NOHCKOW rOCYAAPCTBEHHbIM TEXHUYECKNI
YHUBEPCUTET

KAPELPA ABTOMATU3ALMA NMPON3BOACTBEHHbIX NMPOLECCOB

JIEKUMA Ne 03
MeTpuyeckme moaenu

COCTABUTE/Ib: KRAHA. TEXH. HAYR  BbIKAAOP B.C.



Obuwee npeacraBaeHUE 0 METPUYECKOM NPOCTPaHCTBE

[ycTb Mbl Bbibepem 2-Ba U3 4-X NPU3HAKOB B paHee pacCMOTPEHHOM 3a4a4e ¢ LBeTamu npuca.

mmm)  [111Ha YalleNnCTHKa. Bbibepem B KauecTBe NPU3HaKoB AJINHY NIENECTKOB M LWMPUHY N1eNeCcTKOB.

EE)  LlivpuHa valwenucTUKa, Byaem wncnonb3oBaTb KarKAblit NPM3HAK KaK OTAeNbHYH pPasmMepHoCTb (ocb)
METPUYECKOro NPOCTPAHCTBA, TaK Kak BbIOpPaHO 2-Ba NPU3HaAKa, TO NPOCTPAHCTBO byaeT
AByXmepHbIM. Ecnm KonmyectBo npusHakoB byaer paBHo d, TO M MeTpuyeckoe
NPOCTPaHCTBO byaeT d-mepHbIM.

B KauecTBe eANHUL, U3MepeHMa pasMmepHOCTEN MOTyT BbITb MCNO/b30BaHbI /10ObIE, @ He
TONbKO M3MmepAolWmne ¢usnyeckoe pacctoaHMe. Hanpumep, MOXKHO MNOCTPOUTH
MeTPUYECKOE NPOCTPAHCTBO HAa OCHOBE TaKMUX BEJIMYMH KaK NJIOTHOCTb U CM/1a TOKA.

OnviHa nenecTka.

\v‘d&bw | |m==) |lupuHa nenectka.

\ MeTpunyeckoe NPoCTPaHCTBO

»

Hanaém cpeaHme Toukn @

[
>

s JlByXxmepHoe meTpuyeckoe NpoCTPaHCTBO s s
S S rOTOBO A8 pacno3HaBaHus
< Komopoe nocmpoeHo Ha 0cHo8e mecmoso2o Habopa z\ ANIA KAKAOTO K1acca < ASIA P
= OaHHbIX < X ® setosa 1
S S o ® versicolor ¢z
< L c C @® Virginica 3
@ virginica @ virginica 2
© ©
? ) ¢ ) z ®
hN
S | setosa 2 | setosa o
3 3 3
: ® ® ® ®
versicolor versicolor

'
»

> >
> e

OnnHa nenectKka, cm NnnHa nenecTka, cm OnnHa nenectKka, cm
2



KaK BbINO/IHAETCA pacno3HaBaHME B METPUYECKOM
NPOCTPaHCTBE

1) BbinonHAEM N3MEPEHME PacCTOsIHME OT

Pacno3HaBaHWe HOBOro obpasua y " o
HOBOW TOYKW A0 KaXKA0M cpeaHen TOUKM,

»
»

ABNAOLLENCA NpeaCcTaBUTeNeM COOTBETCTBYHOLLLETO
® setosa C1 —
OTobparkeHne HOBOro ob6beKTa X ® V(.ers.ic_olor C2 knacca L = {ll' 12' l3}'
yepes CBOM NapameTpbl ® virginica 3
B METPUYECKOM NPOCTPaHCTBE 2) BbinonHAETcA aHaNM3 paccToAHUIM OT HOBOTO

06beKTa A0 U3BECTHbIX CPeHUX TOYEK U BbibupaeTca
MWHUManbHoe pacctoaHune us scex min(L).

LLInpnHa nenectKa, cm

B AaHHOM C/ly4ae MUHUMaA/IbHbIM PACcCTOAHUEM
6ynet asnatoca (I, = 1) = X € C,, TO ecTb
HOBbI 0BbEKT BepOoATHEE BCEro NPUHAANENKNT K
npucy versicolor.

v

LLInpnHa nenectka

»
»

j OnnHa nenectKka, cm

[JnvHa nenectka




KaK PaCCHUTDbIBAETCA PaCCTOAHUNE

PacctosiHue mexay Toukamu KM asnaetcs runotenysoi I npamoyrosnbHoro

Xy A
TpeyronoHuka PKM
lz = Clz + b2 = (le - x1M)2 + (xZK - xZM)Z
;,w——_'
" 0 2
Xom | T l
b [ L= (g — x1)% + Goax — Xom)?
R — , K !
2K P a :
a L= (g = x1m)? + (o — x2m)?)?
0 i i > l
' X1m X1k X,
X1m 1
2

2

2

X1k [ = (ij( - ij) - €BKANZ0BO PacCToAHME ANA ABYMEPHOro NPoCTPaHCTBa.
j=1



[lepexoa K pacCcToAHNIO MUHKOBCKOIO

Ecnun KonnyecTBo npusHaKoB paBHO d (COOTBETCTBEHHO U KOJIMYECTBO M3MEPEHWNIA NPOCTPAHCTBA, KOIMYECTBO Ocel byaeT
ToXKe paBHo d), a cTeneHb byaeT He TO/IbKO paBHO 2, a tobomy uenomy 4yncay 6onbwe 0, To Mbl MONYYMM TaK Ha3biBaemoe
pacctoAaHne MUHKOBCKOrO.

4 1
27 ad i

[ = E(fo—xjm)?%
S

I\ o o j | T.K. P MOXKeT 6bITb HeYETHbIM Yncnom (1, 3, 5,...).

Mo 3y AL



PacctoaHne MMHKOBCKOIo

dopmanbHOe onpeaeneHue

Ecan X = R%, 1o pacctosaHue MuHKOBCKoro nopsagka p > 0 onpeaensetca Gopmyoi:

1
d P

Dis, (x,y) = Z|x] — yj|p

j=1
PacctoaHune nopaaka p, kotopoe o6o3Hauaetca Kak Dis,, HasbiBaeTca p-HOPMOIA.
KoopauHaTbl ABYX TOUEK B d-MepHOM MPOCTPaHCTBE MOMKHO 3anncaTb B BUAE BEKTOPOB: X =

To ecTb B BEKTOPAX X U Y 3aNMCaHbl 3HAYEHUA MPU3HAKOB Pacrno3HaBaemMoro obbekTa u
obpas3ua, KOTopbIN UCNONb3YeTCA ANA pacno3HaBaHUA.

V1
Y2

Yd



TnnoBble HOpMbI

d
1-HOpMa (MaHX3TTEHCKOE PacCTOAHME UAN PACCTOSHUE FOPOACKMX KBApTasioB): Dis, (x,y) = Z|xj —_—
=1
1
d 2 d
. 2 2
2-HopMa (eBK/IMA0BO pPaccToAHMe): Dis, (x,y) = ZIxj -y | = lej —yi| =VE-y)Tx-y)
=1 =1

MNHorga nonesHo MCnonb30BaThb Pa3Hble WKasbl ANA Pa3HbIX OCEN KOOPAMHAT (ecnn nepemelleHne BAoAb HUX
NPOUCXOAUT C PAa3HOM CKOPOCTbIO), TOFAA MOXKHO NEPEnTH K pacctoaHUo MaxanoHobuca:

Disy(x,y|M) =/ (x—y)™™(x—-y) Ecam M =1, roe I eanHnyHaa matpuua, To Dis;(x,y|I) = Dis,(x,y)

ﬂaﬂﬂ crnpasku) d \
0-HopMa (paccTosiHMe XaMMUHTa): Disy(x,y) = Z I|x; # y;]
OnpenensaeT KOAMYECTBO OT/IMUYNI MeXKAY BEKTOPaMU X U Y. =
x = (1/0)0/1|D)T |
EmmE)  Dis,(x,y) = 2
y = (1\10l0/1)T
CO-Hopma (paccTosiHne Yebbiwesa): Dise, (x,y) = m}aXIxj - yjl

37O paccToAHMe UCMONb3YETCA, KOoraa HeobxoAnMOo onpeaennTs ABa 06beKTa B pasHble KAaCcChl B 3aBUCMMOCTM OT PasANUMNA MeKAY HUMK NO OAHOMY Hanbonee
3HaYMMOMY MpPU3HaKy. Ecan ogmMH NpusHaK, No KOTOPOMY MOXHO OCYLLECTBUTb 3IPPEKTUBHOE pa3aeneHne K1accoB CyLecTByer.




CBOMCTBA PacCTOAHMUA

CBOWMCTBA PACCTOAHMA ONPeAensoT Tak Ha3biBaeMYHO METPUKY UM MEeTPUUYECKOE PACcCTOAHME:

1) PaccTosiHue OT TOYKM A0 camol ceba pasHo Hyto: Dis(x, x) = 0;
2) Bce ocTanbHble paccTosHuA 6onblue Hyna: ecan X = y = Dis(x,y) > 0;
3) PaccTtoaHune cummetpuuHo: Dis(x,y) = Dis(y, x);

4) 0O6besa He MOXKeT bbITb COKPATUTbL paccTosHMe (HepaBeHCTBO TpeyronbHuKa): Dis(x,z) < Dis(x,y) + Dis(y, z).



dyHOaMeHTaNbHOE CBOMCTBO CpeaHEN TOUKU

X2 A

CpegHune TOYKMU

]

v

B obLwem cnyyae KoopamHaTbl cpeaHer TOUYKM He
COBMNaJaloT C KOOpAMHAaTaMM 04HOM U3 ToyeK obnactm

D. B aTom cnyyae cpefiHAS TOYKa Ha3blBaeTcA
LeHTpouaa.

Ho MOHO HaNOXNTb OrpaHUYEHNE, YTOODI
KOOPAWHATbI CpeiHeN TOYKU COBMaaanu C
KOOpAMHATAMM OAHOMN U3 Touek obnactn D. B atom
c/lydae cpeaHsas TOYKa Ha3biBaeTcs megounaa.

CpeaHee apudmeTMUYEeCcKoe U MHOXKECTBA ToyeK D B €BKANA0BOM NPOCTPAHCTBE ABNAETCA eANHCTBEHHOM
TOYKOWM, B KOTOPOM CyMMa KBaApaToOB €BKANA0BbIX PACCTOAHUN A0 3TUX TOYEK AOCTUrAaeT MUHUMYMA.

=
=— ) X
“= D]

XED

,rae |D| - konnyectso o6bekTOB B 06n1acTn D;

X1
X2

Xd



Knactepusauma anroputmom K cpegHux

Mpobnema K cpeaHnx He nmeeT 3PpPeKTUBHOro cnocoba HaxoKaeHMA MobanbHOro MUMHMMYMA, MO3TOMY NMPUXOANTCA
MCMNONb30BaTb 3BPUCTUYECKME anropUTMbl. CamMbiM M3BECTHbIM M3 TaKUX aITOPUTMOB TaK U Ha3biBaeTca «K cpeaHunx».

3TO a/IFOPUTM MaLUMHHOTO 0byYyeHUA 6e3 yunuTena 3asaya KOTOPOro pacnpeaenTb AaHHble Ha KOJIMYeCTBO 3apaHee
3a/JaHHbIX KNacTepos.

OcHOBHaA naes JaHHOro aAropuTMa 3aK/1l04aeTcs B CAeayoLWeM:

1) 3apaétcs Tpebyemoe KOIMYEeCTBO KNacTepos;

2) nepBOHaYaNbHble KOOPAMHATbI LEHTPOWAOB KNAaCTEPOB, B 0OLLEM C/ly4ae, FTEHEPUPYHOTCA C/ly4anHO B 3aJaHHOM
AnanasoHe;

3) anropuTm nooyepeaHo pazbumBaeT AaHHbIe HA KNacTepbl, NPUMEHSASA pellatolee npaBuao banKanwero LeHTPoOnNAa;

4) Ha Kaxkaoun ntepaumm pasbmneHms JaHHbIX BbINOAHAETCA NEPECYET KOOPANHAT LLEeHTPOMNA0B.

B obuwem cnyyae, anroputm K cpeHuUX CXoaUTCA K CTaLMOHAPHOMY COCTOAHMIO 38 KOHEYHOEe BpeMs, HO He rapaHTupyeT
YTO HallAeHHOEe COCTOoAHME ABNAETCA IM06abHbIM MUHUMYMOM, U AaXKe HEe N3BECTHO Ha CKOJIbKO 6/1M3KO HalaeHHble

ueHTponabl byayT 6amM3Ku K rnobanbHbIM MUHUMYMAM.
Ha npaKkTuke pekomeHayeTca NpPorHaTh aAropuTM Ha AaHHbIX HECKO/IbKO pa3 U BbIOpaTh Nyyllee peLleHue.



Xy A

Knactepusaums anroputmom K cpeaHmx

CnyyanHoO 3a4aHHbIe KOOPAUHATLI LEHTPOMAOB NepBsas UTepaums
ANA ABYyX KNaCtepos X2 4

% &

v

X2 A X1
BTopaa ntepauyua TpeTba ntepauyma
(KoHeuHas)

o

v

11



Knactepusauma anroputmom K cpeaHmx
(npumep HeygayHOM Knactepmsaumnm Ha TPU KnacTtepa)

I'Ip0|/|3Boanb|e 3Ha4YeHnqa ueHTponagos

HeyaayHO creHepupoOBaHHbIX
C/ly4aMHOE KoopAMHaThbl
LEHTPONAOB

10 A

HangeHble 3Ha4YeHNSA LEHTPOUAOB KlacCUhUKaTopom

OAWH M3 LEHTPONAOB
BblpOAN/ICA

14

10 A

Pacno3HaHHble Mo KnacTepam 06BbEKTHI

B pe3ynbTaTe AaHHble
6binn pa3aeneHbl Ha ABa
Knacrepa

12
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Knactepusauma anroputmom K cpeaHmx
(Nnpumep ycnewHOW Knactepusaumm Ha TpU Knactepa)

Mpon3BOJIbHbIE 3HAYEHWS LIEHTPOV 0B HanpgeHble 3Ha4YeHNa LeHTPONA0B KJlacCUUKaTOpoOM Pacno3sHaHHble Mo Knactepam 06beKThl
10 A o 10 4 . 10 A
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0 A A
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Ka3anocb 6bl NnepBoHa4YanbHble KOOPAUHATLI LLEHTPOWA0B CreHepMpoBaHbl Heyaa4yHo. Tem He meHee nocneayolme
nTepaummn NPpUBESN K BEPHOMY BbIYUCNEHUIO KOHEYHbIX KOOPAMHAT LLEHTPOUA0B N COOTBETCTBEHHO K OXKMAaeMOMy
pacnpeneneHuio AaHHbIX.

13



dopmanbHbI anropuTtmom K cpeaHmux

Anroputm KMeans(D, K) — knactepusauma metogom K cpegHux ¢ NpUMeHeHnem eBkAnaosa pacctoaHma Dis,

Bxoa;: AaHHble X € D, yncno Knactepos K.
Bbixoa: ULeHTpOMAbl KNacTepos Uy, Uy, ..., Ug W KnacTepbl Dy, D, ..., Dg.

/*Cny4yaliHaa MHMUMANU3auma Uy, Uy, ..., g */
forj < 1to K do

pj < random();
end

/*nepecyér Uy, Uy, ..., Ug v pasgenenue X € DHa knactepbl D4, D, ..., D */
while 4, l,, ..., Ug He NepecTaHyT nameHATbCA do
forxin D do
D; « {x € D|x oTHeceHa K KyiacTepy j < argmin;Dis; (X, ,uj)};
end

1
:u] < |D_]| ZXED]' X,
end

return Ui, U,y ..., Uk, Dl' Dz, . DKI
14



Knaccnounkauma no K bamnxkanwmm coceaam

3TO aArOPUTM MaLLIMHHOTO 0by4YeHUA € yuuTenem 3agadya KoOToporo BbINOAHUTb KNacCUPUKaLMIO HOBbIX AaHHbIX MO
obyuatouiemy Habopy AaHHbIX .

Cambl NPOCTEULLNUA BAapUAHT peanmsauumn knaccudmurkaumm no k bankanwmm coceasim cBOAUTCA K 3aNOMUHAHUIO
BCEX TECTOBbIX AAHHbIX — 3TO U eCTb 0b6y4yeHmne Knaccndukatopa.

[Nanee, KnaccudumKaTop nNo k 6anKanwmm coceasm NPoBoAUT ronocoBaHue mexay k = 1 cocegamm, 6anKanwmm K
KnaccndmuunpoBaHHOMY 0OBEKTY, M BbINOJIHAET NPOrHO3UPOBAHME Kacca, Noay4YmBLLEro 60bWNHCTBO roa0coB (Tak
Ha3bIBAaEMbI Ma*KoOpUTapPHbIN Knacc).



Knaccnounkauma no K bamnxkanwmm coceaam

Knaccndukauma no ogHomy bimnrKamwemy coceay Knaccudpumkauma no Tpém b6ankanwmm cocegsim
A A @ obyyatowmm Knacc 1 A A @ obyyatowimm Knacc 1
A A obyyatowmin kKnacc 2 A A obyyatowmit Knacc 2
A A A Y Knaccuduumpyemblii K Knaccubuumpyembli
0b6beKT 06BbeKT
A
A Knaccmd. obbveKT Knaccmd. obbeKT
I{T OTHECEH K Knaccy 2 OTHECEH K Knaccy 2
Knaccud. obbeKT Knaccu@. obvekT
® ® OTHeceH K Knaccy 1 ® OTHECeH K Knaccy 1
O ® ® O
0 ﬁ\./ e
o © O o ©

1) Heob6xo0AMMO BbIYUC/IUTL PACCTOSTHUA MeXKAY BCEMU 31eMeHTaMmM obyyatolero Habopa u Knaccupuumpyembim 06 beKTOM;

2) HaTM MMHMMaANIbHOE PACCTOAHNEM MEXKAY 2) HaNTK 3-PU MUHUMANBHbIX PACCTOSHUEM MEXAY
KnaccuduumpyembiMmm 06beKToOM U 06 beKToOM . KnaccmounumpyembiMmm 06 BEKTOM M 06 BEKTAMMU
0b6yyatoLLero Habopa 1 NONYYUTb METKY ero KNacca; ' obyuatowiero Habopa;

3) oTHecTU Knaccndununpyemolii 06BEKT K COOTBET. K/1accy. 3) BbINONHUTb «TO/I0COBAHMEY U MNOAYYNTb METKY K/lacca

60nblWNHCTBA 0OBEKTOB, T.€. TaK Ha3bIBAEMbIN «MAXKOPUTAPHbIN KNaccy;

3) oTHecTU Knaccndmnunpyemblii 06 BEKT K COOTBET. Kaccy. T




OcobeHHOCTM 1 BapUaHTbl K1accuduKauma no
K 6anxanwmm cocegam

1) Mpu K =1 mogenb Ha obyyatoem Habope Kak NpaBu/Io He JOMNYCKAET OWNOOK, HO 3TO MOTOMY YTO MOAENb
byaeTt nepeoby4yeHHOMN.

2) NMpw yBeanyeHnmn yncna cocegen K obobuiatowaa cnocobHOCTb Y MOAENN MALLMHHOMO 0by4yeHnA B Havyane
YIy4LLAeTCcs, HO C AaNbHENLIUM yBenndYeHnem yncna K coceagen moaenb CTaHOBUTCA HEAOOOYYEHHOMN.

He cywecTByeT npaBunia, KOTopoe No3B0/INA0 bl 0AHO3HAYHO CKa3aTb CKOMIbKO COCEeAEN HYKHO NCMOb30BaTh A
KOHKpeTHoro Habopa AaHHbIX, 4TOObI 0becneuynTb xopowyto 0606LatoLLYH0 CMTOCOOHOCTL MOAENN.

Ho MO»HO yNy4LWwnTb CUTYaLMIO, €CN NOACUYUTLIBAaTb HE MPOCTO KOJIMYECTBO Fr0/1I0COB, @ NPOBOAUTD ELLE U
B3BELIMBAHWE FO/I0COB: TO €CTb YeM B/IMKe cocen, HaxoanTca K Knaccupunumpyemomy ob6beKTY, Tem ero ronoc bonee
Becomee. Hanpmmep, MOXKHO BbIYUC/IATb BE/IMYNHY BAaXKHOCTU ro10Ca KaK 0OpaTHYO BE/IMYMHE PACCTOSAHUA OT
cocefa Ao KnaccnduumpoBaHHOro obbeKTa. TaK Kak Beca rosiocoB yObIBAOT MO Mepe yBe/IMYeHNA PacCTOAHMSA OT
cocefia Ao Knaccupumnumpyemoro obbekTa, To aPpPeKT OT yBeIMYEHNA KOIMYECTBA FONOCYIOLLMX COCEAEN
YMeHblLUaeTcA.

Mpoknatue pasmepHoctU. OcHOoBHaA npobnema kKnaccudpukaTopa no K bamkanwmnmm cocegam CBA3aHa C TEM, YTO
TAKoOM KnaccudpumKaTop nsioxo paboTaeT ¢ BXOAHbIMU AaHHbIMM 6ONbLLION Pa3MepPHOCTU. ITO NOJIYYMNO0 HA3BaAHUE
NPOKIATME PAa3MEPHOCTMU.



KonnvyecTtBeHHaA OUEHKa NnpPpasnibHOCTHN MOAOENU

CyLecTBYIOT pa3/InyHble NOKa3aTe/In KONMYECTBEHHOM OLLEHKN NPaBUIbHOCTU MOAENIN MALLMHHOTO 0byYeHus.

MpuBeaem oaHY U3 TaKMX OLLEHOK, KOTOPaa UCNO/b3yeTca B NepBYI0 oYepeab — BEPHOCTb, NPaBUAbHOCTb (accuracy)

acc = ﬁ z I[E(x) = c(X)]

X€ETe

roe Te — TecToBbI HABOP AQHHbIX;

I[...] - vHonKkaTopHaa GYHKLMA, KOTOpasa paBHa 1, eciv aprymeHT NPUHMMaEeT UCTUHHOe 3HavyeHne 1 0,
eC/IN ApPryMeHT NPUHMMAET SI0OXKHOE 3HaYEeHME;

¢(X) - GYHKLMA BO3BpaLLAOLLAA OLEHOYHYI0 METKY K/lacca Ana Knaccubuumpyemoro obbekTa X;

c(X) - GYHKLMA BO3BPpaALLAIOLLAA UCTUHHYIO METKY Kaacca Knaccupuumpyemoro obbeKkTa X.
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