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It Works!
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» BEHLARIR. boosting. dropout

» netflix prize, kddcup, imagenet, kaggle...
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L=(y(x)—t)

= [/ (x( p(x, t)dxdt
HR#EEuler-Lagrange /s =
https://en.wikipedia.org/wiki/Euler-Lagrange_equation

2 [(y(x) = t)p(x, t)dt =0

3: y(x) = [ tp(t|x)dt = E¢(t|x)
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h(x) = E(tx) = [ tp(t]x)dt

EW =[]0~ 02p(x )t
= [ ) = ¥ o+
/ {h(x) — t}° p(x, t)dxdt
e
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;D) — h(x)}?

= {y(x: D) = Eply(x; D)] + Eply(x; D)] - h(x)}?

= {y(x: D) = Eply(x; D)]}* + {Eply(x; D)] — h(x)}* +
2{y(x; D) — Eply(x; D)} {Eply(x; D)] — h(x)}

Ep {y(x; D) — h(x)}?
= {Eply(x; D) = h(x)}* + Ep {y(x; D) — Ep[y(x; D)]}?

= (bias)? + variance
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High Bias Low Bias
Low Variance High Variance
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Test Sample

Prediction Error
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Training Sample

Low High
Model Complexity
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A Bagging

Hy%: Bagging

foN: YIREED, FFEIBEC IIGRHT

fort =1,2,...T do
MINZGHEDHFENLE I mAMEEA,  HH 7445 D,
WL h, = (D)

end for

il H(x) = argmax,ey 7, 1(h(x) = )
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Exly(x
= Edy(
Ex[y(x
Ex[y(x

X

) -
) -
) -
) -

WV

Ui

h*(x))°
Hbaggmg(x) + Hbaggmg( ) h*(X)]2
Hbaggmg(x)] + E[Hbagging(x) - h*(X)]2
Hbaggmg( )]2

i bagging 7575, ALYy 22, $RTHRARCR



A % R,

>
3
=

I

y(x) 4 &m(x)
E[{hm(x) = y(x)}’] = E[tm(x)]
MR 1) P 3501 22 A «
Eaverage = % Zﬁn/,:l E[fm(X)2]

M 2
Ebagging = {M Z } ]
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ik
EX[&m(X)] =0
Eém(x)&(x)] = 0  [#m
H:
Ebaggfng = %Eaverage
Wi B
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A Boosting

» Boosting® /e — RIITTIL
» JAZZ A adboost ) FELNHE S

» X B A4 Gradient Boosting Machine
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L(f) = 2is Ly, fi(x))
i EE A TR B2, 13 B A
f= argming L(f)
P TT 12 R ATEARIA B T i
fm = 27;1 hi
Horr £ RIEAHEAT BB mEE B, hiJ SR IA AR AL AR L 1

fem
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WL T BRI T I

hm = —pm&m
[
_ | 9Ly f(x:))
glm - |: af(X,‘) ]f(xi):fm—l(xi)
G

pm = argminyL(y, fm_1 — pgm)
BEHTAR T .

fm = fm—1 — PmEm



A gradient boosting

bR K T R BE e
> LA 2 T AR 8 ol o 2 1)

» ERFARES, =20 b WAL EAR AL T AN
5 2 #x (tree)

> FEJUAZE I oy = fr1 — pmgm»  TEBRECT A
Hfm = fm_1 + pmBaselearnerp,
Wi A
FH2- 2] 2818886 % (Baselearning 81 —g.,)
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GHES
| 9Ll f(xi))
8im = |: of (x;) ]f(Xi):fm—l(Xi)
PAige /> — 3 A5 -
L= %Z,N:l(y, - fm—l(Xi))2

XK T, RN
8im = Yi — fmfl(Xi)

BaseLearnery, N2k HAR N (x1, g1m), (X2, &2m)-- (Xn, 8nm)
Om = argmine 3_ L1 (—gim — T(xi; ©))>?



A Gradient Boosting Machine

Hyk: Gradient Boosting Machine
BN: MZIED, FrSIRIRG IR ET
DTEED B gyiiatts = ¢
2)fort =1,2,...T do
a)fori=1.2,.N
git = ¥i — fe—1(xi)
b) MIZRHT I CAUE (i, gie)
o WEPK
pt = argmin,L(y, fr—1 + pCt)
d) BB (x) = fr_1(x) + peCe
end for

iﬁﬂj f(X) = fT(X)
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XGBoost
> SCRFBENLARAR
» SZ¥FGradient Boosting Machine
» https://github.com/dmlc/xgboost

> BEALESEE R BRI S 28— B FF, xgboostse —F @ JT
fpsi

> HE AR T E
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» Boosting IENI1k, Shrinkage, fiiHrandom forest[]/E 48
» Boosting BB I, A AT Goverfitting?
> fhfa s %

> max margin
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A A4 Hdropout

> MR 2% R SR AR T ZE AR

> MM E B K (deep), W H K Hbagging 17775114k
AU 5] A BE #2532

> dropoutmuﬁ%ﬁw\/ﬁ\



A 4 fdropout

> B EMEILAn DRI (NEEED
> X TEEANIIGRIIG], BRI O A — E M p it £ 3¢
» fRip=0.5, BEIig FILYNZR 720 MR, T S A EA 4+
FEO(n?) o (AT /)
Wi B
dropout/Z2dEH Z BRI A, XL LS540, RN
BN ZRIRHAR D



A 4 2 dropout(£E)

A 1 FE dropout ) B (U 28 I 45 -

PN VS SV

1% F dropout [ FiF 45 #4148 I 4%

r' ~ Bernoulli(p)
y = r/ * yl
J S - W’H;/ 1 pitt

ytto = (I



& DAY B ffdropout

> LR W, = pW!
» baggingfllboostingif i L 12, Tidropout{R{k

> % OB HLIHEK A dropout HOBUEL I FIAMT B MR
SICONLD
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> VHBRAIY 24 2 [A] ) co-adaptations
F BB A dropout BOE K 5 HAh 2ot
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fifeRE —, S AZR A [V 9 -
1Y — Xw|[?
5| ANdropout:
miny Eggermoutip)[|| Y — R * XW||?]
BRI, ST
ly = pXw|* + p(1 = p)[[Tw|[? , FiT = (diag(X T X))1/2
Hw = pw
lly — Xw|[2 + 2||rw|[?
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R —
- —FERE A MIL2-Norm, IETIAL
> BHIRMEHTAT LI
- W RO T A R S A T
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