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€ Metog cToxactuueckoro rpaguenTa
© MuHUMMN3auMa SMINPUYECKOTO pUCKa
@ JluHelinblii knaccudpmkaTop
@ MeTog CTOXaCTUHeCKOro rpagmeHTa

© 3spuctukn ana metoga cTOXacTMHeCKOro rpagueHTa
® MHnunanusaumsi BECOB 1 NOPSAOK ODBEKTOB
@ Bbibop BeAMUMHBI rPafMEHTHOrO LLara
o [lpobnema nepecbyyeHus, METOL COKpaLLEHUSA BECOB

e BeposTHOCTHbIe hyHKLUM NOTepb
@ BeposTHoCcTHas mMogenb Knaccudunkauum
@ Jloructnyeckas perpeccusi
@ [Ipumep. 3agaqva KPeaUTHOrO CKOpPUHTa



MeTop cToxacTuyeckoro rpagueHTa MuHumusayms smnupudeckoro pucka
JluHeiHbili knaccudukatop
MeTop cToxacTnyeckoro rpagueHTa

O6yueHue perpeccuu — 3TO ONTUMU3ALUS

Obyuatowas Buibopka: X! = (x,-,y,-)le, xi €R", y; eR

O Mogenb perpeccnn — anHedHas:
n
a(x,w) = (x,w) = > w;fj(x), w € R”
j=1

@ DyHKLMS NOTEpb — KBAZPATUHHAS:

L(a,y)=(a—y)?

© MeTog obyueHns — mMeTOq HaUMEHbLLINX KBAaAPaTOB:

QR(w) = i (a(x,-, w) — y,-)2 N mmi/n

i=1

Q [MMposepka no TecToBol BbIGOpKE XK = ()”(,-,)7,-),’-‘:1:

) 1 k )
Q(w) = p ;(a()?,-, w) — Ji)

K. B. BopoHuos (voron@forecsys.ru) JluHeiinbie meToab! 3/28



MeTop cToxacTuyeckoro rpagueHTa MuHumusayms smnupudeckoro pucka
JluHeiHbili knaccudukatop
MeTop cToxacTnyeckoro rpagueHTa

O6yueHue knaccucpukayuum — ToXKe oNnTUMU3aLuus

Obyuatowas Buibopka: X! = (x,-,y,-)le, xi € R", y e {-1,+1}

Q@ Mogens knaccudbukayum — JTUHENRHAS:

n

a(x, w) = sign(x, w) = sign > w;fj(x)

j=1
@ DyHkuus notepb — brHapHas uam eé annpoKcumMaLuus:
ZL(a,y) = [ay < 0] = [(x,w)y < 0] <.Z(({x,w)y)

© MeTog obyueHnss — MUHUMU3ALUNS IMINPUYECKOTO PUCKA:

¢ ¢
Qlw) = ;inv w)y; < 0] < ;3(0@-7 w)y;) — min

Q [MMposepka no TecToBol BbIGOpKE XK = ()”(,-,)7,-),’-‘:1:

] 1 &
Q(w) = P ;[@Nﬁa w)yi < 0]
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MeTop cToxacTuyeckoro rpagueHTa MuHumusayms smnupudeckoro pucka
JluHeiHbili knaccudukatop
MeTop cToxacTnyeckoro rpagueHTa

Paspensiowme knaccucukatopsl (margin-based classifier)

Pasgenstownii knaccudbukatop: a(x, w) = sign g(x, w)
g(x, w) — pasgensirowjas (BNCKPUMUHAHTHAS) PyHKLUS
g(x,w) = 0 — ypaBHeHne pasgensitoLLeil NOBEPXHOCTH

Mi(w) = g(xi, w)y; — orctyn (margin) obbekTa X;
Mi(w) < 0 <= anropntm a(x, w) ownbaercs Ha X;

Parxxupoeatue obbekToB no BospacTtanuto otctynos Mi(w):

Margin

08 1
056 1
04 1

0 4
02 1
04 1
06 1

norpaHu4HbIe

0 20 40 60 80 100 120 140 160 180 200
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MeTop cToxacTuyeckoro rpagueHTa MuHumusayms smnupudeckoro pucka
JluHeiHbili knaccudukatop
MeTop cToxacTnyeckoro rpagueHTa

HenpepbiBHble annpokcMmauun noporoeoit pyHKUMU nNoTepb

YHacTo ucnonbayemble HenpepbiBHble dyHKuMn noteps £ (M):

5 4 3 2 1 0 1 2 3 4 5 M
V(M) =(1- M)4 — kycodHo-nmuelinasa (SVM);
H(M) = (—M)4 — Kyco4Ho-nuHeliHast (Hebb's rule);
L(M) = log,(1+ e ™) — norapudmudeckas (LR);
QM) = (1 - Mm)? — kBagpatnyHas (FLD);
S(M)=2(1+e")! — curmongnas (ANN);
EM)=eM — akcnoneHunansHas (AdaBoost);
[M < 0] — noporoeasi pyHKUNs NOTEPb.
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MeTop cToxacTuyeckoro rpagueHTa MuHumusayms smnupudeckoro pucka
JluHeiiHbili knaccudukatop
MeTop cToxacTnyeckoro rpagueHTa

JluHeiiHblii kKnaccucpukaTop — MaTeMaTuyeckas Mofesb HeilpoHa

Juneiinas mogenb Heiipona MakKannoka-lMutrca [1943]:

ot ) = a{(w.x)) = o w6~ ).

Jj=1
o(z) — dyHkyua akTneaunm (Hanpumep, sign),
Wj — BecOBble KO3(PULMEHTLI CUHANTUHECKUX CBA3E,
Wp — MOPOr akTueauuu,
w,x € R™1 ecan seecTu koHCTauTHbIN npuskak fo(x) = —1

@
ST
@/
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MeTop cToxacTuyeckoro rpagueHTa MuHumusayms smnupudeckoro pucka
JluHeiHbili knaccudukatop
MeTtop cToxacTuyeckoro rpagueHTa

pagveHTHbIA MeTod YMCNEHHOW MUHUMU3aALUU

MunHuMmn3aLms SMNNPUYECKOro pucka:
L
Q(w) = ZZ(W) — min.
w
i=1

MeTogn rpagueHTHOro cnycka:
0)

wl

W(t""l) = W(t) —h- VQ(W(t)), VQ(W) = (?Q(W))"’ ”
J:

.= Ha4aJbHOE an|6nv|>KeH|/|e;

ow;

roe h — rpagveHTHbIN War, Ha3bIBaeMblii TaKXKe TEMITOM ObydYeHus.

l
w(ttD) . — (1) th.z,-(w(f)).
i=1
Npea yckopeHus cxogmmocTu:
bpaTb (X, y;) No ogHOMY 1 Cpa3y OBHOBNSATH BEKTOP BECOB.
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MeTop cToxacTuyeckoro rpagueHTa MuHumusayms smnupudeckoro pucka
JluHeiHbili knaccudukatop
MeTtop cToxacTuyeckoro rpagueHTa

Anroputm SG (Stochastic Gradient)

Bxopa;: sbibopka Xt temn obyueHus h, Temn 3abbiBaHus A,
Bbixoa: sekTOp BECOB W;

nHuumanusmposaTe Beca wj, j =0,...,n;

2 VHWLMANU3MPOBaATL OLEHKY (DYHKLMOHANa:
Q=1 Xin Li(w);

3 NOBTOPSATL
4 BbIGpaTh 06bekT x; u3 X! cnyuvaiinbiv 0bpasom;
5 BbIYNCANTL NoTepto: &; := Li(w);
6 caenaTh rpagnenTHblid war: w = w — hV.Z(w);
7 oueHnTs dyHkumonan: @ == Ae; + (1 — \)Q;
8 noka sHadeHne Q u/unum Beca w He coligyTcs;

Robbins, H., Monro S. A stochastic approximation method // Annals of
Mathematical Statistics, 1951, 22 (3), p.400-407.
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MeTop cToxacTuyeckoro rpagueHTa MuHumusayms smnupudeckoro pucka
JluHeiHbili knaccudukatop
MeTtop cToxacTuyeckoro rpagueHTa

OTtkyaa B391aCb peKyppeHTHas oueHka dpyHKUMoHana?

Mpobnema: eoiuncieHne oueHkn @ no eceii BEIOOPKE X1, ..., X¢
HaAMHOrO AOJ/IbLIE FPAaUEHTHOrO Wara no OgHOMY ObBEKTY X;.

PeweHune: ncnonb3oBaTb NpubANKEHHYIO PEKYPPEHTHYIO hopmMysy.

CpegHee apudmeTuyeckoe:
Qm=mem+ mem-1+ mEm2+ ...
Qm="Lem+(1—1)Qm

IKCMOHEHUMANIEHOE CKOJIb3SLLEE CPELHEE:
Qm=Xm+ (1 =NAem1+ (1 =NXemo+...
Qm = Aem+ (1 —\)Qm-1

MapameTp \ (nopsigka %) — Temn 3abbiBaHNs NpeabICTOPUN psga.
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MeTop cToxacTuyeckoro rpagueHTa MuHumusayms smnupudeckoro pucka
JluHeiHbili knaccudukatop
MeTtop cToxacTuyeckoro rpagueHTa

MeTop Hakonneuns unepuun (momentum)

Momentum — 3KCNOHEHUMaNbHOE CKOJb3sLLEE
20
CpeAHee rpagneHTa Mo NOCHeAHUM A ——

17'7 10
ntepaumsm [B.T.Monsk, 1964]:

vim v+ (1-9)Z (w)

w:=w — hv ‘ L

30
—-30 =20 —-10 O 10 20

NAG (Nesterov's accelerated gradient) — vmnynec

CTOXaCTUYECKNA rpagneHT C nHepumen
[FO.E.HecTepos, 1983]:

-rpagueHT
vi=qv+ (I_V)X/(W — hyv) umnynbe AL oAERT

w:=w — hv
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Nuunuymnanusaumns secoB n nopsifok obbekToB
DBpPMCTMKMN A1 METO[A CTOXAaCTUHECKOro rpajueHTa Bbibop BenuunHbl rpagmneHTHoOro wara
Mpobnema nepeoby4eHnsi, MeToa COKpalleHUsi BECOB

BapI/IaHTbI UMHULnaIn3aynn Becos

QO w;:=0anascexj=0,...,n
@ Hebonbwive cnyvaliHble 3HaYeHUs:

w; = random (—2—1”, 2—1,7)

T <y76> L — (- ¢ — 1
QO w = L fi = (6(x,))’.:1 BEKTOP 3HauYeHUii Npu3HaKa.

ITa OUEHKa W ONTUManbHa, ecnu
1) cbyHKUMS NOTEPL KBagpaTWyHA 1
2) npusHaku Hekoppenuposatsl, (fj, fx) =0, j # k.

Q o0byuenne no Hebonbloli cayyaiiHoil nogesIbopke 06BEKTOB;

© MynbTUCTApPT: MHOMOKPATHbIE 3aMyCKU N3 pasHbIX CYYaiHbIX
HaYaNbHBIX NPUOAVIKEHNA 1 BbIOOP Ny4YLLero pelueHus.

K. B. BopoHuos (voron@forecsys.ru) JluHeiiHbie meToab! 12 /28



Nuunuymnanusaumns secoB n nopsifok obbekToB
DBpPMCTMKMN A1 METO[A CTOXAaCTUHECKOro rpajueHTa Bbibop BenuunHbl rpagmneHTHoOro wara
Mpobnema nepeoby4eHnsi, MeToa COKpalleHUsi BECOB

BapuaHThl nopsaka npeabasaeHns 06bLeKToB

BoamoxHbl BapnaHThI:
Q neperacoska obwekTos (shuffling):
nonepemeHHo bpaTbh 0DBEKTBI U3 PasHbIX KAACCOB;

@ 4awe 6paTb 06BEKTHI, HA KOTOPLIX owwubka bonbLie:
yem MeHblie M;, Tem Bonblue BEPOSATHOCTL B3SITh ODBEKT;

© 4yawe 6paTb 0OBEKTHI, HAa KOTOPbIX YBEPEHHOCTb MEHbLLE:
yem meHbLe |M;|, Tem Bonblue BEPOSITHOCTL B35iTh ODBEKT;

Q BoobLe He bpaTb «xopowuney obbekTbl, y koTOpbIX M; > 11y
(Npu 3TOM HEMHOrO YCKOPSIETCSI CXOAUMOCTb);

© Bo0bwe He BpaTb 0OBEKTLI-«BLIBPOCHIY, ¥ KOTOPbIX M; < i
(Mpyu 3TOM MOXET yNYHLWNTHCS KAYECTBO Kaaccuukaumm);

Mapametpsl fi4, 4 Npuaétcs nogbupats.
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Nunumnanusaumns BecoB n nopsigok obbekToB
DBpPMCTMKMN A1 METO[A CTOXAaCTUHECKOro rpajueHTa Bbibop BenuunHbl rpagneHTHOro wara
Mpobnema nepeoby4eHnsi, MeToa COKpalleHUsi BECOB

BapuaHTbl BbIOOpa rpagueHTHoOro wara

©Q xoaMMOCTb rapaHTupyeTcsi (415 BbINyKIbIX OYHKLNRA) npn
o0 o0
ht—>0, th:OO, Zh%<OO,
t=1 t=1

B YACTHOCTM MOXHO MOJoXuTb hy = 1/t;

@ wmeTog cKopeiilero rpagueHTHOro CycKa:
Zi(w — hVZL(w)) — mhin,

NO3BOASIET HAWTW aganTuBHbli war h*;

Mpu kBagpaTUuHoii cbyHkumm noteps h* = ||x;|| 2.
© npobHble cayyvaiiHble Wwarn Ans «BbIOMBAHMA> UTEPALMOHHOTO
npoLecca 13 JIO0KabHbIX MUHUMYMOB;

Q wmetop Jlesenbepra-Mapksapgra (BTOpOro nopsigka)
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Nunumnanusaumns BecoB n nopsigok obbekToB
DBpPMCTMKMN A1 METO[A CTOXAaCTUHECKOro rpajueHTa Bbibop BenuunHbl rpagneHTHOro wara
Mpobnema nepeoby4eHnsi, MeToa COKpalleHUsi BECOB

OuaroHansHblii meTtog, JleseHG6epra-Mapkeapgra

MeTog Hetotona-Padbcona, Zj(w) = Z((w, x;)yi):
wi=w — h(Z(w)) ' V.L(w),
rae £/ (w) = (%) — reccuaH, nxn-maTpuua
J j/

depuctuka. CynTaem, 4TO reccmaH gmaroHaseH:

-1
_ 0L (w) 0Li(w)
wj i=wj — h TVJQ +tu “ow;

h — temn obyyeHns, MoxxHo nonarate h =1
/4 — napaMeTp, npeaoTepaliaownii obHyeHne 3HaMeHaTeNs.

OTHoweHune h/p ecTb Temn 0By4eHUS HA POBHBIX yHacTKax
dyHkumnonana Z;(w), rae BTopas nponssogHasi obHynsieTcs.
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NHuumnannsaumsa sBecos n nopsigok obbekTos
DBPUCTMKN AN MeToAa CTOXaCTUYeCKOro rpaguneHTa Bbi6op BennuuHbl rpagmeHTHoro wara

Mpo6nema nepeoby4eHuns, meTon cCoKpalyeHUst BECOB

Mpobnema nepeobyqeHus

Bo3MoXxHble NpUYmnHbI NepecdyyeHus:
@ C/IMLIKOM Mano 0bbEKTOB, CANLIKOM MHOTO MPU3HAKOB
@ NUHeliHas 3aBUCUMOCTb (MYAbTUKOINNHEAPHOCTb) NPU3HAKOB:
nycTb nocTpoer knaccudpnkatop: a(x, w) = sign{w, x)
MyAbTUKOANMHeapHocTh: Ju € R™: Vx € X (u,x) =0
HEEANHCTBEHHOCTb peleus: Vy € R a(x, w) = sign(w+~yu, x)
MposieneHus nepeobyqeHus:
@ cauwkom bonblune Beca |wj| pasHbix 3HaKOB
@ HeyCTONYMBOCTb JUCKPUMUHAHTHOM byHKuumu (W, X)
o Q(XY <« Q(XK)
MpocToii cnocob ymeHbwnTsL Nepeodyyerme:

@ perynsipusaums ||w|| — min (cokpaweHne Becos, weight decay)
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NHuynannsauns secos 1 nopsaaok obbekTos
DBPUCTUKM ANSt MEeTOAA CTOXAaCTU4YECKOro rpagmneHTa Bbibop Benn4MHbI rpagneHTHOro wara
Mpo6nema nepeoby4eHuns, meTon cCoKpalyeHUst BECOB

Perynapusauusa (cokpaweHve Becos)

LLltpad> 3a yBenuyeHne HOpMbI BEKTOpa BECOB:

N ] T 2 ] T n 2 .
Zi(w) = Zi(w) + 5 |Iwl _z(w)+2;vvj —+ min.

[paguenT:

VZi(w) = VL (w) + Tw.
Moandukaums rpagueHTHOro wara:
w = w(l — h7) — hV.Z(w).
MeTtoabl nogbopa koadpcbmumenTa peryasipusaumm 7:
©Q CKONB3ALMNIA KOHTPOND;

© crToxacTuyeckas agantauus;

© AByxypoBHeBblii DaliecoBckuii BbIBOA,

K. B. BopoHuos (voron@forecsys.ru) JluHeiinbie meToab! 17 /28



NHuynannsauns secos 1 nopsaaok obbekTos
DBPUCTUKM ANSt MEeTOAA CTOXAaCTU4YECKOro rpagmneHTa Bbibop Benn4MHbI rpagneHTHOro wara
Mpo6nema nepeoby4eHuns, meTon cCoKpalyeHUst BECOB

SG: JoCTONHCTBA U HEAOCTaTKM

HoctouHcrea:

NErKO peannsyeTcs;

nerko obobujaetcs Ha nobeie g(x, w), ZL(a,y);
nerko AobaBuTb perynsipusaumnto

BO3MOXXHO AnHaMuyeckoe (NOTOKoBOe) obyueHue;

©000O0CO

Ha cBepxbosblMX BbIBOPKAX MOXXHO NOAYYUTb HEMIOX0E
pelueHune, faxe He obpabotas Bce (x;, yi);

©

noaxoAnuT Ans 3a4ad4 ¢ DOAbLIMMU AaHHBIMY

HepocrtaTtku:

O nopbop KoMnieKca 3BPUCTUK SBNSAETCA NCKYCCTBOM
(He 3abbITb Npo nNepeobyueHue, 3acTpeBaHNe, PaCXOAUMOCTD)
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BeposiTHocTHas mogenb knaccudukaunn
Jloructnyeckas perpeccusi
BeposiTHocTHble cbyHKLMMN NoTepb Mpumep. 3apava KpegnUTHOro cKOpuHra

MpuHunn makcumyma npasgononodus

Mycts X x Y — B.0. ¢ nnotHocTsio p(X, y|w) = P(y|x, w)p(x).
Mycte X* — npoctas (i.i.d.) swibopka: (x;, yi)i_; ~ p(x, y|w)

OueHka MakCMManbHOro npas,qono,u,o6m;| ons w:

l
[1 p(xi, yilw) = H P(yilxi, w)ptxi) — max

Jlorapudm npasgonogobus (log-likelihood, log-loss):
14
L(w) = > log P(yi|xi, w) — max.
i=1 w
B cnyuae aByx knaccos, y; € Y = {0,1}, ynobHo 3anucbisats
Mogens ycnosHoi BepositHocTu m(x, w) = P(y =1|x, w):

L

L(w) = Z:l)/i log 7(xj, w) + (1—y;) log(1—7(x;, w)) — max,
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BeposiTHocTHas mogenb knaccudukaunn
Jloructnyeckas perpeccusi
BeposiTHocTHble cbyHKLMMN NoTepb Mpumep. 3apava KpegnUTHOro cKOpuHra

CB3b NpaBAonoaodbms 1 annpoKCMMaLMnM SMNUPUYECKOro pucka

Mycts X x Y — B.0. ¢ nnotHocTsio p(X, y|w) = P(y|x, w)p(x).
Mycte X* — npoctas (i.i.d.) swibopka: (x;, yi)i_; ~ p(x, y|w)
o Makcumuszauyms npaBAono,qo&//ﬂ (Maximum Likelihood, ML):
L(w) = Z log P(yi|xi, w) — max.
o MuHnumuzayms aI'II'IpOKCI/IMl/IpOBaHHOI'O IMAUPNYECKOrO PUCKA:
QW) = 3 2 (vl w) = min
=
3Tu ABa NPUHLMNA SKBMBANEHTHbI, €CIN MONOXMUTH

— log P(yi|xi, w) = f(ylg(xh ))

‘ mogens P(y|x, w) ‘ = ’ mogens g(x,w) n Z(M) ‘
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BeposiTHocTHas mogenb knaccudukaunn
Jloructnyeckas perpeccusi
BeposiTHocTHble cbyHKLMMN NoTepb Mpumep. 3apava KpegnUTHOro cKOpuHra

BepoATHOCTHbLIV CMbICA perynsipnsauuu

P(y|x, w) — BEpOSITHOCTHast MOAENb AAHHBIX;
p(w; ) — anpuopHoe pacnpegeneHne napamMeTpoB MOAENN;
Y — BEKTOp runepnapameTpos;

Tenepb He ToNbKO nosiBneHue Boibopkn X,
HO 1 NOSIBJIEHNE MOZENN W TaKXKe NoJaraeTcs CTOXacTUHECKNM.

CosmecTHOE npaBgonogobue AaHHbIX 1 MOAENU:
p(X*, w) = p(X‘|w) p(w: 7).

[MpuHyMn Makcumyma anocTepuopHoOl BEPOSTHOCTY
(Maximum a Posteriori Probability, MAP):

L(w) = Inp(X ZlogPy,lx,, w) + log p(w; ) — max

perynsipusaTtop
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BeposiTHocTHas mogenb knaccudukaunn
Jloructnyeckas perpeccusi
BeposiTHocTHble cbyHKLMMN NoTepb Mpumep. 3apava KpegnUTHOro cKOpuHra

Mpumepsbi: anpuopHblie pacnpeaenenHus Maycca n Jlannaca

Mycte Beca w; Hesasucumsl, Ew; =0, Dw; = C.

Pacnpegenenne Maycca u kBagpatudnbiii (L) perynspusatop:
1 [w|]? 2 _ N\~ 2
w;C)= ———exp|—"—1], |w|*=> w,
w1 ©) = e (50 ) Il = 5
—Inp(w; C) = || wl||? + const
Pacnpegenenne Jlannaca n abcontothblii (L1) perynsipusatop:

1 jw "
plwi €)= e (1) Il = 55w
—Inp(w; C) =

—~~

[[wl| + const

A=

C — runepnapameTp, 7=+ — K03hpULNEHT perynsipusaLuy.
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BeposiTHocTHas mogens knaccudukauun
Jlornctnyeckasn perpeccus
BeposiTHocTHble cbyHKLMMN NoTepb Mpumep. 3apava KpegnUTHOro cKOpuHra

[ByxknaccoBas normcTuyeckas perpeccus

JNuneiinas mogens knaccudpmkauyum ans ayx knaccoe Y = {—1,1}:

a(x) =sign{w,x), x,w €R".

Otctyn M = (w, x)y. s
Jlorapngpmmyeckas hyHKUNS NOTEPL: zg
ZL(M) = log(14 e M). E y
Mogenb ycnosHoii BeposTHoCcTY:
P(y|x,w) = o(M) = T:—Mv py (M)
rae (M) — curmongHas dyHkums, o
BaxHoe ceoiicteo: o(M) +o(-M)=1. " wm

Makcumnzauus npaegonogobus (logistic loss) ¢ perynsipusayueii:

¢
Q(w) = > |0€(1 + eXP(*(W,Xi>y;)) + gHWH2 — min
i=1 w
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BeposiTHocTHas mogens knaccudukauun
Jlornctnyeckasn perpeccus
BeposiTHocTHble cbyHKLMMN NoTepb Mpumep. 3apava KpegnUTHOro cKOpuHra

MHoroknaccosasi normcTuyeckas perpeccus

JNlnHeiinblii knaccudmkaTop Npy NPon3BoOIbLHOM Hucie knaccos |Y|:

a(x) = argmax(wy,x), x,w, € R".
yey
BeposiTHOCTb TOro, 4TO 0OBEKT X OTHOCMTCS K Kiaccy y:

exp(wy, X)

P(y|x,w) = = Softl\éax(wy,x>,

> exp(wg, x) ye
zeY

dyrkuns SoftMax: RY — RY nepesognt nponssonbhbiii BekTop
B HOPMUPOBAHHbLIW BEKTOP AUCKPETHOrO pacnpeneneHus.

Makcumunsauus npaesgonogobus (log-loss) ¢ perynsipusayueii:
¢
T 2
L(w) = z; log P(yilxi, w) — 2 Z; [wy[|* — max.
1= ye
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BeposiTHocTHble dbyHKUMN noTepb

BeposiTHocTHas mogens knaccudukauun
Jloructnyeckas perpeccusi
Mpumep. 3apa4a KpeaUTHOro cKOpMHra

Mpumep. BuHapusayua NprM3HAKOB U CKOPUHIOBas KapTa

3apaya KpeanTHOro CKOpUHra:
@ X; — 3a€MLMKN
e y; = —1(bad),+1 (good)

Bunapusauus npusHakos fi(x):
bjk(x) = [fj(x) w3 k-ro nnTepsana|

Junelinas mogens knaccudpmkayum:

a(x, w) = sign Z Wik bji(x).
Jok

Bec npusHaka wj, paseH ero Bkaagy
B 0bwyro cymmy bannos (score).

K. B. BopoHuos (voron@forecsys.ru)
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BeposiTHocTHas mogens knaccudukauun
Jloructnyeckas perpeccusi
BeposiTHocTHble cbyHKLMMN NoTepb Mpumep. 3apa4a KpeaUTHOro cKOpMHra

OLI,EHI/IBaHI/Ie PUCKOB B CKOpUHre

.ﬂOFVlCTVl'-IeCKaﬂ perpeccna He TOJbKO

onpejensieT Beca W, HO 1 OLEHWBAET /_

alnoCTEPUOPHBIE BEPOATHOCTU KNaCCOB 05 j A“/
1

o ]_ —|— e_<W7X>y

P(y|x)
OueHka pucka (MaTEMaTUHECKOrO OXUAAHUS) NOTEPL 0bbeKTa X:

R(x) = Z Dyy P(ylx),

yey

rae D,, — Benn4nHa notepu gas obbekTa X C UCXOAOM V.
xy

OueHka roBopuT 0 TOM, CKOJIbKO Mbl NMOTEPSIEM B CPEAHEM.
Ho ckonbko mbl noTepsiem B xygwem cny4vae?
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BeposiTHocTHas mogens knaccudukauun
Jloructnyeckas perpeccusi
BeposiTHocTHble cbyHKLMMN NoTepb Mpumep. 3apa4a KpeaUTHOro cKOpMHra

Metoguka VaR (Value at Risk)

CroxacTuyeckoe mogenuposatue: N = 10* pas
@ A5 KAXKAOTO X; pasbirpbiaetcst ucxog yi ~ P(y|x;);
@ BbIYUCASETCA CyMMa noTepb no noptdento V = Zle Dy.y;;

99%-KBaHTUAL SMNUPUYECKOrO PacNpeseseHnst NoTepb
onpepensieT BEAMYUHY pe3epBUPYEMOro KanuTana

Pacnperienierie BOMOXKHBIX TOTEP T TOPTQENHO

NIOMHOCMb 6€POAMHOCMU
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BeposiTHocTHas mogens knaccudukauun
Jloructnyeckas perpeccusi
BeposiTHocTHble cbyHKLMMN NoTepb Mpumep. 3apa4a KpeaUTHOro cKOpMHra

Pe3tome B KOHUE NnekLun

@ Metop croxactnyeckoro rpaguenta (SG) nogxoant ans
nobeix mMogeneli u pyHKUNii NnoTepb

@ XopoLwo nogxonuT gas obydeHusi no BoONbLWINM HaHHBIM

e Annpokcumauyusi noporosoii pyHkyum noteps £ (M)
NO3BOSIET UCMNONL30BaTb FPAAUEHTHYIO ONTUMU3ALLUIO
o Pynkuun £ (M), wrpadytowme 3a npnbanxkeHne K rpaHuLe
KJ1aCCOB, YBENMHMBAIOT 3330p MEXAY Kjiaccamu,
Bnarogaps 5TOMY NOBLILIAETCS HALEXHOCTbL Kiaccudukaumm
o Perynspuzauus pewaeT npobieMy MyabTUKONINHEAPHOCTY
1 TaKXXe CHUXXAET nepeobyyerue

o Jloructuyeckas perpeccusi — MeTOA knaccudukanmm,
OLLEHNBAOLLMIT YCIOBHBIE BEpOosTHOCTU knaccoB P(y|x)
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