N3KYCTBEH MHTEeNEeKT

Tema 15: Merogun 3a MaWNHHO O6y4YeHHe.
Crarncrnyeckm merogmn. Knacngppumkaums c
ornnopHun sexkropun (SVM)
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CbabprKaHue

d Obuwa knacndunkaumsa Ha metToauTe

d Knacudomnkauma ¢ HEBPOHHU MpPeXn. ApXUTEKTYPW.
MLPNN n PNN.

 PekypeHTHN HeBpoHHU Mpexn (RNN, LRPNN,
GLRPNN)

4 Cratuctmndeckmn metogm (GMM, HMM)

4 Knacudukauyma ¢ onopHu sektopu (SVM)

npod. T. FaHueB, UU - 2023/2024
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OANCKPpMMMHATUBHU U TreHepaTUuBHN MeToAam

Goal

What's learned

Hlustration

Examples

Discriminative model
Directly estimate P(y|z)

Decision boundary

MLP NN, SVM, Decision trees,
LDA...

Generative model
Estimate P(z|y) to then deduce P(y|z)

Probability distributions of the data

PNN, GMM, Bayesian
Networks ...
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Knacnpukatopu

(: . .. .
Non-discriminative approaches

LDA Polynomial TDNN k-NN LVQ SOM
classifier and RNN
rees

discriminatively

npod. T. MaH4yeB, UU - 2023/2024
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KnacndpukatTopum 3a ABa KJiaca

ﬂ,MCKpMMMHaTMBHM METOAUN 3a KﬂaCMCbMKaLI,MFI:
m /I3non3BaT xunep-paBHMHa pa3saendlulia ABaTa Knaca

npod. T. FaHueB, U - 2023/2024
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Knacudpukartop C onopHu BEKTOpMU
Support Vector Machine (SVM)

BanHunk 1970s (n cnep 1992 n 3a 3anagHnsa CBAT)
s OnTManHa xunep-paBHUHA pa3aensuwa ABa Kfaca
(W-X)+b=20

npod. T. FaHueB, UU - 2023/2024
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Knacndoumkatop € onopHuU BEeKToOpU
Support Vector Machine (SVM)

Support Vector Machines

Support vectors (class -1) /

Hyperplane

Mar:

O
7/ = - .
/f d
'\‘ ,/ [
gin 4 .

/ Support vectors (class 1)
/
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Knacndoumkatop € onopHu BEKTOpMU
Support Vector Machine (SVM)

Lo

HaneH e Habop ot N BekTopa, X,
k=7...N

TbpCUM BL3MOXXHO Hau-
ronieMmnAT peseps Ha rpaHuuara
m/y gBarta knaca.

KoHuenuuaTta 3a SVM e pga ce
MWUHUMM3MPA PUCKa OT rpeLlKa
3a BCEKM OT KrnacoBeTe ...

npod. T. FaHueB, U - 2023/2024
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Knacndoumkatop € onopHu BEKTOpMU
Support Vector Machine (SVM)

N N
' X b N — K-TnaT naxo
y(X) = agn{ > ay ykW(X’ Xk) 4+ b} {YiXidk=1 a
k=1 a, Ca NONOXMTENHN KoeULMEHTH
Horyckame, e b e oTMecTBaHeTo
WT¢(xk)+b2+l, Y, =+1 Woyth=1 @
w'g(x ) +b<-1y, =-1 ® a .

wo(x)+b=+1
KoeTo e ekBMBaNeHTHO Ha

e[ W g(x)+b |21k =1...N

O

O

A r =+
Tyk @(.) € HsKaKBa HenMHenHa pyHKums, <

KOSITO TpaHCcdopmMmMpa NpPOCTPaHCTBO O

aeUHNpPaHO OT BXOAHUTE BEKTOPU B HOBO . .

NPOCTPAHCTBO C (MHOro) No-BMcokKa ‘@ /
margin

Pa3MeEePHOCT
npod. T. FaHueB, UU - 2023/2024
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Knacndoumkatop € onopHu BEKTOpMU
Support Vector Machine (SVM)

3a cnyyanTte, KoraTto aBaTta knaca
He moraT aa 6baart pasgeneHu B
NPOCTPaHCTBOTO Ha onucaTtenuTe,
KbM ypaBHEHMETO ce [obaBaAT
NPOMeHnmBUTE ¢,

[Tpn KOeTo popmynmnpoBkKaTa Ha
3agadata npungobusa Buaa:

{yk [WT¢(XK)+b] >1-&.,k=1..,N

& =20,k=1,..,N

npod. T. MaHueB, U - 2023/2024
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Knacndumkatop € onopHuM BEKTOpMU
Support Vector Machine (SVM)

CbrnacHo npuvHuuna 3a HamansiBaHe Ha CTPYKTYPHUSI PUCK, rpaHMLaTa Ha pucka Moxe
Oa ce MUHMMKU3upa nocpeacTeom cnegHata dopMynmMpoBKa Ha ONTUMMKU3aUMOHHaTa
3agava

: 1 7 N
min J;(w, &) :EW w+c 2 &

Wi k=1
KoHcTpynpame doyHKUMA Ha JlarpaHx kaTo

n3non3same MHOXuTenu Ha JlarpaHx a, = 0,
v, =0 (k=1,...,N).

Ly (w, b, & ay, Vi) = Jp(w, &) —

N N
T

kzlak{yk[w P(x ) +b] -1+ §k}—klek§k
- - X
PelwweHneto e cegnosmHaTta Ha JlarpaHx
N34ncrieHa Kato

max min Li(w, b, & ;a,, Vi)

W,fk W,fk

npod. T. MaH4yeB, UU - 2023/2024
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Knacndoumkatop € onopHu BEKTOpMU
Support Vector Machine (SVM)

Boamgo | oy

N
=0->w= Elak Y P (X )

oL, N
—=0-> > a ¥y, =0
o El k Yk

oL,

0k

N\

=O—>O£ak SC,k:l,...,N

KoeTo naBa pelueHneTo Ha npo6neM OT TUna KkeaodpamuyHo npoepa/vlupaHe

maXQl(ak ¢(Xk))——— Z Vid(x)" d(x)aca + Z ay

2k 1=1
Taka ye
Z a Y =0
3 k=1
\OSak SC,k 21,...N
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Knacndoumkatop € onopHu BEKTOpMU
Support Vector Machine (SVM)

A(X)" P(X) = w (X, %)

Knacundomkatopa ce cb3gaBa cneu |/|3q|/|cns|BaHe Ha

Max Q@ (X¢ X)) = _Ek%lyk Vi (X, X )agay + Zlak

input space feature space

npod. T. MaHueB, U - 2023/2024
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Knacndoumkatop € onopHu BEKTOpMU
Support Vector Machine (SVM)

JleceH 1-D npumMmep

X

:O)
[lo3uTnBHA rpaHuLd HeraruBHa rpanuna

npod. T. FaHueB, UU - 2023/2024
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Knacndoumkatop € onopHu BEKTOpMU
Support Vector Machine (SVM)

9

NMNo-TpyaeH 1-D npumMmep

npod. T. FaHueB, UU - 2023/2024
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Knacndoumkatop € onopHu BEKTOpMU
Support Vector Machine (SVM)

NMNo-TpyaeH 1-D npumMmep

9

Zy :(inxf)

x=0 npod. T. Fanues, UU - 2023/2024



"
Knacndoumkatop € onopHu BEKTOpMU
Support Vector Machine (SVM)

9

NMNo-TpyaeH 1-D npumMmep

Zy :(inxf)

%
%L/ npodp. T. FaHueB, UU - 2023/2024
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