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3agadm n MeTobl Knacrtep - aHanusa

Knacmepuzayus — 310 pa3dreHHE 3JIEMEHTOB HEKOTOPOTO MHOXKECTBA Ha TI'PYMIILI Ha
OCHOBE HX CXO0KE€CTH. 3ajiaua KJIacTepH3allii COCTOUT B pa30MEeHUU 00BEeKTOB U3 X Ha

HECKOJIBKO ITOJAMHOXECTB (KJIacTepOB), B KOTOPHIX OOBEKTHI 00JIE€ CXOXKH MEXKIY
co00i1, UeM ¢ 00bEKTaMU U3 APYTHUX KIACTEPOB.

CeMmbs CoTpyaHuku JKeH1muHbI My>K4rHBI

! 1/

Jlel0eJIMHT rpyni — TO YTO HY’KHO HAUTH

I(Jlacmepua'auu;z 00CmMamo4Ho cy61;el<mueua U 3aeucum om uejiu nojinzoeamein
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3agadm n MeTobl Knacrtep - aHanusa

Ilpouyedypa knacmepuzayuu — 3aBUCUT OT MEPBI CXOJICTBA WM HE CXOJICTBA. Takue
MEpbI BBIPAXKAIOTCS BUJIE (PYHKIHUN pacCTOSHUM, BBIPAXKEHHBIX B BUJIE€ TOW WM WHOU

GbyHKIUU.

CXOACTBO TAKEIIO ONPENCIUTD

“We know it when we see it”

3ajada onpenesieHus CX0/ICTBA SABISAETCS
3amadeit Machine learning.
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icTopua knacTep - aHanmsa

IIepBbie pabOTHI, ONUCHIBAIOIINE METO/IbI KIACTEPHOIO aHAJIM3a OTHOCATCSA K
KoHITy 30-X roos.

CunTaeTcs, YTO TEPMHUH «KJIACTEPHBIN aHAIU3)» IICPBBIM B YIIOTpeOJICHHE BBEN
aMepUKaHCKHUI nicuxoor u3 yausepcurera bepkiau Podept Tpaiion (Robert C.
Tryon) B 1939.

OnHako aKTMBHBIM MHTEPEC K JAHHOM Teme npuieics Ha repuon 60-80 rr.

MnysibCcOM 1151 pa3pa00TKX MHOTHUX KJIACTEPHBIX METOJ0B MOCIY>KHIa KHUTA
«Ha4yana yncjaeHHOM TAKCOHOMMM», onyOJiuKoBaHHas B 1963 1. nByms
ouosioramu — PobGepTom Coxasiom u Ilerepom CHuTOoM

NUMERICAL TAXONOMY

CoBpemMenHnbie ucciaenopareu: Mupkun b.T. ] s
METO/bI KITACTEP-AHAJIM3A JULA ITOAJAEPXKM ITPUHATHA
PEIIEHUU (2011).

Everitt B.S., Landau S., Leese M. et al. (2011) Cluster Analysis. 5th ed.
Wiley, 2011

Garcia-Escudero L., Gordaliza A., Matran C. et al. (2010) A review of
robust clustering methods, Advances in Data Analysis and
Classification,

4,2-3: 89-109.
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[IpumeHeHne KnacTtep - aHanmaa

CrarucTuka
Pacrnio3naBanue o0pa3oB
MainaHoe 00yueHue
duHaHCOBAass MATEMATHUKA
ABTOMaTH4YECKas KiaacCU(PUKaLMsI B pa3IMIHbIX
00J1acTsAX HayKHu (HampuMeEp, B apXeOJIoTH,
ouonoruu (Kinactepusalus BUAOB )KUBOTHBIX
pacTeHuin))
MapkeTunr. MapKeToJIOTU BBIJAEIISAIOT IPYIIIIBI C
LIEJIbI0 ONITUMM3AIAN PEKIIAMHOMN AEITEIbHOCTH,
ONTUMH3ALAM JTOTUCTUYECCKON AESITEIILHOCTH.
HccnenoBanue crouctB JIHK

CTanOBaHI/IC (HGJII) BBIJICJICHUA I'PYIIIT HACCIICHUA U

COOTHECEHHME IPyMIl C Teorpd. pacrnoaoKeHUEM,
3apabOTKOM, CEMEMHBIM CTaTyCOM M JAPYTOW..)
['opozickoe miIaHupOBaHUE.

10. ®uHaHCOBOE MIAHUPOBAHUE TOPOJIa, palioHa. . ..
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HanpaBneHuna B KnacTep - aHanumse

« Partitioning approach: mrockas KiacTepH3alus - IpeIoiaracT pa3aciicHHe 00beKTOB Ha KJIacTePhI

Cpasy, Ipu4cM OJANH 00BEKT OTHOCUTCS TOJIBKO K OOHOMY KIIaCTCpPYy.
Typical methods: k-means, k-medoids, CLARANS

« Fuzzy approach: MeToa HedeTKOM KacTepU3aliy ITO3BOJIIET Pa30MTh NMEIOIEECs MHOKECTBO
00OBEKTOB p Ha 3aJ1aHHOC€ YHCJIO HCYETKHUX MHOKECTB, TO €CTh OANH U TOT XK€ 00BEKT MOXKET
MIPUHAIJIEKATh Pa3HbIM KiaccaM. [IpuHaIIe)KHOCTh XapaKTEPU3YETCsl CTEIIEHBIO TPUHAJICKHOCTH,
HaIIpUMEP BEPOSITHOCTEIO.

«  Typical methods:C-means (C-cpennux)

 Hierarchical approach:

— Bocxopsmas/aucxonsias kiacrepusanun: Mepapxudeckas kinacrepusanus (Bocxosiias) -
J0IyCKaeM HaJIMYKe MMOIKIACTEPOB, OCYIIECTBIISCTCS B HECKOILKO IIPHEMOB, B PE3yJIETATE

o0OpasyeTcs B uepapXudeckoe aepeBo (JIeHaporpammy).
— Typical methods: Hierarchical, Diana, Agnes, BIRCH, ROCK, CAMELEON

 Density-based approach:

— Based on connectivity and density functions
— Typical methods: DBSACN, OPTICS, DenClue
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[1aHHblE B KnacTep - aHanuse

TadoJau4uHbIe TaHHDBIE:

[TimotHOCTE 1%B. KM

ropojia Hacenenne T.a Ha lu
Mocksa 11514
Cankr-IletepOypr 4848
Hosocubupck 1473
ExarepunOypr 1350
H. Horropox 1250
Camapa 1164
OmMmck 1154
Kazanp 1143
YensOuHCK 1130
PocToB Ha noHy 1064
Yoa 1089
Boarorpan 1021
[Tepmb 991
Kpacnosipck 973
Boponex 890
CapatoB 837
Kpacnonap 744

Knacrepmaum{ MOXET ITIOMOYb OTBCTUTH HA TAKHEC BOIIPOCHI KaK.

10588
3480
2947
2489
3153
2152
1923
1865
2258
3127
1518
1791
1239
2754
1633
2192

991

cpeaHeMecsaHas 3apo00THAS

38410
27189
23374
23216
21821
20690
19317
19410
20510
21053
22089
18294
22678
25159
18178
18107
22587

100 gerr.
16
13
29
33
35
27
17
20
26
19
21
17
29
29
14
18
18

ARCH UNIVE

kod. [Ipectynnenwnii Ha kon. OOpa3oB. Yupxa. Ha

68
72
83
147
84
82
86
88
87
78
93
81
93
86
87
155
103

1. bynyT nu rpyniibl KOMIIaHUH (KJIACTEPhl) OTpakaTh MapaMeTPbl KOTOPbIE HE BOLLIIM B

KJIACTEPHBIN aHAIU3.

2. Ha ocHOBaHKe aHaiin3a MOKHO C(hOPMYJIMPOBATh ITPaBUIa COOTHECEHUS MEKTY
KOMIAHUSIMHU, TTPOyKTaMU MTOTPEOUTEIIMH U PUMEHUTD 3TH MPaBUJIa K KOMITAHUSIM,

KOTOPBIC HC BOIIIJIXM B aHAJIN3.

RSITY
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[1aHHblE B KnacTep - aHanuse

TexcroBble JaHHbIE. [[OKYMEHTBI IPEACTABISIOTCSA B BEKTOPHOU MOJEIN, TO €CTh,
KOJUIEKIIMIO JJOKYMEHTOB IIPEIOCTABISCTCA B BUJAE MATPUILIBI TEPMUH-TOKYMEHT. CTPOKHU
OyyT 0003HaYaTh OTACIbHbBIC TOKYMEHTHI (TEKCTHI), @ KOJIOHKH — CJIOBaph BEIOOPKH,
3aKJIIOYAIOIINHI B ce0€ BCE CII0Ba B KOJUICKIIMH TOKYMEHTOB. KpoMe TOro mpoBOaUTCS
IPETPOIICCCUHT, KOTOPBIN 3aKIr0dacTcs B yaaneHun html Taro, meMaTusanuy u yaaJIeHUH
CTOII CJIOB.

Tabnuua: MmaTpuIiia TEpPMUH-TOKYMEHT

Jane likes coffee and tea also cookies
1® regeT 1 1 1 1 1 0 0
2% TegeT 1 1 0 0 0 1 1

TekcToBbIE€ JaHHBIE B BU/IE€ COBOKYITHOCTH OMHAPHBIX BEKTOPOB:

d,=[1,1,1,1,1,0,0] u d, = [1,1,0,0,0,1,1].
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[1aHHbIE B KNnacTep - aHanmae

Kaprorpadguyeckue faHHbIe. TPOCTPAHCTBCHHBIC JaHHBIE (HampuMep, PoTo, Teo - KapThl)
MOT'YT OBITh MIPEJICTABIICHBI B BUJIE COBOKYITHOCTH TOYEK.

350

Takue maHHBIC YaCTO BCTPEUAIOTCS MPU PEIICHUH
poOIeMbl pacrio3HaBaHusl 00Pa30B.

300

250

MPOBANME TEPPHUTOPWM

PUTENLMONO OTOOPa NApaMeTPos

200
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Mepbl 6nm3aocTu

EBKJINI0BO paccTosiHUE - HanOoJiee 00U TUIT pacCTOSHUS. SIBIIsSIETCA
r€OMETPUYECKUM PACCTOSIHUEM MEXTY TOUKaMU B MHOTOMEPHOM IIPOCTPAHCTBE:

- -

-

4

rae: X, X; - KOOpPAUHATHI I-10 U |-TO OOBEKTOB B K-MEpPHOM MPOCTPaHCTBE;

Xi| - Xj| - BEIMYHHA |-Toit komIoHeHTH!I y I-ro (J-ro) oowekra (1=1,2,...,K; i,j=1,2,...,n).

KBaapar eBKJIH/I0BA PACCTOSIHUS - UCIIOJB3YETCsI, YTOOBI PUIaTh OOIbIINE Beca OoJiee
OTJAJICHHBIM JAPYT OT JIpyra 0ObEKTaM:

Pij = Z(Xik _Xjk)2
k
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Mepbl 6nm3aocTu

Paccrosinue City-block (ropoackmx KBapTajioB) HJIM MAHXITTEHCKOE PACCTOSIHHE -
[0 CPaBHEHHEM C €BKJIMJIOBBIM PACCTOSHHUEM BIHSHHUE OTACIBHBIX OOJBIINX Pa3HOCTEH
(BBIOPOCOB) YMEHBIIIAETCSA, TAK KAK OHU HE BO3BOJSATCS B KBaApar:

Pij = Z| Xik = Xjk |
k

rae: X, Xj - KOOpAMHATHI I-10 U |-TO 0OBEKTOB B K-MEPHOM TIPOCTPAHCTBE;

Xi| - X - BEJUYHMHA |-Toii komnoneHTH! y I-ro (j-ro) oosekra (1=1,2,...,K; 1,J]=1,2,...,n).

Paccrositnue MunkoBckoro (Minkowski Metric)
_ p
Pij = ink — X
k

Ecim P=1 — paccrossHrue ropoJicCKuX KBapTajoB,
Ecmu P=2 — EBKIMIOBO paccTossHuE
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Anropntm K means.

OCHOBHas CyTh KJIaCTEpU3allUU
3aKJI04acTces B caenyromeM: Iycts y
HacC €CTh COBOKYITHOCTh OOBEKTOB.

1. BsiOupaeM HayajgbHBIC TOYKH IS
KJIACTEPOB. a8

2. IlpuBsizath Onmxaifiime TOUYKH K
IIEHTpaM KJIaCTEPOB.

3. IlepecunTtars HIEHTPHI KIACTEPOB,
UCXOJIs U3 TOTO, YTO B KJIACTEP OBUIH
100aBJIEHBI HOBBIE OOBEKTHI.

4. Tlocne TOro Kak HAIUIM HOBBIE LIEHTPHI

]
KJIaCTepU3alli1, CHOBA E&
)

DOO
®ooo

(]
00

O00@

wd O
T

nepepacipeaensieM OamKanime TOYKH
0 KJIaCTepam.

[Tox meHTpOM KJIacTepa MOHUMAETCS CPENHE apu(PMETHIECKOE 3HAYCHUE KIIACTEPOB.
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BHYTPUKNACTEPHbIE PAacCTOAHUA, KaK NPaBuno,
MeHblLUE MEeXKJ1aCTepPHbIX

KJIACTEPOB U Mpodieme BbIOoOpa
HY>KHOTO MUHAMYMa.

NEHTOYHbIE KNaCTEPbI

KNnacTepbl C LEHTPOM

o I KnacTepbl MOTyT COEAUHATLCA NEPeMblHKaMm

KNacTepbl MOTYT HAaKNaAbIBaTbCA HA Pa3peXeH-
HbIi (POH U3 PeAKO PaCcNONOXKEHHbIX OOBLEKTOB

KNacTepbl MOTyT NepeKpbIBaTbLCA
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[Tpobnembl K means.

1. He rapaHTtupyercs

JOCTHKCHHC

I00aJTbHOT0O MHUHHMYyMa CyMMAapHOIO

KBaAPATHYIHOTO OTKIIOHCHUA V, d TOJIBKO OHOT'O M3 JIOKAJbHBIX MUHUMYMOB.
2. P€3YJ'IBTaT 3aBUCHUT OT BBI60pa HNCXOAHBIX HCHTPOB KIACTCPOB, HUX ONTHUMAaJIbHBIN

BBIOOP HEU3BECTEH.

3. UncIto kiacTepoB HAJ0 3HAThH 3apaHee.

Kak Mo0kHO nipeonoJieTb
3TH NPOOJIeMbI?

1. 3amyckaTh aaropuTM MHOTO pa3
(C pa3HBIMM LIEHTPaMU
KJIACTEPOB), MTOCJIEC YETO
BBIOpATh PE3yJIbTaT C
MUHUMAJIbHOW BEJIUYUHOU
OIIIMOKH.

2. Hcnonb30BaTh JIOIOJIHUTEILHEIE
MOJIEJIH JIUI OIIEHKHU KOJIMYECTBA
KJIAaCTEPOB.

y 1

) I‘ >
grue M“/-|;l)|l ].31
g 314828 11°
130 Illli{,/l‘lll | >
5732 24271 e

®0744 554509
J 428 =
DTB /.
}3094 7 BN
R “DTH
RO VA:
A <613 :
lqe,
Vo)




@ INTERNET @) HIGHER SCHOOL OF ECONOMICS

\ S/ NATIONAL RESEARCH UNIVERSITY
STUDIES LAB

Bbibop uncrna knactepoB — npobriema
OCTaHOBKW pacyeTa

3aady KjaacTepHU3aluy MOYXKHO CTABUTh KaK 3a/1a4y JUCKPETHOW ONTUMU3ALINH:
HEOOXOOUMO TaK IpUIHMCaTh HOMEpa KIAcTepoB Y; OOBbEKTaM X; , YTOOBI 3HA4YECHHE
BbIOPAHHOTO (PYyHKIIMOHAJa KaueCcTBa MPHUHIIO Hawinyullee 3HaueHue. CyliecTByeT MHOTO
pPa3HOBUIHOCTEN (YHKIMOHAJIOB KayecTBa KJIACTEPU3ALMM, HO HET «CaMOI0O IPaBUIIBHO
ro» GyHKIIMOHAaIa

CpeliHee BHYTPUKIIACTEPHOE PACCTOSIHUE JTOJDKHO OBITh KaK MOYKHO MEHBIIIE:

N\ II;:.'|'I.IIJ['II..' ||I:I

Fo=—2— _—— — v TN .

CpeliHee MEKKIACTEPHOE PACCTOSHUE JOJIKHO OBITh KAK MOKHO OOJIBIIIE:

r 4 - 4

EL-' | II'Il'I _T__ I'I-. lrJl"Il" II f I

Fy = - - - » INAX .
1"'1_- |'I|I _‘_l: |I'I|

e )& QL
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Bbibop uncna knacrtepoB — npobriema
OCTaHOBKM pacyeTa

Ecin anroput™ KiacTepu3aiiy BEIYUCISET HEHTPBI KIACTEPOB [, Y € Y , TO MOXKHO
onpeaeauTh QYHKIINOHANBI, BEIYUCIUTEIBHO 0oJiee A(h(pEeKTUBHBIE.
CyMMa cpeIHUX BHYTPUKJIACTEPHBIX PACCTOSHUM JOJDKHA OBITh KaK MOXKHO MEHBIIIE:

1 .
II]”:T‘ - T‘ |"I_I:'rf'.|!"| ']:li:|

rne K, = {Xi € X0 | y; = y} — knactep ¢ Homepom Y. B 510ii hopmyie MOKHO ObLIO ObI
B3SITh HE KBaAPAThl PACCTOSHUM, a caMu paccTosHus. OTHaKo, eClIi p — CBKIIUI0BA
METpHUKa, TO BHyTpeHH:s cymma B @y mprodpeTraeT pusmdecknii CMBICT MOMEHTA
MHEPIMH KIacTepa K, OTHOCHTENBHO €T0 IEHTPa MACC, ECIIM PACCMATPUBATE KIIACTED KakK
MaTepUabHOE TENO, cocTosee u3 [K | Touek 0MHAKOBON MacChl.

CyMMa MEKKJIACTEPHBIX PACCTOSHUM OTDKHA v, — N o 2(1 1) o

" - 4144 x
J 5 I|. | J L%
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Teopua ckaykoB - Aneopumm Chrocep-Lxeumca

JInst pemieHust 3TOM MpOOJEMbl CYIIECTBYET HEMapaMETPUUYECKUM METOH, MPEIIOKEHHBIN
Sugar and James, koTopelii MMO3BOJISIET TpaHCHOPMHUPOBATH (DYHKIIMIO KauyecTBa TaK, YTOOBI
neperud WIM CKa4OK CTall SIBHO BUIAMMBIM. MeETOJ OCHOBaH Ha MCIIOJIB30BAHUM IOHSTHUS
«uckaxenuin» (distortion), xoTopeie SBISIOTCS OICHKAMHU JHCIIEPCUU BHYTPH KJiacca
(kacTepa).

B xoxe peamm3anum JaHHOIO METOJA PacCUMTHIBacTCs crenuanbHas (yHkmus (distortion
function), koTopas onpenenseTcs Ha OCHOBE TPEX IapaMeTPOB.

1. Distortion mis 3a4aHHOTO KJIIACTSPHOTO PEIICHUS.

2. Koan4yecTBO KJIacTepoB ISl 3aJaHHOTO KJIACTEPHOTO PEIIICHHSI.

3. Koaddumuent npeodpazoBanusi. 3areM Ipou3BOaUTCS IpeodpazoBanme distortion B
transformed distortion, Ha ocHOBe Ko3ddunHeHTa mpeoOpazoBanus. B KoHIe
npou3BoguTcs aHanu3 moBeneHus transformed distortion function B 3aBucHMOCTH OT
yriclia KjiacTepoB. Ha ocHOBaHMM aHalW3a JeaeTCs BBIBOA O TOM, KaKOE KIIACTEPHOE
peIlICHHE HanTyYIIee.
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Teopua ckaykoB - Aneopumm Chrozep-Lxeumca

1. Onpenesenne MUHUMAJIbHOTO HcKaxkeHus (distortion). B kauecTBe MUHHMAJIBHOTO
UCKaKeHUs OepeTcs MHUHUMAIbHOE 3HAUCHHWE BHYTPHUKIACTEPHOM JAHCTIICPCHH,
BCTpEYAroIeecss B JAaHHOM KJIACTEPHOM pEIICHUH. OTO 3HAYMUT CIEAYIONIee: s
33JIaHHOTO KJIACTEPHOTO pElIeHHs (HampuMmep, JUIsi 5 KIacTepoB) pPacCUUTHIBAIOTCS
TUCTIEPCUU BHYTPHU KaXKIOTO Kiactepa (CpeaHee BHyTpHUKIACcTepHOE paccrosiHue). U3
3TOro MHOXKecTBa uyucen (5 mTyk B 5-KimacTepHOM pelnieHWH) BBIOMpacTCs
MUHHMAaJIbHOE 3HaueHue d.

2. Koappuuuent tpanchopmanmu. ComracHo pa3paboTyMKamM METO/la, B KaYECTBE
ko3 dunuenTa Tpanchopmanuy MOKHO B3ATh BenuunuHy Y=P/2, rne P — pa3mepHOCTH
BEKTOPHOT'O MPOCTpPaHCTBA. B kauecTBe K03(P(ULIMEHTA TAKKE MOXKHO B3ATh BEIUUUHY
1/K, tne K — gmciio ximactepos.

3. Transformed distortion. /lanHas BemnunHa pacCYUTHIBACTCS CISAYIOIIMM 00pa3oM:

D (K)=d"(K)
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Bocxomsiast / Hucxomsias KiiacTepu3aiun

Bocxoasimas Kiacrepusanus
(agglomerative): B pamkax g1aHHOTO
aJrOPUTMA MPEANOJIAraeTCS YTO KaXKIbIN
DJIEMEHT HAILIETO MHOYKECTBA SBIISIECTCS
OTZIeJIbHBIM KJacTepoM. IIpornecc
00pa30BaHMs HOBBIX KJIaCTEPOB
3aKJII0YaeTCs B 00hEAMHEHNE HEKOTOPHIX
KJIACTEPOB B OJIMH HOBBIM KJIaCTEP.
OOBeMHEHNE OCYIIECTBISECTCS HA OCHOBE
3aJJaHHOTO PACCTOSHUS MEXKY
kiactepamu. [IpousBost Takoe
UTEepaTHBHOE OOBEIMHEHNE MBI TIOJTyIaeM
JIEPEBO KJIACTEPOB, KOTOPOE B UTOTE
CXOIUTCS K OJTHOMY KJIacTepy.

Hucxonsmas kiaacrepuzamust (divisive):
JIaHHBIN BUJI KJIACTEPU3AIIHS 3aKIIOUATCS B

caenyromeMm. Mel nipenoaraem, 4To Bce
00BEKTHI MIPUHAIEHKAT OJHOMY KJIacTepy.
B xoxe nteparuBHOTO mpolecca Mbl
pas3aeisieM KJIacTepbl HA HECKOJIBKO

pasHbIX KaacTepoB. COOTBETCTBEHHO IIPH
3TOM, ITOIy4aeM JEPEBO KIACTEPOB
(memaporpamMma).
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Mepsbl KauecTBa KJIAaCTEPHOIO aHAIN3a

Mo:xHO BBIJICJIMT JIBA THIIAa MEPBI KAYCCTBA.

1. Bxemnsisi Mmepa kauecTBa (External Measures): Baemare Mepbl
OCHOBaHBI Ha CPaBHCHUH aBTOMAaTHYECKOr0 pa30MEHUS JaHHBIX C
MIOJTYYCHHBIM OT KCIIEPTOB «ITAJIOHHBIM» Pa30MEHUEM THX e JTaHHBIX.
Kpome Toro, B kauecTBe 3TaIoOHA MOXKET HCIIOJIb30BaThCSI MaTeMaTHICCKAsI
BEJIUYMHA, KOTOpast BEIOMPACTCS Ha OCHOBE KaKHUX TO TEOPETHICCKUX

paccyKIeHHUM.
JHTpONHA 1 L n! JHrpormis Entropy i " ES)
E(S,) = — T o I KJIACTEPHOI0 T o
O/THOI'0 : log g Z ny - R, : : =1
i=1 pelleHust:

KJIacTepa.

N, — 9MCJI0 SIIEMEHTOB B 33/IaHHOM KJIaCTEPE,

(] — YMCJIO KJIACCOB BO BCEM KOJUIEKIINH,

N'. — YKCIIO 3JEMEHTOB I-TOro Kjacca BHYTpH Kiactepa . O4YeBHAHO, 4TO
€CJIM B KJIACTEepEe BCE JTOKYMEHTHI OTHOCATCS K OIMHOMY Kiactepy, To 10g(1)=0,
TO €CTh MbI IOCTHIaeéM MUHUMAJILHOE 3HAYCHUE SHTPOIIHH.

Takum 00pa3zoM, xaoc (TO €CTh OTCYTCTBUE KJIACTEPOB) COOTBETCTBYET MAKCUMAJIbHOM
BEJINYMHE SHTPOIHH, XOPOIIIEE KIIACTEPHOE PEIICHNUE COOTBETCTBYET MUHUMYMY
SHTPOIUH.
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Mepsbl KauecTBa KJIAaCTEPHOIO aHAIN3a

2.  Bnyrpennss Measures: BHyTpeHHUE Mepbl OCHOBaHbI Ha OIIEHKE CBOMCTB
OTJICIMMOCTH ¥ KOMITAKTHOCTH MOJYYEHHOTO Pa30MEHUS TaHHBIX.

Hampumep, B kauecTBe TaKOW MEPBI, HAIIPUMED, UCIIOJIB3YETCS PYHKITUS CYMMBI
KBaJIpaTOB OTKIIOHEHUI 00BEKTOB OT IIEHTpa KiacTepos (inertia).

_ 2
Pij = Z(Xik -A)
k
Changes in within-groups inertia
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rae Ajk LIEHTP K KjacTepa.
B xo11€ urepanuit uimercs
MUHHUMAaJIbHOE

3HaYeHHEe (PYHKIUH Pi j

Within-groups inertia
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Knacrepuzanus B makere XIStat

3arpy3ka JaHHBIX B DKCEJIb

ropoga HaceneHnwe 1.4 MnotHocTb 1KB. KM Ha 14 cpegHemecAYHana zapoboTHaa nnata py6é K
Mocksa 11514 10588 38410
CaHkT-MeTepbypr 4848 3480 27189
HoBocuBupck 1473 2947 23374
ExaTepuHbypr 1350 2489 23216
H. Hosropog 1250 3153 21821
Camapa 1164 U -
Omcr 154 ﬁ.@iﬂ"=ﬁh
KasaHb 1143 ~/  Tnaewan BcTaeka PazmeTka CTpaHuUEl DOpMY N [ aHHbIE PeleH3UpOBaHNE Bua F
YenabuHck 1130
AtteStat - ® s H
PocToB Ha goHy 1064 — -
Voa 1089 XLSTAT BT iheL0UF 7 @x
Bonrorpas 1021 Preparing Data »
Mepmb 991 .
Describing Data b [MEHTOE HacTpaneaemele NAHENN WHCTPYMEHTOE
KpacHospck 973 k
BopoHest 890 L Analyzing Data » | F Factor Analysis
CapaTos 837 Visualizing Data 4 @' Principal Component Analysis (PCA) D
KpacHopgap 744 ] ) ]
Modeling Data J 5};1 Gabriel Biplat KB. Km Ha 14
Correlation/Association Tests P L Discriminant Analysis (DA) 10588
. 3480
3amycka mporeaypsl KiiacTepu3aliiu e = " | MR | comespondence anayss (o) 2947
y p I ﬂ;yp p I Monparametric Tests * | B wutiple Correspondence Analysis (MCA) 2489
Tools » | & Multidimensional Sealing (MDS) 3153
KLSTAT-MX » | 2] Agglomerative Hierarchical Clustering (AHC) 2152
~ Options... t k-means Clustering 1923
T Help 1: Univariate Clustering 1865
II5U 2258
@ sbout XiSTAT
1064 3127
x
_! Close XLSTAT 1089 1518
13 Bonrorpag, 1021 1791

14 MNepmes 991 1239
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Knacrepuzanus B makere XIStat

HcxonHbie TaBHbBIC 1J1S1 KJIACTEpU3ALNU
Yucno knacTtepon

Data:
| MuCT11$C$2:$G$18

Range:
Sheet
Workbook

v Standardize

o]

Number of clusters: v Chart

¥ Column labels |¥ Distances

v Observation labels: (" Variance '® Inertia
v Results in original space

| MucT1!$B$2:$B518

More

Nmena 31eMeHTOB, KOTOPBIE YUYBCTBYIOT B KJIACTEPH3ALIUU



@ INTERNET t®) HIGHER SCHOOL OF ECONOMICS

\ \ 4 ATIONAL RESEARCH UNIVERSIT
STUDIES LAB

PesynpraThl knactepu3amnuu B makeTe X|Stat

CyMMa KBaJIpaToB OTKJIOHEHUN 0OBEKTOB OT LIEHTPa KJIACTEPOB
Changes in within-groups inertia

4.000
 3.500
5 3.000
£
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o
3 2.000
% 1500
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£ 1.000
= 0.500

0.000

0 ! 2 L 4 Clusters composition:

Iteration

Cluster 1 2 3 4 5 6

Within-groups
inertia 6073.500 27813.000 22409.000 0.000 0.000 0.000

Minimum
distance from
centroid 55.107 117.926 105.851 0.000 0.000 0.000

Average distance
from centroid 55.107 117.926 105.851 0.000 0.000 0.000

Maximum

distance from
centroid 55.107 117.926 105.851 0.000 0.000 0.000

Size 2 2 2 1 1 1

Omck Bonrorpag Camapa PoctoB Ha nony HoBocubupck Ypa
Kazanb BopoHnex YenstOnMHCK




@ INTERNET t®) HIGHER SCHOOL OF ECONOMICS

\ \\ Y/ NATIONAL RESEARCH UNIVERSIT
STUDIES LAB

PesynbraThl BTOpod Kiractepusanuu B makere XIStat

Clusters composition:

Cluster 1 2 3 4 3 6 7

Within-
groups
inertia 27813 1736742 22409 0 0 0 0

Minimum
distance
from
centroid 117.926 931.864 105.851 0.000 0.000 0.000 0.000

Average
distance
from
centroid 117.926 931.864 105.851 0.000 0.000 0.000 0.000

Maximum
distance
from
centroid 117.926 931.864 105.851 0.000 0.000 0.000 0.000

Size 2 2 2 1 1 1 1

Bosrorpan HoBocubupck Camapa Ypa Caparos Ilepmp  H. HoBropog
BopoHnex Kpacnosipck  YenssOmHck
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Knacrepu3zanus B makere AttStat

Inaexan Bcraeka

PazmeTka CTPaHWLbI

AtteStat = (%]

Gopmyns JaHHkle

Mogyne ¥XTAB - KpoccraBynauma

Mogyne TRFG - MNpeobpazoeaHua JaHHEIX
Moayne TIME - AHanuz BpeMeHHLIx pagoe
Maogyne SURVIVE - AHaNU3 BLEKMEAEMOCTH
Mogyne SQC - KoHTpone KadecTea

Moayne RMZ - PaHgomuzauna

Mogyne PRI - PacnozHaeaHne obpazoe
Mogyne OP - OBpaboTka ERBpoCcoB

Moayne MP - HenapameTpuuyeckan cTaTUCTHES
Mogyns MDC - Mpoeepka HOPMAansHOCTKH
Mogyns MDP - O6paboTka NponyLLEeHHBIX JaHHBX
Moayns MDS - MHOrOMepHOE LUKANMPOEaHKe
Moayne KMOW - 3kcnepTHelie OLeHKn
Mogyne |4 - MHGOpMaLHOHHLIR aHanu2
Mogyne FAA - PaKTORHBIA aHanms

Moayns EXACT - TouHble KpUTEDHKN

Mogyne DS - OnucatensHan cTaTHCTHKE
Mogyne CORA - KoppenAuMoHHLIR aHanws
Mogyne CLA - KnacTepHelid aHanns

Mogyne AV - AMcnepcHoHHEIR aHanns
Mogyns APX - ANNpoKCUMAaUKMA 3aBNCHMOCTER
O nporpamme

Kak Hauatk paGoty

Peuenzng

o H

IMblE MaHENW UHCTPYMEHTOE

| C
HUe T.4 MaoTHocTe 1
11514
4848
1473
1350
1250
1164
1154
1143
1130
1064
1089
1021
9901
973
&3 Cnpaeka no CLA

L KnacTepHelii aHanns

744

s

WMHTepBan gaHHbIX

| McT11$C52:56518

WHTepBan BbiBOga

Mepa CBA3W
KONWYeCcTBEHHBIE NPHU3HAKW®

(® EBKNWAOBO pacCTOAHMe®*
(" MaHxeTTeHCKOe pacCTOAHME
" PaccTosHwe MaxanoHobuca
(" Cynpemym-Hopma

(" PaccTosHwe MupooHa

CMELlaHHEBIE NPU3HAKK

" PacCTOSHWE OTHOLWEHWIA

MeTon aHanu3a

& MeToj cpeaHel CBA3M KuHra
(" Metog Yopaa*#

" MeTog k-cpegHux Mak-KyuHa*
# E®E NonycTUMOE COYETaHWe

Pacuer

| MncT11$8$22:6G527

OTMeHa

O [

MopAAKOBLIE NPU3HAKM

(" PaccToaHue CnMpMaHa
(" PaccTosHue KeHganna

HOMWHANBHBIE NPU3HAKK

(" PaccTosHwe 2KaKkapa
(" PaccTosHwe Paccena v Pao
" Paccroanwe Bpaeaiica

(" PaccToaHwe Kona

Hucno KnacTepos
BeeauTe YWCNO KNACTEpOB

ObBeKTHI

@ B CTpOKax

(" B cTOnBLax

MoMoLb

HIGHER SCHOOL OF ECONOMICS

NATIONAL RESEARCH UNIVERSITY
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MeTtoabl aHanu3a B makere AttStat.

MeTton cpeaneii cBsisn Kunra (mepapxuueckuid MeTox).
[Iporiecc kiraccupuKau COCTOUT U3 3JIEMEHTAPHBIX I1aroB:
* [Touck u oObeUHEHHE JBYX HAanOOJIee TTOXOXKUX 0OBEKTOB B MaTPHIIE CXOJICTBA.
» OCHOBaHHEM 17151 IOMEIIICHUST 00BEKTa B KJIACTEP SABIACTCS OJIM30CTh JBYX OOBEKTOB, B
3aBUCHUMOCTHU OT MEPHI CXOCTBA.
» Ha xakoM—1100 3Tamne paHnee oObeIMHEHHBIC B OAWH KJIACTEP OOBEKTHI CUUTAIOTCS] OTHUM
00BEKTOM C YCPETHEHHBIMH T10 KJIacTepy mapaMeTpamu.
» Ha cnenyromiemM 3tame HaxoJaaTCs JBa OYEPEAHBIX HaOOJee MOX0KUX 00ObEKTa, U
MPOIIEAypa MOBTOPSIETCS C mara 2 J0 MOJIHOTO UCUYEPIaHus MaTPHUIIBI CXOJCTBA.

RCH UNIVERSITY

MeTtos onepupyeT HE UCXOAHBIMU OOBEKTaMH, a MOCTPOECHHOM MaTpHIEH CXOJCTBA, MO OIMPEACICHUIO
ABJISFOLICHUCS KOJIMYECTBEHHOM. KOOpAMHATEI IEHTPa TSIKECTH KIIACTEPA BBIYUCIISIFOTCSA HE MO MCXOIHBIM

JAHHBIM — OHU SIBJISIFOTCA MPOAYKTOM MAHUMYJISIIIAN C MAaTPULIEW CXOJICTBA.

Marpuua cxoacTBa — 3TO KBajpaTHas MaTpHIla
TUIA «OOBEKT-00bEKT» (MOpsaKa N) coaeprkalias B
Ka4eCTBE PJICMEHTOB PACCTOSTHHS MEXKITy 0OhCKTaMH

(Mg - My

’,2)1 < YN ,’I']

[ Mp1 My

-

Min

”Inn_
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Pesynprar Kinactepu3anuu B nakere AttStat

Metoa Yopaa (nepapxuieckuii MeToN)

Meton Yopaa (Ward) siBisieTcst oqHUM M3 HEPaApXUUECKUX arJIOMEPATHBHBIX METOAOB KJIACTECPHOTO
ananu3za. [Iponecc kmaccudukau COCTOUT U3 AIEMEHTAPHBIX I1aroB:

1. ITouck u oObeAUHEHKE ABYX HaNOOJIee MOX0KUX OOBEKTOB B MATPUIIE CXOCTBA.

2. OcHOBaHUEM ISl TIOMENIEHUS] 00bEKTA B KJIACTEP SIBISETCS MUHUMYM JTUCIIEPCUU BHYTPU
KJIacTepa MpH MOMEIIEHUH B HETO TEKYIIEro KIaCCU(PUIIMPYEMOTo 0OBEKTA.

3. Ha xakomM—1160 3Tane panee 00beAUHEHHBIC B OJIMH KJIACTEP OOBEKTHI CAUTAIOTCS OJHUM
00BEKTOM C YCPETHCHHBIMH T10 KJIacTepy mapaMeTpamu.

4. Ha cnenyroIeM 3Tare HaxoJATcs JBa OYEPEIHBIX Hanbojee MOX0KNX 00bEKTa, U

poIieaypa MOBTOPSETCS ¢ ara 2 A0 MOJHOTO UCUEPITaHUs MaTPUIThI CXO/ICTBA.

B xadecTBe Mephl pa3audus Ijis MeToJia YOop/aa UCIOJIb3yeTCs TOIBKO €BKIHI0BO PACCTOSTHHUE. ITUM
(hakTOM BBI3BaHO OTPAHUUYCHHUE 00JIACTH TPUMEHEHHUS TPOTPAMMBI TOJIBKO KOJIMYE€CTBEHHOM
[IKAJIOM.

JAucnepcus:

i 1 & )
O =— 2 (l’: —u )“ o= m,-"ﬁ D - nucnepcust
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Pesynprar Kinactepu3anuu B nakere AttStat

Meton K—cpeqnnx Mak—Kyuna

[TpuHIMI KIacCU(GUKAIMKA CBOIUTCS K CICAYIOMIUM JICMEHTAPHBIM IIaraMm:

1. Hexotopoe, BO3MOXKHO, CIy4aifHOe, HCXOAHOE pa30neHne MHOKECTBA OOBEKTOB Ha
3aJIaHHOE YHCIIO KJIACTepOB (KIACCOB, TPYIII, MOMYJISIIIH). PacueT «1IeHTpOB TAKECTH
KJIACTEPOB.

2. OTHEeCeHUEe OCTAbHBIX 00BEKTOB K OJMMKANUIIIUM KJIacTepam.

3. Ilepecuer HOBBIX «IIEHTPOB TSKECTH» KIACTEPOB.

4. [Tepexop K miary 2, oKa HOBBIE «IIEHTPHI TSHKECTH» KIACTEPOB HE MEPECTAHYT OTIIMYATHCS
OT CTapbIX.

5. [lomyueHno onTuMansHOE pa3OUEHUE.

B kagecTBe Mephbl pa3auyns I METoa CPEeIHEN CBA3M UCTIOIB3YETCs JTF00as U3 MPEACTABICHHBIX B
porpaMMme Mep, IPEeIHA3HAYCHHBIX TSI KOJTMYECCTBCHHBIX JAHHBIX.
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Pesynprar Kinactepu3anuu B nakere AttStat

Howmep kiiacrepa, 4MCI€HHOCTD,

OOBEKTHI Homep Kiactepa, YHCIEHHOCTb 0OBEKTHI
1 1 1 1 1 Mocksa
2 1 2 2 1 Cankr-IlerepOypr
3 1 3 3 1 Hosocubupck
4 1 4 4 1 ExarepunOypr
3} 1 5 S 1 H. Hosropon
6 2 6 9 6 2 Camapa YenaOMHCK
7 2 7 8 7 2 OmMck Kazanb
8 1 10 8 1 PoctoB Ha 1oHY
9 1 11 > 1 Voa
10 2 12 15 10 2 Bosrorpa BopoHex
11 2 13 17 L 2 Hepmsb Kpacuoznap
12 1 14 12 1 Kpacnosipck
13 1 16 13 1 CaparoB



