2.voTtadomoinon I

Eioaywyh
O aAyoépiBpoc k-means
ATrooTdoeIg

Iepapxikh 2ZuoTtadomoinon

Mépoc Twy diagaveiwy eival amé to P.-N. Tan, M.Steinbach, V. Kumar,
«Introduction to Data Mining», Addison Wesley, 2006

Tt eivatl cuotadormoinon

EUpeon ouotddwv (OpAdwv) OVTIKEWWEVWY £TOL WOTE TA OVTIKEIMEVA Ot KABe
ocuotada va eival opota (A va oxetiovrat) kat Stadopetikd (A Kn oxetldueva) ano
TA QVTLIKE{PEVA TWV GAAWY oUCTAS WV

O1 amoaTdoeig
avayeoa oTI¢
oUoTAdEC
yeyioToToloUvTal

O amooTdoeig
Héoa otn ouoTtdda
eAaxioTomoiouvTal

3-didoTara onpeia,
€UKAeidela amdoTaon
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= opadomoinon  yoviSiwv kot
MPpWTElvwy Tou €xouv TV Sl
Aewtoupyia,

= £IKOVE,
= YOPAKTNPLOTIKA A0OEVELWV

" LETOXWV ME napouoLla
Slakvpoven Twy,

= opadomoinon  weblog  yua
€UPECN TOPOMOLWY TIPOTUTIWV
TipooTéNAoNG,

= opadomoinon  OXETWOMEVWV
apxeilwv yia browsing,

= opodomoinon KEWWEVWY

= TEAATEG ue napouoLla
ouunepipopa

EZopugn Acdopévwy: Ak. ‘Etog 2010-2011

Edappoyeg

Discovered Clusters Industry Group

"Applied Matl-DOWN, Bay-Network-Down,3-COM-DOWN,
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,
Natl-Semiconduct-DOWN,Oracl- DOWN,SGI-DOWN,
Sun-DOWN

Technologyl-DOWN

Apple-Comp-DOWN, Autodesk-DOWN,DEC-DOWN,
2 ADV-Micro-Device-DOWN, Andrew-Corp-DOWN,
Computer-Assoc-DOWN, Circuit-City-DOWN,
Compag-DOWN, EMC-Corp-DOWN, Gen-Inst-DOWN,
Motorola-DOWN, Microsoft-DOWN, Scientific-Atl-DOWN

Fannie-Mae-DOWN, Fed-Home-Loan-DOWN,

Technology2-DOWN

3 MBNA-Corp-DOWN, Morgan-Stanley-DOWN Financial-DOWN
Baker-Hughes-UP,Dresser-Inds-UP, Halliburton-HLD-UP,
4 Louisiana-Land-UP,Phillips-Petro-UP, Unocal-UP, Oil-UP

Schlumberger-UP

TuoTtadoTtroinon
emiITéSou Bpoxng
(precipitation) oTnv
AuoTpaAia!

ZYZTAAONMOIHZH |

Edappoyeg

Katavénon — Stand-alone spappoyn/spyalieio
OTITLKOTIOLNON, CUUIMEPACUATA YL TNV KATAVOUN

Brpa Npoenefepyaoiog

= MepiAnyn: EAGTTwon Ttou peyEBoUC UEYAAWV CUVOAWV
XPNoN QVIUTPOCWTEUTIKWY Oonpeiwv amnd kabe cuotada —

TpWTOTUTIA (prototypes),

= Juurnieon n

= ATTOSOTIKI] KATAOKEUN EUPETNPLWV — EUPECN KOVILVOTEPOU

YEltova KATU

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011
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[ X XX
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4 [ X J
Acadela °
o ® ++ *
o0 o ° ++ 0 Yo
[ J *
[ J [ ] o O
PY [ J [ J v o O
® o0 O v oo O
[} o0 v o0
IToceg Opddec? 6 opddeg
mE A + + *
Em m A ++ 4+ Yo
A *
-] A + (o
= -] A v + (o
| AA A v o0 ¢
-] A A v (ool
2 opddeg 4 opddeg
EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH | 5

Eloaywyn

Mote pla cuotadomnoinon eivat KoAn;

Mwa péBodog oucotadomoinong eilvalt koA av Tapdyel cuoTAdeC KOANG
ToLOTNTAC

= MeydAn opoldTnTa EVTOE TNG oUoTAdag Kot
= MKPH OMOLOTNTA OVALLECA OTLG OUOTASEC

H moldtnta eaptatal amno tn

= M£Tpnon OMoLOTNTAG KOl
= MéBobo uAomoinong tng cuctadomnoinong

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH | 6




Eidn ouatadomoinong -

Mia ouatadomoinon cival éva oUvoAo amé ouoTddeg

Baoikfi 3idkpion avdueoa oTo sgpapxiké  (Arerarchical)  kai
draxwpiotikd (partitional) aOvoho amd opadeg

‘Bvag Si1apepiogdc Twy avTIKEIEVWY OE PN ETIKAAUTTTOMEVA -
non-overlapping - umooUvoAa (ouoTddeg) TéTolo¢ WoTe KAOe
avTIKEIPEVO aviKel g€ akpiPwe éva utrooUvoAo

‘Bva olvoho and eupwAsuuéves (nested) opadeg
Emitpémoupe o0 pid  ouoTdda va  €XEl  UTTO-0UOTAdEC
0pYAVWHEVEG O £va IEpdpXIKO OEVTPO

EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |

Ataywplotikni Katl lepapyikni Zuotadomnoinon

.
.- (¢
ApXIKa Znueia

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |




Alaxwplotikn Kot lepapxikn Zuotadomnoinon

AlaxwpLotikn Zuctadornoinon

pl
P4,
pl p2 p3p4
lepapxIkii ZucTadoTroinon Napadooiakd Aévdpo-ypdupa (Dendrogram)
= QUM anAd onpeia ) amAég cuoTddeg
= g akoAouBia SLaxwpLoTIKWY

= Na «kdpoupe» To §€vtpo

EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 ZYZTAAOMNOIHZH | 9

Tumol cuotadwv: KaAwg AlaxwpLoUEVEG ZUOTASES ®

Mwa cuotdda eival éva cUvolo amo onueio tétola wote KABe onueio pLag
ocuotadag eival kovtvotepo oe (1 Lo OpoLo pe) OAa to dAa onpeia Tng ouoTtddog
arno otL o€ onolodnmote Ao onpeio mou Sev avrkeL otn cuoTtdda.

3 KaAwg-Sl1aXwpPIoUEVEG OUOTADEG

JuXVA UTLAPXEL N évvola Tou KatwdAtoL (threshold)

‘Oxt anapaitnta kukAikoi (ortolodrmote oxfua)

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 ZYZTAAOMNOIHZH | 10




TOmol cuotadwv: 2uotddeg BACLOUEVEG O KEVTPO N TPOTUTID ®

M cuotdda eival éva cUVOAO amO QAVTIKE(UEVO TETOLO WOTE €V QVTIKE(UEVO
otnV ouotada elval Kovtlvotepo e (A TILO OLOLO LE) TO «KEVTPO» I TIPOTUTIO TNG
oUOTASaG Ao OTL atd To KEVTPO omolaadrmote AAANG cuotadag.

To kévtpo NG opddog elvat cuxva

= centroid, 0 L€00G 6POG TWV CNUELWVY TNG cUOTASAG, I

"3 medoid, TO TO «AVIUTPOOWMEUTIKO» onuelo g ocuotdadag (my oOtav
KOTNYOpLKA yvwpiopata)

Teivouv aTo va
4 ouoTadeg BACIOHEVEG OE KEVTPO eival KUKAIKoi

EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 ZYZTAAOMNOIHZH |
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TUmoL ouoTAdWV: ZUVEXNG ZUOTASEC

Suvexng uotddeg (Contiguous Cluster) (Kovtwotepog yeitova n
petopatika) — Baoet yertviaong
M cuotdda elval €va oUvolo onueiwv TéTolo wote KABe onueio
glval mo kovtd oe éva 1 mepLoootepa onpeia TNG cuotadag amo o,tl
o€ omolodnnote GAAo onpelo EKTOG oUOTASAG

Suxvd O€ TEPUTTWOEL OUOCTASWV HE MN  KAVOVIKO oOxfApa 1f ue
aMnlomAekopeva oxfiuata — f otav €xoupe ypadripata kat BéAoupe va
BpoUlue GUVEKTIKA UTIOYpadaTL

MpoBAnua pe 66pupo

8 ouvexeig ouoTadeg

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 ZYZTAAOMNOIHZH |
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TumotL ouotadwv: Zuotadeg BACLOUEVEC OTNV TTUKVOTNTA

Mua cuotdda gival pLa tukvr TiepLoxr oo onpeia tnv onoia xwpifouv
and  AAAEG TIEPLOXEG MEYAANG  TIUKVOTNTOG TIEPLOXEG  XAMNANG
TIUKVOTNTOG

SUXVA OE TIEPUTTWOEL] OUOTASWV HE N KOVOVIKO OXNHO 1 UE
aMnlormiekopeva oxrpata fj dtav 86puog 1) outliers

6 ouoTAdEG BAOIONEVEG TNV TTUKVOTNTA

EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 ZYZTAAOMNOIHZH |
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Tumot cuotadwv: Evvololoyikn cuctadomnoinon

JUOTASEC e KoL LBLOTNTA 1 EVVOLOAOYIKEG CUOTASEC.

2 aAANAOKAAUTITOMEVOI KUKAOI

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 ZYZTAAOMNOIHZH |
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TUmoL cuoTAdwVv: TUOTASEC PACIOUEVEC OFE L0l AVTIKELUEVIKT | o ¢

Juvaptnon

EUpeon ouotddwv TOU EAAXLOTOTOLOUV [ HEYLOTOMOLOUV MO QVTLKELUEVLKN
ouvaptnon

Amapibunon 6Awv Twv SuVOTWV TPOTIWV XWPLOMOU TWV CNUEIWV 08 CUOTASES
KalL UTTIOAOYLOHOU TOU «Tt000 KaAo» (“goodness”) eival kaBe miBavo clivolo amo
ouoTAdeg xpnoLpomnolwvtag tn SoBeioa avtikelpevikn cuvaptnon (NP-hard)

= OL otoxol (objectives) puropet va eivat oAwkot (global) i torukot (local)
= Ot Llepapytkol ouvRBwg tormikoU
= OL SLaXWPLOTLKOL OALKEG

EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |

FeVIKEG ATTALTAOELG

Avtiuetwriton 6opUBou kat outliers

@]
@]
P o
ouoTada o= ©
Oo @)
@] o o OO o
0+¢ )
o 00 outliers

Outlier (akpaio onueio) Tég mou elval e§alpéoelg wg
TPOG TA GUVNOLOUEVEG I} AVAUEVOUEVEG TLUEG

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |




AM\eg Slakploelg petaél cUVOAWY cUOTASWV EEE:
:o
n ox
‘Eva onuelo QVAKEL OE TMEPLOCOTEPEG QMO ML CUOTASEG (Y OpLaka
onueia)
oucotadomnoinon

Jtnv acadn cuctadomoinon £va onueio avrnkel oe kABe cuotdda e
KAroLo Bapog petaly tou 0 kattou 1

Juxva ta Bapn yla kaBe onueio £xouv abpolopa 1

H mBavotikn cuotadomnoinon £xeL MAPOUOLO XAPOKTNPLOTIKA

Y€ OPLOPEVEG TEPUTTWOELG BEAOUNE VA OHOSOMOLCOUE HOVO KAToLa armo Ta
Sedopéva (aAa BopuPoc, i un evdladépouoa mAnpodopia)

Juotadeg e OAU SLadopeTIKA PEYEDN, OXAOTA KaL TTUKVOTNTEG (densities)

EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |

AAyopBuol Zuotadomnoinong

Oa 60oUuEe avapeoa o€ AAAOUG TOUG:

= K-means kot tapoAAayEg
" |[epapyikn Zuotadomnoinon
= Juotadomnoinon pe Baon tnv Nukvotnta (DBSCAN)

= BIRCH (6ebopéva oto dioko!)

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |




K-means

EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH | 19

K-means: Ievikd H4

ALaXWPLOTIKOG aAyOpLOOG

(Baolopévog oe mpdtumo) Kabe cuotada cuoxetiletal e va

KaBe onpueio avatiBetal otn cuoTAda PE TO KOVTLVOTEPO KEVIPLKO ONUELO

O aplBpog twv opadwy, K, eival elocodog otov alyoplbuo

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH | 20




eoo
o000
) 1 [ X XX
K-means: Baolkog AAyopLOog ooo
°
Baoikog aAydpiBuog
1: EmAoyn K onueiwv wg Ta apxXIKa KEVTPIKA onueia
2: Repeat
3: AvdBeon OAwv TwV APXIKWY CNMEIWY OTO KOVTIVOTEPO TOUG
atrd Ta K KEVTPIKG onueia
4: Etrava-utroAoyiopdg Tou KevTpikoU anueiou KABe ouoTadag
5: Until Ta kevpik& onueia va punv aAA&louv
EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH | 21
eoo
o000
1 ’ [ X XX
K-means: Baolkog AAyopLOuog ooo
°
MNapadelypa
2 4 10 12 3 20 30 11 15

‘Botw k = 2, kai apxikd emiAéyoupe To 3 Kai To 4

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
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K-means: Baolkog AAyopLOpog

Napatnpnoslg
1. Ta apyLka kevtplka onpela ouvnBwg emAéyovtal Tuxaia

OL ouotadeg mou mapdyovtal dladepouv and To €va TPESLUO
ToUu aAyopiBuou oto aAho

EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
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K-means: Baolkog AAyopLOuog

Napatnpnoelg (ouvéxela)

2. H gyyutnta twv onpelwv umtohoyiletal e BAon KATOLA OMOOTOCH TTOU
efaptartat anod to (6o Twv onueiwv, ota mapadesiypata Ba Bewprjoovpe
Vv EukAeibela andotoon

= Eneldn n amootaocn UToAoyilleTal CUXVA O UTOAOYLOMOC TNG TPETMEL va
elval oxetika amAog

3. To kevtplko onueio eival (cuvnBwg) To péco (mean) tTwv onpeiwv g
ouotadag (to onoio unopet va unv givat eva amo ta Sedouéva e1codou)

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
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K-means: Baoikog AAyopiBuoc oo
ApXIKA KaTdoTaaon, : : H
K = 3 ouoTddeg e
ApXIKG onpeia Ky, Ky, ks
Lo
Lo
@)
kl
Y
o &
Lo k2 o °
¢ @
Lo
OO ®
X O, e
kS
X
EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH | 25
(XX}
, . eecs
K-means: Baoiko¢ AAyopiOpoc ooo
°

Ta onueia avariBevrai oTo Mo
YEITOVIKO amé Ta 3 apxIkd onyeia

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011

®
®
@
@
®
@ o
3
X

ZYZTAAONMOIHZH |
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e0o
o000
K-means: Baoikogc AAyopiBuoc o0
, , 4
Emava-umoAoyiouég Tou Kévipou
(kévtpou Pdpouc) kABe onpeiou
¢ ¢
¢ @ —0 °
k, ke
Y
@
L 2 k2 . ®
. ° ¢
. ke
L 2 kz
L 2
X Q@ o
k3
X
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e0o
, ) o000
K-means: Baoikogc AAyopiBuoc o0
o0
°

Néa avdBeon Twy onpeiwv

Néa kévrpa pdpoug

® ®
® .00
: .k" ®
: © ®
Y :
' ®
€ N b
. S @ e
0\ o ko
o k ®
* ¢ o
oo S o
X
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K-means: Baoiko¢ AAyopiOuoc

o * o
* ® <
&
& e
~ @
Y
&
: ¢ °
* 'k, ® @
* o ¢
ks, ®
* ® o
®*e ¢
&
X . ’
Aev aArdZer Timota -> TEAOZ
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K-means: Baolkog AAyopLOpog

Napatnpnoslg (cuvéxela)

= Xwpog: amoBnKeVOUUE LOVA TA KEVTPQ

= H toAumAokotnta eivat Ol * n * K * d)
n = aplOOG onueiwy,
K = aplOuédc cuctadwy,
| = apBuOC emavalndewy,
d = aptdudcg yvwploudtwy (Staotaon)

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
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1Y)
. . o000
K-means: Baolkog AAyopLOpog eece
oo
°
Napatnpnoslg (cuvéxela)
= [la ouvNBLoPEVA HETPA OUOLOTNTAG, O AAYOPLOUOG CUYKALVEL
H cUykAlon cupBaivel cuvABWE TIC APXLIKEC TPWTEC emavaAnPEeLg
= Juxva n teAikr) cuvenkn aAAdleL o
Until
OXETKA Alya onueia va aA&louv cuotdda — R
n andotacn KETaEY TWV VEWV KEVTPLKWV GNUEiWV amd ta maAld
va givat pkpn
EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH | 31

K-means: EKTipnon moltotntag

OuolaoTikd, o adyoptduog npoonadel EMAVUANTITIKA VO «UELWOTEL
™V andéotacn OAwv Twv oNUEIWV anod éva onueio tne ouotadac

H mo ocuvnBlopévn pétpnaon eival to adpoloua twv tetpdywvwy tou Addouc (Sum of
Squared Error (SSE))

Mo kaBe onueio, to AdBog gival n amdoTacr TOU Ao TV KOVTLVOTEPN cuoTtada

Mo va mapoupe to SSE, TOHPVOUME TO TETPAYWVO QUTWV Twv Aabwv Kol ta
K

npocBétoupe SSE = Z Z dist 2(mi,x)

i=1 xeC;

'Omou dist EukAeidela amdotaon, x givatl €éva onueio otn cuotdda C; kal m; eival 0 AVILTPOoWTOG
(kevtpikd onueio) tng ovotadag C;

= MniopoUpe va dei€oupe OtL To onueio mou ehaylotomnolel to SSE yla t cuotada
elvaw o péoog 6pog ¢, =1/m, 2 x

= AoBévtwv U0 GUOTAS WY, UMOPOUE VA ETUAEEOUE QUTHV LE TO UIKPOTEPO AABOG

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH | 32




K-means: EKTipnon molotntog

‘Evag tpdmog va PBeAtiwooupe tn cuotadomoinon (eAdttwon tou SSE) eival va
peyaAwaooupe to K

AN\G yevikd pa koA cuotadoroinon pe Hikpo K umopei va €xel pikpotepo SSE amod
pLa kakr cuotadormoinon pe peydio K

EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
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K-means: Baolkog AAyopLOpog

="To amotéAeopa efaptdtal amod TNV €mAoyn Twv
QPXIKWV onUEiwv

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
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K-means: TTapddeiyua

ApXIKG onueia

EZopugn Acdopévwy: Ak. ‘Etog 2010-2011
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0 23 "’F ° wl 'ﬂ‘
BéATioTn Ymo-BéATioTn
ouoTtadotroinon ouoTadoTtroion
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K-means: EmiAoyh apxikWwy onpeiwy

Iteration 1 Iteration 2 Iteration 3
3 ‘o 3 ‘e 3 ‘e
. 3
¢ * 4
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K-means: EmiAoyn apxikwy onpeiwv

Iteration 5

Y43

E *
1.5 * Q‘Q » .
> * * S

1r *

0.5 ° ¢
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of ’W ° Jﬁ ok,
e -l n
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K-means: EmiAoyh apxikWwy onpeiwy

ILeﬁtion 1 Iteration 2
3 3
25 & 25 + -
e e
) o‘}o,: ) '0’:
St xs Fos
LSO R G ERLE W,
15| RO 15| st e te
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0 0
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TTapadeiypa 10 ouoTdadwy

lteration 4

L
0 5 10 15 20
X
ZeKIVWVTAG ME BUO apXIKd onpeia o€ KaBe cuoTada KdBe {elyoug cUCTASWV
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, , o000
TTapdderypa 10 ouoTddwv sece
[ X J
Iteration 1 Iteration 2 b
8 8
6 6
4 4
) . - , 8@» . .
SRS SPETE
10 . ¥ % 1% 4 +
4] 4]
6| 6|
) 5 10 15 20 [ 5 10 15 20
Itera\{ion 3 Itera\{ion 4
8 8
6 6
4 4
o . . o P .
N 2R SN % # s + 4
1T % %% + 1+ % ¥ % +
4] 4]
6| 6|
) 5 10 15 20 [ 5 10 15 20
X
ZekIvwvTag peE 300 apxIKa onpeia og KABe ouoTAda KABE JeUyoug CUOTABWYV
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, , o000
TTapdderypa 10 ouoTddwv sece
[ X J
lteration 4 e
8r
6
4l
2 o
> 0or n ;.
-2 4
4+
-6F
L L L I
0 5 10 15 20
X
ZEKIVWVTOG PE KATTOI0 JEUYAPIA CUCTASWY VO £XOUV TPIO KEVTPIKG onpEia kKal GAAa pévo éva
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K-means: EmiAoyn apxIkwy onpeiwv | ¢
Av uTtdpxouV K «TipayaTIKEG oUOTASEG» N TBavOTNTA Vo ETUAEEOUE £va KEVTPO
and kaBe cuotada elval UIKPR, CUYKEKPLUEVA AV OAEG OL CUOTABEG €XOUV TO 1610
uéyebog n, ToOTE:
p_ number of ways to select one centroid from each cluster  Kln K _ K!
number of ways to select K centroids (Kn)K KE
Ta mapddeiypa, av K = 10, h mBavéTtnTa civar = 101/1010 = 0.00036
EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH | 44




K-means: AUGELG yLa TNV ETUAOYH APXIKWY CNUELWY

MoA\amAd tpeipata
BonOd, aA\d TOANEG TIEPUTTWOELG

AstypatoAnyia Kot xprion KAmoLag LEpAPXLKG TEXVIKAG

Ertthoyn mopandvw amd k apxtkwv onueiwv kat PeTd emloyr k amd autd ta apxkd
KEVTPLKA onUELa (TTX T TTLO OMTOUOKPUOHEVA HETAED TOUG)

Stadilakn emhoyn
Emtiloyn Tou mpwTtou onpeiou tuxaia f wg To HECO OAWV TWV CNUELWY
Mo kaBéva amo ta utdAoUTa APXLIKA onUEia
enéNe€e auUTO OV Elvat TILO LOKPLE OO TA HEXPL TWPA ETUAEYUEVA
apXLKG& onueia

= Mrnopei va 08nynoeL otnv emthoyn outliers
= O UTtoAoyLOOG TOU TILO ATTOOKPUCEVOU onpeiou gival Samavnpdg
= Juxva edpappdletal oe Seiypata
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K-means: Adcie¢ ouaTddeg oo

O Baokog alyoplBpog pnmopet va 0dnynoeL o€ ASELEG OPXLIKEG CUOTASES
MOAAEC OTPATNYLKES
Emtiloyr) Tou onuelou Tou elval TILO PHaKPLA Ao OAd TA TWPLVA KEVTpA. =

€MLAOYI) TOU ONKELOV TIOU CUUBAAEL TEPLOGOTEPO GTO SSE

‘Eva onueio amod tn cuotada pe to uPniotepo SSE — Ba obnynoel oe
«OTIACLO» TNG Apa o€ peiwaon tou AdBoug

Av TOMEC dbele¢ ouotadeg, TA MAPAMAVW PruaTa UMOpPel va
enavaAngtolv ToAEC dopég
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K-means: Z1adiakh evnuépwaon KEVTPIKWY onueiwy

210 Baowkod K-means, T0 KEVTPA EVNUEPWVETOL 0poU OO TO ONUELQ EXOUV
avatedel oto KEVTpo

Mua mapaAlayn eival va EVNUEPWVOVTOL TO KEVTPA UETA amo KAOe avabeon
(incremental approach)

= KaBe avabeon evnuepwvel 0 1) 2 kEvipa

= Mo Samavnpo

= ‘ExeL onpaoia n oglpd sloaywyng/e€étacng Twv onueiwy

= Agv UTLAPXOUV AdELEC OUOTADEG

= Mrnopel va xpnoomnotnBouv Bapn — av UTTAPXEL KATIOLA TUXALOL AVTLKELUEVLKN
ouvaptnon — £Aeyxog tL cupdEPEL KABe dopa

EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
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Mpo kat Meta Enetepyaoia

OAwO SSE kot SSE 2uotadag
Mpo-enefepyaaia
Kavovikomoinon twv 6eSopévwyv
Anopdkpuven outliers

Post-processing

Split-Merge (Statnpwvtag to 6o K)
Aloxwplopdg (split) cuotddwv pe To OXETIKA peyahitepo SSE
Anuoupyla pa vEog ouotadag: Ty EMAEYOVTAG TO ONKELO TIOU Elval O poKpLd artd OAa ta
Kévtpa 1 Tuxaia emhoyn onuelov f emoyn tou onueiou pe to peyahltepo SSE

Juvévwon (merge) ouoTAdWV TOU Elval OXETIKA KOVTWVEG (Ta KEVTPA TOUG £XOUV TNV
ULKpOTEPN amootacn) A TG SUo CUOTASES oL 08NyoUV OTNV UIKPOTEPN avgnon tou SSE
Alaypadr) cuoTtaSog Kol avakatavoun Twv onueiwv tng oe GAeg ocuotddeg (autd mou
odnyel otnv pkpotepn avénon tou SSE)
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K-means pe diyotounon (bisecting k-means)

MapaAAayr] TTOU UMOpPEL va TTaPAYEL Lo SLaXWPLOTIKH 1) LEpAPXLIKH cuotadormoinon

1: ApxikoTroinon Tng AioTag Twv CUCTAdWY WOTE VA TTEPIEXEI YIO OUOTAdA
TTOU TTEPIEXEI OAQ T anpEia

2: Repeat

3:  EmAoyn piag ouoTddag atrod Tn AioTa Twv CUCTAdWY

4: fori=1tonumber_of trials do

5: OIxoTéuNoE TNV €MAgyUEVN CUCTADA XPNOIUOTTOIWVTAG TO Baciké k-means
6

Mpb6oBeoe otn AioTa ammd TIG BUO CUCTAdEG TTOU TTPOEKUWAV ATTO TN
BIXOTOUNON QUTHV WE TO HIKPOTEPO SSE

5: Until n AioTa Twv ouoTddwy va €xel K ouoTddeg

EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
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K-means pe dixotounon (bisecting k-means)

Mola cuotada va SL0eTIACOUUE;
= Tn peyalutepn
= Auth UE to peyolutepo SSE

= JUVSUAOUO TWV MAPATIAVW

Mropet va xpnotpomnotnBel kat wg LEPAPYLKOG

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
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K-means: Meploplopot

O K-means €xeL mpoPArpaTa 6TV 0L CUCTASEG EXOUV
Aladopetikd Meyédn
AtadopeTikéG MukvOTNTEG

Non-globular shapes

‘Exel mpoBAfpata otav ta Sedopéva £xouv outliers

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
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K-means: Neploplopol — StadopeTikd peyedn o

ApXIKG onpeia K-means (3 ocuotadeg)

Aev ptTopei va Bpel To HeyAAo KOKKIVO, yiaTi gival
TTOAU pEYAAUTEPOG aTTO TOUG AAAOUG

EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
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K-means: MNeploplopol — S1apopPETIKEG TUKVOTNTEG o

ApXIKG onpeia K-means (3 cuoTdadeg)

Aev ptropei va diayxwpioel Toug duo PIKPoUG yiaTi gival
TTOAU TTUKVOI 0€ oxéon JE TOV éva JeydAo
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K-means: MNeploptopol — pn KUKALKA oxfiuata

Apxikd onpeia K-means (2 ocuotadeg)

Aev ptropei va Bpel TIG U0 CUOTABES yIaTi £XOUV [N
KUKAIKG oxfiuarta
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K-means: TTepiopiopoi oo

ApXIKG Znpeia K-means ZuoTtadeg

Mia AUon eival va xpnaipomoinBolv moAAEC ouoTAdeg
Bpiokel TUApATa Twy cuoTAdWV, dAAd TIPETIEI VA TA GUYKEVTPWOOUKE
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K-means: TTepiopiopoi
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Ead y
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ApXIKa onpueia
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K-means ZuoTtadeg
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K-means: TTepiopiapoi - diapopeTIKA HeyéOn e
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Apxikd Znpeia K-means XuoTddeg
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K-medoid %
JuvnBwg cuveyn d-8ldotarto xwpo
ALaAEyEL VA VTUTPOOWITEUTLKO onpeio amod ta Sedopéva Kal eAaxLoTomoLEL
™Tv amnootacn ano auvtd — Medoid: To mLo Kevtplkd onueio tng cuotddag
(avtl va xpnotpomolel to mean)
MelwwveL Tnv evatodnoia o€ outliers
Mrmopet va edappootel oe SeSopéva omoloudnmote tOMoU (MY Kol yia
KaTnyopLka dedopéva)
[T [
Jul
’ 1 1
g5 n
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N
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o000
TTapévBeon - Opiopoi | sese
P n pIod %
')
°

Mia mapévOeon
Méon Tiun

AmooTtaon
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e eoes
«  ApiBunTtiké Mégo/Méon TiuA- Mean (aAyeppikh Mevikh Tdon bt
uéTpnon) (sample vs. population): R o0
Ap1BunTik6 péoo pe pdpog (Weighted arithmetic *= ;; i
mean)
Trimmed mean: kdPoupe TIG akpaicg Tipég (X Ta Y WX,
pevaAUTepa kai pikpoTepa (p/2)%) X ==

= Méoo - peodia TiuA (median) - 3idueoo: i

Meaaia TiuA av Hovog aplBudg, o pécog 6pog Twv
dUo Heodiwy TIHWY, aAAIlg

To péoo ouumepipépsTar KaAUTepa orav Oe0opéva (e LN OLOIGHOPYPN KaTavouri
(skewed)

Mapddeiypa
12345090
Méoo
Méon Tiun
Trimmed 40%
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'Y
’ ’, ..
levikA Tdon | ee
= Mode :.
= H migR mou epgaviletar mo ouxvd ota
dedopéva

= Unimodal, bimodal, trimodal (mo ouxva
epgavietar pia, 0o A TpeIg BIAPOPETIKEC
TIpéG)

= Midrange (uégo diaoTAUATOC)
= (min()+max())/2

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
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Mevikn Tdon ‘

Median, mean and mode of
symmetric, positively and negatively
Mean

skewed data Median
Mode

Mode  Mean

Median

Median

EZopugn Acdopévwy: Ak. ‘Etog 2010-2011

Mevikn Tdon

Distributed measure (karaveunuévn pétpnon): umopolv va UTTOAOYIOTOUV av XWpigoupe
Ta apxikd dedopéva o HIKpOTEPA UTTOOUVOAA, UTTOAOYIOOUHE TNV TIWA 08 KABe uTooUvVoAO
Kkai TIc ouyxwvetoupe X sum(), count(), max(), min()

Algebraic measure (aAvePpiki HETPNON): HTTOPEi va UTOAOYIOTEI av €@appdooulE Hid
aAvePpikf (TOAUWVURIKA) ouvdpThon o€ Wid A TTEPIOOOTEPEG KATAVEUNHEVEC WETPAOEIG
(mx avg()= sum()/count())

Holistic measure (oMoTIKA péTpnon) Tpémel va uttoAoyioTei 0To aUvoho Twv Jedopévwy
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Variance (02)
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ATmootaon kai OpoidéTnTa
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Kpttipla Opotétntag -Anootaon

Ouolotnta
M aptduntikn uétpnon yLa to méco ouota ivat SUo avtikeiueva
= MeyaAUtepn 600 Lo OUOLA ELVAL TOL OVTIKELEVA HETOEY TOUG
= Juxva TEC oto [0, 1]

Mn Opototnta (dissimilarity)
M  apBuntikn uétpnon yia to moco Slagopetika  gival  duo
QVTIKEIUEVD
= MwKpOTEPN OGO TOLO OOLA ELVAL TOL AVTIKELEVA PETAED TOUG
= H gAdylotn T eival ouvBwe 0 (otav ta idla), aAAd to mavw Opo
Sladépet

EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
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Kpttipla Opotdtntog

M'VWOTEG LOLOTNTEG yLaL TNV OpoLOTNTA:

s(p, g) =1 (N péylotn opoldTNTA) HOVO AV p = (.

s(p, a) =s(q, p) vl kaBe p ka q (Zuppetpia)
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1Y)
o000
. , , T
Kpttnpla Opolotntag -Anootaon bt
°
H opoldtnta-pun opoldtnta HeTafld OU0 QVIIKELUEVWY HETPLETAL
ouvnBwg Pdon Wag ocuvaptnong amdéotacnG avAgesa  ota
QVTIKELPEVA
E€aptatal anod to £i6o¢ twv Sedopévwy, dnhadn and to eidog Twv
YVWPLOUATWY TOUG
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Kptthpla Opolotntog bt
°

Juvaptnoelg anootaong (distance functions)
JUXVEC LOLOTNTEG:

1.d(i,j) >0

2. d(i, i) = 0 (avakAaoTIKA)

3. d(i, j) = d(j, i) (ouppetpikr)

4.d(i, j) < d(i, h) + d(h, j) (tplywvikn avicétnTa)

Otav oyxvouv Kal ot 4, n CuUVAPTNON AMOCTACNG OVOUAIETAL KOl

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
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Anootaosig °

AUO peyAAeg Katnyopleg:
= EukAeibelec (Baolopéveg otn B€on Twv onueiwy,
QIMOOTACELG TWV CNUELWV OTO XWPO, Evvola TNG
HEONG TLUAG)
= Mn EukAeibelec (Baolopéveg o AANEG LOLOTNTEG
TWV onueiwv mAnv tng B€ong Toug)

EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 ZYZTAAOMNOIHZH |
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OpLlopog Altootaong

‘Eotw Suo peTaPANTEC i Kat j e n yyvwplopata X, Ko Xy i = (X, Xy, ...,
Xi) @and j = (xjy, Xpp, e X;,)

O 1o ocuvnBLopévog tpomog — EukAeidela andotaon:

S 2 _ 2 B 2
(i, j)= \/(|xi1 x Pt Py, —x )

Elval petpkn andotaong

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 ZYZTAAOMNOIHZH |
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eoo
eoo00
, , eeo0
Oplopog Artootaong bt
°
‘Eotw Suo petaPAnTeq i Kat j pe n yvwplopata X, Ko Xy i = (X, Xy, ...,
Xi) @and j = (x;y, X5, o0 X;,)
Manhattan rj city-block
Ll(l,])=| X% |+|xz’z_sz |+...+|xl.n —xjn|
Eivai yetpikh amdéoTaong
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Oplopog Artootaong bt
°
TTapdderypa
4 x5 = (3.5)
5 P
T ’
Ve
4 ’
3 /7 - . .
3 s Euclidean distance
- V2 =22+ 32)V2 =361
1 = (1,2)
2 Manhattan distance
=2+3=5
1 —— ) ——
e
1 2 3
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1Y)
0000
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Oplopog Artootaong bt
[ J
TMapdderypa
. b = (9,8)
Lg-norm. !
dist(x,y) = i
V(42+32)
=5
3
L;-norm:
4 dist(x,y) =
443 =7
a = (5,5)
EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH | 75
Oplopodcg Antdotaong 444
o000
[ R
MNapadeyua :.
s Nivakag AeSopévwv
2 @pt point X y
03 b pl 0 2
1 ° ° p2 2 0
p2 p3 3 1
0 ——— ‘ ‘ ‘ p4 5 1
0 1 2 3 4 5 6
pl p2 p3 p4
pl 0 2.828 3.162 5.099
p2 2.828 0 1414 3.162
p3 3.162 1.414 0 2
p4 5.099 3.162 2 0
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Mivakag AmroéoTaong

ZYZTAAONMOIHZH |
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Oplopog Artootaong bt
[ J
‘Eotw duo peTaPANTEG i Kai j HE h yyvwpiopdTa X, Kai X /= (x4,
Xigs e Xi) AN = (X5, Xip, s Xip)
Minkowski (p-norm):
1/p
N _ p _ p _ p
Lp(l,j)— |xl_1 le' +|xl_2 xj2| +'"+|xin xjn'
Eivai yetpikh amdéoTaong
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Oplopog Artootaong bt
[ J

= p=1. City block (Manhattan, taxicab, L, norm).

= Hamming distance, 6tav dvadikd dovicpata = apBudg bits mov dapépovv
= p=2. Evkleideio andotoon

. — . “supremum” (L__ norm, L_norm) amdctoon).
? oo

max

= H péyiom andotacn petaéd onolovdnmote yvmpiocpatog (d1dotacng) tmv dvo
Savvopdtov

TO maximum To 6pLo dtav To p TelVeL OTO °° oTnV L, norm: maipvovtag tnv p th twy

Sladopwv, abpoilovtag kat maipvovtag thv n th pita.
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OpLlopog Amootaong coee
[ X XX
3 TTapdderyya b
[ J
2 @op1 L1 pl p2 p3 p4
p3 p4 pl 0 4 4 6
1 L4 p2 4 0 2 4
p2 p3 4 2 0 2
00 ‘ pd 6 4 2 0
0o 1 2 5 6
L2 pl p2 p3 p4
pl 0 2.828 3.162 5.099
p2 2.828 0 1414 3.162
p3 3.162 1414 0 2
p4 5.099 3.162 2 0
point X y
pl 0 2 Lo pl p2 p3 p4
p2 2 0 pl 0 2 3 5
p3 3 1 p2 2 0 1 3
pd 5 1 p3 3 1 0 2
p4 5 3 2 0
Mivakeg AréoTaong
EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
OpLlopog Altootaong

Juyva,

Bdpn mx yia. EukAeibela amdotaon:

S R _ 2 _ 2
d(l’J)_\/(Wllxil le| +W2|xi2 szl +...+wn|xl.n xjn|)
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Mn EukAelbeleg amootaoelg| ¢
= Jaccard distance
= Cosine distance
= Edit distance
= Hamming Distance
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Oplopog Artootaong b

Avadikéc MetaBAntéc

Juyxva edopéva pe povo duadika yvwpiopota (duadika Stavuopata)

= JUMUETPIKEC (TLEG O kat 1 €xouv Tnv (6la onuacia)
Invariant opolotnta

= Mn CUUUETPLKEC (N oupdwvia oto 1 1o onUavTik — my otav to 1

onuatodotel tnv LMaPEN Kamolag aoBévelag)
Non-invariant (Jaccard)
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Opiouoc AmooTtaong 43

MeTagu dUo avTikeipévwy i kai j He duadikd yvwpioparta
My = 0 ap1Bp6G Twv yvwpiopdTwy Tou To i €xel TIPA O Kai To j éxer 1
Mo = 0 ap1BuOG TWV yvwplopdTwy Trou To i €Xel TIHA 1 kat To j éxer O
Mo = 0 ap1Bp6G Twy yvwpiopdTwy Tou To i €xel TipA O Kai To j éxer O
M;; = 0 ap1Bp6g Twv yvwplopdTwy ToU To i éxel TIPAR 1 kai To j éxer 1

OMOIOTHTA
ATIAG TdipIAOHA - OUHHETPIKEC HETAPANTEG
SMC = ap1Budg tarplacpdtev / aplbudg yvopioudtov
= (Mg + Mog) 7 (Mog + Myg + My; + Myg)

J = apBude 11 topracpdrov / apdpd pn pndevikdv yvopiopdtov
= (M) 7 (Mog + Myg + Myy)
J - Zvvteheotg Jaccard - - LN GUUUETPIKEG
petafintég (Srapopetichy onposio oy Ty 1 kot oty i 0)

EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH | 83
(X X J
0000
, ) 0000
Opiouoc AmooTtaong 43
[ J
TMapdderyua

p=1000000000
q=0000001001

Mg, = 2
Mo = 1
Moo = 7
M, =0

SMC = (M, + Mgg)(My, + M,y + M, + M) = (0+7) / (2+140+7) = 0.7

J=(M,)/ (Mg, + Mg+ M,)=0/(2+1+0)=0
J = #1(p BAND q) / #1(p BOR Q)
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(1Y)
Opiop6¢ ATooTaong 555:
AVTIKEIpEVO | :.
1 0
Contigency mivakag yia )
BUadIkG Sedopéva Avtikgipevo | LMy, My
0 MO] MOO
MéTpnon yia M M
OUHHETPIKEG BUABIKEG HETAPANTEG d (l ]) — 10 + 01
1 - ouppeTpIkA-op016TNTA ’ M, + M,y + M,,+ M,,
M,, + M,
MéTpnon yia  pn d(i, j) = 10 +Mor1
OUMHETPIKEG BUABIKEG HETAPANTEG > ]

M+ My + My,

Jaccard coefficient sim (l' ) = L
Jaccard \7? J

M+ M,y + My,

EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
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Opiouoc AmooTtaong

TMapdderypa
Ta yvwpiouaTta pn CUPUETPIKA
‘Botw Y-P va avtiotoixouv oto 1 kai To N o710 O

Name Fever| Cough| Test-1| Test-2| Test-3 | Test-4
Jack Y N P N N N
Mary Y N P N P N
Jim Y P N N N N
. _0+1
d( jack , mary)——2+0+1 0.33
) N _1+1
d(]ack,jlm)——1+1+1 0.67
. _1+2
d(Jlm,mary)—1+1+2 0.75

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
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OpLlopog Altootaong

Katnyoptkég MetafAnteg xwpig Aldtagn (nominal)

levikevon Twv duadikwv PETABANTWY (YWWPLOUATWY) OTou pimopolV va tdpouv
TAPATIAVW OTTO 2 TLUEG, TIX KOKKLVO, TIPACLVO, KITPLVO

1" M£B0dog¢: AAO Taiplacpa
m: # Tapldopata, p: CUVOALKOC # pHeTaBAnNTwyY

d (i, j)= 25"

2" M£6060¢: Xprion moAMwv duadikwy petaBAntwy
Mia yla kdOe pio armo TG p TéG

EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
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Jaccard opowotnta yla 2UvoAa

= HJaccard opotdtnta yia 8Uo cuvoAa gival To peyebog tng
TOMNG TIPOG TO HEYEDOG TNG EVONG TOUG
- Sim (C,, C,) = |C,NG,|/]CUG,|.

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
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Napdadelypa

3 Toun.

8 evwon.

Jaccard opoioTnTa
= 3/8

EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH | 89

Jaccard opolotnta yia ZUvola

Auadikr) avattapdoTtacn ocuvoAou (1 To oTolxeio
uttapxel, 0 AAAIWG)

p,=10111; p, = 10011.

e MéyeBocg Touncg = 3; Méyebog Evwong = 4,
opoidTnTa Jaccard (6x1 atréoTaon) = 3/4.

e d(x,y) = 1 — (opoiétnTa Jaccard) = 1/4.
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EZopugn Acdopévwy: Ak. ‘Etog 2010-2011

Jaccard opotdtnTa yio T0voha

d(x,x) = 0 yiati Xxnx = XUX.

d(x,y) = d(y,x) yiaTi n €&vwaon Kal n Toun €ivai
OUMMETPIKEG

d(x,y) > 0 yiaTi [xny| < [xwyl.
d(x,y) < d(x,z) + d(z,y) ?.

ZYZTAAONMOIHZH |
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Opiouoc AmooTtaong

Opo16TnTa ouvnuitovou (cosine similarity)

* Av d;and d ivor drovooparta keévoo
cos(d, d;)= (dye )/ |l Il

6mov & gowtepikd yvopevo || || to wikog tov d.

= Tlapdderypo:

d]:
d, =

3205000200
1000000102

@éhoupe O amootaon
mou va ayvoel ta 0 (érnwg
n Jaccard) aMa& va
Soulelel  Kkat yl  pn
Suadika Sedopéva

Eniong, ayvoel to urkog
TWV SLAVUOUATWY

dje d7 3*1+2*0+0*0+5*0+0*0+0*0+0*0+2*1+0*0+0*2=5
[1d)|] = (3*3+2*2+0*0+5*5+0*0+0*0+0*0+2*2+0*0+0*0)%-5 = (42) -5 = 6.481
[1dl] = (1*1+0*0+0*0+0*0+0*0+0*0+0*0+1*1+0*0+2*2) 0.5 = (6) 05 = 2.245

cos( d,, d,) = 3150

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011
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Anootaon Edit

= [ 8V0 oupPolooelpEg (strings) o eAdxlotog aplOuog
sloaywywv/Slaypadwv xapaktnpwy mou xpetalovral yia
VQL TTALLE ATt TN plot 0TV AAAN

= x=abcde ; y = bcduve.

= Turn x into y by deleting g, then inserting u
and v after d.

- Edit distance = 3..

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
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OpLlopog Altootaong cece
[ X
[ X J
[ ]
Opo16TnTa ouvnuitovou (cosine similarity)
X N
0
CewWUETPIKNA eppnveia
OuoiéTnTa 1, 6Tav n ywvia O - mou onpaiver 0TI Ta X Kai y idia (av
e€aipéooupe To HAKOG TOUG)
Ouo16TnhTa O, éTav n ywvia 90 (kavévag koivég époc)
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0000
o000
[ X
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TTapévBeon -Opiopoi

KAcivel n mapévOeon

EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
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FeVIKEG ATTALTAOELG

= Scalability — otov aplBuoé onpueiwv kat Staotdoewv

=  No unootnpilet Stadopetikolg TUMOUG SedouéEvwv

= No unootnpilel cuotadeg pe Sladpopetikd oxnuata (cuvnowg,
«odaipegn)

= Na elvat eUKoAo Vo SWOOUE TIUEG OTLG TOPAUETPOUG ELGOSOU
(ap1lOud cuotadwy, PEyebog KAT)

= Na unv eaptatal ano tn ospd ene€epyaciag Twv onueiwv eLc6dou

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
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eeoeo
eee0o
T
, , eoo
FEVIKEC ATTOLTNOELG| oo
°
= Auvapka petaBoArropeva Sedopéva
= AN\ayr cUOTAdWV LIE TO TEEPAGHO TOU XPOVOU
= Anoboon (scaling)
Disk-resident vs Main memory
EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH | 97
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Eidn Zuotadwv

= KoAwG SLoXWPLOUEVEG OUOTASEG

= JUOTASEG BACLOUEVEG O KEVTPO

= Juvexng (contiguous) cuotadeg

= JUOTASEG BAGLOUEVEG OE TTUKVOTNTA
= Baolopéva o€ LOLOTNTEC N EVVOLEG

= Meplypadovrtal amod Lo avIIKELUEVIKH ouvaptnaon (Objective
Function)

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
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AAyo6p1Buo1 ZuaTadomoinong

Oa doupe avdueoa ae dAAoug Toug:

» K-means kai tapaAAayéc
» Tepapxikh ZuoTtadomoinon
» > uoTadomoinon pe pdon thv TTukvoTnta (DBSCAN)

» BIRCH (dedopéva oTo diokol)

EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 ZYZTAAOMNOIHZH |
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Iepapxikn Zuotadornoinon

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 ZYZTAAOMNOIHZH |
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lepapyxkni Zuotadomnoinon: Baowa

MNapdyet €éva cUvolo amod eUPWAEUUEVEC CUGTASEG OPYAVWUEVEG O £val LEPAPXLKO
Sévtpo

Mropei va mapaotoBei pe eva
‘Eva Sldypoppa 1ou poldlel pe 8évEpo Kol Kataypadel TG akoloubieg amo
oUYXWVELOELG (merges) kot Staxwplopoug (splits)

EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
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lepapyikn Zuotadomnoinon: MAgovekTipata

= Ae xpelaletal va UTMOBECOUUE £va OUYKEKPLUEVO aplBud amo
ouotadeg

Omnoloodnmote emBUUNTOG aplBUOG amod ouotadeg pmopel va
emuteuxBel kOGPovtag To devdpoypappa oto KataAAnAo eninedo

= MTtOpEL v aVTLOTOLXOUV O AOYLKECG TAELVOUNOELG

MNa mapdadelypa otig Plohoyikeég emotripes ((wiko PBaocidelo, phylogeny
reconstruction, ...)

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
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lepapxikn Zuotadomoinon M

Avo Baolkol TUTOL LEpapXLKAG cuotadomoinong

= Apxilel pe Ta onpeia wg EEXWPLOTEC CUOTASEG
= Y& KABe BriLa, cUYXWVEVEL TO TILO KOVTLVO {EUydpL cUCTASWYV PEXPL
va peivel povo pia (R k) ouotadeg

= Apxilel pe pia cuotada mou mepLéxel OAA Ta oNueia
= e kaBe Prpa, Staxwpilel pia ocvotada, €wg kabBe cuotada va
TEPLEXEL LOVO €va onpelo (r va dnpoupynBolv k cuctadec)

EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH | 103
(X X J
0000
0000
[ L0
I ' o0
lepapykn Zuotadomoinon °

Ownapadootakol alyoplBpuot
= YpPNOLUOTIOOUV VAV TVOKO OUOLOTNTA | AIO0TACNG

= SLaXwpPLOUOG 1 CUYXWVELON Utac opadag tn dpopa

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
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JUOOWPEUTIKN lepapyikn Zuotadomnoinon (212) °

H Mo dnuo@IAAg TEXVIKA cuaTadoTroinong

Baoikdg AAyopiBuog

YtroAoyiopég Tou Mivaka leirviaong
‘EoTw KGBe onueio atroTeAei kKal yia ouoTada
Repeat
Zuyxwveuon Twv dU0 KOVTIVOTEPWY CUOTAdWY
Evnuépwon tou Mivaka eimviaong
Until va peivel pia yévo cuotdda

ouhwbd2

Baowkr Aettoupyia gival o UTTOAOYLOMOG TNG YELTViaong Suo cuoTadwv

Awadopetikoi alyoplOpol pLe Bdon to nwg opiletal n andotacn avapsoa os SUo
GUCTASES

EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH | 105

JUOOWPEUTIKN lepapxlkn ZuoTtadomnoinon

Apxkd: KaBe onpeio kat p1|p2 | p3 | p4|p5
ouotada kat évag Mivakag p1
lewtviaonc (proximity matrix)
p2
O O O p3
p4
O O o5
O . Mivakag leirviaong
® e o o ® © o o
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o000
o000
o000
eo00
. . , o0
JUuooWwpPEUTLKNA lepapyikn Zuotadomoinon °
MeTtd and KAmoleg ouUYXWVEUTELG, c1|c2| c3| ca|cs
€XOUE KATIOLEG OUCTASEC c1
Cc2
C3
ca
C5
Mivakag Feirviaong
® ®e =
I [ !
i m
I I ’_‘1
ﬁ I
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JUOOWPEUTIKN lepapxlkn ZuoTtadomnoinon

O€AoUpE VO CUYXWVEUOGOUE TG

800 Kovtvotepeg ouotadeg (C2 kat ¢ c3| c4
C5) Kal va eVNUEPWOOUE TOV c1

i { o o
niivaka yewviaonc. o k\ k\\\

28

A

A

Mivakag eirviaong
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JUOOWPEUTIKN lepapxlkn ZuoTtadomnoinon

META TN CUYXWVEUCH N EPWTNON ElvalL: c2
Mw¢ EVNUEPWVOUE TOV TIiVOKO u
S , MHEp W Cc1 C5( C3 | C4
yeLvioong
Cc1 ?
cauecs| ? | 7| | ?
Cc3 ?
c4 ?

Mivakag Feirviaong

| A
e o [ -
I ! P I
|
| | |
I -
| |
I l Iy
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212: Oplopog anootaong HETaly cuoTadwv

p1 | p2 p3 p4
p1
OpoI16TNTA?

p2
p3
p4

* MIN pS

= MAX

= M£00¢ 0pog TG cuotadag
= H amootacn Petaél TwV KEVIPLKWY
onpeiwv " Mivakag
= AMeg péBodol Baolopéveg og pa Feirviaong
OVTLKELUEVLKI) CUVAPTNON
= H uébobdog tou Ward xpnotponotet
TETPAYWVIKA AGON

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 ZYZTAAOMNOIHZH |
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: Oplopog anodotaong Hetafy cuotadwy

p1 | p2 p3 p4 | p5
p1
p2
p3
= MIN p4
= MAX p5
= M£oog 0pog tnG opadag
= H anootaon HeTall TwV KEVIPLKWY
VALY Mi
) , , IVOKO
= AMeG péBobdol Baolopéveg og pLa r , S
OVTLKELIEVLKI) ouvaApTnon &iTviaong
= H uébodog tou Ward xpnotuomnolet
TETPAYWVIKA AdOn
EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 ZYZTAAOMNOIHZH | 111

21Z: Oplopog anootaong Hetall cuotadwv: MIN

MIN A povadikig akung n armhou cuvbéopou (single link)

H opolétnTa peta duo cuotddwv Baoiletal ota SUo Lo GpoLa (TLO YELTOVLKG)

onueia otig StadopseTikéG oLoTASES (e Opoug ypadnudtwy — shortest edge)

KaBopiletat and éva Tevyog tpwv, SnAadn pa akun (link) tou ypadnuatog

yelviaong.

Ovopagetal kat pEBodog cuotadomnoinong KovivoTepou Yeltova

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 ZYZTAAOMNOIHZH |
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21Z: Oplopog anootaong Hetafl cuotadwv: MIN

MIN A povadikig akung f armhou cuvbéopou (single link)

H opootnta petafd duo cuotddwv Baciletal ota duo TLo OpoLa (Mo YELTOVIKA)
onueia otig Sladopetikég cuoTddeg (Ue dpouc ypadnudtwy — shortest edge)

KaBopiletal and éva Levyog tuwy, dnAadn pa akur (link) tou ypadriuatog
yelviaong.

11 2 13 14 15 |
111 1,00 0,90 0,10 0,65 0,20
12| 0,90 1,00 0,70 0,60 0,50
13| 0,10 0,70 1,00 0,40 0,30
141 0,65 0,60 0,40 1,00 0,80 ‘

15| 0,20 0,50 0,30 0,80 1,00

Mpoooxn: opoIdTNTA —> TA TTOI0 1 2 3 4 5
Ouoia
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eoo
1(0.4, 0.53) H$4
eoo0
2(0.22,0.38) :0
3(0.35,0.32)
4 (0.26, 0.19)
®]
5(0.08, 0.41)
6 (0.45, 0.30)
® 5
® 2
®3 ® ¢
o4 Mivakag amméoTaong (EukAcideia)
p1 p2 p3 p4 p5 p6

p1 0.00 0.24 0.22 0.37 0.34 0.23

p2 0.24 0.00 0.15 0.20 0.14 0.25

p3 0.22 0.15 0.00 0.15 0.28 0.1

p4 0.37 0.20 0.15 0.00 0.29 0.22

p5 0.34 0.14 0.28 0.29 0.00 0.39

p6 0.23 0.25 0.11 0.22 0.39 0.00
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L |

[ X X J
1(0.4, 0.53) EEE:
2(0.22, 0.38) oo
3(0.35,0.32)
4(0.26, 0.19)
5 (0.08, 0.41)
6 (0.45, 0.30)

KaBopileTal pévo améd pia akph
- Thv HIKPOTEPN

o4
p1 p2 p3 p4 p5 p6
pt 0.00 0.24 0.22 0.37 0.34 0.23
p2 0.24 0.00 0.15 0.20 0.14 0.25
[ o3 0.22 0.15 0.00 0.15 0.28 o1 ||
P4 0.37 0.20 0.15 0.00 0.29 0.22
p5 0.34 0.14 0.28 0.29 0.00 0.39
| 06 0.23 0.25 0.1 0.22 0.39 0.00 |
I_, | S
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[ X X ]
0000
1 (0.4, 0.53) o000
[ XX
2(0.22,0.38) :.
3(0.35,0.32)
4 (0.26, 0.19)
®]
5(0.08, 0.41)
6 (0.45, 0.30)
o4
p1 p2 p3 p4 pS p6
p1 0.00 0.24 0.22 0.37 034 0.23
p2 0.24 0.00 0.15 0.20 0.14 0.25
03 0.22 0.15 0.00 0.15 0.28 0.1
p4 0.37 Jozo | 0.15 0.00 [o29 | 0.22
[ es 0.34 014 0.28 029 0.00 0.39
| 06 0.23 0.25 0.1 0.22 0.39 0.00 |
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1

[ X X ]
1(0.4, 0.53) EE;E.
2 (0.22, 0.38) sese
3(0.35,0.32) °°
4(0.26, 0.19)

5(0.08, 0.41)
6 (0.45, 0.30)

Apkei va «Ow» Lia anur

0.25 0.11

EZoputn Acdopévwy: Ak. ‘ETog 2010-2011
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PwAiaopéveg ZuoTadEG

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011

21Z: Oplopog anootaong Hetall cuotadwv: MIN

0.2

0.151

011

0.051

3 6 2 5 4 1

Agvtpéypappa

To devrpdypappa (y-agovag)
divel Kal TIG AMoaTdoeIg
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21Z: Oplopog anootaong Hetafl cuotadwv: MIN

MpoTtepripara

ApXIKA onpueia Auvo ocuoTadeg

Contiguity-based (ocuvexopeveg cuotadeg)

Mropei va xelpiotei un eAAeuntika (non-elliptical) oxpata

EZopugn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
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212: Oplopodc andotaong Hetalu cuotadwv: MIN

MelovekTrjpara

ApXIKA onpueia

Avo cuoTadeg

* EvaiocBnto og B6puPo kat outliers

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011 SYZTAAOMOIHZH |
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212: Oplopog anootaong HETaly cuoTadwv

= MIN

= MAX

= M£oog 0pog tnG opadag

= H arootaon PeTadl TwV KEVIPLKWY
onueiwv

(X X}
0000
(X XX
[ L
(X J
[
p1 | p2 p3 p4 | p5

p1

p2

p3

p4

p5

- Mivakag Meitviaong

o
0 1.1180 2.6926 3.5
1.1180 0 2.8282  3.1623
2.6926 2.8284 0 1.4142
3.5 3.1623 14142 0
3.3541 4.1231 2.2361 3.6056

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011

3.3541
4.1231
2.2361
3.6056

ZYZTAAONMOIHZH |

= AMeG péBobdol Baolopéveg og pLa e T Cz
QVTIKELPEVIKN oUVAPTNON SN dy S %
= H uéBodog tou Ward xpnotponotel i i “
TETPOYWVIKA AdBn \ "M % 4
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00
o000
. . . , o000
212: Oplopdg amootaong LeTaty ouotadwv see
£ °
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212: Oplopoc andotaong Hetaty cuotadwv: MAX

MAX 1 mAfnpoug cuvdeouotntog (complete linkage)
- Avagntd kAikeg
H opowdtnta petay Suo cuotadwv Paciletat ota Suo Alydtepo opowa (mio
Hakpwad) onupeio ot Siadopetikég ouotadeg (longest edge) — SnAadn, ot
CUGCTASEG LE TNV MLKPOTEPN TETOLA AOOTAON

KaBopiletal anod oAa ta Lelyn TLHWVY oTLg SU0 cUCTASEG.

1

112

13

14

1.00 0.90 0.10 0.65 0.20
0.90 1.00 0.70 0.60 0.50
0.10 0.70 1.00 0.40 0.30
0.65 0.60 0.40 1.00 0.80

-

-

15/ 0.20 0.50 0.30 0.80 1.00 L2 3 s
opoloTNTA
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(X X J
1(0.4, 0.53) -
[ XX
2(0.22, 0.38) oo
3(0.35, 0.32)
4 (0.26, 0.19)
L |
5 (0.08, 0.41)
6 (0.45, 0.30)
®5
2
®3 ® ¢
o4
p1 p2 p3 p4 p5 p6

p1 0.00 0.24 0.22 0.37 0.34 0.23

p2 0.24 0.00 0.15 0.20 0.14 0.25

p3 0.22 0.15 0.00 0.15 0.28 0.1

p4 0.37 0.20 0.15 0.00 0.29 0.22

p5 0.34 0.14 0.28 0.29 0.00 0.39

p6 0.23 0.25 0.11 0.22 0.39 0.00

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011
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[ X X J
1(0.4, 0.53) H44
[ L
2(0.22, 0.38) :0
3(0.35, 0.32)
4 (0.26, 0.19)
®]
5(0.08, 0.41)
6 (0.45, 0.30)
®5
®2
o4
p1 p2 p3 p4 pS pé
Pt 0.00 0.24 0.22 0.37 0.34 0.23
p2 0.24 0.00 0.15 0.20 0.14 0.25
[ es 0.22 0.15 0.00 0.15 0.28 o1 ||
p4 0.37 0.20 0.15 0.00 0.29 0.22
p5 0.34 0.14 0.28 0.29 0.00 0.39
| P6 0.23 0.25 0.11 0.22 0.39 0.00 |
|_, ————— 1
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[ X X J
1(0.4, 0.53) H$4
[ N
2(0.22, 0.38) :.
3(0.35, 0.32)
4 (0.26, 0.19)
®]
5(0.08, 0.41)
6 (0.45, 0.30)
o4
p1 p2 p3 p4 p5 p6
p1 0.00 0.24 0.22 0.37 0.34 0.23
p2 0.24 0.00 0.15 0.20 0.14 0.25
p3 0.22 0.15 0.00 0.15 0.28 0.11
p4 0.37 Jozo | 0.15 0.00 [o29 | 0.22
[ es 0.34 0.14 0.28 0.29 0.00 039 [ ]
| P6 0.23 0.25 0.11 0.22 0.39 0.00 |
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1(0.4, 0.53) H44
[ XX
2(0.22, 0.38) :'
3(0.35, 0.32)
4 (0.26, 0.19)
5(0.08, 0.41)
6 (0.45, 0.30)
2T e
6
p1 p2 p3 p4 pS p6

p1 0.00 0.24 022 037 0.34 023

P2 0.24 0.00 0.15 0.20 0.14 0.25

p3 022 0.15 0.00 0.15 0.28 0.11

p4 0.37 Jozo | 0.15 0.00 [ 029 0.22

P5 0.34 0.14 0.28 0.29 0.00 0.39

P6 023 0.25 0.11 0.22 0.39 0.00
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212: Oplopoc andotaong Hetaty cuotadwv: MAX

PwAlaopéveg ZuoTadeg

EZoputn Acdopévwy: Ak. ‘Etog 2010-2011

0.4
0.351
0.3
0.25-

0.2
0.15-

0.1F
0.05-

AgvTpéypappa

ZYZTAAONMOIHZH |

128




eoo
o000
, , , , ' rr
2I12: Oplouog anootaong petaflu cuotadwv: MAX 43
°
MAgovekTAPOTA
" ST Pt < -
RS A R U
. '.. - .‘. -
ApXIKa Znueia Avo ZuoTadeg
* Aiyotepn e§apTnon o€ 86pufo kai outliers
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212: Oplopoc andotaong Hetaty cuotadwv: MAX

MelovekTApara

ApXIKa onpueia AUo ouoTadeg

o Teivel va SLaond PLeYGAEG cUOTASEG

* 06nyei ouvnROwWG o€ KUKALKA oXHoTOL
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0000
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2I12: Oplouog anootaong petaflu cuotadwv: MAX 43
[ J
— TR
L %ﬁa-r mt .
MIN MAX
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212: Oplopoc andotaong Hetaty cuotadwv: MAX o
[ J
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o000
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212: Oplopdg amootaong LeTaty ouotadwv 00e
°
p1 | p2 p3 p4 | p5
p1
p2
p3
p4
p5
= MIN
= MAX
= Méoog 6pog Tng opddag (group - Nivakag Meirviaong
average)
= H anootaon HeTall TwV KEVIPLKWY
ONUElWY
= AAN\eg péBodol Baolopéveg o pLa
OVTLKELIEVLKI) ouvApTnon
= H uébodog tou Ward xpnotuomnolet
TETPOAYWVIKA AAOn
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212: Oplopog andotaong PeTau cuotadwv: Méoo Ouadag ::'
°

= Kovtwotnta §Uo cuotddwy givat n péon tur thg ava-8vo kovtvotntag (average of pairwise
proximity) puetagl Twv onpueiwv Twv 800 cuoTadwy.

> proximity(p;,p;)
p;eCluster;
pjeCluster;

roximity(Cluster;, Cluster;) =
P y( ' » I Cluster, | #| Cluster; |

= Xpnon péong yati n oAwkn Ba £81ve mpotipunon otig LEYAAES CUOTASEG
opoIoTNTA

M 12 13 14 15
11| 1.00 0.90 0.10 0.65 0.20
12/ 0.90 1.00 0.70 0.60 0.50
13/ 0.10 0.70 1.00 0.40 0.30
14| 0.65 0.60 0.40 1.00 0.80
15[ 0.20 0.50 0.30 0.80 1.00 1 2 3 4 5
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PwAiaopéveg ZuoTadeg Dendrogram
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213: Oplopdc anootaong HeTaty cuotddwy: Méoo Opadag

. Avdpeoa oe MIN-MAX
. MAgovektrpata: HKpoTepn evatcdnoia og B6puPo kat outliers

. Melovektnpata: Euvoel KUKAKEG cUOTASEG
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212: Oplopog anootaong HETaly cuoTadwv

= MIN

= MAX

= Mé€oog 6pog TNG opadag

= H andotaon petagy twv

KEVTPLKWYV ONHEiLWV
= AAN\eG péBodol Baolopéveg o pla
QVTLKELUEVLKI) OUVAPTNON
= H uébodog tou Ward xpnotuomnolet
TETPOAYWVIKA AAOn

(X X}
0000
(X XX
[ L
(X J
[
p1 | p2 p3 p4 | p5

p1

p2

p3

p4

p5

- Mivakag Meitviaong

MNpoPAnua:  un  povotovn  avénon  Tng
andotaong

AnAadr, Suo CUOTASEG TIOU CUYXWVELOVTOL
umopei vo €xouv ULIKPOTEPN QMOOTOCN Ao
OUOTAOEG TOU  €XOUV  OUYXWVEUTEL Of
Tponyoupeva Brpata
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315: OpLopOC aMOOTAoNC METOEY cuoTdSwv: MéBodog Tou Ward o°

= Baolopévo otnv av€non tou SSE otav cuyxwvelovtat ot Vo

ouOTASEG
= lepapytko avaloyo tou k-means

= Mnopel va xpnotpomnotnBel yla tnv apytkomoinon tou k-means

D,(G.C))= D (x=r )+ D (x—rf = Y lx—r f

xeC;

xeC; xeC;

Ward’s distance petaft ouotadwv C and C givau n Stadopd petagd g oAtkol AdBoug Twv SVo
6UOTASWV Kot Tou 0AKoU AAB0oUG OV EVWOOULE TIG 2 OUCTASEG O€ pia cuoTAda £0Tw

: centroid of
: centroid of
: centroid of
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2IX: Opiopdg amdéoTaong peTall ouoTddwy: ZUykpion

MéBodog Tou Ward

Méoo Opddag
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212: MoAumAokotnTa Xpdvou Kat Xwpou

= O(m?) xwpog yla TV amobriKkeuon Tou TMivaKa YELTVIaonG
= m aplOuog onueiwv.

= O(md)
= ZEKWAME PE M oUOTASEG Kol LElwvVoU e 1 Tt dopd
= Avypaputkn avalitnon tou mivaka O(m?)
= KaAUtepog xpovocg av dLatnpoupe KAmola Taflvounon Twy
onmootAcewV Tty heap
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2I>: TTepiopiopoi kai TTpopAfuaTa

OL amnoddoelg eivar teEAkEG — adolv Suo ocuoTAdEg
OUYXWVEUTOUV aUTO Sev pmopel va aAAageL

Agv EAOXLOTOMOLOUV AECO KATIOLO AVTIKELUEVLKT) CUVAPTNON
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2IZ

M Slatpetikn mapaAlayn tou MIN Baociletal oe spanning
tree (okehetka S€vipa)

1. Xpnowlomnoinoe Tov mivaka anodotaong Kol KATAOKEVAOE
€va EAALOTO OKEAETIKO SévTpo

2.  Anuolpynoe pa véa cuotdda «omalovtagy to SEvtpo

OTNV OKUAR ME TN MeyoAUTepn amootacn (Uikpotepn
opoLotnTa)
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