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O6wure NoNoXKeHnA NTMHENHbIX Modenen

Mopaenu KoTopble MOXHO MHTEPNPETUPOBATbL B TEPMUHAX NPAMbIX UM NNOCKOCTEN 0ObIYHO HA3bIBAKOT IMHENHbIMMU.
Mpamasn BblipaXKaeTca ypaBHEHMEM BMAA:

A x)=a+b-x
F) /
b =tg(a) 5
roe a -cBobogHbIN YsieH
a i b -yrnoBon KO3pPUUUNEHT

Echu x paccmatpuBaTb KaK NapameTp, TO B 3aJayax MalIMHHOrO oby4yeHuA Mmano Hanaértca 3aaad
pacrno3HaBaHWUA C OAHMM NapameTpom. B 0oCHOBHOM, B 3aJ,@4ax MalLMHHOIO 0by4YeHUsa NpUcyTcTeyeT
HECKO/IbKO NapamMeTpOoB, XapaKTepusyoLlmx 0O beKT.



Ob6Lwme NonoKeHnsa IMHENHbIX MoaeNen

Myctb d  3TO KOAMYECTBO MapamMeTpOoB, XapaKTepusylowWmMX obbeKT MallMHHOro obyyeHus, Toraa Bce
NPU3HAKN MOXKHO NPeacTaBUTb B BUAE BEKTOPA X :

X1
X = xz => f(X):a+b1.xl+b2.x2+...+bd.xd:a-|—b.X roe b:(bl bZ bd)
Xd fxX)=a+b-x=0 =>nony4um nnockocTb B npoctpaHctee R? (runepniockocts) L b.

(Ona cnpasku)

NHoraa, ans yaobctea v 6onblien o6WHOCTHN, NepexoaaT K TaK Ha3biBaeMbliM OAHOPOAHbIM
KoopAuHaTam, Torga ypasHeHue f(x) byaet umeTb BUA;

x)=b -x
fx) )
X1
b°=(a by by, -+ by) X =] X2

< . J




O,ﬂ,HOMeprlﬁ MmeTod HauMeEHbLWUX KBaA4PaTOB

OaHOMepHbIN MeToa, HauMeHblunx KBagpaToB (MHK) yacto ucnonb3yetca AnAa perpeccunm, TO €ecTb
NPOrHO3MPOBAHUA B IMHENHbIX MOAENSAX.

B obwem cnyyae MHK ctpouTtca Ha OCHOBE MUHMMM3AUMK PYHKLMU BUAA:

Yi A
f(xi; a, b)

X

rae yi - SKCNepumeHTabHble laHHble (TecToBble AaHHbIE);

Q(a,b) = (Z(}/l - f(xl-,a, b))2> - min
i=0

f(x;,a,b) =a+ b - x; - anNPOKCUMMPYIOLLAA TMHENHAA GYHKUMA C HEU3BECTHbIMU KoadduumeHTamma n b.

4 (0n5 cnpasku)

B obwem cnyyae, f(x;,a,b) moxeT 6biTb N06OK DyHKLMEN, HE 06A3aTENbHO NNHENHOMN.

NOJIMHOMOM

f(xit a, b)

>

MOXeT ObITb

n—O0W CTeneHu Uan BoobLLE SKCMOHEHTOW. HOo Tak Kak Mbl pacCMaTpMBAEM JIMHEWHbIE MOAENU, TO
\_dyHKumA  f(x;, a,b) ABNAETCA TMHENHOWN.

)




OOHOMEPHbIN MEeTOA HaMMEHbLLUX KBaAPaTOB

3apaya MHK HalTh Takue 3Ha4YeHUA HEU3BECTHbIX KoadPuUMeHToB a U b , yTobbl CYMMa KBaJpaToB
OWMBOK Bbl1a MUHMMaAIbHOW. TONIbKO B 3TOM C/lydae annpokcumupyrowas eyHkuma £ (x;, a, b) bynet
Hanay4wmnm obpa3om OnNMCbIBaTb IKCMEPMMEHTA/IbHbIE AaHHbIE.

Vi ,b) = 2l > mi
A | .. Q(a,b) (Ze) min

fx,b)

rme €=y;—f(x;,a,b)=y; —(a+b-x;) - oOWMOKa MexKay IKCne-
PUMEHTaNbHbIMM AaH-
HbIMM U annpPoOKCUMMU-

pytowen GyHKUMEN.




OOHOMEPHbIN MEeTOA HaMMEHbLLUX KBaAPaTOB

Ona mmHnmmsaumm ¢yHkumm Q(a,b) - min  TpebyeTca HaMTM YaCTHble NPOMU3BOAHbIE OT HEE MO KaxKaoMy

KO3OPULUMEHTY U MPUPaBHATb MX Hynto. [locne 3Toro HeobxoAMMO pas3peLlnTb MOJYYEHHYIO CUCTEMY
YPaBHEHUMN.

(
0Q(a,b) _ 0
da
dQ(a,b)
. b

-

a(Z(yl—(aHa X)) >=—22(yl—(a+b x))=0=a

[lony4ynMm OUEHOYHbIE 3HAYEHUA NCKOMbIX
=0
< l

- koabduruneHToB annpokcumupytoLei
0
?(Z(% —(a+b-x)) ) -2 Z(yl —(a+b-x)) x;=0=b bYHKLMN.

l



MHOI’OMEprIVI MmeTod HauMeHbLWNX KBaA4PaTOB

Echn npusHakoB x; Ob6beKTa HECKONbKO, TO HeobxoAuMmOo nepexoamTb K MHOrOMEPHOMY MeTOAYy HaMMEHbLLUX

KBagpaToB. [Ona yaobctBa 3anucu byaem paccmaTtpuBaTb 3a4advyy B OAHOPOAHbLIX KOOpAMHATax U WCNO/Ab30BaTb
MaTPUYHYIO HOTaLMIO.

Toraa:
& y=w:-X
a
V1 by

rae: y=|". w=| b X=

O N = Gy SN

1
Y2 1 x
—1| b, |. 2
Yn by 1

He BoaBasacb B NoAPOOHOCTM MOXHO 3anNMcaTh BblparKeHMe 1A HAXOXKAEHMA MCKOMbIX KO3POULMEHTOB
MHOTOMEPHOW perpeccuu:

w = (XTX) ' XTy



[lpumeHeHune perpeccmnn no MHK K 3agave
Knaccudukaumm

JINHEHYI0 perpeccuo MOXKHO NPUMEHATb U A1 NOCTPOoeHUA BUHapHOro KnaccudpukaTopa (pasgeneHne o6bEKTOB Ha
[1Ba KJ1lacca), ecnu [iBa Knacca NpeacTaBAsaTb BELLeCTBEHHbIMM YMciaMU. [ns 3TOro o6beKTbl 0AHOMo Knacca Mbl

MOKeM 0603HaUNTb KaK «NONOKUTENbHbIEY - Pos, @ 06BbEeKTbl Apyroro Knacca 0603HauYnTb Kak «oTpULaTE/IbHbIE) -
Neg.

O6beKkTbl Pos nomeyatoT umcnom y(™ = +1, a 06beKTbl Neg nomeyatot umcnom y- = -1,

I'panuua pa3nenenus Knaccos,
HalijileHas JIMHEeHbIM
X2 A KJaccugukaTopa

HeknaccmduumposaHHble X2 A
06 beKThI

€ JINHeNHbIN Yoy =+1

KnaccuobukaTop o, °

e % Hag = . ° o’
%*ﬁﬂ% -.-
3 3 € am

> >



[loumeHeHune perpeccun no MHK K 3agave
Knaccudukaumm

JInHenHbIN Knaccudpumkatop no metoay MHK obyyaetca pewatowlen rpaHumue:
w-x=19
rne: w=(XTX) " (Pos u® — Neg u™))

roe: u™M, u) - d-mepHble BEKTOPbI, cofepKalLme cpedHMe 3HAUYEHUA KA A0ro NpU3HaKa ans
NOJIOKUTENbHBIX M OTPULATENbHBIX MTPYMEPOB COOTBETCTBEHHO.

+1,ecinx >0
Toraa AMHEWHbIN KnaccudurkaTop byaeT UMeTb BUA y = sign(w-x —9) sign(x) ={ 0,ecinx =0
—1,ecinx <0

1) «MpoknsaTne pasamepHOCTU» => NPU BONbLIOM KOJIMYECTBE NPU3HAKOB 3HAYUTE/IbHO YBE/IMUMBAETCA BPEMS
BbIYNCNEHMA.
2) TpebytoTca cneumnanbHble maTemaTnyeckme 6UBANOTEKN, YTO HE OYEeHb NOAXOAMUT NPU pPeanmsaLnm Ha

MUKPOKOHTponnepax (peyb MAET O Tak Ha3bIBAEMOM Ma/IOM MaLIMHHOM 0OYYEeHUN AU MAaLLMHHOM 0byYyeHnmn
Ha MUKPOKOHTpoAnepax, nnm TinyML).



[lepuenTpoH
B Ka4YecTBe JIMHEMHOro KnaccudpuKaTopa

JINHelHbIN KnaccudpuKaTop, KOTOPbI MO3BOIAET HauAy4YWMm 06pasom pasaenTb IMHENHO pasaenmMmble JaHHble
Ha3blBaeTcs nepuenTpoHom. o cyT, nepuenTpPoH — 3TO NpocTeiLlas HeMPOHHanA ceTb.

MepuenTpoH KOPPEKTUPYET BEKTOP BECOB W HA OCHOBE MOCTYNaoWMX BXOAHbIX 00yyatoWwmx AaHHbIX. JaHHbIA meToq,
ABNSETCA MEeTOA0M MALUMHHOIO 0Oy4YeHUs C yYnuTenem.

To ecTb, ecan Ha BXOA, NepuenTpPoHy NOoCTynaeT oWMOOYHO KiaccuduumMpoBaHHbIM 0ObEKT, Hanpumep, B obyyatollem
Habope 06BEKT NomeyeH KaK +/, a nepuenTpoH ero KnaccmdbuumpyeT Kak -/, To nepuenTpoHy Heobxoanmo nepecymTaTb
BEKTOP BECOBbIX KO3GPULIMEHTOB W, TaK YTODbI IMHENHAA peLlaloLLaa rpaHnLA CABMHYNACb M OTHecna obyyatowmm
NPUMEpP K NpPaBUAbHOMY Kaaccy.

Pewaroas rpanuna

X2 A
Ko Pos

ppeKkunAa BeKTOpa )

) =
BECOB W o ®
) ® o
== ® o ©
@ o0 °
OwmobKa Knaccuukanum Cnur pemarorei
> IPaHyLIbI

X1



dopmyna KoppeKumm BeKTopa BecoB NepuenTpoHa

W =w+ -y X

rae: W - TeKyliue 3HaYeHUA BeKTopa BEeCcos;
' - HOBble (CKOPPEKTUPOBaHHbIE) 3HAYEHNA BEKTOPA BECOB;

1M - ckopocTb 0byvyeHna 0<n <1,
Yi - MeTKa TeKkyulero obydatouiero obbvekta y; € {+1

X; - BEKTOP MPM3HAKOB TeKyLllero obyyatouiero obvekxra.

—-1};



ANropmntm obyyeHmnAa nepuenTpoHa Kak NMHENHOIO
KnaccudmKaTopa

Bxoa:  nomeuyeHHble BXOAHbIe AaHHble X € D,
CKOpPOCTb 06yueHus 1.
BbiXxoA: BEKTOp BECOB W anA Knaccudpumkaropa y = sign(w - x).

/*VHMUManmn3auma BeKTopa BECOB HY/IAMM, B 0OLLLEM MOMKHO MHULMANIN3NPOBATb U APYrMMU 3HaYeHUaAMmn* /
w <« 0;
converged <« false; /*dnar cxoaMmocTy anropuTma M 3aBepLUeHMA rMaBHOro uukaa*/

while converged = false do
/*KoppeKuuna BeKTopa BecoB W nepLentpoHa™/
converged « true;
fori « 1in|D|do
ify, - w-x; <0 [*1.e.9 = y*/
then
W < Wty X;;
converged <« false; /*meHsanu w, 3HaUUT anropuTm eLLe He cowénca™/

end
end Echu anroputm o06yuyeHMAa He MoOXKeT 06yuuTb nepuenTpoH

end pasaenatb 06beKTbl Ha ABa K/laCCa, Hanpumep, gdHHble

9 12
return w; JIMHENHO NN0XO0 pasae/inMbl, TO aJIFTOPUTM MOXKeT 3aLl,VIKI1MU,a!



JIHeHble moaenu ANa MyabTUKNACCOBOM
KnaccupuKkaumm

ObLe pacnpocTpaHeHHbIM NOAX0A, NO3BONAOLWMA UCMO/b30BaTb IMHENHbIE MOAE/IN HE TO/IbKO AN BUHapPHON, HO U
MY/IbTUKNACCOBOM KNaccnduKkaumm, Ha3biBaloT NOAX0A0M «OAUH NPOTUB OCTa/IbHbIX» (One-vs.-rest).

B aTom noaxoae ctpoutbca BUHApHaa moaenb ANA KaxkAoro Knacca, KOTopas NbITaeTca OTAENUTb 3TOT KNaccC OT BCex
OCTaNIbHbIX K1ACCOB => KONMYECTBO CO34aBaeMbIX MOAENEN ONpPeaenaAeTca KOJMYECTBOM KNacCoB => KOMYECTBO
pellaoWwmx rpaHnL, paBHO KOIMYECTBY K1accoB (nam moaenen).

Pewarompe rpanuipl
JUJIS1 Ka>KJ0ro Kjacca
0OBEKTOB

Kaxkapbi KnaccudpukaTop Bo3BpaLlLaeT
BeKkTop NnpmM3HaKoB 06beKTa Habop 13 BEKTOpa BECOB W, U
NoAAITCA Ha BCe KnaccmduKaTopbl KoadpduumeHTa b,

Knacc Ne 1 .. : @

X, A Knaccudpukatop Wy, by
ana kKnacca Ne 1
Knacc Ne 3 Knaccndukatop
[5) e WZ;bZ
CIPS AnAa Knacca Ne 2
Knacc Ne 2 o ® e
O ®e00° )
g B HeknaccnpuumpoBaHHbIn KnaccudukaTtop
= = 0BbEKT No 3 W3, b3
ml  m AnAa knacca Ne
o
>




JInHenHble moaenn ANna MynbTUKIACCOBOM
Knaccudukaumm

[lanee BblMUCNSETCA BbIParKeHUe ANA Kaxkaoro Habopa w; u b; :

§i(wi, by x) = w;[0] - x[0] + wy[1] - x[1] + - + w;[d] - x[d] + b;

KnaccnoumKaTop, KOTOPbIM BblAaCT Hanbonbllee 3HaUYeHUe «nobexaaeT» 1 BblAaeT METKY Knaccupuumpyemomy o6beKTy.

Knacc Ne 2

d yz (erblr X) > yl(wlybly X) > 3\,3 (wllbll X) = ‘

HeknaccndpuumpoBaHHbIN
06BbEKT
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