipeva potalouv

0 MeyaAwvel oTav T
o H s)\axtom avopoLotnta

QVTLKELpEVA potalouv eival cuyvd 0
O JUXVA EUTLTTTEL OTO OPLO 0 To avwtato opLo Sladepel
[0,1] arno nepintwon o€
’ nepLTWon

H eyyutnta avadEPETAL 0TV OUOLOTNTA 1) TNV

QVOHoLOTNTA



OHOLOTNTEC KAl N Yot ATTAEC LOLOTNTEC
]

0 Eotw P,d duo bLotntec:

Tunog Avopolotnta (d) Opototnta (S)
éLotntog

Nominal 4 0 av p=q . 1 av p=q
lovp#q Oavp#q
Ordinal Ot Tipég kupaivovtat amd 0 éwg N-1, érou N o
apLOUOC TWV TLUWV
4 _lp-d s—1-[P=d
— n—1 n-1

Interval ; Ratio

—|n— s=—-d, s=——, fs=1- -
d_|p q| 1+d’ max,-min



EukAelbela amootaon

O TL')T[O(;Z 3 - onueio X y
L 2 2 0pl S; g (2)
d = \/;(pk -0 I e e
0 ‘Omou N o aplBuoc Twv N > : 1
dlaotacewv (Ldotnteg) kat o 1 2 3 4 s
P, i N |'<-00tr'] dLotnta Twv
QVTIKELULEVWV P, ] ] " e o
0 H kavovikomoinon pl 0] 2828 3162] 5099
erBarletat eav Stadepouv Pg gfjég 1412 1-4181 3.163
OL KApaKeG E4 5099]  3.162 2 0




Arnootaon MinkowskKi

]
0 Tumog

n 1
d :(Zl P — 0y |r)r
k=1

0 ‘Omou I pa MapAUETPOC,
N 0 apLlOuOC TwV

SLOOTACEWV, KOL Py, gy N

K-ootn} 1dlotnta Twv
QVTLKELLEVWV P, g

r=1. anootaon City block
(Manhattan taX|cab L, norm)

‘Eva kowo napadetypa eival n omootaor]
Hammlng OV €lval amAd o aplBuoc Twv
bits rou dlapEpouv petatt Suo duadikwv
Slavuopatwy

r = 2. EukAeidela amootaon

norm, L

“supremum” (L
norm) anootaon.
H usytotn Stadopa gmra&u OTIOLACONTIOTE

r— oo. max

ldO’TQOT] ¢ Twv aVUGHGTU)V

Mn cuyxEETE TO I' UE TO N.
OAeg oL mapamAvw AMOCTACELG
opilovtal yla OAEG TIG SLOLOTAOELG



Anootaon MinkowskKi
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Anootaon Mahalanobis

]
mahalanobs( D, q) (p CI) Z (p CI) Orou X o mivakog ouv-

Slaomopac twv dedopevwy X

3 (X = X)X~ X)

Mo ta KOKKWVaL onpela, n EukAeidela

amnootaon eivat 14.7, n anootaon
Mahalanobis sivat 6.




Anootaon Mahalanobis

]
? . Mivakac¢ ouv-dLacmopag:
=1 _ S | 0.3 0.2
A e | > =
- R 0.2 0.3
15) cehe LT S s - 1 A(05,0.5)
T 1 B:(0, 1)
| 1 c:@5,1.5)
of ** -
05 -
Mahal(A,B) =5
-1

-0.5 {I] {]_IE ‘II 1!5 ;IE 25 MahaI(A,C) — 4



|6LOTNTEC TNC ATTOOTAONC
P

3 OLanogTacEL;, onwen 0 ‘Omnola andotaon
EukAelOELO, EXOUV OPLOUEVEC ,
YVWOTEC LOLOTNTEC LKAVOTLOLEL TLG
1. d(p,q) =0 ywaoratap LOLOTNTEC QUTE
kal g kat d(p, q) = 0 povo n S 5 ,
av p = Q. ovouadeTal LETPLKN
2. d(p, q) =d(g, p) v ola
Ta P Kot g. (Zuppetpia)

3. d(p, If) <d(p, g) +d(q, 1)

Lao Aata P, g, Katr.
TplYWVLIKA avwomta)



Opototnto petaél SLaAdLKWV

SLOVUOUATWV
-
o Mua Kown mepltwon sivoi 0 A6 taiplaopa (simple

matching ) kot cuvteAeoTEC
Jaccard

o SM= aplBuwv cupdwviwv/

oUTH OToU SUO QWVTLKELYEVA
P, g €XouV LOVO SUABIKEC

LOLOTNTEG apLOuoc WblotATwy
0 YroAoyLloTe TLG LOLOTNTEC LE = My, + My) / (Mg, + My + My, + M)
Baon to mapoKATW: o Jaccard = aptBpog twv
o My, = #1010mTWYV Ot1Tou 1o p AATav O KA1 T0 g 1 TaLp la?uﬁﬂwv ME AGOOUG /
o M, =# I510TATWYV OTT0U TO p ATAV 1 KOI TO apLBuog PNUV TWV UN
q0 UNOEVIKWV TLUWV
o IT\fl)o(a:O# I010TATWY OTTOoU TO p ATAV O KAI = (|\/|11) / (|\/|01 + |\/|10 + |\/|11)

o My = #1010TATWVY OTTOU TO p fTAV 1 KO
70091



Nopadeypa SM kat Jaccard




Opolotnta cuvnuitovou

T
0 Av d, koud, givat duo Staviopota eyypadwy TOTE:

cos(d;, d,) = (d; edy)/[|dy][ [|d,]] ,
OTIOU ® onpaivel E0WTEPLKO yvopevo katl || d || to pnkog tou dtavuouatog d.

o Noapadelypa:

d,=3205000200

d,=1000000102
d, e d,= 3*1+ 2*0 + 0*0 + 5*0 + 0*0 + 0*0 + 0*0 + 2*1 + 0*0 + 0*2=5
|Id, || = (3*3+2*2+0*0+5*5+0*0+0*0+0*0+2*2+0*0+0*0)°5 = (42) 05 = 6.481
||d,|| = (1*1+0*0+0*0+0*0+0*0+0*0+0*0+1*1+0*0+2*2) 05 = (6) 0> = 2.245

cos(d,, d,)=.3150



YuvteAeotnc Tanimoto
(Extended Jaccard Coefficient)

N
0 KaAog ya dedopeva
gyypadwy,
QVTIMETWTTIL(EL KAAQA TO
sparsity

L EX(dy, dy) = (dy @ dy) / (Ildy|[2+ 1d,lI2- d,ed,)



Yuoxetwon (Correlation)

0 H ouoyxetion petpa tn

YPQALLULKN OXEON
LETAELY OVTIKELMEVWV

covariance(x,y)
stddev(x) * stddev(y)

corr(x,y) =

. 1
covariance(x,y) = — Z'{Ll(xi = Xm) (Vi — Ym)

0 MNavto petagy -1 kat 1

stddev(x) =
0 2vuxetwon Pearson \

o X=a*Y+b 1 z":
(xi - xm)z
i=1

n—1 ¢




Yuoxetwon (Correlation)
P

0 H ouoxetion petpad tn

VPOLLLULKA OXEON METAED o B
QVTLIKELLEVWV Pk ( Pk mean(p)) /std(p)

0 o Tov utoAoyLoUO NG,
KOLVOVLKOTIOLOU LLE Ta dx = (g, —mean(q)) /std(q)
dedopeva Ko
TTOLLPVOU ULE TO : -
E0WTEPLKO TOUC correlation(p,q) = p'eq

YLWWOUEVO



A&LoOAOYwWVTOC TN CUOXETLON LE ELKOVEC
]

—1.00 -0.90 —-0.80 -D.v0 -0.60 -0.50 —0.40

Awaypappota
Sdlaomopac nouv

OelyvouV Tn CUCYXETLON
armo 1o -1 €w¢ to 1.

0.80 0.90 1.00




[TukvoTnTa
P

0 EukAeldela mukvotnta, Baclopévn o KEALA

0 ALopoUE TNV TIEPLOXN OE KEALA KOl KATOLOKEUA{OUE EVOL TIIVOLKOL LE
TOV aPLOUO TWV AVILKELLEVWY KABE TIEPLOXNAC

i B O 0O 0O 0 0 0 o0
| O 0 0 0 0 0 O

| 4 17 18 6 0 0 O

z 14 14 13 13 0 18 27

: g 11 18 10 21 0 24 31

i . -~ 3 20 14 4 0 0 O
) § O O O o0 0O 0 O




[TuKkvoTNTA
-
0 EukAelbela mukvotnta, PACLOUEVN OTO KEVIPO ONUELOU

0 AwoypAddoupe Eva KUKAO LE CUYKEKPLUEVN aKTiva YUpw aro Eva
onuelo kat eTloTpEPou e Tov aplBo Twv SeSOUEVWYV TIOU TIEPLKAELEL
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