Uvod u nauku o podacima | Branko Arsi¢

1. HeHagrnegaHo yyewe (unsupervised learning)

MpeTxoAHO wWTa cTe Hayuuau: npeasuhajy ce BpegHOCTU 33 jeAaH WM BULIE M3/1A3a, WM
npeuusHUjum pedyHukom, npeasuhajy ce spegHoctn 3asucHe npomerssuse Y = (Y1, Y5, ..., V)
3a AaTu cKyn ynasa uam npeauktopa X© = (X1, X5, .., Xp) . Heka je x!' = (xi1, xiz, e, Xip) YNa3
3a [ -Ty obcepBaumjy y TPEHUHT CKYNYy, U HEKa je y; U3na3Ha BpeaHOCT Kojy npeasuhamo.

HoBe npeauKumje ce 3acHMBajy Ha TpeHuHr npumepuma (x1,¥1), (X2, ¥2), ..., Xy, VN)
NPETXOAHO peLUeHMX CyyajeBa rae cy NpuapyeHe BpeAHOCTU CBUX NapoBa yHanpes, nosHaTe.
OBaj npouec Kpenpara MOAENA Ce HAa3MBa HA02/1€0aHO yYetrbe NN , y4erbe Ca yHUTe/bom”.

MeTadopa ,CTyAeHT” npeacTaB/ba OLMOBOP J; 33 CBAKWM ynas X; Yy TPEHWHT CKyny, AOK
,yumTesb” paje TayaH OAroBOpP M rpeLlKy Koja je npuapy*KeHa CBakom CTyAeHTOBOM OZroBopy.
0OBO ce 06MYHO KapakTepuwe Hekom ¢yHuKMjom rybutka L(y,J), kKao Ha npumep L(y,P) =
=9
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Hanac he 6uTtn HewTo BULLE peun 0 HeHagrnegaHom yyemwy Man ,yuewy 6e3 yuutesba“. ¥
0BOM CAy4ajy MMamo ckyn obcepsaumja (xq, X5, ..., Xy) CAyYajHOr p-BeKTOpa X KOjU MMa ryCTUHY
Pr(X). Un/b HeHagrnesaHor yyerba je fa ce AUPEKTHO 3aK/byyn O CBOjcTBMMA PyHKLUMje ryCTUHE
6e3 nomohu cynepBnsopa UK yunTesba KOju CBe BPEME MpPY»Ka TauyHe oarosope. Beoma yecmo
dumeH3uje osux seKmopa cy sehe He2o0 WMo Cy Mo 8eKMopu y Cay4ajy Ha02ne0aHoe2 y4yera, a
ceojcmea Koja mpeba omkpumu cy 0ocma eeoma KommnaukosaHa. OB GaKTopu Cy HewTo
ybnaxeHun ymrbeHMuom ga X npeacraB/ba CBe NPOMEH/bMBE KOje ce NocMaTpajy; Huje notpebHo
[LOHOCUTUM 3aK/byyKe Kako ce cBojcTBa Pr(X) merajy noa ycnoBom Aa ce merbajy BpegHOCTH
APYror cCKyna NPOMeH/bUBUX.

Y  marbe-AuMeH3noHum  npobnemmma (p < 3), noctoje pasnmunte  edeKkTUBHE
HenapameTapcKke metoe 3a AUPEKTHY npoLleHy ryctuHe Pr(X) Ha ocHoBy cBuUX X BpeAHOCTW.
Umajyhu y BUAY ,,MPOKNETCTBO AMMEH3UOHANHOCTU (eHr. curse of dimensionality), oBe meToae
He QYHUMOHULWY Y BULWEAMMEH3NMOHA/NIHOM npocTopy. [locTa 4ecto ce mopa MNPUCTaTU Ha
npoLeHy NpMANYHO cMpoBOr riobanHor mogena Kao WTo je Gaussian Mixture nnn pasnmuute
[eCKPUNTUBHE CTAaTUCTUKe Koje KapakTepuwy Pr(X). OBe fecKpMNTUBHE CTAaTUCTUKE NOKYLLABajy
[la OKapakTepuwy X BPeAHOCTU UAU KONEKUMjy TaKBUX BpeaHOCTH, rae je Pr(X) penatmsHo
KOMMIEKCHa.
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Heke npummepe HeHagrnegaHor y4yekba HaBognmo Yy HaCTaBKy:

e Principal components, multidimensional scaling, self-organizing maps, u principal
curves, Ha npumep, MOKywaBajy Aa WAEHTUPUKY]y Marbe-aMmeHsnoHe dongose
(manifolds) yHyTap X-npoctopa Koju npeacTas/bajy nogatke BenvKe ryctuHe. OBo npy»ka
nHbopmaumje o acoumjaymjama mehy npomeH/bMBama u gaje o4roBop Aa /M OHE MOory
AN He mory BUTK NocmaTpaHe Kao GyHKLUMje Marber CKyna ,/TaTeHTHUX" MPOMEH/bUBUX.

e Knacrep aHanu3a noKywasa Aa npoHahe BuLe KOHBEKCHUX perMoHa yHyTap X-npocTtopa
Koju cagpkun mogose (modes) og, Pr(X).

e [paBuna yapy:Kusama (eHr. association rules) NoKyLwagajy Aa KOHCTPYULY jeAHOCTaBHe
onuce (KOHYHKTMBHA NpaBWia) KOjU ONWUCYjy perrMoHe BeNuKe TycTuHe, y nocebHom
C/lyYajy BUCOKO-AMMEH3MOHMX NoLaTaKa ca BUHapPHUM BPeAHOCTUMA.

Kop HadznedaHoz yyer-a NOCTOje jacHe Mepe ycrnexa Wan Heycnexa Koje ce Mory Kopuctutu
33 NpOUEHY aZleKBaTHOCTM Yy oapeheHum cuTyaumjama M 3a ynopehuBarbe eduKacHOCTU
PasNMUUTUX MEeToAa Y PasnMUYUMTMM CUTyaumjama. HepoctaTak ycnexa ce AMPEKTHO Mepw
oyeKkuBaHUm rybutkom 3a Pr(X,Y). CBe oBO MoXKe 6BUTU NpOLEHEHO Ha PasNMuMTe HauuHe
YK/bYUyjyhu cBakaKo 1 YHaKpCHYy-BanMaauumjy.

Y KOHTEeKCTy HeHao0z271e0aHo2 y4era, He NOCTOjU AUMPEKTHA Mepa ycnexa. Jako TewkKo je
YTBPAWUTM BaZIMOHOCT 3aK/byyaKa WM3BYyYeHOr M3 pe3yntata BehuHe anroputama yuyera 6e3
Haa3opa. [locta 4ecTo ce MOpa MOCErHYTU 33 XEYPUCTUYKMM aprymeHTMMa, He camMo 3a
objallrberbe MOTMBMCAHOCTM 3aLUTO CE HEKU a/IFOPUTAaM KOPMUCTU, Ko LUTO je TO YecTo C/yyaj Kog,
HaArnenaHor yyemwa, seh 1 3a onpasgarbe y norneay KBaauTeTa pesyartara.

,,08a HenpujamHa cumyauyuja je dosena 00 8esIUKO2 WuUpera NpedsIoxeHuUx Memoaa, jep je
epuKacHocm cmeap MUlsrberba U He Moxce ce OupekmHo rposepumu.” — Trevor Hastie, Robert
Tibshirani, Jerome Friedman.

1.1. Knactepusauuja nogataka

Knacrep aHanusa, nosHaTMja U Kao cermeHTaluja nogataka, MMa pasnnymte uusbese. Ceu
OHWU Ce OAHOCE Ha rpynucarbe WUAM CermeHTUparbe Konekuuje objekata y noAcCKyrnoBe Wau
,Knactepe”, Tako ga cy OHM yHyTap cBakor knactepa mehycobHo 6auMKe noBe3aHu o4 objekaTa

A4o4e/beHUX PA3TNUYUTUM KNaCTEPUMA. OGjeKaT ce MOXe onncatm HU30M mepeka nanm ogHOCOM

ca apyrum objektuma. Mopes Tora, UW/b je MOHEKaZ pacnopeauTu Knactepe y NPUPOSHY
xujepapxunjy. To noapasymesa CyKLECMBHO rpynucare CamMmx Knactepa Tako Aa Cy Ha CBAaKOM
HMBOY XMjepapxmje KNacTepu y UCTOj rpynu BULLE CAUYHW jeAHWN APYTUMA HETO OHU Y PA3INYUTUM
rpynama.
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Cnuka 1. Mpumepwu pasHe (flat) n xnjepapxunjcke Knacrepmsaumje nogaTaka.

MoTpeba 3a pellaBatbeM OBAKBOr Npobiema MOXKe Ce jaBUTK Y PasIMYUTUM NPAKTUYHUM
npobnemmnma, nonyt naeHTMduUKaumje 3ajeaHuLe Ha OpywmeeHUM mpexcama (Ha npumep, 3a
notpebe ornawaBatba, 3a OpraHM3aLmjy NOAUTUYKMX KaMMakba), OTKPUBaHE Pa3HOPOAHUX TKUBA
Ha MeAULUMHCKMM CcHuMmUuuma (npumep IVUS cHumum KapotuagHe apTepuje), 6aHKoBHe
TpaHcaKumje, n canyHo. Nopes NnpuMeHe Koje y cebu AnpeKkTHO Kpujy npobaem KnactepoBakba,
OBe TEXHWKE Cy YecTo KOpMUCHEe M 3apaf NpeTnpouecuparba Nogataka Ha Koje he 6uTtn
npUMerbeHe MeToAe HaarneaaHor y4yera. 3alluTo je 0Bo OBUTHO?

Ha npumep, y cnyyajy obpage orpomHor 6poja npoaartaka, Lese rpyne nogataka mory 6utu
3aMetbeHe CBOjMM penpe3eHTaTUBHUM NpeacTaBHMLMMa. OBO HUje MAeanHo ca TauyKe reanwTa
KBanuTeTa fobujeHor NpeguUKTUBHON MOAENA, av Ca TayKe MeamLITa PavyHCKe U MeMopUjcKe
epMKacHOCTN MoXKe BUTM ucnnatuso. Takohe, Kako 6u ce ob6e3beanno Aa NPUAMKOM yHAKpPCHE
BaAMAaUMje PasNIMYMUTU CNOjeBM MMajy CIMYHO pacnofes/beHe NogaTtke, Nogauym ce Mory npeo
KnactepoBaTtu, a notom ce N cnojeBa Mmoxe GopmmupaTh TaKo LUTO Ce CBAKK 0f, KaacTepa nogenm
Ha N jefakux fenoBa Koju ce pasBpCTajy y pasnununte cnojese. OYUMOo, KAACMePOBAH-e MOXE
bumu KOPUCHO KOKO KOO mMexHUKa pewasarwa npobsema, mako U KAO MexHUKA
npemnpoyecuparsa.

MNMojam KnactepoBatba HUje jeaAHO3HAYHO AeduHUCaH. Kao WTo npumep NpmKasaH Ha canum 2
yKasyje, y jeAHOM CKyny ce MoXe MAEHTUOUKOBATU BULLIE PA3INYMTUX TFPynMncakba, Y4ecto
pasnnMunTe rpaHynapHoOcTU. [lpuTOM, TaKBM C/Ay4YajeBM HWUCY nocneguua  HeaoBO/bHOTM
npomuwsbarba AeduHuUMje KnacTepoBarba, Beh pPa3sHOBPCHOCTM KOHTEKCTA Y Kojuma ce
rpynucarbe moxe BpWWUTM U LUM/bEBA KOjU ce nomohy KnacTepoBama Kene noctuhu. 3a

3|Page Institut za matematiku i informatiku, Kragujevac



Uvod u nauku o podacima | Branko Arsi¢

OYEKMBATU je [a je HeKaZa NoTPebHO U3BPLLUTHM rpybsbe KnacTepoBake —y Makbu 6poj Knactepa,
a Hekaga ¢uHuMje — y Behu 6poj Knactepa. ANropuTMKM KnactepoBarba 06MYHO omoryhasajy
noZellaBakbe HMBOA rPaHyIapHOCTM, OAHOCHO Bpoja KaacTepa Koju ce y nogaumMma npoHanasu.
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Cnuka 2. Pasnmyura KNnacrtepoBaka Hag Pas/IMdYnNTUm nogaumma.

MNMojam KnactepoBama HUje jeaHO3HaYHO AedUHMCaH He Camo Yy OAHOCY Ha Bpoj KnacTepa Koju
ce y nogaumma mory Hahu, Beh 1 y ogHOCy Ha uaejy WwTta jeaHy rpyny Ta4aka YMHU Knactepom. Y
OAHOCY Ha TO, NOCTOjU BUwe HedopmanHuUx aeduHUUMja KnacTepoBarba. FnobynapHu mnu
LEeHTPUYHU KNacTepu cy rpyne Tayaka Koje nonymasajy yYHYTPaWHOCT NONTE WUAM €BEHTYANHO
enuncounga. Jobpo pas3aBojeHn KnacTepu cy rpyne Tadaka Koje cy 6aunxe Apyrum Taykama csoje
rpyne Hero 610 KOjoj Ta4ukm u3 Heke gpyre rpyne. l'YCTUHCKM KNacTepu cy KNacTepu Ymje cy Tauke
pa3gBojeHe o4 TayaKa APYrvMx Knactepa permoHMma makbe ryctuHe. Xujepapxujcku Knacrepu cy
WA NojeAMHAYHe TauyKke WM KNacTeEPU uUmje Cy Tauyke Takohe opraHM3oBaHe Yy CTPYKTYpy
Xnjepapxmnjcknx Knacrepa.

3a cBe UW/bEBE KANacTep aHa/Jn3e HajBa)KHMjU je nojamM CTeneHa CAMYHOCTU (Maum
pasnnuntocti) mamehy nojeamHux objekaTa Koju ce Knactepyjy. MeToga KnacTepoBakba
MoKyLlaBa Aa rpynuiie objekTe Ha OCHOBY AedUHULIMjE CIMYHOCTM Koja My je aata. OBoO moxke
npousahmn camo M3 pasmaTpama objekaTa ca Kojuma ce paaun. CuTyaumja je AOHEKNe CAUYHA
cneunodukaumnjn dyHKUMje rybuTKa MAM TpOLWKoBa y npobnemuma npegsuharba (HagrnegaHo
yyerbe). Tamo TpOWKOBKU (eHr. cost) noBe3aHM ca HeTayHum npegsuharbem 3aBuce of,
pa3maTparba obcepBaLmnja U3BaH NogaTaka.
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1.1.1. Matpuue cnndHoctn (Proximity matrices)

Mogaun cy noHekas NpPeAcCTaB/bEHU AUPEKTHO Yy CMUCAY 6aM3uHe (CAMYHOCTM MK
adpuHuTeTa) usmehy naposa objekata. To mory 6UTM BUIO HUXOBE CAUYHOCTU WU PasnKe
(pasnuKka unm HepgocTaTak apuHUTETa). Ha Nnpumep, y eKcnepuMeHTMMa U3 APYLWITBEHMX HayKa,
O/, YHECHMKA Ce TPaXku Aa Npocyae No TOMe KONUKO ce oapeheHn 06jektn mehycobHo pasnumkyjy.
Tapa ce pasnvke mory uUspayyHaTu padyyHakbem npoceka Tako NPUKYN/beHUX npecyga. Yamute
610 KOjy CAMKY M NOKyLlwajTe ga obenexunTe permoHe Koje BuauTe. AKO MOKyLWa jol HEKOo Aa
ypaan ucto, sugehete ga nocToju nsBecHa pasnuka y obenexeHnm pervoHuma. Lta je oHga
ucmuHa (eHr. ground-truth)?

OBaj TN nogaTaka moxe aa ce npeactasu N X N matnyom D, rae je N 6poj objekata, a
CBaKM enemeHT d;;» npeacTaB/ba 6An3uHy nsmehy objekata i u i'. OBa maTpuLa NpeacTaB/ba
yNas y aaropuTam 3a Knactepmsaumjy.

MaTpuua cnmyHocTu Vs

mMaTpuLa pasnnminuTocTu

BehuHa anroputama npeTtnocTas/ba A4a ce Ha ynasy gobuja mampuuya pasau4umocmu ca
HEHEeraTMBHMM eNeMeHTUMA U HyNa eeMeHTMMa Ha aujaroHanun: d; = 0,i = 1,2, ..., N. Ako cy
M3BOPHM MOAALUMN NPUKYM/bEHM KAO CAMYHOCTM, MOXKE Ce KOPUCTUTM oarosBapajyha MOHOTOHO
onagajyha ¢pyHKUM]ja 33 HMXOBO NpeTBaparbe y pa3anunTocT (norneaajte npumep 3a dejcbyk rae

je yseta ¢yHKUMja f(x)=%). Takohe, BehuHa anroputama nogpasymeBa Kopuwheme

CMMEeTPUYHE MATPULLE PAa3IMYUTOCTK, NMa aKO OPUrMHaNHa maTpuua D Huje cumeTpuyHa, Taja ce
oHa mopa 3amenutn ca (D + D7) /2.

Cyb6jeKTUBHO NpoLEeHeHe Pa3NNMYMTOCTM PETKO Cy KaZa YAA/beHOCT Yy CTPOTOM CMUCAY
(aucranua), jep HejeaHakocT Tpoyrna d;r < dy, + d;ry,, Yk € {1,2, ..., N} He Baxu. CTora ce Heku
aNropuTMM KOju NPETNOCTaB/bajy PacTojakba He MOry KOPUCTUTM Ca TaKBUM NoZaLmnma.

1.1.2. Pas3nuuunTocT 3acHOBaHa Ha aTpubyTtuma

OBaj aeo ocrtaje 3a cnegehu TepmuH...
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1.1.3. AnropuTmu 3a Knactepusauujy
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CLUSTERING
ALGORITHMS

PARTITIONAL HEIRARCHICAL II';EL\JSSEI'II'J‘F GRID BASED MODEL BASED
CLUSTERING CLUSTERING CLUSTERING CLUSTERING CLUSTERING

K-means
K-mediods BIRCH DBSCAN
K-modes CURE OPTICS

STING
PAM ROCK DBCLASD M

WaveCluster COBWEB

CLARANAS Chameleon DENCLUE

CLARA Echidna Spectral Method
FCM Diana Subtractive Method
FCMdC Agnes Mean Shift

Fanny

CLIQUE CLASSIT
OptiGrid SOMs

Overview

= Partitioning methods: Given n objects, these methods construct k partitions of
the data, by assigning objects to groups, with each partition representing a
cluster. Generally, each cluster must contain at least one object; and each object
may belong to one and only one cluster, although this can be relaxed
21 Partitioning algorithms do not consider all partitions and can only find local
optima
= Hierarchical methods: Such methods are said to provide multi-resolution
clustering, as a range of clusters at diferent levels of similarity are returned by the
algorithm
01 Create a hierarchical decomposition of the objects by either merging or
splitting clusters sequentially
» Model-based methods: Formulate a model and fit it to the data by estimating

suitable parameters. The models are typically statistical mixture models or neural
networks

= Density-based methods: Clusters are defined as dense regions in the data
space, i.e. a larger than expected number of points in a given subspace.

= Grid-based methods: Characterized by the practice of dividing the data space
into a finite number of cells to form a grid. All clustering operations are then
performed on the cells of this grid.

Petnica, jul 15 4
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Many different method and algorithms:
a. For numeric and/or symbolic data
b. Deterministic vs. probabilistic

i. In fuzzy clustering, a point belongs to every cluster with some weight between 0
and 1

ii. Weights mustsumto 1
iii. Probabilistic clustering has similar characteristics
c. Exclusive vs. overlapping
i. In non-exclusive clustering, points may belong to multiple clusters.
ii. Can represent multiple classes or ‘border’ point
d. Hierarchical vs. flat

e. Top-down vs. bottom-up

AnroputMu napTUMLMOHUCAHA

K-means

Anroputam k-cpeguHa npoHanasu k Knactepa y nogaumma Koje npeactassba nomohy k
LLleHTpOoMAa TUX KNacTepa, 04, KOjUX Ce cBaKa Aobuja ynpoceyaBarbem efieMeHaTa AaTor Knacrepa.
OBa npeTnoctaBka YWMHW aNropuMTam MPMMEH/bMBMM CamMoO Ha MoAaTKe Koju ce mory
ynpocevasaTu, NonyT BekTopa. Moa oapeheHMm ycnosBnma, NocToje yoniiTeHa airopuTma 1 Ha
Apyrauvje BpcTe nogartaka.

Anroputam:

MonasHux k ueHTpomaa ce bMpa HaCyMMYHO (Mafa, aKo KOPUCHUK 3HA HELUTO O CTPYKTYpM
CBOjWX NoAaTaka, mory 6uTu 1 yHanpeg, 4aTh), a NOTOM ce NoHaB/bajy cneaehun Kopaum:

1. pacnopeauTN CBE MHCTaHLUE Yy HOBE KNACTEPE TAaKO LITO Ce CBAaKA MHCTAHLA NPUAPYHKU
Haj6nXKoj ueHTponan

2. M3payyHaTN HOBE LEHTPOUAE KAao NPOCEK MHCTAHLM KOje Cy UM NPpUAPYKEHE.

OBM KOopauu ce M3BpLLABajy CBe AOK Ce LeHTpouae Metrbajy. Kaga cy ueHTpouae ucre y ase
y3acToMnHe uTepaumje, aaropuTam ce 3aycTaBsba.
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MosKe ce NOKasaTu Aa 0Baj aNropmutam MUHUMM3Yje GyHKUM]Y

k

Z Z d(x, ¢;)?

i=1 x€C;

no C;, rae je d eykAnacko pactojarbe (anu je moryhe KOpUCTUTUM M HEKO Apyro). YonwTere
MaTEMaTUYKOT 3annca MOXKeTe BUAEeTU Y Kbnsn , The Elements of Statistical Learning”. Ha ocHoBy
OBOra Ce MOX€ HeLUTO 3aK/by4YUTU U O HEeroBOM MoHallaky. 3axBasbyjyhv Tome LWTO je 3aCHOBaH

Ha MMHUMM3AUM|N eYKANACKOr PacTojarba, a/IropuTam TeXM NpoHa aXKewy Kaactepa Yy 06/mKy

nonte. Kako je pacTojakbe KBAaAPWMPAHO, aNroputam je OCeT/bMB Ha NOJATKE KOjM 3HAyajHO
oaynapajy on octanux. Y Tom cnydajy he Behe pacTojakbe yTMUATM HA YKYMHY TPeLKry
HEeNnpPonopLMOHANHO Y OAHOCY Ha OCTasa pacTojatba M TakBa Tayka he HenponopLMOHANHO
yTULATK Ha NoKaumjy ueHTpouae. Takohe, ako rycTMHa Tayaka He Bapupa ApacTUYHO U pacTojatba
mehy Knactepmma HUCY BeMKa, anropuTam npedepupa Kaactepe ca CAMYHMM Bpojem Tayaka y
HFbMMa, NOWTO 61 y TOM CyYajy 6pojaH KnacTep MOPao CaAprKaTh U TauKe aNeKo 04 LeHTpomae
Koje 61 3Ha4ajHO nosehaBane cymy KBagpaTa pacTojatba.

YnreHnua aa anroputam k cpegmHa MMHUMU3Yje HaBeaeHy CyMy HaBOAM Ha HbeHy Aasby
aHanusy. bUTHO je NuTarbe Aa M OHA MMa jedaH robasHU MUHMMYM, OAHOCHO Aa /1N je Hajbosbe
KNlacTepoBakbe Yy O4HOCY HA AaTy CymMy KBagpaTa pacTojarba jeauHcTseHo. Oarosop Ha npBo
nuTake je HeratueaH. Moryhe je ga noctoju Behu 6poj KnactepoBarba jegHaKOr KBanuTeTa.
JepaH npumep y Kojem 61 To 6MA0 U MHTYUTUBHO je Kada Cy Tayke YHUPOPMHO pacnopeheHe
YHYTap Kpyra v noTpebHo ux je nogennTu Ha ABa Knacrtepa. Potupame AobujeHux ueHTpounaa y
OAHOCY Ha LeHTap Kpyra gaje noajeaHako Aobpo KnactepoBake. [JpyrMm peunma, y cay4ajy
TAKBOT CKyna nogartaka, MoCcToju NyHO rnobanHumx, ¥ caMmMm TUM NoajeAHAKOo A06pux, MUHUMYMA.
TaKBa cuTyaunja HMje 3abpurbaBajyha.

Mnak, ncnoctas/ba Ce Aa MOry NOCTOjaTM U JIOKaNHU MUHUMYMMK cnabujer Keanuteta op,
rnobanHor u ga anroputam morke Hahu TakaB MMHUMYM, WTO HMje aobpo. OBaj npobnem ce
ybnarkaBa Tako LITO ce KnactepoBake nokpehe sehn 6poj nyta ca pasanuUTUM UHULINMjATHUM
TayKama M 3a pe3ynTaT ce y3MMa K/lacTepoBakbe HajMakbe BPeAHOCTM CyMe KBaapaTa pacTojakba.
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Anroputam k cpeaguHa omoryhaBa ¢GneKcMOUNHOCT Npu NpoHanaxKeky Knactepa Kpos3
moryhHocCT nogewaBarba 6poja k. Mnak, y npakcK 4ecTo HUje jacHO KaKo n3abpatu 6poj k u
nomeHyTa GNEKCMBUAHOCT YeCcTo BOAWN HEeAOYMULM. JeAHO XeYPUCTUYKO NPaBu/IO je ,NpaBuIo
NaKTa“ Koje cyrepuiwie aga ce 3a pasnmMuute BpeaHoCTM Bpoja k M3BpLUM KnacTepoBakbe, Aa ce
HaupTa rpadmMK 3aBMCHOCTU Cyme KBaZpaTa pacTojakba Y 3aBUCHOCTM o4 k u Aa ce 3a u3abepe
KnacTepoBare Koje oaroBapa 6pojy k Koju nexu Ha Tauyku Harie npomeHe 6p3vHe onagakba
rpadurka UAUTK Ha HEroBom ,nakTy”. OBakBa CMTyauMja je npuKasaHa Ha canum 2. UHTYUTUBHO
obpassioxkere je ga cy HaKoH ,/1akTa” Knactepm Beh xomoreHu 1 gogasarbe HOBUX LeHTpomaa
He AOMNPUHOCK 3HAYAjHO CMakbeky CYMe KBaZpaTa pacTojakba.
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Cnuka 2. [paBunno nakTa.
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(Dis)advantages

= Advantages:

71 scalable: the time complexity is O(n) (O(tkn), where n is # objects, k is #
clusters, and t is # iterations. Normally, k, t << n), it can work with any Lp

=1 summaries for the clusters are available directly from the algorithm
21 robust to the order of the data

» Disadvantages:

21 having to provide the number of clusters k; common practice is to use a
hierarchical clustering method to suggest a suitable k

21 the method being sensitive to outliers (unable to handle noisy data)
I tending to find spherical clusters of equal size

21 having to find initial centroids to start the algorithm. Hartigan and Wong
(1979) suggest using actual objects as initial cluster centres (most often
selected randomly)

=1 having to convert objects to the distance-space (increase the computational
cost)

Ol applicable only when mean is defined

Petnica, jul15

Nutepartypa:
e T. Hastie, R. Tibshirani, J. Friedman: The Elements of Statistical Learning

e JlenoBsu TeKCTa cy npey3eTn ns kibure: MnaaeH Hukonuh, AHhenka 3euyesmh. MalimnHcko
yuerse. CKkpunTa. MpupoaHo-matemaTuukm pakyntet y beorpaay, 2019.
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