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MeToAabl Knactepusauunu



334341 UHTENNEKTYaNbHOTO
aHa/1M3a AaHHbIX

3apgaun UAL

£0nmcaTeanble } [ MNpeacKasatenbHble }
LACCOuMaTMBHb'e} [K nnnnn pwsau,ml} [ Knaccnoukauma J MporHosu poBaHue J
npasuna




BBeapeHue

* 3a4a4a Knacrepmsaumm CoOCTomT

B pa3aesieHnn nccneayemoro MHOXecTBa
0OBEKTOB Ha rPynMbl «MOXOXUX» 0OBEKTOB,
Ha3bIBaeMbIX Ks1acmepamu

* PeweHune 3aga4m K1aCTepunsaumMm Ha3blBakOT
KaadacmepHbIM dHAs1U30M



* Knacrtepusaumna otinyaetca
OT KNnaccuduKaumm Tem, 4to aTan obyyeHmA Ha
npumepax OoTCcyTCcTByeT

* B 3adayax KnaccndpumKaLmm MHOMKECTBO KN1aCCOB
3apaHee U3BEeCTHO, B KJlacTepusaLmm Kaacchl
onpeaenstoTcs B npouecce aHaAM3a

* [loaTomy Knactepmlaums OTHOCUTCH
K 3aga4am obyyeHus be3 yyuumens
(unsupervised learning)



3afava Knactepmsalmm 4YacTo peLlaeTcs Ha
Ha4Yya/ibHbIX 3Tanax nccnegoBaHUA, Korga o
NAaHHbIX MaJ10 YTO U3BECTHO

Ee peweHne nomoraet sydue NnoHATb AadaHHblE

[locne onpeaeneHnA KNacTepoB NPUMEHAIOTCA
npyrne metogbl Data Mining, yTobbl
NOMNbITAaTbCA YCTAHOBUTb, YTO O3HAYAET TaKoe
pa3bueHmne

KnactepHbl aHaIM3 NO3BOAAET PACCMaTPMBATD
NOCTaToyHO 6onblion obbem MHGOPMALUN U
CHUMMaATb bonbline maccmebl MHPOPMaL UK,
nenaTtb UX KOMNAaKTHbIMU U HarnAaHbIMMU



NMPUMEP —kKnactepusauma pesynbratoB NOUCKA







dopmanbHaa NOCTAaHOBKA 3a4a4u

e J1aHO MHOeCTBO AaHHbIX, cocTosALee u3s N
06beKkTOoB (BEKTOPOB):

S, Sy s Sy

e Ka)kabll 06BbEKT onncbiBaeTca Habopom
NMPU3HAKOB:

X1y Xy veey Xy,

rae m— pasmMepHOCTb NPOCTPAHCTBA
NPM3HaKOB



dopmanbHaa NOCTAaHOBKA 3a4a4u

* Taknm obpasom, i-n1 0O bEKT MOXKHO 3anncaTb
B BUAE:

S:=(Xip, Xiny eey Xipy)

e Knacc Ana Kaxaoro obbekTa HemssecTeH



dopmanbHaa NOCTAaHOBKA 3a4a4u

TpebyeTca:

* HaWTK cnocob cpasHeHuAa d(S,, S,)
06BbeKTOB mexKay cobou (mepy cxoacTBa,
bYHKLMIO pacCcToAHMUA)

* onpeaenntb MHOXKeCTBO K/1aCTepoOos

C,C, ..., C.
npnyem Koainm4yecrtBo KaactepoB r — Hen3BeCTHO
¢ pa36MTb AdHHblIE MO K/1aCTeEPAM



MeTpuKn paccTossHUa Mexay oobekTamu

* eBK/InAoBO paCcCToAHMNE

dix, v) = (ZUT& _}’e|z)

i=1
* MaHX3TTEeHCKOoe pacCToAHue

'y
d{x, }"} = ZLT:' — ¥
i=1

* paccTtosHue Yebbiwesa

172

d(x,y) = maXq<i<n |x; — Vil



(X1 ¥3) : (% ¥e)

Ll(x- }') =ixl _Y1I+!x2_.V2!

MeToabl KnaCTepHOro aHa/in3a MOXKHO pa3ae/nTb
Ha ABe rpynmnbl:

* HeuepapxmyecKkue
* MepapxuyecKkue



Buabl Knactepos

BHYTPUKNACTEPHbIE PACCTOAHUA, KaK
NPaBM/I0, MEHbLLE MEeXK/1aCTePHbIX

Ho 6biBaloT NEHTOYHbIE KNacTepsbl, B
KOTOPbIX BHYTPUKNACTEPHbIE
paccToaHmna bonblumne

NneanbHbIM chyyan- chpepuyeckmne
K/lacTepbl C LLleHTpoM (BCTpeyatoTca

penkKo)



Pa3Hble BUAbl KNacTepoBs BeAyT K npobneme
BbibOpa ONTMMaNIbHOIO a/ITOPUTMA
Knactepusauum

KNaCTeEPbl MOTryT COEAUHATBCA NEPEMbBIYKaMU

KNacTepbl MOTYT HAKNAAbIBAaTLCA HA Pa3peXxeH-
HbIli (DOH U3 PeAKO PaCNONOXKEHHbIX 0DBEKTOB

KNacTepbl MOTYT NepPeKpbIBaTLCA
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CraHpapTunsauma AaHHbIX

Kak caenatb Npu3Hakm
paBHOMpaBHbLIMY B 0Opa3oBaHUK KnacTtepoB?

. Bblumncnum cpegHee apudmeTnyeckoe n ctTaHgapTHoe
OTKITOHEHME KaXKaon 13 nepemMeHHbIX

[lpeobpasyem kaxgoe 3HavyeHne HabngeHust no dpopmyne:

Xg — X

Xst =
0)

NTOI: Mbl nony4ynm 3HadeHud npusHakos, 95% KOTOPbIX
HaxoguTcd B HTepsane (-2;2)



MeTtop k-cpeaHux

* Henepapxmyeckmm meTogom Kaactepmsaumm
asnsetca meton k-cpegHux (k-means)

* [lpepBapuTeNbHO HEOBXOAMMO BblOpPaTH
BEPOATHOE YNC/0 KNacTepos K



MeTtop k-cpeaHux

1. Boibunpaetca k npomn3BObHbIX MCXOAHbIX LLEHTPOB
KnactepoB — 06bIYHO BbibUpatoTca kK 06beKToB

2. Bce ob6beKTbl pa3bumBatotca Ha k rpynn, Hanbonee
O/IM3KUX K O4HOMY U3 LLEHTPOB

3. BbluMcnaoTca HoBble LEeHTPbl K1acTepos

4. NpoBoanTcAa HoBOEe pa3bueHne Bcex 06 bEKTOB Ha
OCHOBAHMU BM30CTM K HOBbIM LLEHTPAM

LLlarn 3 n 4 noBTOpAIOTCA A0 Tex Nop, NOKa LUEeHTpPbI
KN1aCTepoB He NepecTaHyT MeHATbCA UK NOKa He
AOCTUTHYTO MAaKCMManbHOE YUC/I0 UTepaLmnm



MeTtop k-cpeaHux

X2 A
* MMpumep. R EEE
e ®
[pumem k = 3 . o
HavyanbHble 5
LEHTPbI — 4 ;
o0bekTbl 1, 3,4 3| X i
o
Pasobbem Bce j
00BbEKTbI NO

KrnacTtepam vt 2 3 4



MeTtop k-cpeaHux

XZA
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MeTtop k-cpeaHux

XZA
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Hanoem HoBble 7@//.7 N

LIeHTpPbI >

KnacTepoB ° \‘




MeTtop k-cpeaHux

Pa3obbeM Bce
OOBbeKTbI NO
HOBbIM
Knacrtepam,
OTHOCSH Kaxabln
OOBbEKT K
KracTtepy c
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MeTtop k-cpeaHux

[lepecynTtaem
LEHTPb
KINacTepos.

[lanbHeunwas
pa3buBKa
0OBbLEKTOB

NO HOBbIM
Knactepam

HE MEHSAEeT
pacrnonoXxeHue
LEHTPOB

NN

RS

CIGIANRE
NG




MeTtopa k-cpeaHux: onpeaneneHue k ¢
nomou.u:ro MeToAa KAMEHUCTOM OCbINK

Z > llzi — pll” — min,

k=11 € C}

J (Ck) - cymma KBaapaToB pacCTOSIHUM OT TOYEK A0 LEHTPOUOOB KNacTepos, K
KOTOPbIM OHM OTHOCATCH, K- KONIMYeCTBO KracTepoB
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Uepapxunyeckue metoabli

K nepapxmyeckmm metogam Kaactepusaumm
OTHOCATCA:

* arnomMepaTUBHbIN aNroPUTMBbI

* NUBU3UMHbIN ANITOPUTMbI



ArnomepaTtnBHbLIA METOA,

B Hayane paboTbl anropntma Bce 0H6BbEKTbI ABIAIOTCA
OTAENbHbIMM KNacTepamm

Ha nepsom ware Hanbonee noxoxue (banskune) apa
Knactepa o6beamnHATCA B AMH KnacTep

Ha nocneayrowmx warax obbegnHeHmne npoaonKaeTca
[0 Tex Nop, NOKa Bce 0bbeKTbl He ByayT COCTaBAATb
OZINH KNacTep

Ha ntobom stane obbeamHeHME MOXKHO NPepPBaTh,
NOJIY4NB HYKHOE YNCI0 KNACTEPOB



BbluncneHue paccTosiHusi Mexay
Knactepamm

1. Metoa Onuxanwero cocepa (0OOUHO4YHasi ces3b, Single
linkage).  PacctoaHne  wmexgy  OByMA  Knactepamu
onpenensieTca paccTossHMEM Mexay AByMsi Haubonee
6nuskummu  obbektamn  («bnmxkanwmmmn - cocegamMny») B
pasnunyHbIX Kractepax.

2. Meton Hambonee ypaneHHOro cocepa (rosiHasi Ces3b,
Complete linkage). PaccTtosaHua wmexagy Knactepamu
onpegensitoTcsl HandonNbLWMM PACCTOAHMEM MeXay JHoObIMU
OBYMSA 06beKTaMu B pasfnyHbIX Knactepax.

3. NonapHoe cpeaHee (Unweighted pair-group average).
PacctosiHne wmexay AByMda pasfiuyHbIMK  Krlactepamu
BblUMCIIAETCS KaK cpegHee pacCTosiHUe Mexagy BCeMM
napamMmn oObLEKTOB B HUX.



BbluncneHue paccTtosiHusi mexay
Knactepamm

4. HeB3BeweHHbLIN UeHTpouaHbin MeToa (Unweighted
pair-group centroid). B aTtomM meTooe paccTosiHue mexay

OBYMSl Knactepamu ornpenensercs Kak paccTosiHMe Mmexay
X LeHTPaMM.

5. Metoa Bappa (Ward's method). B kayectBe paccToaHus
MexXay Knactepamu 0epeTcss NpuUpOCT CyMMbl KBadpaToB
PACCTOSAHNN OOBLEKTOB [0 LIEHTPOB KIlacTepPOB, Mosfiy4aembin B
pesynetate  UX  00beanHEHUs B  uenowm MeTon
npeacraBnaetca oO4vYeHb  3(PPEKTUBHLIM, OOHAKO  OH
CTPEMUTCA cO34aBaTb KracTepbl Manoro pasmepa.



ArnomepaTtnBHbLIA METOA,

X2 A
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ArnomepaTtnBHbLIA METOA,
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ArnomepaTtnBHbLIA METOA,

* Bbibupaem u
obbeanHAEM
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ArnomepaTtnBHbLIA METOA,

* Bbibupaem u
obbeanHAEM
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AnNBU3MMHbIUN meToA

* Ha nepBom ware Bce 06beKTbl NOMELAOTCA B
OAMH Knactep C,

* BbibnpaeTca obbeKT, y KOTOPOro cpeaHee
3HaAYEeHMe paccToAHMA A0 APYrMX o6 BHEKTOoB B
3TOM Knactepe Hanbosbluee:

NC
alsy)= il )



AnNBU3MMHbIUN meToA

* BbibpaHHbIN 06beKT yganaeTca ns knacrtepa C,
n POpPMUPYET NEPBbIN 3/IEMEHT BTOPOro
Knactepa C,

* Ha KaXXaom nocneayrowem ware oobekT
B Knactepe C,, 4719 KOTOPOro pa3HOCTb MeXay
CpeaHUM PacCcToaHUEM 0 OOBHEKTOB,
HaxogAwmxca B C, 1 cpeaHUM paccToOAHUEM A0
obbeKToB, ocTatowmxca B C,, HanbonbLuas,
nepeHocutca B C,



AnNBU3MMHbIUN meToA

* B pe3ynbrate 0AUH Knactep AenuTca Ha ABa
NO4YepHUX, OAUH N3 KOTOPbIX pacluenaseTcs

Ha cneayloLWem YpoBHE nepapxmm

e KaXAablh nocneayowmin ypoBeHb NpUMeHsaeT
npoueaypy pasgeneHua K ogHomy 13
KNacTepoBs, NOJYYEHHbIX HA NpeablayLlem
YPOBHE



Uepapxunyeckue metoabli

MTar 0 Iar 1 IMMar 2 IMlar 3  Iar4 AroMepaTHEHEIE

Me T 0O5I

| | | | | .

JHEmHMHEBLE

| | | | | MeTomEL
Tlar 4 ITar = Tar 2 Tar 1 Tar 0
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MeTpUKKM KayecTBa Knactepusaumm
b—a
max(a,b)

34ecb a — cpefiHee BHYTPUKIACTEPHOE paccToAaHme (To ecTb cpegHee
paccToAHUE MeXAay dINeMEHTAMU, NPUHaANEXAWMNMN OAHOMY
Knactepy) , b— cpeaHee mexkknactepHoe pacctosHue (cpeaHee
pPaccToAHUE MeXAy dINEMEHTAMU, NPUHAANEXKALWMMMN Pa3HbIM
KNnactepam).

KoappuuymeHt cnnysta: S =

3HayeHue KoapPuuUMeHTa CUAYITa JIEXUT B Agnanal3oHe [-1,1]. Yem
bonble BeMYMHA KOIPPULUMEHTA, TEM Ka4YeCTBEHHee NpoBeaeHa
Knactepusaumusa. 3HayeHusa, bamskme K -1, COoTBETCTBYIOT MJOXMM
(HenpaBMAbHBLIM) KnacTepmnlaumam, 3HaYeHUSA, BIN3KNE K HYAIO,
rOBOPSAT O TOM, YTO K/J1ACTEPbI NEPECEKAOTCA U HAaKNaAbiBAOTCA ApPYr
Ha Apyra, 3HavyeHus, 6in3kne K 1, COoTBETCTBYIOT NMJIOTHO
CrPyNNUPOBAHHbIM K/llacTepPaM.



[Mpnmep nporpammbl Ha Python

from sklearn import datasets
dataset = datasets.load iris()

X = dataset.data

y = dataset.target

from sklearn.cluster import KMeans
model = KMeans(n_clusters=3).fit(X)
labels = model.labels

from sklearn import metrics

metrics.silhouette_score(X, labels, metric="euclidean’)



DBSCAN

Ha Bxog anroputmMmy nogaétcst HAbop ToYek, napameTpbl € (pagnyc OKPeCTHOCTH)
N m (MUHUMArbHOE YMCNO TOYEK B OKPECTHOCTH).

OCHOBHBbIE, (PaHNYHbIE N LHWYMOBbBIE TOYKN




DBSCAN

1: MomeTuTb BCE TOYKM, KaK OCHOBHbLIE,
NOrpPaHMYyHbIe UAKU LIYMOBbIE.

2: OTbpocUTb TOUKM WyMma.

3: CoeguHUTL BCE OCHOBHbIE TOYKK, HaXxo4anWwmeca
Ha paccToaHum Eps paanyca oaHa oT ApYrou.

4: O6veAuHUTD Kamayio
rpynny cOeauHeHHbIX OCHOBHbIX TOYEK B
OTAeNbHbIK Knactep.

5: HazHauMTh KaXayo NOrpaHmMyHyo TOYKY O4HOMY
M3 KNacTepos, aCCOUUUPOBAHHbBIX C HEW OCHOBHbIX
TOYEK.




pe3ynbraTtbl paboTbl

DBSCAN




Mpumepbl KNacTepmsauum ¢ NOMOLLLIO Pa3NNYHbIX METOA0B

MiniBatchkMeansAffinityPropagation  MeanShift  SpectralClustering Ward AgglomerativeClustering DBSCAN Birch GausslanMixture




