KaTta TysoBa
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Kakue npobnembl MOryT BO3HUKHYTb MpY UCMOJb30BaHNN
meToga k-means? Kak nx nsbexats?
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— YyBCTBUTENBHOCTL K Ha4YaNbHOMY BbIOOPY [l

— HeobxogumocTb 3amaBath k
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B yem 3akntovaetcs naes anroputma Xmeans?
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Npes:

— lMonyyaTk Ha BxOA He k, a AManasoH, B KOTOPOM MOXET
HaxoanTbcsa k.

- 3aﬂyCTMTb k-means Ha caMOM MafieHEKOM 3HAYEHUN U3
Anana3oHa.

— PasbuBatb nononam nosiydeHHble KAacTePbl U NPOBEPSITH,
He YNy4dLnaack AN KNacTepmusauus.
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— Heckonbko cnyyaiiHbix knactepusavunii

— [locTenenHoe HapawmBaHne 4mcna k

— WcnonbsosaHue k-means++
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Kak MOXHO MCNoNb30BaTh MUHUMAJIbLHOE OCTOBHOE [EPEBO
Ans pasbueruns BoIbOpkM Ha knacTepbl? Kak HaiiTn
MUHUMaJIbHOE OCTOBHOE [1€PEBO’
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rlOCTpOI/ITb MWHUMaJIbHOE OCTOBHOE O€pEBO, a NOTOM
BblIKNAblBaTb U3 HEIO pe6pa MaKCUMalbHOIo BECa.

Ckosibko pebep BbIOPOCUM — CTOJIBKO KAACTEPOB MOJTYHUM.
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[ns yero TpebyeTcsi CBONCTBO MOHOTOHHOCTMN MpW
nepapxm4eckoli knacrepusaummn?
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Y1066l n3bexxaTb camonepecedeHnii B MOCTOEHHOM AepeBe.
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Kaknm obpasom BbIOMpatoTCs LEHTPLI KIAaCTEPOB B ajirOpUTMe
k-means++7
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— BbibpaTb nepeblii ueHTpong cay4aliHbim obpasom

— [ns kaxpoli ToYKM HAliTU 3HaYeHne KBagpaTa
paccTosiHua 8o bamkaiiwero ueHTponaa.

— BblbpaTb 13 3TUX ToYeK CheaytoWmnii LeHTpounsg Tak,
4TOOBI BEpOSTHOCTL BblbOpa TO4YKM bbina
MPONOpLMOHabHa BbIYNCIEHHOMY ANS Heé KBaApaTy
paccTosiHus
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Yo Takoe oTcTyn 060bLIEHHOrO METPUYECKOTO
knaccucpukatopa?’
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OtcTyn nokasbiBaeT cTeneHb "TunnyHocTy obbekTa'.

OTcTynom obbekTa x; € X' oTHoCUTenbHO knaccudukaTopa a

Ha3blIBA€TCA BEJINHNHA

M(z;) =Ty, () — ax Ly (zi)
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I'y(u) - oueHka bansocTn obbekTa u K Knaccy y
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X =R, Y ={-1,+1}
X! = (z;,9;)}_, — oby4atowjas BbIbOpKa

Halitu:

(n — 1)-MepHYIO rMNepnaoCKOCTb, KOTOPasi Pa3AensieT faHHbIE
KaK MOXHO Jly4Lue.

Kak MoxHO nyylue — 310 Kak?
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X
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Kak MOXHO nyd4uie:
[1Ba pa3geneHHbIX KNacca JOJKHbI 1eXKaTb Kak MOXHO
Janblle OT pa3fensitolleil rmnepnaocKoCTH.
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Kak nocTpouTb Takyto rnepniockocTs?
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X
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Bbinyknoii obonoykoii MHoxxecTBa X Ha3biBaeTcs
HaVMeHbLUee BbIMYKJIOE MHOXECTBO, coaepxallee X.

Bbll'lyKJ'Ioe MHOX>XECTBO — MHOXECTBO, CoAep>Kallee BMECTE C
nobbIMK ABYMsA TOYKaMun COG,IJ,I/IHSHOLIJ,I/Iﬁ NX OTPE3OK.
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Boinyknas obosouka

Heebinyknas obonoyka



Haiitu aBe banxalilune To4kn B BbINyK/bIX 0BoNOYKaxX
[AHHbIX, @ 3aTEM MPOBECTU Pa3AeNAtoLLYyIO FMNEPNIOCKOCTb
Yyepe3 cepefuHy OTpesKa.
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min [[c —d|]?, rae c = > wizy, d= > wir;
w yi=1 yi=—1

yi=1 Yyi=—

3afady MOXHO pewaTb ObWMMKU ONTUMN3ALUOHHBIMU
anropuTMamu.
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X! = (2;,9;)}_, — oby4atowjas BbIbOpKa
Y ={-1,+1}

3apgava:
MocTpouTs anroputm knaccudmkauyum a(x, w) = sign g(z, )

g(x,0) — pasgensitowas yHKLNS
6 — BekTOp napameTpos, f € R!
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fi: X—=R j=1,...,n w; € R
g(z,w) = w; fi(z) — wo

a(x,w) = sz’gn(é w; fi(x) — wo)

Beeném KoHCTaHTHbIV npusHak fo = —1:
n

a(x,w) = sz’gn(jgo w;fi(x))
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a(x,w) = sign(ji:l w; f;(z))

[NepelifiéM K BEKTOPHOI 3anucu:

X:(f17f2a"'7fn)

a(x,w) = sign({w,x))
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Kak nogbupats w;?
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Kak oueHuTb KayecTBo knaccudukaumm?
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g = (w,x) = 0 — pasgensitoLias NOBEPXHOCTb
M;(w) = (W X;)y; — OTCTyn obbekTa I;
M;(w) < 0 = anroputm a(x, w) owmnbaercs Ha x;
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Yucno owmnbok Ha obyyatowueii BoIbopKe:

Q(w) = Z:zljl [M;(w) < 0] — min

w

Q (W) — yHKLMOHaN KayecTBa

- V|H,£I,I/IKE]T0pHyPO beHKLI,VII'O CNOXXHO ONTUMN3NPOBATbL

— TepsieM nHOPMALMIO HACKOBLKO i-ii 0BBEKT Bbin
HageXXeH
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[M; < 0]

30

201

10
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Q(w)

IN
M-

-
Il
—

L(M;(w)) — m“i,n

L — dbyHKUMA NoTepb, HEBO3PACTaloLlasl, HeoTpULATEIbHAS.
L pomkHa maxopuposats [M;(w) < 0]
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-bwl\.)l—l

301
25
201

15
104
05 1

(=)

30 25 20 15 10 05 0 05 10 15 20 25 a0 M

- [Mi(w) < 0]

. L(M) = logy(1 + e ™) — norapucpmunyeckas
- S(M) =2(1 4 eM)™! - curmongras

. V(M) = (1— M); — kycouHo-nunHelHas
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Y10 Takoe rpaaneHT?
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Input: o — rpaguenTHbIR war (Temn obyueHns)
Output: wg, wy, ..., w,

Wnnunanusnposate: w;, j =0,...,n
MoBTOpPUTL MOKa W He CTabunusmpyroTcs:

w=w-—avQw)

VQ(w) = (&)
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Cnyuyaii gByX NpU3HaKOB.
Input: o — rpagmeHTHbIl war (Temn obyyeHns )
Output: wy, wy

NHuymannsnposath: wy, wy

MoBTOpPUTL MOKa Wy U Wy He CTAbUAN3UPYIOTCS:

0Q(w
tmpy = wo — a—gu()o)
tmp1 = W1 — Oé—aglfjlu)
wp = tmpo
wy = tmpy
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MoyeMy BaXKHO OBHOBUTBL Wy W W OAHOBPEMEHHO?
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QW) = (P8 = 5L (e x x
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- Qp — 0
— MeTog ckopeiilero rpagMeHTHOro Crnycka:
Qw —av Q(w)) — min
o

— [MpobHble cnyyaiiHble warn
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l

W=W—« ; L'((W, X3) ) XiYs
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!
W=W—« ; L' ((W, X3)Yi ) XiYi

[Nagaiite 6patb (x;,1y;) N0 OAHOMY 1 Cpa3y OOHOBASATL BEKTOP
BECOB
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Input: X!, a,
Output: wg, wy, ..., w,

MepemewwaTs gaHHble B X'
Whnunanusnposate: w;, j =0,...,n

Qw) = z £((w, %))

MosTopuTb Noka @ u/nnu w He ctabunusupytoTcs:
Bastb x; ns X!
Moteps: ; = L({(W,X;)y;)
MpagmeHTHbI war: w = w — oL/ ((W, X;)y; ) X;y;
Ouenuts Q = (1 —n)Q + ne;
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Yero He xBaTaet?
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Yr1o 3Hauut — "noka @ u/mam w He crabunnsmpyrorcs"?
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s00

1000

1500

2000

2500

3000

3500
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s00

1000

1500

2000

2500

3000

3500
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— WHnumnanunsaymsa secos

— [Mopsigok npeabsiBneHns 0bbLEKTOB
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w;=0,j=1,...,n

_ 1 1
w; = random( 5 5

3Ha4Y€HUA

) — HebonbLuMe cnyyaiiHbie

ObyyeHue no HebobLIONA CnyyaiiHoW NogBbIbOPKe
0bbekTOB

MHorokpaTHbIf 3anycK U3 pasHbIX CNyYaliHbIX HAa4albHbIX
npubAVXeHNi
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MNonepemeHHO DpaTb 0OBEKTHI U3 Pa3HbIX KNACCOB

Yaue bpaTb Te 06bEKTHI, HAa KOTOPLIX OblNa gonyleHa
bonblwas owmnbka

Boobuye He bpaTtb "xopowme"obbekTol ¢ M; > iy

Boobuye He bpaTb BbIbpoCkl ¢ M; < pi—
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+ Jlerko peanusoBaTb

+ Jlerko 060bwunTe Ha pasHblie g, L

+ He obsizaTtenbHo bpaTb BCe 3nemeHTbl BbIDOPKN AN
oby4yeHust

Bo3amoxxHa mMegneHHas cxoanMoCTb

3aCTpeBaH|/|e B JIOKAJIbHbIX MUHUMYMaX

MNonbop nmapameTtpos

Mpobnema nepeobyyerus
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Mouyemy cnyvaetcs nepeobyqermne?
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a(x,w) = sign({w,x))

Jlunelinast 3aBMCUMOCTb NPU3HAKOB:
Vxdu: (u,x) =0

= Vv a(x,w) = sign({w + yu, X))

Anropntm a’ paboTaeT TOUYHO TaKXe Kak UCXOAHLIN a.
A 3HaYUT Mbl MOXEM MOYHUTL NtODOE pelleHne U3 ceMeiicTaa
W+ yu
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— CnnwkoMm Mano obbekToB

— Cnvwkom MHoro NPU3HaKoB

— JlnHeiiHasi 3aBNCMMOCTb MPU3HAKOB
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— Canwkom bonbline Beca ||wl|

— HeycroitumnsocTb a(x, w)

— [lnoxoe ka4ecTBO KJ'IaCCVICbI/IKaLI,VIVI Ha KOHTPOJIbHbIX
OaHHbIX
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- COKpaLU,eHI/Ie BECOB

— PaHHaa ocTaHoBKa anropnTMma
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Kak MoxHO cokpawaTb Beca’
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LLITpad 3a yBenu4eHne HOpMbI BEKTOpPa BECOB:
QT = Q + %“W“2 - m“i,n

[paguneHT:

VQT = VQ +TW
[pafWeHTHbIA war:

w=w(l—ar)—avQ(w)
T — napameTp peryisipusaunm
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Kak nogobpats 77
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— CKonb3sumii KOHTPOb
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— Bug pasgensioueii nosepxHocTu
— Bug annpokcumaumn dyHkumorana kadvectsa Q(w)
— Bwp perynapusatopa
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HOCTPOGHI/Ie BbIMYKJIbIX obonoyek

OnpeaenerHve nuHeHoro knaccudukaTopa

M NHNMN3auna sMNMpnHeCcKoro pncka

MeTO,D, rPagnEHTHOroO Cnycka

MeTO,JJ, CTOXaCTN4HECKOro rpagneHTHOro cnycka
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— MeTog, onopHbIX BEKTOPOB
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