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Section1 -+ Learning and Generalization

Training Data and Test Data
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k& At=2t HIAE Xt&

DEFINITION DEFINITION

st4& X}2 (training data) HIAE X} (test data)
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T XS MSEZ A4t

0% 2*}(prediction error) & W H|Z 2%l (mean squared error, MSE) = HC}

MSEtrain =

train ietrain

Xt
otE KtRO|A Al Alst MSEktain

Source: James et al. (2023), Section 2.2.1.
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Source: James et al. (2023), Section 2.2.1
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Checkpoint

Training Data and Test Data
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Section2 « Learning and Generalization

Error Decomposition
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= f(X) +e, e2 X2 =-O0|2E(e) =0

f(X)

€
Xt FOIFE o vel ZYEX| 2 el eHst 253

Z78 7|52k (conditional expectation)

Z2 XOME e W20l Y7t E2kE £ ATt

Source: James et al. (2023), Section 2.1.1.
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Source: James et al. (2023), Section 2.1.1.
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XIS 2 JI1EL

S D1 1ot 424 XE DSHT TS <0l et 71822 Wi R %t
E[(Y - f(X)? | X=x] = [f(x) — f(x)]>+ Var(e)
BUAYsoK  BYUS s
(f(x) — f(x) + )>2 TAIH E(e) = 00|12} WAFO| Al2ER| D E(£2) = Var(e)0| EH=Ct
Y 4 e ot B 4 gl %t
DHEZ HHRO| £ £ = §&(reducible error) f= d=ts| Yot Hi= FE(irreducible error)

Var(e) > 00|H A& 6= 22| 7[Sgk2 00| & 4~ 8iCt

Source: James et al. (2023), Equation 2.3.
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Checkpoint

Error Decomposition
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Section 3 + Learning and Generalization

Flexibility and Error

D& SHE ef Zetkl= & 24t
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Source: James et al. (2023), Figure 2.9.
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T 4ol Ct=A| ZEelct

Jzlo| 7122 Flexibility7} B'Y 2XES st}

A
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SHAH| = N
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DEFINITION
&8t (overfitting)

otE Xt=o| TEMMAI w2yt ot QA= AR M Atz o| A= B =TSt AL HE S

AlS e =St

Atz Flof A= 2A| —| I 2E0 A= == Ly =2 720K et 2

Source: James et al. (2023), Section 2.2.2.
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L

DEFINITION

IS} (generalization)

MZ 2EE X200 M 7|chiel= 22| 845

A= 2t an e
HIAE Xtzo| 2%t QtOZ nht D= Xt @At

EIAE 2Xt= 2iel 452 FFA0[X| 2 XtA|7t OfL (Tt
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Source: James et al. (2023), Section 2.1.3.
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Checkpoint

Flexibility and Error
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Section4 + Learning and Generalization
Bias and Variance

HAE X7l UXIE 2= 0|8
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DEFINITION DEFINITION
Hgk(bias) 2(variance)

& 2AECH theot -S| RN X} &t& At= 7t HHH Xgtol 252

rr

He

Source: James et al. (2023), Section 2.2.2.
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Bias(F(x0)) = E[f(x0)] — f(xo). 7ISHgtT HALS Bt KRS HER 70 &1L F(xo)0ll CHSt 2

M| €0] 25 0 O|20|22 HIAE 2X}o| 7|2 Var(e) 2Et ZOFE 4= giCt

Source: James et al. (2023), Equation 2.7.
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Source: James et al. (2023), Figure 2.12.
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BAxfgt

DEFINITION

A X (underfitting)

DO| & P2} ks 3t A2 0| EAEA BHR| S8 Alef

Bamz gt
= QK7HRE 3L} &g @it A1, SEEE HFEH M A=
A7t E0{ECE
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HEE HWol= X2 272

Q= Z(error rate)2 TA| 2= 5 R 2RSHH|E

1 ~
Errtest = — I(V(D e C(X(OD
test jctest
I¢-) C(x)
Salod 1, 28]t 0 Deo| o3t

Source: James et al. (2023), Section 2.2.3.
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Checkpoint

Bias and Variance
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How Can Preprocessing Distort

Evaluation?

Next Lecture: Data Leakage
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