Regularization

=4



Outline

SN

& S5l

- 4k,

» 21

—

=4

- RIS

5

Ridge Regression

LASSO



R e 5TUE

" X
W X W @
O — L
o a a
X X
Size Size Size
f(x) =po+ P1x f(x) = By + B1x + B2x? f(x) = Bo + Bix + Box? + Bax® + Byx*

?K%)

» RILE (Underfitting) . P T-faj B, BLIEX I ZREE 1) 30L& R0 AP
IFELE DX EETZ L BE T -

WG (Overfitting) : FIAVHA W EAHFME, BONZFEAMRDRS, FXTI
RIS ROCRARF AT, B AN JCIRHEm TRGHT IR AT, 2 AR IR 2.

1’ Ilm

O




RS STUE—nRIR

\ 5 = g(Bo + B1x1 + B2x; = g(Bo + b1x1 + b2x;
97"710815&0'%'55& T ,339512 T ,B4x22 + Bs5x1X2) T ,83x12x2 T ,8495129522 + ,85x12x§’

T ,3635%952 - )




THEBEST WAYTO } _
EXPLAIN OVERFITTING __ OVERFITTIN




WAl R R R B 7

R IE =

NI ZRIN [A]

Kip

 BEIBURLE ,



AT AR 5 7

 BEINAEAS /5 1 i

 PRATZ RIS

» Dropout

RN



Co \| ect more
training examp les

price
price

size size



IEN4E

overtit reqularlzation

price
price

features features

f(x) =100+ 28x — 385x% + 39x3 — 174x* f(x) =10+ 13x — 0.23x% + 0.000014x> — 0.0001x*



IEN4E

>IN

» IRTM,  AEXS T

[ {L 715

SRR

ET A 1 d MR LA,
AT (Ui Teflih) K, SH
R NE i

P ZHORATT RS TR, A

T e ek 7 2CHT AN ]

== ==
\
A

17 R4S BT 4 98 o
PEHIRUR o



1E M4 ——Intuition

X
RGO, RATEMB BN (=00 E
O £
S, FRATHAT LA S AN BT 45 5k 6 5 S -
n (y® — gTx®)" + 100082 + 100082 size size

f(x) =Bo+ Prx + Box*  f(x) = Po+ Prx + Lox* + Pax® + Pux*

ZIK{D"iJ:, Xﬁﬁ%ﬂlﬁ IR I N 1 #&5] (penalty) : WISRAEE s/ Motk E, ME—H A BEIR
R B FIB, B/ 5], 100042 + 1000825k 2 4E% K

j;(LH: A /Me EiR TR R, =183 =~ 0LL KB, = 0. FATE M LT 58 251 Bx 1 a3 Mx* 1)
W,

B A& AR AT ANEE T By + Bix + Box?, ARG T i L& 1) i
{ESERRH, Al REA VERE 2 WML, A ENIE % 20 Rt BAR PR E i N i 5 . B A 4R




B —RHY ...

size | bedrooms | floors age avg distance to price

X, X, X, Xy in<§<c:5me coff;c,-:* osohop v
HFAEAR 22 Iz, AR I8 21 JEC 120 WIE — AN RFAE Jri A% 41
T DU P A 088 5 2 6 T FOARRAE it I AE 50, SERE AU, XS By, ..., Bg liti N FE
{511 . n1(y(l)_ﬁTx(l)) +/12 1ﬁ]
ﬁamiﬁf SO B B INAETT o FESERRAT, A& 5 i A 1 LT3 52
/MY T A0 2R BRI ECEL 5 1 RS H A P47
/M I, SR AR I m /M R A T N 25 R s A H UL A ) 2R
g/ MEE I, BUMEIVR RS ERFFAESUDRIKE, XSRS
A= 0 T WA B b2 (A P4, BSOFE 6 B




AT TN BRRZ AT, B

» HRERAf (x) =

gyl

Bo + B1x + Pox® + Bax> + Bux?

» A =0, WA IENAL

5= 1010, SRR T HOKCHIRLE,

HAAAEZBOR R T 10

AT R —AME =W, RGBT R A

g

» RENA: A Y EGUE

L




1E Mj4k——Overview

v 1 A ) AR AZ OME TR EE W R BRI A Lo FRATAE R 6 A0 403 2% eR 2T B 38 0 — > IE 0 TR
e R R S E ) — LM o i A T RE T -
Lnew(ﬁ) — L(ﬁ) + A - R(ﬁ)
» A =>0 e MrE, M1 I p A EE Bl B

X ERBUIR AL LT L@ P BRI AR AR BRI Sof tmax A4 5% pREL -

RPN ENL: Ly, (B) = - ?=1(y“)—ﬁTx“))2+/1-R(ﬁ)

 BEREIRIENG: Ly (B) = ==X (P 1logp® + (1 —yP)log(1 —9W)) + 1- R(B)

> AT Lpew (B) UG HAAE 0] DIAETS S & WA T S 00 2 BATTREZE RO CHHR(B)E 30D




A ) BTx D) 4 AX9 B2, ik A LT
> HREBIREE: XL (0 - BTY)T + A%, B

L TR B R P Dk 55
L TR AR 2 T it

iﬁ@i&ﬁl, e ,Bd H@)ﬁ)ﬁ
NZEB, .., BaHIRE



% [5] JH(Ridge Regression, 1970)

RV D2 kRt 1y 2@ = 0 lz.(x@)z 1
T T o n et T n <t

LS, B =y ==Xy ®, RREIERARKY = 0, FFHILAEIES,

1 . NN 2
> Liigge(B) = =21, (y®@ — BTx®)" + AXL, 7

 MRRL2IENfE: X9, 8% = |IBII3

> FHAERAIE: Brigge = XTX +ADTXTY, IX UL A TN H1R



#——Credit Card Balance

» RATTEHE FH R IK AR Z AR E 3704 1] A

§_ HH"- T Irjcqma
A2 AR SR A IS I 2 g . 277 Rating
3 ~ .. Student
 ABEONF, W EIAMSEAS AN kL —FE. 8 81
O g | “teal “-‘H‘
 BEEANK, WREAMB R EaE T, A 8 |
HERRAN 591 2 50 R B A I 00 S 5.
g I I I
1e-02 1e400 1e+02 1e4+04




&= e & /N3

/D AT oAl T, T [E] ) 2
I [a] 5 AR A —— 5 R =P

!
—n
=0
l
.
i
Sk

[+

fEE ARG R, WEEHR)flexibility AWK R, [ 3 -
MR B A BE /NI 5 22 0 50 R R i 22 g
£ R — N NI F: d = 45n = 50 2
BATATARIL, A =00, fmZE (B R/, J : I
B (2r2k) 1R K. o -

FHAEARIION, A% LT, 7RG ME, 35 ’
Witz Onde) TR AKINIMAR, J7728:0%

NE, mzEdaE B, S EO R ZE BT




&= e & /N3

H

\\k\

g W REE LRI, Wt Rz, S
IR ZE N N, AT A] PLAT R G i 40L& [ 7

60

50

d > nff, XA ?x_{ﬁﬁ?r‘ﬁ%%i £, X'XAHAI, 5 5
SEN TR W EIH T DA R £
X —[A) el .
S b, BRI R Y%

A



U 5] V3 PR R 1

U4 [ R AR B BT LB T 1 d AR
 IENIE AT B7 S FEAEFTA G R B 0, A%

u/\g/{ EI/J,f 1—[~/\:’fj—50 (IK_REHEA — oo) 8 - ‘HHH — Income
: .

» MR IR ZERIAE RN ] JEJdE, (BE d JEE K<
g L AT R

3
» lan,  FAT] R I s B B AR 52 Income, Limit, g - -/
Rating, Student. KMHFEATHLEERR— ) KRAXIYN i

Standardized Coefficients

Sl

REE PRI % Y e .
U (AU S PR B X —




LASSO(Least Absolute Shrinkage and Selection
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Tibshirani, R. (1996). Regression shrinkage and selection via the
lasso. Journal of the Royal Statistical Society: Series B
(Methodological), 58(1), 267-288.
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FIGURE 6.7. Contours of the error and constraint functions for the lasso
(left) and ridge regression (right). The solid blue areas are the constraint re-

gions, | 1| + |B2] < s and i + B35 < s, while the red ellipses are the contours of
the RSS.
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ELASTIC-NET

» Zou, H., & Hastie, T. (2005). Regularization and variable selection via

the elastic net. Journal of the royval statistical society. series B
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