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“byctnHr”
(Boosting)




s DYCTUHT

® PaHee mbl yBMAENU, KAK MOXKHO yAy4YLLNTb paboTy
AepeBbeB peleHN € MOMOLLbIO CYYaUHbIX J1€COB.
® /lanee Mbl PaCCMOTPUM APYTryI0O METOA010TUIO MO

yayyleHunto paboTbl OTAENbHOIo AepeBa PELLEHNN —
Ha3biBaeTca “OyctnHr” (boosting).
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) ByCTUHT

3TOM pa3saene Mmbl U3Y4YUM:
ByCcTUHI 1 meTa-obyyeHue
Teopusa AdaBoost (aganTnBHbIN BYCTUHT)
Mpumep AdaBoost
Teopua rpagmeHTHOro 6ycTnHra
[Mpumep rpagneHTHOro bycTmHra




“byctnHr” (Boosting)
MoTmuBauma n nuctopua
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s DYCTUHT

N,

® ByCTUHI —3TO HEe anropuUTM MalUMHHOIo oby4yeHus, a

meToaonaorma and npuMmeHeHNA K CyleCTByrolnm
dJITOPUTMaM MalUMHHOTO O6YH€HMFI, Yalle BCEro K

AepeBbAM peLlleHumn.
e PaccmoTpum naeto meta-obyyeHus...
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s DYCTUHT

e OcHoBHasa dopmyna anda 6ycTuUHra:

Fr(z) = Z fe(z)
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_) BycTuHT

e OcHoBHasa dopmyna anda 6ycTuUHra:
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T B
Fr(z) = ; [ft (x) = ath(a:)J
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e OcHoBHasa dopmyna anda 6ycTuUHra:

T B
Fr(z) = ; [ft (x) = ath(a:)}

® 31ecb noapa3ymeBaeTcd, YTO KOMOUHaLUMA 0OBbEKTOB
estimator c HeKOTopbIMUN KOIPPULIMEHTAMMN MOXKET
BblJaBaTb pPe3y/bTaTbl ANA BCEro aHcambna.
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e OcHoBHasa dopmyna anda 6ycTuUHra:

Z‘ ft F o7 h(a:

® 31ecb noapa3ymeBaeTcd, YTO KOMOUHaLUMA 0OBbEKTOB
estimator c HeKOTopbIMUN KOIPPULIMEHTAMMN MOXKET
BblJaBaTb pPe3y/bTaTbl ANA BCEro aHcambna.
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<§__’ BycTuHr

e MoxXeT im aHcambab 13 cnabbix (NPOCTbIX) Moaenen
CTaTb CUIbHOU MOAENbIO?
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s DYCTUHT

e MoxXeT im aHcambab 13 cnabbix (NPOCTbIX) Moaenen
CTaTb CUNbHON MOAENbIO?

e [lna nepesbeB peLIEHNN Mbl MOXeM B Kadectse h(x)
MCMOJ1b30BaTb NPOCTble AepeBba, 06begUHNB UX MOTOM
C HEKOTOPbIMU KO3PDULUMEHTaMU
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® lVpeAa rpagneHTHOro byctnHra 6bina BbiCKa3aHa Jleo
BpemaHom B 1990x rogax - oH yBuAEN, YTO OYCTUHT
MOHO MPUMEHATb KaK aJIdPUTM ONTUMU3ALUUN ONA
CTOMMOCTHbIX PYHKLNM

e [lo3xe [)xepom ®puamaH M MHOrmMe apyrme
nccaeanosaTenun pa3pabotanm 6onee ABHbIE
GOpPMYNNPOBKU ANA TPaANEHTHOro bycTmHra.
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s DYCTUHT

® TakKe B KOHLe 1990x ronos Moas ®poiHa u PobepT

LLlanupe pa3pabotanu anroputm AdaBoost
(apanTuBHBLIM OYCTUHT), KOTOPbIX TaKXKe obbeanHAeT

bonee cnabbie moaenu B eaAnMHbIK aHCambab AnA
yCuneHua obuen moaenn.
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e /lanee mbl nocmoTpmm AdaBoost 1 y3Haem, Kak MOXHO
0b6beaAMHNTb HECKO/IbKO c/1abbix moaenen B aHcamb1b
ana ycuneHma obwen moaenu.

® TaK)Ke Mbl y3HaeMm, Noyemy AepeBba PeleHnm Tak
XOPOLLO NoaxoaAaT Ana bycTuHra.
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AdaBoost
TeopwmA
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e AdaBoost (aganTuBHbIN BYCTUHI) NCNOAb3yeT
aHCcambin cnabbix moaenen n 3atem obbeanHAET UX C
NMOMOLLLbIO B3BELLEHHOW CYMMBbI.

® ApanTtauuAa COCTOUT B TOM, YTO PaHee CO34aHHble
c/labble moaenn NCMoNb3YHOTCA MPU NOCTPOEHUN
cnegyrowmnx cnabbix moaeneun, yTodHAA UX noseaeHme
ANA HENPABUAbHO KNacCUPULMPOBAHHbBIX TOYEK.
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| BYCTUHT

® YT10 TaKoe cnabaa mopenb (weak learner)?

O ITO CAULWKOM NPOCTaa Mmoaenb — OHa cama rno cebe He
NAET 4OCTAaTOYHO XOPOLUUX Pe3Y/1bTaToB

PIERIAN




s DYCTUHT

® YT10 TaKoe cnabaa mopenb (weak learner)?

O ITO CAULWKOM NPOCTaa Mmoaenb — OHa cama rno cebe He
NAET 4OCTAaTOYHO XOPOLUUX Pe3Y/1bTaToB

o [pocTenwee aepeBo peweHnm — oANH KOPHEBOU y3e
M ABa NNCTOBbIX Y3a:

= o
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® B oTtanume oT ogHOro AepeBa peleHnmn, KoTopoe
obyyaeTca cpa3y Ha Bcex AaHHbIX, AdaBoost
arpermpyeTt HecKo/1bKo cnabbix moaeneun, no3Bonas

obyyaTb pe3ynbTUPYIOLLYIO aHCambnaeByo moaenb

nocTerneHHo.
e /laBamTe NOCMOTPUM, KaK 3TO BbIrAANT C TOYKU 3peHUs

OAHHbIX...
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e [IpeactaBmum cebe 3aaavy KnaccupuKkaumm:
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e KaK MOXeT BbIrnaaeTb NnpocTenllee Aepeso?

® 0

O
O

o
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o
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X
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N

e KaK MOXeT BbIrnaaeTb NnpocTenllee Aepeso?
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e KaK MOXeT BbIrnaaeTb NnpocTenllee Aepeso?

s %o © %
‘oo @l O
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® Kak mbl moXem 06begUHUTb NpocTenwine aepeBba’?
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® [Ipouecc AdaBoost:

o
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® OCHOBHble GOpMY bl
® lllarm anropnutma
® BusyanbHOe NpeacTaBAeHUE Aa/ITOPUTMA




® [lpouecc AdaBoost: OcHOBHble dopmy /bl

e © T
X, ‘. O.O FT(ZI}) — Z‘ft (CU)
O @) t=1
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® [Ipouecc AdaBoost:
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® [Ipouecc AdaBoost:

o O
O
x| @ o
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X1
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E; = Z E[F; 1 (x:) +[ah(z:)]
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® [Ipouecc AdaBoost:

o O
O
x| @ o
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O O
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X1
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E; = Z E[F; 1 (x:) +[ah(z:)]
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® [Ipouecc AdaBoost:
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E, = Z E|F;_1(x;) + ath(z;)]




® [lpouecc AdaBoost: LLlarn anropntma

. 0.0 ° TepmuHONOIrMA ANA aNrOPUTMA
“ o OO © o ® ToYkM AAQHHbLIX L1 ...Tp
X, * Tpebyemble pesynbtathl ¥; ... Yn,y € {—1,1}
®* HavanbHble Beca Wi ...Wn1 PaBHbI %

*  OyHKUMA OWNOOK E( f(z),y,i) = e Yif(zi)

* Cnabole mogenu h:x — {—1,1}
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® [Ipouecc AdaBoost:
NnatorlpoT:

0.0 o
O
X, O
O O
O O
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Boibupaem hy(x):

Haxoaum cnabyto mogens hy (), koTopas
MUWHMMU3NPYET B3BELLEHHYIO CYMMY OLIMOOK

A4 HenpaBUJ1bHO KJ'IaCCMCbMLI,MpOBaHHbIX

TOYeK: U
€t — E Wwj ¢
=1

ht () #y;

Bbibupaem ¢, =

1 (1_625)
— In
2 €




® [Ipouecc AdaBoost:

e ® AnatorlpoT:
o
X, .' ° o * [Jobasnaem B aHCambb:
o o
X ° Ft (CE) — Ft—l (33) <+ atht (iE)

* (QO6bHoBNAeM Beca:

* Witt1 = ’wi,te_yiatht (i) anaiorlgon

®* Hopmanusyem Wj¢41 TaK, Ytobbl

E Wi t+1 — 1
)
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e [lpouecc AdaBoost: Busyannsauma anropntma

. 0.0 ° TepmuHONOIrMA ANA aNrOPUTMA
“ o OO © o ® ToYkM AAQHHbLIX L1 ...Tp
X, * Tpebyemble pesynbtathl ¥; ... Yn,y € {—1,1}
®* HavanbHble Beca Wi ...Wn1 PaBHbI %

*  OyHKUMA OWNOOK E( f(z),y,i) = e Yif(zi)

* Cnabole mogenu h:x — {—1,1}
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NP

® [Ipouecc AdaBoost:

X]

ah oo
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OnatorlpoT:

o O
® O
= * Bblbupaem h;(x):
o |® @
O O ®  Haxoaum cnabyto mogens by (), kotopas

MUHUMU3NPYET B3BELLEHHYO CYMMY OLLIMOOK
ANA HENPABU/IbHO KNAacCcUPULMPOBAHHbIX

TOYeK: L
€t — E Wwj ¢
=1

ht () #y;
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N, P

® [Ipouecc AdaBoost:

X]

ah oo
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OnatorlpoT:

O © M
> * Bblibupaem h;(z):
O O O P t( )
O O ®  Haxoaum cnabyto mogens by (), kotopas

MUHUMU3NPYET B3BELLEHHYO CYMMY OLLIMOOK
ANA HENPABU/IbHO KNAacCcUPULMPOBAHHbIX

TOYeK: L
€t — E Wwj ¢
=1

ht () #y;
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® [Ipouecc AdaBoost:
NnatorlpoT:

@ ©
el @
@ | O O

O O

o

ah oo

X'I
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* Bbibupaem hi(x):

Haxoaum cnabyto moaens by (), kotopas
MUHUMU3MPYET B3BELIEHHYI0 CyMMYy OLIMBOK

NN HENPaBUIbHO K1accUPULIMPOBAHHbIX

TOYeK: U
€t — E Wwj ¢
=1

ht () #y;
Bbibupaem ¢, = %m( 1 — et)




#e] DYCTUHT

® [Ipouecc AdaBoost:
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® [Ipouecc AdaBoost:
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® [Ipouecc AdaBoost:
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® [Ipouecc AdaBoost:
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® [Ipouecc AdaBoost:
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® [Ipouecc AdaBoost:
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® [Ipouecc AdaBoost:
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® [Ipouecc AdaBoost:
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® [Ipouecc AdaBoost:
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® [Ipouecc AdaBoost:
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® [Ipouecc AdaBoost:
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® o 0
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® [Ipouecc AdaBoost:
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® [Ipouecc AdaBoost:
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® [Ipouecc AdaBoost:
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® [Ipouecc AdaBoost:

O
P O

O
O ® @
O

&

+“{ug o] T el omf e )

PIERIAN (& DATA




#e] DYCTUHT

® [Ipouecc AdaBoost:

| e o
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e AdaBoost ncnonb3yet aHcambam cnabbix moaeneu,
KOTOpble NocTeneHHo (MmeaneHHo) obyyatoTcs.

® HeKoTopble cnabble moaenn BHOCAT B PUHANbHbBIN
pe3ynbtat 60nbWNIN BKAAL, YEM APYrne — 3TO
VYUTbIBAETCA YMHOKEHMEM HA NapameTp asbda.

e Kaxpaaa nocnepytowas mogenb t obyyaercsa Ha 3aHOBO
B3BELUEHHbIX AaHHbIX OT npeabiaylien moaenu t-1.

PIERIAN (& DATA




s DYCTUHT

® /IHTYUTUBHAA MHTepnpeTauuA:
O Ka)kgoe otaenbHoe NpocToe Aepeso npeacrasndaer
CUy NpeAcKas3aHMA TOro AU MHOTO NPU3HAKa
o [locTeneHHOe NOCTpOEeHMe TaKNX AepeBbeB U
npUMeHeHMe NapameTpos asibPpa NO3BOAAET HaM
KOMBUHMPOBATb BMECTE BAaXKHOCTb Pa3/IMYHbIX
NPU3HAKOB.
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® 3ameyvyaHuA:
o B oTanume ot cnydyamHbix necos, AdaBoost moxkeT

npuBOAUTL K nepeobyvyeHHocTn (overfitting).
o OO6bl4HO owmnbKa cTabnunnsnpyeTca HAMHOIoO PaHbLLUE,
4em KOZIMYeCcTBO AepeBbeB CTAHOBUTCA HACKOJ/IbKO

60nbLWNM, YTO BO3HMKAET nepeobyyeHHOCTb.
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AdaBoost
[Inwem Koag —4acTtb 1 - AaHHbIE
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® B 3TOoM npoeKkTe no mawmHHOMY 0by4eHnto Mmbl bygem
paccmaTpmuBaTb NPUMEpP, B KOTOPOM MOCTPOEHUE
NnpeanKTUBHOMN MOAENN HE ABNSETCA OCHOBHOW Le/bIo.

e /laBanTe B3rnAHEemM Ha AaHHble, YTOObI y4ylle NOHATL
PAaMKN NPOEKTA.
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® [laHHble o rpubax - mushrooms.
o MHOXecTBO KaTeropmaabHbIX MPU3HAKOB A8 rpnbos

o Moxem nnm mbl NMPUMEHNUTb MaAlLUNUHHOE O6V‘-I€HM€ and
ABYX 3a43au:
" [lpeacKasaTb, Cbea0OHbIN M TPUD AN A00BUTbIN

" Co3paTtb npegynperxkaatolme coBeTbl Ana cobnpartenem
ronbos
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e MeToabl HA OCHOBE AepeEBLEB pPeleHUN UMEIOT
BO3MOXHOCTb OnpeaenAaTb BaXXHOCTb NPU3HAKOB.

e AdaBoost Ha oTaenbHbIX Warax paboTaeT c NPOCTbIMMU
nepeBbAMM, 3TO MOXKET ObITb NO/1IE3HO ANA CO3AaHUA
coBeToB cobupartenam rpnbos.

® [locmOTpMM Ha AaHHble B baoKHOTE!
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AdaBoost
[Inwem Koag —4yactb 2 — moaenb
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[pagneHTHbIN OYCTUHT
Teopwua
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® lpea rpaaneHTHoOro 6yctmHra noxoxa Ha AdaBoost —
cnabble moaenun co3aatoTcs NOCTENEHHO, N 3aTEM
obbeaANHAITCA B aHCaMbb.

® [lpn obyyeHUn rpagameHTHbIN BYCTUHT NCMONb3YeET
oLMnOKM octaTtkos (residual errors).
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® [paaueHTHbIN BycTuHr v.s. AdaBoost:

O B rpagneHTHOM bycTUHre gonyctumsbl bonee rnybokune
nepeBbs

O KoadpdunumeHT “learning rate” oanHakoB ana Bcex cnabdbix
Mmoaenen

O ObyuyeHUe oyepeaHON MOAE/IN BbINOJHACTCS C
ncnosib3oBaHMem ocTtaTKoB (residuals) npeabiaywen moaenu.
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® [lpumep - rpagmMeHTHbIN OYCTUHT ANA perpeccum

Area m? Bedrooms | Bathrooms Price
200 3 2 $500,000
190 2 1 $462,000
230 3 3 $565,000
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e Ob6yyaem Ha 3TUX AaHHbIX AEePEBO PELUEHUM

ByCTUHT

Area m? Bedrooms | Bathrooms Price
200 3 2 $500,000
190 2 1 $462,000
230 3 3 $565,000
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N

® [lonydyaem nporHosmpyemble 3HayeHna Yy

~

: : £

$500,000 $509,000

$462,000 $509,000
$565,000 $509,000
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® Bbiuncnsem octatku (residuals): e = y-y

~

y y e A

$500,000 | $509,000 -$9,000

$462,000 $509,000 -$47,000
$565,000 $509,000 $56,000
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e Co34aéM HOBYIO MoAenb ANA npeackasaHnsa oWwmnbKu

~

y y e
$500,000 | $509,000 -$9,000

$462,000 $509,000 -$47,000

$565,000 $509,000 $56,000
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e Co34aéM HOBYIO MoAenb ANA npeackasaHnsa oWwmnbKu

~

y y e N

$500,000 | $509,000 -$9,000

$462,000 $509,000 -$47,000
$565,000 $509,000 $56,000
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e Co34aéM HOBYIO MoAenb ANA npeackasaHnsa oWwmnbKu

ByCTUHT

PIERIAN (& DATA

y y e f1
$500,000 $509,000 -$9,000 -$8,000
$462,000 $509,000 -$47,000 -$50,000
$565,000 $509,000 $56,000 $50,000
( Area m? Bedrooms Bathrooms
200 3 2
190 2 1
230 3 3
\-
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e Co34aéM HOBYIO MoAenb ANA npeackasaHnsa oWwmnbKu

ByCTUHT
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y ¥ e f1
$500,000 $509,000 -$9,000 -$8,000
$462,000 $509,000 -$47,000 -$50,000
$565,000 $509,000 $56,000 $50,000
( Area m? Bedrooms Bathrooms
200 3 2
190 2 1
230 = 3
\
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® YTOoYyHAem npeacka3blBaemMmoe 3Ha4eHUeE

ByCTUHT

y y e f1 Fil=y+f1
$500,000 $509,000 -$9,000 -$8,000
$462,000 $509,000 -$47,000 -$50,000
$565,000 $509,000 $56,000 $50,000
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® YTOoYyHAem npeacka3blBaemMmoe 3Ha4eHUeE

ByCTUHT

y y e f1 F1=y+f
$500,000 | $509,000 | -$9,000 -$8,000 | $501,000
$462,000 | $509,000 | -$47,000 | -$50,000 | $459,000
$565,000 | $509,000 & $56,000 $50,000 | $559,000
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e Morkem aanee NOBTOPATb 3TOT NMpoLece

ByCTUHT

y y e f1 F1=y +f1
$500,000 | $509,000 | -$9,000 -$8,000 | $501,000
$462,000 | $509,000 | -$47,000 | -$50,000 | $459,000
$565,000 | $509,000 | $56,000 $50,000 | $559,000
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e [lpouecc rpagmMeHTHOro bycTuHra

Fr = m—l‘l_fm
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e [lpouecc rpagmMeHTHOro bycTuHra

Fr = m—l‘l_fm

F,, = F,,_1 + (learning rate *x f,,)
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e [lpouecc rpagmMeHTHOro bycTuHra

O Co3pgaem Ha4vyanbHYO modenb fo

O Oby4yaem Apyryto moaenb Ha OLMNDOKe
me=-y- fo

O Co34a€M HOBOE NMPOrHO3UPYEMOE 3HAYEHMNE
" F,=1f,*nf,

O [oBTOpPsAem Npmn HEOOXOAMMOCTHU
nF =f +nf
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j BycTUHr

e /lna 3a4a4 KnaccuPUKaumm mbl MOXKEM NPUMEHATD
METPUKY OLIMNOKN Ha ocHOoBe norapudma:

S
|
—
O
09
>
3>
|

PIERIAN (& DATA




#e] DYCTUHT

e [lapameTtp “learning rate” B rpagneHTHOM ByCcTUHTE
OAMHAKOBbIN A/ KaXKA0W nocneaytowen moaenu (B
OT/IMYMe OT NapameTpoB anbda B AdaBoost).

® [paAMEeHTHbIN BYCTUHT AOCTAaTOYHO YCTONYUB K
nepeobyyeHuto (overfitting), 4yTo No3BONAET BbICTABUTD
napameTp number of estimators BbiIcCOKMMm no
ymonyaHuto (~100).

PIERIAN (& DATA




.) BycTuHr

® [IHTepnpeTauus rpaaMeHTHOro byctmHra

o Mbl onTMMM3npyem Nocaea0BaTeNIbHOCTb AEPEBLEB,
oby4yanacb Ha OCTaTKax — nocaeaylolme gepesbs
NbITAlOTCA UCNPaBUTb OWWMBOKM NpeablayLLmnX

epeBbeB.
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s DYCTUHT

® [IHTepnpeTauus rpaaMeHTHOro byctmHra

o banaHc, KOTopbIN HYKHO COBIHOCTU — 3TO BpEMS
obyyeHus.

o [MapameTtp “learning rate” ot 0 no 1. HM3KKMe 3Ha4YeHusn
NA0T MEHbLUMIN BeC NocneayoWwmMm AepeBbam, 3TO

NPUBOAUT K YBEIMYEHNIO KONMYECTBA AEPEBLEB U
VBENIMYEHUIO BPpEMEHM HA 0byyeHme.
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[pagneHTHbIN OYCTUHT
[lnwem Koa
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