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O6LLI,M€ NOJIOXKEHUA METOa ONOPHbIX BEKTOPOB

B nnHenHbIX mogenax, KOTopble 6blAM PacCMOTPEHDbI PaHee, MeXay ABYMSA K/lacCaMn OOBHEKTOB MOMKHO NMPOBECTU
PELLAOWY TPaHULY MO pa3HOMYy (CM. PUCYHOK C/ieBa), HO MHTYUMTUBHO €CTb *KeJlaHWe MPOBECTU pPeLLatoLLyO
rpaHULy TaK, 4YTOObl pacCTOsiHME MeXAay pPewwarwen rpaHuuen wu BAMKaNWMMKM K HEeW TOo4YKamu Oblino
MaKCMMa/IbHbIM O KaXKA40ro M3 KNaccoB (CM. pUCYHOK crnpaBga), T.K. TaKoe paccTtoaHme byaet Hambonee pobacTHbIM.

PaccTtosiHne mexxay peLlatoLen rpaHnuen n Knaccamm o6 beKToB Ha3biBaeTCs 3a30pPOM.
3a3op 3asop

X1

Pa3nnyHble BapnaHTbl NpoBeAeHUA Pewatowan rpaHMuUa NpoBeaéHHasn ¢
pellatoLLeir rpaHuLbl B IMHEMHbIX MOAenAX MaKCUMaIbHbIMW yaaleHUEM OT ABYX K/1acCOB



O6LLI,M€ NONOKEHUA METOA OINOPHbLIX BEKTOPOB

dopmanbHO, 3a30p byaeT UMeTb crieayoWwmnin BUA,:

z(x) = y(x) - $(x)

rae | y(x) €E{—1 +1} - meTka obbeKTa, KOTOPasa B MeTOAE OMOPHbIX BEKTOPOB MPUHUMAET 3HaYeHue -1 nam +1
(6 omau4yuu om Opyaux memooos, 20e 00rnycmumsl KaK 3HavyeHus -1 u +1, mak u 3HayeHus O
u+l),

3aszop 3aszop

EcAv NpuHATDL, YTO OLLEHKA 0ObeKTa X, paBHa S(x) = w-X—t

TO NONOXKUTENbHAA rPaHULA 3a30pa byaeT paBHa: w:-x—t>0

a oTpuuaTenbHas rpaHuLa 3a3opa bygeT paBHa: —(w:x—1t)>0 >



O6LLI,M€ NONOKEHUA METOA OINOPHbLIX BEKTOPOB
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O6LLI,M€ NONOKEHUA METOA OINOPHbLIX BEKTOPOB

Tak Kak Mbl MOXeT MeHATb macwTab t, ||w]|| n m, To 06blvHO NpuHUMatoTr m = 1.

Torga, uTobbl 3a30p 6bIT MaKCUManbHbINA, He0bXoANMMO 4TObbI ||W|| Bbl10 MUHMMaNbHBbIMK:

. maX

y y 1
B obLiem cayydae, mbl NPUXOAMM K 3aJa4e KBaapaTUUHOM onTuMmU3aumm B KotTopol ||w|| 3ameHsaTca Ha §||W||2, npu
YCN0BWUK, YTO HU OAMH U3 0byYatoLMX 06 bEKTOB He NonagaeT BHYTPb 3a30pa. Toraa mateMaTUYecKM MOXKHO 3anucaThb:

whtt = argminillwll2 npuycnosun y;(w-x—t) >1,1<i<n.

w,t



O6LLI,M€ NONOKEHUA METOA OINOPHbLIX BEKTOPOB

[na peleHua 3a4a4nm ONTUMMU3ALUM MUCMONb3YIOTCA MHOXXUTeNW JlarpaHiKa, Toraa npubasieHne orpaHuUyeHunin ans
BCcex obyyatowmx 06 beKTOB, MOMHOMEHHbIX Ha MHOXUTENM JlarpaHKa ;, BAET GyHKLUMIO JlarpaHiKa:

n

1
AW, bty @) = S IWIZ = ) aii(w - x; =) = D)
i=1

BbINONHMB MaTeMaTnyeckmne npeobpasoBaHMs U B3B YaCTHble NPOU3BOAHbIE NO W U t:

oA(w, t,ay, ...,y )
ow

=0 N
=>W—Z“i‘3’i’xi:0
i=1

U

oA(wW, t,aq, ..., )
ot

=0

BeC 0b6beKTa
a; > 0 TonbKO ANA

L OMOPHbIX BEKTOPOB, T.e.
w = Z a; Vi Xi obyyatowmx 06 BHEKTOB,
=1 BANKaNLWINX K pellatoemn
e a; =0 rpaHuue.



MeToAaza OMNOPHbIX BEKTOPOB C MATKNM 3a30POM

Ecnn paHHble He ABAAKTCA MHENHO Pa3aenMMbIMKU, TO OrpaHUYEHUA
WX —t =1, Hanaraemble oby4yawowMmm Ob6bEKTaMM, HEBO3MOKHO
YA0B/IETBOPUTb MOBCEMECTHO.

[na peweHns AaHHOW npobnembl, NPeasoXKEHO WMCNO/b30BaTb Tak
Ha3blBaemble MArKue 3a3opbil.

Npea 3aknto4vaeTca B TOM, 4YTOObl BBECTM HEKOTOpble ocnabnsaiowme
nepemeHHble ¢; ana Kaxagoro obydyatowero obvekTta, bnarogaps
KOTOPbIM HeKoTopble oby4yalolime obbeKTbl MOTryT OKa3aTbCs BHYTPWU
33a30pa MM C HENPaBWIbHOM CTOPOHbI OT pellaloLlein rpaHmubl. Takoe
AB/IeHUEe NPUHATO HA3bIBaTb OWMBKamu 3a3opa.

> Torpga orpaHuMyeHns byayt umetb Bug: W-X; —t =1 —¢;.
X1
3ap4a4a ONTMMM3ALMM B TaKOM C/yd4aeT OyaeT Ha3biBaTbCA 3adayen
ONTUMM3ALUUN C MATKUM 33a30POM U MMETb CeayoWmnn obLwmnmn Bmna;
1 n
wh, t*, & =argmin=|lw|?+C ) & npwuycnosuu yw-x—t)=21-¢&,&=0, 1<i<n.
=

w't’fi 2 1



CBOMCTBA MeTOoda ONOPHbIX BEKTOPOB C MANKUM 3a30POM

B 6ubanotekax, mMcnonb3yembix ANA MALWMHHOIO obyyeHua, nosb3oBaTentd HeobxoaMmo 3agaBaTb 3HayeHWe
napametpa C. [laHHbIN NapameTp peryampyeT BeIMYMHY 3a30Pa 32 CHET YMEHbLUEHMA UK YBENYEeHUA 0cnabaatowmx
nepemeHHbIx &;.

Bonbwoe 3HauyeHne C = 6onbwon wrtpad 3a oWMOKKM 3a30pa, TO eCTb 3a30P A0/IKEH ObiTb YMEHbLUEH, YTOObI KakK
MOXXHO MeHblle oby4yatoLlmx 06bEKTOB NoNaaanm Bo BHYTPb 3a30pa. PewweHne Hernbkoe, Ho bonee ToyHoe.

ManeHbKkoe 3HaueHue C = wTpad 3a OWMOKM 3a30pa MaNEHbKUN, TO €CTb 33a30p MOXKET OblTb YBEJ/INYEH,
JONycKaeTca HenpaBuAbHaA Knaccudumkauma. PewmeHne 6onee rubkoe, HO MeHee TOYHOE.

Yem meHblle 3HayeHue napameTpa C, Tem MeHblle OMNMopHbIX BEKTOPOB TpebyeTca AN NOCTPOeHUs 3a30pa —> YTo
MoJe/lb MalUMHHOTo obyyeHmnsa 6yaeT npolle, NO3TOMY roBopAT, Yyto napametp C ynpaBAseT «CNOKHOCTbio» SVM,
nosTomy napameTp C 4acTo Ha3bIBAlOT NAPAMETPOM C/IOXKHOCTYU.

o a =20 — obyyvatowme 0H6BEKTLI HAX0AATCA BHE 3a30pa UM Ha rpaHmMLe 3a30pa (He y4acTBYHOT B CO34aHUMU FPaHULLbI);
o 0<a; <C — obyyvatowme oH6bEKTHI Ha rpaHuLe 3a30pa (Y4acTBYOT B CO34aHUN rPaHULbl);
o a=C — obyyvatowme oH6BEKTbI BHYTPU UM HA FPaHULLe 3a30pa (Yy4acTBYHOT B CO34aHMUM FPaHuULbI).



AloepHble MeToAbl ONOPHbIX BEKTOPOB

HenuHenHasa peluatowiasn
rpaHuua

ApepHble MeToAbl MOTYT MPMMEHATLCA TOrAA, Korga MexKay Kaaccamm
06bEeKTOB MMeeTCA HEIMHENHAA pellalowas rpaHuua. Mo cesoen cytu
® AgepHble MeToabl ABNAKTCA bonee yHMBEPCaNbHbIMU, YEM METOADI
NIMHENHbIX mogenen. [pun Bblbope onpeaeneHHbIX AAEP MOMKHO
NONIYYNTb IMHENHYIO MOAE/b.




OCHOBHOMN NPUHUMN AAEPHbIX METOA0B

OCHOBHOI NPUHLMN AAEPHbIX METOAO0B: BbINOJHUTL HE/IMHENHOE Npeobpa3oBaHMe AAaHHbIX B MPOCTPAHCTBO NPU3HAKOB,
B KOTOPOM MOXKHO ByaeT NPUMEHUTb IMHENHYIO KnaccuduKauumto.

NcxogHoe NpoCTpaHCTBO Ha3biBaeTCA NPOCTPAHCTBOM BXOA0B.

MpeobpasoBaHHOE NPOCTPAHCTBO Ha3biBaeTCA NPOCTPAHCTBOM NPU3HAKOB.

Onsa otobparkeHnss NPOCTPaAHCTBA BXOA0B B MPOCTPAHCTBA NPU3HAKOB KaK NpaBuio A06aBAAOT HOBbIWM NPU3HAK, KOTOPbIN
ABNAETCA KOMBOUMHALUMEN CyLLeCcTBYIOLLMX BXOOO0B.
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ApepHble meToAbl

BbiBOA: N06aBNeHUE HENMHENHBIX MPU3HAKOB MOXKET YYYLNTb NPOrHO3HbIe CBOMCTBA JIMHEMHOM MOoAenu.

Mpobnema: TOMHO HENM3BECTHO KaKue NPU3HaKK AobaBnAaTb.
[Mepebop Bcex BO3MOKHbIX BAPUAHTOB => YBE/IMYNBAET CTOMMOCTb BbIYUCNEHMNIN N KOJIMYECTBO HENMHEMHbIX KOMBMHaU NI

rpomazHo.

PeweHune: ncnonb3oBaTb cneLuanbHbI MaTEMATUYECKMINA NPUEM, KOTOPbIN MO3BONNTb 0OYyYnNTb KNacCMPUKaTop B
MHOIFOMepPHOM NMPOCTPAHCTBE NPM3HAKOB NPU 3TOM He Npuberan K BbIMMCNEHUIO HOBOTO, BMO/IHE BO3MOXHO, OYEHb

BbICOKOPa3MepPHOro NpocTpaHCTBa.

ANEPHbIN TPHOK
(KERNEL TRICK)



ANepHbIN TPIOK

BepHEMcS K paHee No/lyYeHHOMY BbIPaXKeHMI0 BEKTOPA BECOB AJ/19 METOAa ONOPHbIX BEKTOPOB:

n
W= Z“i Yi Xi
i=1

Moguduumpyem 310 BbipaxkeHune. 3ameHuMm i Ha j, n = |D| - KonmyecTBo 06bEKTOB B 0byyatowem Habope,
a X; Ha HEKOTOPYH QYHKLMIO K(Xl-,Xj) :

n
i—>j:>2ajijj

j=1
|D|

D
D] W = Z aj y] K(Xi,Xj)
n—)lDlﬁia]y]X] j=1

j=1

n
Xj - K(Xi,Xj) — z aj y] K(Xi,Xj)
j=1



AnepHbIN TPIOK

|D|

w(x;) = Z a; yj k(x;,X;) - Bec obvekTa x;.
j=1

A€ aj - j—bld MHOXUTE/b JTarpaH»Ka, KOTOPbIN CiedyeT elwé HanuTK;
Yj - j—aA MeTka Ana obyyatoulero obbekta, yj € {—1 +1};
K(Xl‘, X]) - A4pP0,

X; - 06beKT nognexalinm knaccudukaumm;

X; - j—blih 0by4atoLLMI OO BEKT.



AnepHbIN TPIOK

5

w(x;) = Z a; Yj K(Xi»xj) = a; Y1 KX, X1) + az ¥, KX, X2) + az y3 kK(X;, X3) + ag Vs K(X;,Xy) + a5 Y5 K(X;, X5)
=1

MO»KHO CKasaTb, YTO KnaccupuumMpyembin 06BEKT X; COMOCTABAAETCA C KaXXAbIM 00yYaloWwmnm 06beKTOM X, UTO NPUBOAMT
K BbIMMCAEHMIO BECAa W Kaccmbumumpyemoro obbekTa X;.

TaK KaK ans oby4yalolmnx 06 beKTOB, KOTOPbIE He ABAIOTCA ONOPHbLIMU BEKTOPaMU, TO ECTb He y4acTBYIOT B GOpPMUPOBAHUU
3a30pa MHoXKuTenu JlarpaH:Ka a; = 0, TO AaneKo He Bce cnaraemble Heob6XoANMMO BbIYMCAATb NPU HAXOKAEHUM BeCa

Knaccnoumumpyemoro obbekTa. Takass 0cobeHHOCTb MallMHbI ONOPHbIX BEKTOPOB KakK pa3 U npuBena K eé yactomy
MCNONb30BaHUIO C AAEPHbIMU METOAAMM.

5

w(x;) = Z a; yj k(X X;) = @y ¥y k(X Xp) U7y X,) + a5 yrielnXa) + @y Yy k(X X,) W5 ysteld Xs).

j=1




Anpo

Aopom K(Xi, xj) MOMKeT bbITb Ntob6as GyHKUMA, KOTOpasi NO3BONAET PACLLUMPUTL NPOCTPAHCTBO MPU3HAKOB, 33 CYET BBEAEHMUA
He/IMHEHbIX NPU3HaKoB. TeM He MeHee CYLLLeCTBYIOT XOpOoLOo cebAa 3apekomeHa0BaBLIne sapa.

Ho oo Hauyana gaBanTe pacCMOTPMM, KaK AP0 MOXKET PaclIMpPUTb NPOCTPAHCTBO NPU3HAKOB, BBEAA B NPOCTPAHCTBO
HENMHEWNHbIE MPU3HAKMW.

Bynem paccmatpmBaTb ABYMEPHbIN Cly4an, TOraa:

x; = Y) x,=0 Vj)

N.B.!l: ¥; n y; He MeTKMn 061bEKTOB, 34€Cb 3TO KOOPAMHATLI B NPOCTPAHCTBE NPU3HAKOB.

Vi A

> 15



Apgpo

K(Xi,Xj) = X; ' Xj = XiXj +YYj

w2 w2 2.2 2.2
k(xi,xj)—xi-xj = X Xj +yl-yj

r(x;, X)) = (x; 'Xj)z = (xix; +3’i3’f)2 =

=x7xf + yiyP + 2xxyy;

X; = (Xi

Anpo

v) x,=& Yj)

MpOCTPaHCTBO NPU3HAKOB

dx) = (x,y)

¢x) = (x%,y%)

d(x) = (x2,y2,V2xy)

16



[ToAMHOMMaNnbHOE AAPO

Toraa MOXKHO NMOJIYYUTb OAHO U3 CaMbIX PACNPOCTPAaHEHHbIX TUNOB A4pa — NOJIMHOMUaNAbHOE A4PO0.

[laHHbIM TUN S4pa No3BoNAET NPeobpa3oBaTb d-MmepHOe NPOCTPAHCTBO BXOA0B B MPOCTPAHCTBO NPU3HaKoB bonbluen
Pa3MepHOCTW.

K(x;%;) = (x; ‘Xj)p

nnun B ewWweé bonee obwem snae

K(Xi,Xj) = (Xi . Xj + 1)29

Hanpumep, agpo k(x;,X;) = (x; - x; + 1)p Npu p = 2, NO3BO/AET NONYYUTb PE3YALTUPYIOLLEE NPOCTPAHCTBO MPU3HAKOB:
d(x) = (x2,y2,V2xy,V2x,V2y,1)

To ecTb BX0A0B (peanbHbiX NpM3HaKos) ABa-X = (X ), HO NOIMHOMMAIbHOE AAPO0 BO BTOPOI CTENEHU a0
MPOCTPaHCTBO NPU3HAKOB COCTOSALLEE U3 LLIEeCTU NPU3HAKOB (0AMH U3 HUX NOCTOAHHbIN).



[[@QyCcCcoBCKOe AaApo

BTopoi TN YacTo NCNONb3yeMbIX AAep — rayccoBCKoe (rayccoBo) A4,po0.

2
— X. —_— X
K(Xi,Xj) = exp( ” l20'2 ]” > = exp (—y”xi — Xj”Z)

rae ||xl- — Xj” - €BKINA0BO PACCTOAHME;

1 J
Y =,z - NapameTp, KOTOPbIM PETYIUPYET WNPUHY NONOCHI NPOMyCKaHuA

rayCcCOBCKOro sijpa.



KnaccudpumkaTop ANns AaepHbIX METoa08

y(x;) = sign(w(x,))

-1 +1 0 — Ha pa3aenarLen rpaHnLEe, O4eHb Mano BEPOATHO.
D]
w(x;) = Z a; yj K(Xi,Xj)
j=1

K(Xi,Xj) = (Xi . Xj + 1)29

K(x;,X;) = exp (—V”Xi - Xj||2)



Anroputm obyyeHusa saepHOro NnepuenTpoHa

Bxoa:  nomeuveHHble BXOAHbIe AaHHble X € D, agepHana GyHKLUA K(Xi,Xj).
BbiXxo4: MHOXUTENM ¢ ;, onpepenaowmx HeIMHENHYIO peLlatoLylo rpaHnLy

ANA Knaccudukatopa y = sign(w(xi)).

a; « 0anal <i<|D|; /*wHuumanusauua BekTopa MHOXUTENEN HyNaMmn™/
converged < false; /*dbnar cxoAMMOCTM anropuTMa U 3aBepLUeHUs raBHoro umkna*/

while converged = false do
/*KoppeKuua BekTopa MmHoxutenen a;*/
converged « true;
/*TpebyeTtca no6aBuTb 3aWUTY OT 3aumuKAMBaHuA™*/
fori « 1in|D|do
it y; - (Z',-Z'l Yj - K(Xirxj)> =0
then
a < a; +1;
converged <« false; /*meHanu a;, 3HaUUT anropuTm eLLe He cowénca™/
end
end

end
return a;;

20
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