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MeTop onopHbix BekTopos SVM MpuHunn onTumMansbHo paspensiowell FrMNEPNAOCKOCTH
[OpolicTeeHHas sapaqa
MonsTne onopHoro BekTopa

3apayva obyveHus nuHeiiHoro knaccudukaTopa

OaHo:

Obyuatowas swibopka X' = (x;, yi)t_;,

X; — 06bekTbl, BEKTOPbI U3 MHoxecTea X = R”,

Yi — METKMN KNaCccoB, 3feMeHTbl MHOXecTBa Y = {—1,+1}.

Haiitu:
Mapametpel w € R", wy € R nuneiinoii mogenn knaccmcukauumm
a(x; w, wo) = sign((x, w) — wp).

Kputepuii — MuHUMYM 3MNUPUYECKOrO pUCKa:
l l

Z[a(x,—; w,wo) # yi| = Z[M,’(W, wo) < 0] — min.

. : w,wo
i=1 i=1

rae Mi(w, wp) = ((x,-, w) — Wo)y,- — orctyn (margin) obbekTa X;,
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MeTop onopHbix BekTopos SVM MpuHunn onTumMansbHo paspensiowell FrMNEPNAOCKOCTH
[OpolicTeeHHas sapaqa
MonsTne onopHoro BekTopa

AI'II'IpOKCI/IMaLI.I/Iﬂ n perynapusauusa sMmnmpu4eCckoro pucka

IMNNpPUYECKNT PUCK — 3TO KYCOHYHO-MOCTOSIHHASA OYHKLUS.
3amMeHUM ero oueHKOl CBEpXY, HEMPEPLIBHOR MO NapameTpam:

L
Q(w,wp) = Z [Mi(w, wp) < 0] <
1281 1
< (1= Mi(w, wp)) +7HW||2 — min.

¢ w,wo
i=1

o Annpokcumayus wrpadyeT obbekThI
3a NpubamxeHmne K rpaHMLE KNacCoB, 2 (11— M)+

YBEeANYNBas 3a30p MEXAY Kjlaccamu 1]
M < 0]

o Perynsipusayus wtpadyeT HeyCcTORYNBbIE 0]
PeLEHNS B CydHae MYIbTUKOIINHEAPHOCTU
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MeTop onopHbix BekTopos SVM MpuHunn onTumMansbHo paspensiowell FrMNEPNAOCKOCTH
[OpolicTeeHHas sapaqa
MonsTne onopHoro BekTopa

OntumanbHas pa3gaendiouias runepnjaoCkoCTb

Juneiinbiii knaccudmkaTop: a(x, w) = sign((w,x> — WO)
MycTs BbIGOpKa X! = (x,-,y,-),‘f:1 NnHeliHo pasgenuma:
Aw,wy 0 Mi(w, wp) :y,-(<W,x,-) - Wo) >0, i=1,...,¢

Hopmupoeka: nl1in eMi(W’ wp) =1
i=1,...,

Pasgenstowas nonoca (paspensitowas runepnaockocTb NocepesuHe):
{x: —1<(w,x) —wp <1}
Ixy o (w,xp) —wp =+1

Ix o (w,xo) —wp = -1

LLupuHa nosnocobi:
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MeTop onopHbix BekTopos SVM MpuHunn onTumMansbHo paspensiowell FrMNEPNAOCKOCTH
[OpolicTeeHHas sapaqa
MonsTne onopHoro BekTopa

O6ocHoBaHME KYCOYHO-NMHEHO pyHKUMK noTepb

Nuneiivo pasgennmasn sbibopka
1 -
zlwll* = min;
»Wo
M,’(W,Wo)>1, /:1,,6

Mepexon k AuHeHo Hepa3,u,en|/||v|0|7| BbIbopke (3BpMCTUKA)

*||W|!24r CZE: — min ;

w,wp,&
5,21—/\//,-(W,W0), i=1,....¢
&>0, i=1,...,L

SKBMBasEeHTHasA 3a4aqa 6e3ycnosHoﬁ MUHUMUW3aALUN:

L
1 :
CZ(l — Mi(w, WO))+ + 5HWH2 — min.
i=1
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MeTopn onopHbix BekTopos SVM MpuHUMN onTuManbHOU pasgensioweil rMNepnaIocKoCTn
[policTBeHHas 3apa4a
MoHsiTve onopHoro BekTOopa

Hanomunanue. Ycnoeus Kapywa—-Kyna—Takkepa (KKT)

3ajava MaTEMaTUHECKOTO NPOrpaMMUPOBAHNS:
f(x) — min;
X

gi(x) <0, i=1,....m;
hi(x) =0, j=1,... k
Heobxogumbie ycnosusi. Ecnm x — Touka N10KaabHOrO MUHUMYMA,

TO CyWEeCTBYIOT MHOXUTEMM L1, [ =1,....m, A, j=1,... k:

( m k
0L
B =0 LlamA) =1f(x)+ > nigi(x) + D Ahi(x);
i1 =1

gi(x) <0; hj(x) =0; (ncxopHble orpatnyeHns)

wi > 0; (BBOWCTBEHHBIE OrpaHMYeHNs)

| 1igi(x) = 0; (ycnoBue gononHsitoLelt HexXECTKOCTK)
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MeTopn onopHbix BekTopos SVM MpuHUMN onTuManbHOU pasgensioweil rMNepnaIocKoCTn
[policTBeHHas 3apa4a
MoHsiTve onopHoro BekTOopa

lNMpumeneHue ycnosuii KKT k 3agaye SVM

®yrkums Jlarparxa: L (w, wy, &\, 1) =

l

l
= 2wl = D2 A (Mi(w, wo) — 1)~ S & (As s €©)
i=1

i=1

Aj — NepeMeHHble, ABONCTBEHHbIE K orpaHundeHusm M; > 1 — &;;
7)j — NepeMEHHbIe, ABOWCTBEHHbIE K OrpaHuyerusm & > 0.

0L 0L 0L
aw =% owe " g O
§i>0a )\i>0a 77i>07 i:]-:"'vg;

Ai=0 nubo Mi(w,wp)=1-¢&, i=1,....¢

ni=0 nmbo & =0, i=1,....¢
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MeTopn onopHbix BekTopos SVM MpuHUMN onTuManbHOU pasgensioweil rMNepnaIocKoCTn

[policTBeHHas 3apa4a
MoHsiTve onopHoro BekTOopa

Heobxoaumslie ycnosus cegnoBoii Touku chyHkumm JlarpaHxa

®yrkums Jlarparxa: L (w, wy, &\, 1) =

l

l
= 2wl = ST A (MiCw, wo) — 1)~ S & (A i €),
i=1

i=1

Heobxonumbie ycnosus cennoBoii Toukn dpyrkumn Jlarpanxa:

l l
a@% = WfZ)\,-y,-x;ZO = W:Z)\i)/ixi?
i=1 i=1
4 0
0L
Gug ~T2AW=0 = Y Awi=0;
i=1 i=1
0L

Té:—Ai—ni—f—C:O — n;—i—)\,-:C, i=1,...,0.
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MeTopn onopHbix BekTopos SVM MpuHUMN onTuManbHOU pasgensioweil rMNepnaIocKoCTn
OpolicTBeHHas 3agaqa
MoHsiTue onopHoro BekTopa

MonsaTue ONMOpPHOro BEKTOpa n tnunn3auyuns 00bekTOB

Cucrema ycnoenii KKT:
‘ ¢

w = ZAiYIXi; Z)\iyi =0; Mi(w,w)>1-¢;
i=1 i=1

£i>0’ )\’.207 ni?o, T]i+)\i:C;
Ai=0 ambo Mi(w,wy) =1-¢;
n; =0 nubo & =0;

Onpegenenune. O6beKT x; Ha3bIBAETCA ONOPHLIM, ecnn \; 7 0. )

Tununzauyna obvektos x;, (=1,...,¢:

1LX=0; 1=C; &=0; M; > 1 — nepudbepuiinbiii.

2.0< A <C 0<ni<C &=0; Mj =1 — onopHblii-rpaHnyHsiii
3.0 =C; n,=0; & >0, M;j <1 — onopHblii-HapywuTesb
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MeTopn onopHbix BekTopos SVM MpuHUMN onTuManbHOU pasgensioweil rMNepnaIocKoCTn
OpolicTBeHHas 3agaqa
MoHsiTue onopHoro BekTopa

[ABoiicTtBeHHaa 3agava

J4 1 ¢ ¢ )
—Z(A) == A+ 5 2 2 Aidiyiysxiog) — min;
i=1 i=1j=1
4
Z)‘I_ylzon 0<A1<C7 I:]-a?g
i=1

PelweHune npamoii 3agaqyn BblpaXkaeTcsl Hepes pelleHne 4BOWCTBEHHOI:

V4
w = > \iyiXi;
i=1
wo = (w,x;) —y;, ans awboro it A\; >0, M; =1.

Jnneiinbiii knaccudmkaTop ¢ npusHakamm fi(x) = (x, x;):

a(x) = S|gn( Z Aiyi(x, x;) — Wo).

S.Fine, K.Scheinberg. INCAS: An incremental active set method for SVM. 2002.
J.Platt. Fast training support vector machines using sequential minimal optimization. 1999.
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MeTop onopHbix BekTopos SVM

MpuHUMN onTuManbHOU pasgensioweil rMNepnaIocKoCTn
OpolicTBeHHas 3agaqa

MoHsTue onopHoro BekTopa

3agayva. HennneiiHoe o6obuieHune c agpom K

-Z(\) =— ZZ: Ai +
i=1

¢
Y Aiyi=0; 0
i=1

ABoiicTBeHHas

N | =
M~

Il
—
.

Y/
ZIA jyiviK(xi, xj) — mAin

N

Ai

N

C, i=1,....¢
PelweHune npamoii 3agaqyn BblpaXkaeTcsl Hepes pelleHne 4BOWCTBEHHOI:

V4
w = > \iyiXi;
i=1
wo = (w,x;) —y;, ans awboro it A\; >0, M; =1.

Juneiinbiii knaccndmkaTop ¢ npustakamm fi(x) = K(x, x;):

a(x) = S|gn( Z AiviK(x, x;) — Wo).

S.Fine, K.Scheinberg. INCAS: An incremental active set method for SVM. 2002

J.Platt. Fast training support vector machines using sequential minimal optimization. 1999
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Slapa n cnpsiMnsowme NpocTpaHcTBa
O6o06uweHns nunelinoro SVM SVM kak gByxcnoiiHas HelipoHHas ceTb
SVM-perpeccus

Henuneiinoe 0b0buieHne SVM

Npes: samennts (x, x’) HenuHeiinoii dpyrkuyueit K(x,x’).

[Nepexon K cnpAMAsitOLLEMY NPOCTPAHCTRY,
Kak npasuso, bonee BbicoKol pasmepHocTu: 1p: X — H.

OnpepeneHne

®ynkuns K: X x X — R — sagpo, ecnn K(x, x") = (¥(x), (X))
npu HekoTopom ¢: X — H, rae H — runsbepToBo npocTpaHCTEO.

®ynkumna K(x, x') aensetcs agpom Toraa u ToNbKO TOrAa, KOrga
ona cummetpuyna: K(x, x') = K(x/, x);
N HEOTPULLATENBHO OMNpeAeneHa:
Jx Jx K(x, X" )g(x)g(x")dxdx" > 0 pnst noboii g: X — R.

\,
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Slapa n cnpsiMnsowme NpocTpaHcTBa
O6o06uweHns nunelinoro SVM SVM kak gByxcnoiiHas HelipoHHas ceTb
SVM-perpeccus

KOHCprKTI/IBHbIe MeTOo4bl CMHTE3a daep

QO K(x,x') = (x,x") — agpo;

konctanta K(x,x') =1 — aapo;

npouzeegenue saep K(x,x") = Ki(x, x")Ka(x,x") — agpo;

Vih : X — R npoussegenne K(x,x") = 1 (x)(x") — agpo;
K(x,x") = a1 K1(x, x") + aaKa(x, x") npu ag, a2 > 0 — agpo;

Vo : X=X ecnn Ky sigpo, 10 K(x,x") = Ko(p(x), ¢(x")) — siapo;

©0 0000

ecnm s: X X X — R — cummeTpuyHast uHTerpupyemMasi
dyrkums, 10 K(x,x") = [ s(x,z)s(x’, z) dz — sanpo;

©

ecin Ky — agpo n dyHkumsa f: R — R npeacrasnma B Buge
CXOASILLETOCS] CTEMEHHOrO psifa C HEOTPULATENbHBIMU
koacpcpuumentamu, To K(x, x") = f(Ko(x, x')) — sapo;
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Slapa n cnpsiMnsowme NpocTpaHcTBa
O6o06uweHns nunelinoro SVM SVM kak gByxcnoiiHas HelipoHHas ceTb
SVM-perpeccus

Mpumep: cnpamngiowee NPOCTPAHCTBO ANA KBagpaTUYHOro s4pa

Mycte X = R2, K(u,v) = (u,v)?, rae u= (u1,w), v=_(v1,wv).

3apauva: Haiitn npoctpatcTteo H n npeobpazosanue y: X — H,
npu kotopbix K(x,x") = (¢(x), ¥(x"))n

Paznoxum kBagpaT CKanspHOro npon3BefeHus:

K(u,v) = (u,v)? = ((u1, u2), (vi, 2))* =
(i + ow)? = U2vZ + usv3 4+ 2uyvipvy =

<(U%, up, \/§U1U2) (V12, Vs, \/§V1 V2)>

Takum obpasom,
H:R37 dj: (ulvuZ)'_> (U%,U2,\@U1U2)

JluneiiHoii noesepxHoCTK B NpocTpaHcTBe H cooTBeTCTBYET
KBagpaTU4HAsA NOBEPXHOCTb B UCXOGHOM npocTpaHcTee X.
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Slapa n cnpsiMnsowme NpocTpaHcTBa
O6o06uweHns nunelinoro SVM SVM kak gByxcnoiiHas HelipoHHas ceTb
SVM-perpeccus

Mpumepbl apgep

O ksagpaTnuroe sgpo, dimH = 1n(n + 1)
K(x,x') = (x,x')?

@ nonvHoMmanbHoe ¢ MoHoMmamu ctenenmn d, dimH = C:er_l
K(x,x') = (x,x')

© nonuHoMuManbHoe ¢ MOHOMamMu cTenenn < d
K(x, x') = ({(x,x) + 1)d

Q HelipoceTb C CUrMOUAHBIMU PYHKLMSAMU aKTUBAL MM
K(x,x') = th(ki(x,x') — ko), ko, k1 >0

O cetb paguanshbix basnchbix dyHkuuii (RBF sgpo)
K(x,x') = exp(—x = x[]?)
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Slapa n cnpsiMnsowme NpocTpaHcTBa
O6o06uweHns nunelinoro SVM SVM kak gByxcnoiiHas HelipoHHas ceTb
SVM-perpeccus

Knaccucpukaumsa ¢ pasnnyHsiMu agpammu

[MNepnaockoCcTb B CNPAMASIOLLEM NPOCTPAHCTBE COOTBETCTBYET
HENNHENHON pa3faenstoLeil NOBEPXHOCTN B UCXOLHOM.

Mpumepbl ¢ pazanyubimn sigpamu K(x, x)

nuxelinoe NOSIMHOMUANbHOE rayccoeckoe (RBF)
(x,x') ((x,x) +1)7, d=3 exp(—llx — x'|[?)

Mpumep n3 Python SkLearn: http://scikit-learn.org/dev
K. B. Bopohuos (k.v.vorontsov@phystech.edu) MMMO: meTon onopHbIX BEKTOPOB
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Slapa n cnpsiMnsowme NpocTpaHcTBa
O6o06uweHns nunelinoro SVM sV K noiiHas HelipoHHas ceTb

BausHue koHctaHTbl C Ha peweHune SVM

SVM — annpokcumauusi U peryasipusalunsi SMnupuHeckoro pucka:

l
2
SO~ Mi(w, wo)), + selwl? — min.
w,wp
i=1
6onbwoii C mansiii C
cnabas perynsipusaums CusibHas perynsipusauus

Mpumep n3 Python SkLearn: http://scikit-learn.org/dev
K. B. Bopohuos (k.v.vorontsov@phystech.edu) MMMO: meTon onopHbIX BEKTOPOB
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Slppa u cnpsmMnsiowme npocTpaHcTBa
O6o06uweHns nunelinoro SVM SVM kak gByxcnoiiHasi HelipoHHasi ceTb
SVM-perpeccus

SVM: gByxcnoiiHaa HeilpoceTb U MeTpuyeckuii knaccudmkaTop

MepeHymepyem 0bbeKTbI Tak, 4TODLI X, . . ., Xp OB ONOPHBIMU.

a(x) = sign (Eh: AiyiK (%, %) — W0>.

i=1

San]— a0

MNepBblii CNOW BMECTO CKaNSIPHbIX NPOU3BEAEHWNI BbIHUCASIET Apa
Beca nepsoro cnos — 310 camu onopHble 0bBbEKTLI
MeTpuueckuii knaccudpukatop, ecnn K — dyHkuus 6ausoctu

K. B. Bopohuos (k.v.vorontsov@phystech.edu) MMMO: meTon onopHbIX BEKTOPOB
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Slppa u cnpsmMnsiowme npocTpaHcTBa
O6o06uweHns nunelinoro SVM SVM kak gByxcnoiiHasi HelipoHHasi ceTb
SVM-perpeccus

MpeumyuiectBa u HegocTatku SVM

Mpenmywectea SVM nepes ABYXCNOWHBIMU HEWPOHHBIMU CETSIMU:

@ 3343a4a BbINYK/JOrO KBaAPaTUHHOIO NMPOrpamMMUpOBaHUs
MMeeT eJNHCTBEHHOE peLLeHmne

@ 4KCSIO HelipOHOB CKPbITOrO CJIOS ONpeAessieTcs
aBTOMATUYECKN — 3TO YUCJIO ONOPHbBIX BEKTOPOB

HegoctaTkn knaccnyeckoro SVM:

@ ymoBble 06bekTbl (BbIBPOCH!) ABNAOTCS ONOPHBIMY
HeT obwmx noaxonos k ontummusaunn K(x, x') nog 3apavy
Ha Boablmx gaHHbix SVM obyyaetcs megnertnee SG

HET «BCTPOEHHOro» 0TOOpa NpuU3HaKos

e 6 o6 o

NpUXoANTCS nogbupaTte KoHcTaHTy C
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Slppa u cnpsmMnsiowme npocTpaHcTBa
O6o06uweHns nunelinoro SVM SVM kak gByxcnoiiHas HelipoHHas ceTb
SVM-perpeccus

SVM-perpeccus

Mogensb perpeccun: a(x,w) = (x,w) —wp, w € R", wp € R

®ynkuyum notepe: Z(c) =<2, L(e) = (le] — 5)+, e=a—y

3

3 2 - 0 1 2 3
MocTaHoBka 3agayn:

14

1
> ([(w,xi) = wo = yil = 8) , + o= lwl® — min
i=1

3afada pewwaetcs NyTéM 3aMeEHbl MEPEMEHHbIX
W CBEAEHUS K 3ajaye KBagpaTUYHOro NporpaMMUpPOBaHUS
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Slppa u cnpsmMnsiowme npocTpaHcTBa
O6o06uweHns nunelinoro SVM SVM kak gByxcnoiiHas HelipoHHas ceTb
SVM-perpeccus

SVM-perpeccus

3ameHa NepemMeHHbIX:

& = ((w,x;) —wo — yi — 6),
& = (—(w,xi) + wo +y; — 9),

MocTtavoeka 3agaun SVM-perpeccnn:

%HW||2 + 3 +€) —  min

-1 w,wo,§,§
yl_(s_é-rg<W)XI>_WO<.)/I+6+§,+7 I:]-aag
& =0, &0, i=1,...,¢

L
i=

BbINYK/Jas 33a4a KBaAPaTU4HOrO NPOrpaMMMpOBaHus
pelleHne eANHCTBEHHO

pelleHne BbIPaXKaETCs YEPE3 OMOPHbIE BEKTOPbI
BO3MOXHA 3ameHa (X, x;) sgpom K(x, x;)

. B. BopoHuos (k.v.vorontsov@phystech.edu) MMMO: meTon onopHbIX BEKTOPOB



Slppa u cnpsmMnsiowme npocTpaHcTBa
O6o06uweHns nunelinoro SVM SVM kak gByxcnoiiHas HelipoHHas ceTb
SVM-perpeccus

SVM-perpeccusa. Mpumep 1

SVM-perpeccnst ¢ NONNHOMUANBHBLIM SAAPOM CTENeHU 2:

ﬁo degree=2,C=100,6=0.1 degree=2,C=0.01,6=0.1

~1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0

@ BbigeneHbl onopHble BeKTOpSI

@ Pesynstat cnabo 3asucnt o1 KoHCTaHTHI C

http://scikit-learn.org/0.5/auto_examples/svm/plot_svm_regression.html
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Slppa u cnpsmMnsiowme npocTpaHcTBa
O6o06uweHns nunelinoro SVM SVM kak gByxcnoiiHas HelipoHHas ceTb
SVM-perpeccus

SVM-perpeccus. MNpumep 2

CpasHenne SVM-perpeccun ¢ rayccosckum (RBF) sapom,
JINHEHOW N NOJIMHOMMNANBLHONR perpeccueii:

3 Support Vector Regression

RBF model
Linear model
Polynomial model
data

target
o

data

@ VYaauHblii BbIGOp sapa uMmeeT 3HadeHue!

http://scikit-learn.org/0.5/auto_examples/svm/plot_svm_regression.html
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Perynsipusatopbl agns otbopa npusHakos
Metoasl SFM n RFM
Perynsipusauns MeTop penesaHTHbIX BekTopos RVM

1-norm SVM (LASSO SVM)

Annpokcumauus aMNuUpruHeckoro pucka ¢ Li-perynspusagueii:

14

n
Z(l — Mi(w, WO))Jr +uz lwj| — anlng

i=1 j=1

@ OTbop NpM3HAKOB C NapaMeTPOM CENEKTUBHOCTY [i:
yem Bonblue [, TEM MeHbLUE MPU3HAKOB OCTAHETCA

© Canwkom arpeccueHbiii 0TOOp NPU3HAKOE:
— MO MEepEe YBENNYEHUS [ NPU3HAK MOXKET BbITh OTOpOLLEH,
— XOTS y CYLLUECTBEHHO 3aBUCMT OT HEro,
— [JaXKe KOTfa eLlé He BCE LUYMOBbIE NPU3HAKKU OTOPOLLEHbI

Bradley P., Mangasarian O. Feature selection via concave minimization and support
vector machines // ICML 1998.
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Perynsipusatopbl agns otbopa npusHakos
Metoasl SFM n RFM
Perynsipusauns MeTop penesaHTHbIX BekTopos RVM

1-norm SVM (LASSO SVM)

Annpokcumauus aMNuUpruHeckoro pucka ¢ Li-perynspusagueii:
l

n

1= J=

Mouemy Li-perynsipusaTtop npusoguT k oT60py npusHakos?
3amena nepemennbix: U = 5 (|wj| +w;), v; = L(|wj| — w;).
Torpa wj = uj — vj u |wj| = uj + vj;

¢ n
Z(l — M;i(u—v, Wo))Jr +,uZ(uJ- +vj) = I‘D’i‘fl
i=1 j=1

uy=20, vi=20, j=1,...,nm

yem bonblie L, Tem bonblie UHAEKCOB j Takux, 4To uj = vj = 0,
HO Toraa w; = 0, 3Ha4YNT, NPU3HaK HE yHNTLIBAETCA.
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CpaBHeHue Ly u L; perynsapusauun

3aBMCMMOCTb BECOB W, OT KoabpuLmeHTa m

: 2
L, perynsipusatop: ) w;

Perynspusauyns
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PerynsipusaTtopbl gns otbopa npusHakos

Metoasl SFM n RFM

MeTop penesaHTHbIX BekTopos RVM

1

Ly perynsipusatop: p1 3 |wj|

leavol

it
pgg

Ibph

gleason|

3apaqa us UCI: prostate cancer (guarHoctuka paka)

T.Hastie, R.Tibshirani, J.Friedman. The Elements of Statistical Learning. 2001.
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Perynsipusatopbl agns otbopa npusHakos
Metoasl SFM n RFM
Perynsipusauns MeTop penesaHTHbIX BekTopos RVM

Doubly Regularized SVM (Elastic Net SVM)

w,wo

14 n n
1 .
CZ(l—M/(W,WQ))++;LZ’V|/j|—|—§ sz — min.
i=1 j=1 j=1

@ [lapameTp cenekTMBHOCTM |1 ynpaeasieT 0TOOPOM MPU3HAKOB:
yem Bonblue i, TEM MeHbLUE MPU3HAKOB OCTAHETCA

@ Ectb agppexT rpynnuposku (grouping effect):
3HAYMMbIE 3aBUCMMbIE NPU3HAKM OTOMPAOTCA BMECTE

© LLlymoBble npu3Hakn TakXe rpynnupyroTcsi 1 MOryT BMECTE
OCTaBaTbCsA B MOAENM

© Mpuxogutcs nogbupats ABa NapameTpa perynspusauum [, T
(ecTb cneumanbHble MeTogsl — regularization path)

Li Wang, Ji Zhu, Hui Zou. The doubly regularized support vector machine. 2006
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Perynsipusatopbl agns otbopa npusHakos
Metoasl SFM n RFM
Perynsipusauns MeTop penesaHTHbIX BekTopos RVM

Doubly Regularized SVM (Elastic Net SVM)

Elastic Net menee xécTko oTbMpaeT npusHakn.
1.
3aBMcUMoCTN BeCOB W, OT KoabchbuumeHTa log E

25+

201

15+

10

-5}

~10}

scikit-learn.org/0.5/auto_examples/glm/plot_lasso_coordinate_descent_
path.html
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Perynsipusatopbl gns otbopa npusHakos
MeTtoasl SFM n RFM
Perynsipusauns MeTop penesaHTHbIX BekTopos RVM

Support Features Machine (SFM)

w,wo 20

¢ n
CZ(l - Mi(w, Wo))Jr + Z R.(wj) — min .
i=1 j=1

2plwil,  wi| < p :
RM(VVJ) - 2 ’2 > ' 6 4 2 0 2 4 6
p+wi, o wil > p

@ TonbKo OAWMH MapameTp peryasipusauni [
@ OTbop Npn3HAKOB C MapaMETPOM CENEKTUBHOCTY i

@ IbhekT rpynnupoBky: 3HAYNMbIE 3aBNCUMbIE MPU3HAKM
(lwj| > ) BxomsT B pewenne coemectHo (kak B Elastic Net)

® Llymosble npushaku (|w;| < 1) He rpynnupytotcs un
nojaBAAloTCs Hesasucumo apyr ot apyra (kak 8 LASSO)

Tatarchuk A., Urlov E., Mottl V., Windridge D. A support kernel machine for
supervised selective combining of diverse pattern-recognition modalities. 2010.

K. B. Bopohuos (k.v.vorontsov@phystech.edu) MMMO: meToa onopHbIX BEKTOPOB



Perynsipusatopbl gns otbopa npusHakos
MeTtoasl SFM n RFM
Perynsipusauns MeTop penesaHTHbIX BekTopos RVM

Relevance Features Machine (RFM)

4 n
CZ(].—M,’(W, WO))++ZIn(WJ-2+i) — min
=1

. w,wo
i=1

A6 R 4o - o ow s

R(w) = In(w2 + %) npu p=0.1, 1, 100

@ TosIbKO OfUH NapameTp peryaspusauuu [
@ OTbop NpU3HAKOB C NapaMeTPOM CENEKTUBHOCTY i
@ Ectb adpdpekT rpynnuposku

@ Jlydwe oTbnpaer Habop 3HAYMMbIX NPU3HAKOB, KOraa
OHU TONLKO COBMECTHO 0becneynBatoT XOpoLUee peLLeHmne

Tatarchuk A., Mottl V., Eliseyev A., Windridge D. Selectivity supervision in combining
pattern recognition modalities by feature- and kernel-selective Support Vector
Machines. 2008.
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Perynsipusatopbl gns otbopa npusHakos
Metoasl SFM n RFM
Perynspusauyns MeTop penesaHTHbIX BekTopos RVM

MeTtop peneBaHTHbix BekTopoB RVM (Relevance Vector Machine)

Monoxum, kak n 8 SVM, npu HekoTopbix A; > 0

¢
w = E AiYixi,
i=1
NpU4€M OMOPHLIM BEKTOPaM X; COOTBETCTBYIOT A; 7 0.

Mpobnema: Kakne ns koacpdpuunentos A; nyqwe obryants?

Npesa: nycTb perynsipusaTop 3aBUCUT HE OT W, a OT A;.
MycTb A\; HE3aBUCKMMBIE, rayCCOBCKME, C UCMEPCUAMN (v

1 SNPY:
exp | —

@m)72 Jar - aq —
‘ 1 %
Z(l — Mi(w(N), Wo))+ +5 Z(In aj + a’) — r;\nor) .

i=1 i=1

p(A) =
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Perynsipusatopbl gns otbopa npusHakos
Metoasl SFM n RFM
Perynspusauyns MeTop penesaHTHbIX BekTopos RVM

Mpeumyuiectea u Hegoctatkm RVM

Mpeumyutecrtra:

@ OnopHbIX BEKTOPOB, KaK MPaBuUao, MEHbLIE
(bonee «paspexeHHOE» peLueHue).

@ LLlymoBble BbIBPOCHI yxXe HE BXOLSAT B YMCIO OMOPHbLIX.

@ He Hago uckaTb napameTp peryasipnsaunu
(BMeCTO 3TOro «vj ONTUMU3MPYIOTCS B npouecce obyderns).

@ AnanorunyHo SVM, MOXHO McCnonb3oBaThb Agpa.
HepocrtaTtku:

© He Bcerga ecTb NpeMMyLLECTBO MO KaYeCTBY Kiaccmdukaumm.

M. E. Tipping. The relevance vector machine. 2000.
C. M. Bishop, M. E. Tipping. Variational relevance vector machine. 2000
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Pe3tome no nuHelriHbIM KnaccudgukaTopam

©

SVM — nyqwuii meton nnteiiHoii knaccucpukaumm
@ SVM nerko obobLuaeTcs 1 Ha 3agadm perpeccumn

o C nomowsto sigep (kernel trick) SVM nzsiwpo oboblyaetcs
ONS HeNnHeliHoM knaccndrkaumm n HEANHERHOR perpeccun

© Perynsipusayus yBenn4nBaeT 3a30p, yCTPaHsET
MYJIETUKOJIINHEAPHOCTL U YMEHBLUIAET nepeobydeHune

e Annpokcumayus noporosoii ¢pyHkyun noteps £ (M) Takke
YBEJMYMBAET 3330p U NOBbLILIAET HAAEXKHOCTL Kiaccudrkaumu

@ HernagkocTb ¢hbyHKkuyum MoTeps NPUBOAUT K OTOOPY 06BLEKTOR

@ Hernagkocts perynspuszatopa npueoguT K 0TOOPY NpU3HaKOB

B. H. Bannuk, A. 51. JlepHep. Y3HaBaHune o6pa3oB npu nomoLun 0606LeHHbIX
noptpeTos. 1963.

C. Cortes, V. Vapnik. Support vector networks. 1995.
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