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Komnosunuu pemawomux yHKIAH

L Ocuosmrte monsirus

3ajiaua mocTpoeHns peniaoieii pyHKImun

[Tycts X — mpocTpaHCTBO 3HAYEHUN EPEMEHHBIX,
HCTOJIB3YEMBIX JIJIsT TPOrHO34,

Y = {-1,1} — npocrpancTBo 3HaYEHUIi IPOTHOZUPYEMBIX
MepEMEHHDIX,

C' — MHOXKECTBO BCEX BEPOSITHOCTHBIX Mep Ha 3aJaHHOI
o-anredpe MOAMHOXKeCTB MHOXKecTBa D = X X Y.

Pemmaroreit dyukiumeii (aaropurmom Kiaccudukamm)
Has3bIBaeTcd coorsercTBue A: X — Y.

Orobpazkernne Q: DY — A MHOKecTBa BEIGOPOK BO MHOKECTBO
peraronux QyHKIMHA HA3BIBAETCST METOIOM (aJIFOPUTMOM )
OCTPOEHNS PEMAOMMX (DyHKIINIA.



Komnosunuu pemawomux yHKIAH

L Ocuosmrte monsirus

Kommosuiun KjiaccuuKkaTopos

O6o6mmenue pemaromieit dbyukpm: X: X — [0, +00) — BBOAUTCS
MTPOCTPAHCTBO OIEHOK.

[Tycrs umerorest T' permaronux GyHkimit A\ (), ..., Ap(x).
Kommosunus ecTh perienue B BHJIE

AMz) = C(Ai(z), ...y Ap(z)),

rme C(+,...,-) — MOHOTOHHA IO BCEM apPI'yMEHTaM.

Oynknuu A () IPUHAMAIOT 3HAYEHUs] U3 IPOCTPHCTBA OIEHOK,
sHaveHnst GyHKIWN A(x) — U3 MHOXKecTBa Y.



Komnosunuu pemawomux yHKIAH

I—OCHOBHbIe TOHATHUSA
JInHeitHble KOMIIO3HUIIAN

JInHeiiHAST KOMITO3UIIHST
T
A(z) = sign Zat)\t(x)) » oo =2 0.
t=1

Merozbl TOCTPOEHHST KOMITO3UIU
m Bycrunar (AdaBoost, rpajuenTablit 6ycTuHr)
m Borrunr u Meros crydaiiHbIX MOAIPOCTPAHCTB
u KOIVH/ITGTHBIQ MEeTO/IbI

m [osiocoBanme (mpocroe, B3BEIIEHHOE, [0 CTAPIIIHCTBY )

CmMmecu aJICOPUTMOB — €CJI (¢ 3aBUCUT OT I, UJed obsiacreil
KOMIICTCHTHOCTH.



Komnosunuu pemaromux dyHKIHNR
I_A.HFOPI/ITM AdaBoost

Anropurm AdaBoost

B merone AdaBoost perenune cTpouTcss B BUAE KOMIIO3UIIUN

T
A(w) = sign(8(2)),  B(z) = 3 arhi(a)),
t=1

ryie 6a30Bble KIacCudUKATOPBI A\¢(Z) U UX Beca qy HAXOMATCS
CJIETYIOIIM 00pa3oM.
IlepBriit 6a30BBIIT KiTaccuOUKATOP CTPOUTCS OA30BBIM METOIOM
Ha OCHOBE UCXOIHOIN BBIOOPKHU, 00BLEKTAM KOTOPOM IIPUIIICAHLI
navasbuble Beca w! = (wi, ..., wk).
3aMeruM, 4TO MBI OyIeM 3aJaBaTh HauaJbHbIe Beca OObLEKTOM B
COOTBETCTBUU C BBIOPDAHHDBIM paCIpe/ie/IeHIeM, HO B
CTaHJIAPTHOM BapHaHTe MEeTO/a HadaJbHbIe BeCa BHIOMPAIOTCS

1_ 1

OJIMHAKOBBIMHU, T.€. ’U)i = N



Komnosunuu pemaromux dyHKIHNR
I_A.HFOPI/ITM AdaBoost

[Tepecuér Becos

Bec nmocrpoennoro 6a3080ro KiaccupukaTopa B KOMIIO3UIIAH
orpeie/isiercs 1Mo popMmyJie
r t
1. M (V,wh A\)

at:fln

20 M—(V,wt, \;)

rae
N

ME(Viw,2) =3 wi I(y' = Ma),
=1
N

M= (Viw, ) =Y wi - I(y' = —\(a)).
=1



Komnosunuu pemaromux dyHKIHNR
I_A.HFOPI/ITM AdaBoost

U repanmonnblii mporiecc

Caemyiomue 6a30Bble KIaCCH(PUKATOPHI CTPOSITCS TEM YK€
06a30BBIM METOJIOM II0 BBIOOPKE, Beca 0OBHEKTOB B KOTOPOii
BBIYUC/ISIIOTCSI II0 (POPMYJIIaM

S+l

t+1 W il ot —ayiae(ad)
W= oy Wi =wg-e )
> im1 Wi

Beca npaBuiibHO KaaccuuIUpOBaHHBIX OOBEKTOB YMHOXKAIOTCS
Ha e~ %t a Beca HEIPABUJIHHO KJIACCU(DUITUPOBAHHBIX 00HEKTOB
YMHOXKAIOTCs Ha, €.



Komnosunuu pemawomux yHKIAH

LHaHBHmﬁ bGaitecoBckuit KiaccudukaTop

Cirydail He3aBUCUMBIX IT€PEMEHHBIX

N3 dopmysibr Baiteca moxkem 3ammcarh

P(dz,y =1)

glx) =Ply=1]z)= P(dz,y = 1) + P(dz,y = —1)

1

P(dz|ly=—1) °
P(dz|y=1)

g(x) =
1422

[TycTn ycnosHbIe pacupe/ie/ieHusl BCeX IepeMeHHbIX X npu
yCJI0BUU 00OMX KJIACCOB HE3ABUCUMBI, T.€.

P(dz | y) = [1 P(dz; | v).

J=1



Komnosunuu pemawomux yHKIAH

LHaHBHmﬁ bGaitecoBckuit KiaccudukaTop

CejieHne K JIOMUCTUYECKONH (DYyHKINN

[ToncraBuB 5TO IPOU3BE/ICHNE B IIPEABIAYINEE BhIpasKeHUe, OCJIe
mpeobpa30BaHUil MMeeM

1fp-<g(1x)1>_ " 1f '(gj(lfvj)1>7

7j=1

P(dx;,y=1
rie gj(z;) =Py =1]z;) = (P(]diai))

Jlorapudmupyem nocsieiiee BoIpaXKeHne U MOy 9aeM
o Hg(z)) = (n—1)(Inp —In(1 — p)) + ZO‘ (9j(x5))

rae o~ () — dbynxmus, obparHas curmonsy o(z) = 1—%%



Komnosunuu pemawomux yHKIAH

LHaHBHmﬁ bGaitecoBckuit KiaccudukaTop

O0600mENHBIIT HAaUBHBIN OafiecOBCKUil KiaaccudukaTop

BaMeTI/IM, YTO IOJIYYE€HHOE BbIpazK€HUE MMeET BUJT
JIOTUCTUYECKON perpeccuu, a UMEHHO

upu ug = (n — 1)(Inp —In(1 — p)), u; = 1.

OOBIMHO JIOTUCTUYIECKYIO KPUBYIO MOJIYIaIOT, NCXOI U3
LPEJIIOJIOKEHNIT O BUJie pacIpeieieHtsl, OJTHAKO CeiiIac MBI
LPE/IIOJIOYKI/IA HE3ABUCUMOCTD [IEPEMEHHBIX, HO He
OIPaHIYUBAJIN BUJ PACIIPE/ICJICHUIL.



Komnosunuu pemawomux yHKIAH

LHaHBHmﬁ bGaitecoBckuit KiaccudukaTop

Hcniosb30Banne Mojiesn

JlanHoe BhIpaXKeHUe CIPABEJJINBO HE TOJILKO MIPU HE3ABUCUMBIX
IIepeMEHHBIX, & B HECKOJIBKO O0Jjiee 00IIeM ciydae, IMOCKOJIbKY U3
MIPEJIBIIYIIETO COOTHOIIEHNSI HE3aBUCUMOCTD IIEPEMEHHBIX HE
cienyer.

Emé 6osiee pacmputs 06/1aCTh TPUMEHUMOCTU MOYKHO, €CJIU
CUNTATH BECa CBODOHBIMU HAPAMETPAMU.

JaspHeitiee 06001IeHIE BO3MOXKHO, €CJIA JOIMYCTUTh
MIPOU3BOJILHBIE OIEHOYHBbIE (DYHKITIH

g(x) =0 [ug+ Zujs(:rj)
j=1



Komnosunuu pemawomux yHKIAH

LCBoﬁCTBa 6ycTuHra

OnennBaHue ycJ0BHOI BEPOSATHOCTH

Yeaosayto BepositHocTh ¢(2) = P(y = 1| x) npencraBum kax
HaXOJISIIUECs B TOUKe T JiBa o0bekTa: Kiacca 1 ¢ BecoMm wog(x)
u kiaacca —1 ¢ Becom wo(l — g(x)).

B pesysbrare BbINOJIHEHNsT OyCTUHTa BEC IIEPBOI'O OO'bEKTA
CTaHeT PaBHBIM

wt () = wog(z) - Ae™"),

riue Koncraura A ecrob POMU3BEJIEHNE BCEX HOPMUPOBOYHBIX
MHOXKHUTEJIEH.
Koneunsrit Bec Broporo o0bekTa ecrb

w(z) = wo(l — g(z)) - Ae®@).

Ecnu mpupaBuaTh Beca 00BEKTOB, TO TOJIYIUM

1
g(l‘) = 1+ e 28@)



Komnosunuu pemawomux yHKIAH

LCBoﬁCTBa 6ycTuHra

BycTuHr Ha mOpOroBbIX KJiaccrudukaTopax

Bycrunr Ha moporoseix kiaccudukaTopax (<«IHIX» ) sBJISETCS
Pa3HOBUIHOCTHIO OOODIIEHHOTO HAMBHOTO 0aileCcOBCKOTO
KJtaccuuKaTopa.

HeiicTBuresnbHo, Kaxkiast A¢ () B KOMIIO3UIUN

T
Blz) = oudi(z))
t=1

3aBUCHUT TOJIBKO OT OJIHOH IepeMeHHOil X;,, I09TOMYy IOce
I'PYNIUPOBKH CJIaraeMbIX BbIpasKeHUe MOXKHO IIPUBECTU K BUILY

28(x) =Y _wis(x)).
=1

[ToncraBus B BeIpakenue st (), MOy INM UCKOMBIH BH/I.



Komnosunuu pemaromux dyHKIHNR

LCBoﬁCTBa 6ycTuHTa

Mopenbubrit mpuMep

g(x)

QyHKIUA yCIOBHOW BEPOATHOCTH.



Komnosunuu pemaromux dyHKIHNR

LCBoﬁCTBa 6ycTuHTa

AnmpokcnmMariis crtaifHoM

Kyb6udecknii ciaiin Ha 20 mHTEPBAJIOB.
AdaBoost 10 ureparuii.
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I—CBOﬁCTBa 6ycTuHTa

Boosting

AdaBoost 100 ureparruit.
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I—CBoﬁCTBa 6ycTuHTa

Boosting

AdaBoost 1000 urepampmii.



AdaBoost 10000 urepartuii.
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Orcryn ecthb

T
ypB(x)
g =227 — .
) e
t=1
OIEHKY PHUCKA.

N3-3a HOPMUPOBKH B BHUJEC 3¢ CJIO2KHOCTH KOMIIOSUIIUU BJIMAET Ha
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Komnosunuu pemawomux yHKIAH

L Brisoasr

BriBoib

m Baxueiimmeit npuunnoit apdekTuBHOCTH OYCTUHTA ABJISIETCS
ucrosb3oBaane 3HdekTa He3aBUCUMOCTH (TIEPEMEHHBIX,
HOJIIIPOCTPAHCTB, MOJIEIei).

m BycTuHr Ha TOPOTOBBIX K/IACCU(PUKATOPAX SBJISIETCS
Pa3HOBUIHOCTHIO HENAPaAMETPUIECKON JTOTUCTUICCKOM
perpeccun, TaK»Ke ero MOYKHO CUYUTATh PA3HOBUHOCTHIO
(cymecTBeHHO 0GOBIIEHHOIO) HAUBHOIO HGANECOBCKOTO
KJtaccuguKaTopa.

m BycTunr peanusyer «y/IaqHblily BapUAHT
HellapaMeTPUIeCcKON alllPOKCUMAIINN YCJIOBHOM
BEPOSATHOCTH.



	 

