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1CHA|: 27| (Memorization)
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3CHA|: =43} (Abstraction)

=2 +F2 Y 84
O: "DYOIY BAH SY" EH S

Training Error | (¥7] @A) (38)
Validation Error | (ZHEl Q14]) (39)
Test Error | (€%} (40)

HeH 22| s 2H
David Hume?2| X (1748):
W77} 0| E B&SH=T}?
"EfQFO| X[t 12HA SOt Lt shA, LIYE £ Z0|2H= EFO| QUL
HilZ{'doll &8
"StZ CIOIE{ oA THEIS REQUCHT SHA], A CIO|E{Ol M= O THEI 0| R=E EEO| QULt?"
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1. Mzl FEY: Khel W2 oy
2.1ID 7Y: HIO|E{7t 22 EX N FEE
3. AUH A AHZ D5y

A FH:

IID 7P’ (Independent and Identically Distributed):

-P(wtraim ytrain) — P(xtesta ytest)

Of kg0l THX|H st 2!

Ofl: 2X HM3} (Distribution Shift)

stg OIOoIE: GIEE Ot0lAOE TIHE
HIAE OOIEH: H=Z 0l0lA3dE EHOHE

IID Jt&: et XK

Z21: = &2

PAC &t& O| 2 (Probably Approximately Correct)
Valiant (1984):

AL 52 23O BBkt Al

BEe> 0,0 > 00 Cisl, Z23| 2 HE mO| A0 A:
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Chapter 1: @ &&50| & sot=J? (&S JIx)
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- k-NNO| 7&H Hek2 FA1Tt?
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C &0IlM ext 62| 20l=?
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(Gradient Descent):
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Algt$: (Loss Function)
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TSty Ho|
YHtM o= &4ote= Ch2aF 20| o ELCt

. o 0| y {o 1}

o X:ElE (F 7H9| U S L=Ct= 2[0])
° % u~E DH]:gil_“:I_u

« R*: 80| ot &4 (0,0.5, 1, 100, ...)

nAAMSEAE (AN, HEL) T HE WOt — 0 0| A9 £XIE E2{&LC
THEOR:

otLte| HIOJE| EQIE (x, y) Ol CHaH:

L(y,9) = L(y, f(z))

7|= 9|O|:

o y: A HE (ground truth, 2i|0]2)
o 0:” ﬂj} o.l E1|0|I=I ll—lotoln
7y (y hat): 22| o=
o "™ (hat)2 "FEa" = "0 =S 2l0|
o Of: o= 2.8%, o= "IH"
° f( ) EE‘”Ol ol £ HiotA| =& 3 = g

—1 - HA

o L(y,y): ¥Et o= Ato|Q] X}O|E =X[3tst &4
MA| c|o]E{Alloj| CHSt 4.
1 n
=1



1 (Empirical Risk)**0|2t1 8fL|C},
X2 oHEL|CH
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=
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I~ Al
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I~ Al
[——
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= .

Al = (0.5 + 0.3 + 0.8) / 3 = 0.53
Ll_ﬁl:l_u
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HiolE 19
GiolE 29
GiolE 39

=

—

IIE
Cp» ec
"0l

—
o

n=

&M
1l

10l 0.230110, M 2L 0.45LICH" (2
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ObATH: 0f|Z0| X+ (T4 0| %)
o S4M: 0|X0| 2 (ZH o)

o (y—19)% 2RNE MBS
o off MZ?

a. 84 QAT Y42 (|-2] = 4)
b. 2 QXt0f O 2 HYE| (24t 2 — 4, 2K 10 — 100)

FHIR A

#M:y=5, (I5:y =3
@xt: 5 -3 =2

MSE: 22 = 4

aH:y =5 05:y
@Pxt: 5 -7 = -2

1}
N

MSE: (-2)2 = 4 (S2UE 41)

P .

ZH| o] E{ AL:

MSE =~ > (s — 4:)°
1=1

A YstH:

"B E H|O[E{Q| (2AH?E Hr'H 2
=g

.« 2% (y — §)E HZ

o 2 X0 HI'FDE|E BiO| &
oflAl: E2t o=

A " () ol (1) (=}

3 2.8 -0.2%
5 5.3 +0.39
4 3.99 -0.14

04+ 0.09 + 0.01
MSE — 20 +0§9+00 — 0.0479)2

HE 2%t
0.04942
0.0924
0.01942
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2 LRI 72
St4~ (convex) - X[

o 3 O|AX|(outlier)of 212
e X 2 QXIE THSHA HILE|

A|2tst-

y=32 [,

H=gtol e =4

y: 1 2 3
Loss: 4 1 (] 1 4

I

Hl
o
z

02
o

ZH| o] E{AL:

s (BAGIEH ALE 7Hs)

A|42k = MY 5|22

—

Hrl 2%} (Mean Absolute Error, MAE)

J ‘

LMAE(ya'g) - ‘y - Y

1 n
MAE — = "
n;\y 3l



AH 2 (y) o= () 2%

3 2.8 -0.24
5% 5.3 +0.3%
49 3.99 -0.19
0.24+03+0.1
MAE = + 3 i = 0.2%
A

MSE vs MAE H|x:

rr

Ol&fXIJF A

o .
DO:‘_I_.

QoI : [1, 2, 3, 100] (1000] OlAXI)
0l = . [1, 2, 3, 3]

MSE
MAE

(02 + @2 + 02 + 972) / 4 = 2352.25 (2 HLE!)
(06 +0 +0 +97) /4 =24.25 (AEC2 &S)

Huber Loss

MSE2 MAES| Mot

Ly 9)? e o
) Ly —9) if |y —g| <9
Lituber(,9) = 4 2
Huber (¥, §) {5. ly — g| — 36° otherwise
x o

o 2 ik MSEXY S (FE2IR A|X3

o 2 X MAENZ SZ} (0| A%[0f Z2)

0.2

0.3

0.1

ol 2xt



\
\

L—MAE (HE)—

4l

(D D
= > 3
Gy Gy o™
. p—{ o p— O
— Il
= 3 -
I Kir +
= =) —
I_I
s o
N
| = 5 I
=) __ -
1 —_ H ~ ™~ ,A,_L
ol > )
v = 3
n S
1 O <
¢ T o )
o
|rn ._W__. c
._Io i o.
Mg 0 — 3
41 7 o o 3o =
— m N o T 2l
o v - - -
ﬂ_ m“ < g &
____.w z < T &l
° % ol mr S o©
g 1 ° . ook, 50 60
E m| Ol il ¢« o = A o =
=3

1| T %0 =r

HIA:

=
[



OI= A: "99% nol"oltl S8 » 24 =1
Ol = B: "51% Q0|"QI0 S8 » &4 =1
= [ 22 HEE? =38!

WX} AEZO| &4 (Cross-Entropy Loss)

ol (log)E AtESI=71?

L dH = &E =

SMY: "H = =HE 90%

A "ot S

galol Btg: "Id = /A" (s L = &E )

SMY: "H =S =8 1%

AM: 5ot S

galol B2 gl 2HE ol =0 (S8 ™1 = &4 1)
sttsoz

0% — —log(0.9) = 0.11 (X2 &4)
% — —log(0.01) = 4.6 (2 241)

= O

2= 80| ¥S+E JsiasHeRE 2 HEE|E ELCH
0|Zl £& (Binary Classification):

Lee(y,9) = —[ylog(g) + (1 — y) log(1 — 9)]

)
%)

o y e {0,1}: A 20|= (0 E& 1
o § € [0,1]: o= =& (0~1 AtO[ 2]
o log: AIAZT (20| eQl 21)

2f 0|21 Ajel7}?



BRE LIEEAILE:

Case 1: &Ny =1 (Hg0] 1)

L = -[1-10g(y) + 8-log(1-y)]

= -log(y)
y =0.9->L = -log(0.9) = 0.11
y =0.5-> L = -log(0.5) = 0.69
¥y =0.1->L=-log(0.1) = 2.30

Case 2: Xy =0 (20| 0)

L = -[0-1og(y) + 1-1log(1-y)]
= -log(1-y)
y=0.1->1L = -log(0.9) = 0.11
y = 0.5 > L = -log(0.5) = 0.69
¥y = 0.9 > L =-log(0.1) = 2.30
s
o YHO| chist 50| s=2+5 —
« HEO| e 280| X245
Xla}
o
SE o5 BEHMMS ZHLIC)
oAl AT 2R

ol 28 (9)
0.99 (hS 2H41)

Jor e e

[P
> ol

(> oo
Qvﬂ
Hv

A2

-8
W

un
o

—1og(0.99) = 0.01
—log(0.70) = 0.36
—log(0.51) = 0.67
—log(0.01) = 4.61 ¥

rk

[t
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o BHAIBHD WEB: A4 =0
. BB S2IB: 24

C}= & (Multi-class Classification):

KON S2aiA7t A2 o:

K
Len(y,9) = — Y yr log(dk)
k=1

MR DY0| -y = [0,1,0] (7, TLOI, M)
0f=: § = [0.1,0.8, 0.1]

Lcg = —[0-log(0.1) + 1 - log(0.8) + 0 - log(0.1)] = —1og(0.8) = 0.22

XX

o
- B ts
. [ =EH ool Mg
. [ BHEE v

Hinge Loss (SVME)
gel:
LHinge(y7 g) = max(O, 1— Y- g)

o7y € {-1,+1}, § € R



o+l

<l
il
fmn

ol
RO

=0 (ZAHH)

Al
=

Kir
jilg

<
o

o

un

4]

o
T

-

0

ok

<
i

MSE

MAE, Huber

o| 7] (O] %] %)
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i d
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I
ol

Cross-Entropy

=
IH

K

Cross-Entropy

|I]=
H

Ko

Hinge Loss

SVM

HEE ALE 7ts

(Differentiable): ZAtS

s
2. 28 (Convex): X|

1. 0|18 7t
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=t
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(Interpretable): 22| 2|0|7} H

=
S

3. oM 7}

(Task-appropriate): 2 E2 2%

Hlofl =gt
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L()\acl + (1 — )\):172) < )\L(:cl) + (1 — )\)L(CL'Q)

BE 2, 2,9 A € [0, 1]l che.

Al Zte}:
£ (Convex) HI22 (Non-convex) ¥
/\ ARVAN
/ 0\ / N\
/ \ / \
/ atuel o\ / oal X\
ESIENEESS ESETTI=

o arg:argument®| 2k} ="QIXp" gt

e min : minimumQ| X} = "X[AZtS OtEE"
Z

"A|AZIS OtE =

e argmin : TS o=

THH oAl



: f(x) = (x-3)2

min f(x) = ©

ol

argmin f(x) = 3

201X

1 argmin! (@ &t O =

:{)]
Il
o

o Of: M2 M 0 = [w, b]
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(100 x 50) + 50 + (50 x 10) 4 10 = 5, 56071

H
rin

2 ME?
Zt op2t0|EE 107 2f2H A =6
1055607]_1] JZ_'E)‘H]-

70| AR} TH4(~ 1080) = FM BEELICH

2
42
[T
MO
=
10
=[]
o2t

Mk 9= %|H3} (Unconstrained Optimization)
mein L(0)
m2tolEofl Mef =21 8l 3.

OfAl: 1 =7

n

min 1 Z(yz — (wz; +b))?

b mn
v i—1

w, b= O 0| E 7ts.
H|2k A= XX} (Constrained Optimization)
mgin L(0)
subject to g(0) <0
h(0) =0
OflAl: ZH= K01l H|<f

min £(w) subject to ||w|ls < C

g

JtEX|Ql 2717t CE g ¢t &,

ZHste] BREA: 0|

1Kk} 2R X (First-order Necessary Condition):
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J2|C|AE (Gradient):

Q@ HO|2o| #7t? (0]

Hf: &2 7|27] 53
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%7l_?u

&o[ 7+ 7t
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=
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1
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N
|
X
N
+
S
N
T
0
02

3h/dy = 2y = 2(3) =
o|0l: "y2 1 =Jtotd
(OlT} x=2= DH!

(m]

Hir

C o
-

°

[e)}

Ol

-

7|l MdH

e V (nabla, LIE2}): J2{CIHE 7|=
o "RE tc'li 29| 7|E7|E Dots2 A"

JEC[AEE 2t 2B § =3 HIEE W £20] Z0tLt Hot=X = LIEHLH = #HE ILIC
THH oAl

O}etOIEl: 6 = [w, b]
&4 L(w, b) = (w-2)2 + (b-1)2

I E
= [3L/3w, 3L/db] = [2(w-2), 2(b-1)]

w=0, b=0 [:
= [2(0-2), 2(0-1)] = [-4, -2]

o0 :
- wE +1 B} » A0 & 4T3 HE (2a))
- bS 41 B0t » 240 9 2013 BE (Z21)



B4 f(x) = -x?
x=00 Al :
- 1X OI2: f'(0) = 0 (BEs)
- HAg X (A BEED)
/
/
/ e BIZE (HAT S 0tY)

AOFL} HHFZ 7}

. 14018 (BE) X2
S0t 4A Flop

. 2 O (FHEE): 'S0t B0t

XAt =
1.f(z) = 0(88)
2. f"(xz) >0 (OlHZ 22 =22 2Y)

1. VL(0*) = 0 (1xF =)
2. V2L(0*) 7t ¥BES (positive definite)

SllAIQt (Hessian) WE
L
o0
L

V2L(0) = | 6,00,

Q silAleto] #vta?

2
O 2Kt MOl = 7|27(9 7|27

o "&OLt WEAH| 7= 7|7t HS=7t"

o oAl = 2%} DRSS 2ols2 ™

00,00,

>’L
962



1x 012 (AAHCHE):
"Xz 0 =0l L0tLt JHIFEI" (%)

2% 012 (BlAI2h):
oletol JIIFE0l LOHU W2 Ba=Iht (hS5)

THIE of|Al:

Fa: f(x) = x2

ol

11X OI&: f'(x) = 2x (F1291)
2% OI&: F''(x) = 2 (BE, &8 &)
»> 2% 0|20l ¢4 = 92 28 = Fag s

X1z}

Sy
oflAl2t2 FE(ROILE 20T =XI)S LIEFRLICE.

=
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o YH™BS (positive definite): 2= O ¢

Ve E =Y

/

/

- FAgt

o SHHST (negative definite): 2= WO Z Ol2fZ &

\ /e sz 2Y

\/

— Z[CHZL
o RHERZ (indefinite): O W2 9|, 0t Hek2 Of2f

A eod ey

/

(

— QH&H (saddle point)
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o 01,0, TIEIO|E S7t2| ol9| &
o A€ [0,1]: 02 1 Ato]2] A== (0fl: 0.3, 0.7)
o M1+ (1 —)N)0y: = ® AtO|o oftH H
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0.5xL(@) + 0.5xL(4) = 0.5x0 + 0.5x16 = 8
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L(07) < L(6)

012t 6% ALOI2] H Oy = A" + (1 — \)6, 2 2H:

ol 2faH:

0
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L(0)) < ALO*) + (1 —N)L(61) < L(6y)
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o Cross-Entropy (2X|AE! 3]7)
e Hinge Loss (SVM)

« MSE (
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Fold 1: [Test][Train Train Train Train] - Score;

Fold 2: [Train][Test][Train Train Train] - Score;

Fold 3: [Train Train][Test][Train Train] -» Scores

Fold 4: [Train Train Train][Test][Train] - Score,

Fold 5: [Train Train Train Train][Test] - Scores

zE 845 = (Scorey + Score, + ... + Scores) / 5
Hit:
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2. For i = 1 to K:
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from sklearn.model_selection import cross_val_score

# 5-Fold Wxt 23
scores = cross_val score(model, X, y, cv=5)

print(f"2 Fold &=: {scores}")

print(f"8 2 + E&EX: {scores.mean():.3f} *

= T
> =253

5.1.3 Stratified K-Fold

X

iy

ol Z: Stratified K-Fold

Zf FoldOf| A E2HA HI22 |21t S

SH: 2d 10%, SE 90%

Stratified K-Fold:
Fold 1: 24 10%, S4 90%
Fold 2: 24 10%, S4 90%

28: 274 HI0|E0| M K-Fold7t 233
S OOIEe: 24 10%, =S4 90%
25t K-Fold:

Fold 1: ¥4 15%, S84 85% (2 £3
Fold 2: ¥4 5%, S4 95% (28 U&
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scores

from sklearn.model_selection import StratifiedKFold
skf = StratifiedKFold(n_splits=5)

SELE

¢

.
oH-

cross_val_score(model, X, y, cv=skf)
5.1.4 A|A|€ C|o|E{2| E+4
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tH: Time Series Split
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Split 1:

[Train

1[Test]

Split 2: [Train Train][Test]
Split 3: [Train Train Train][Test]
> BHAHAZ DIHE s (¥
Of| Al:

Al

=

1)

tscv = TimeSeriesSplit(n_splits=5)

X_train, X_test

from sklearn.model selection import TimeSeriesSplit
for train_idx, test_idx in tscv.split(X):

# 85 U O

X[train_idx], X[test_idx]



5.1.5 Train / Validation / Test 3-way Split
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[y w— E”OlE‘i: [1, 2, 3, 4, 5] (n=5]H)
S¥ FE2 504 B

Bootstrap 1: [1, 2, 2, 4, 5] (30| ¢t &&)

S 1 (2D) > 2 (21) 52 (£1) >4 (21) » 5
Bootstrap 2: [1, 1, 3, 4, 5] (27t ¢t &&)

> &I 1 (€1d)»>1 (£!)->3((E€12)>4(21)>5
Bootstrap 3: [2, 3, 3, 3, 5] (1, 47t o &&)

S I 2 (220) 53 (20) >3 (F!) >3 (E1) » 5

Bootstrap B: [1, 2, 4, 4, 4] (3, 57t &8 &58)
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MM (EE B = 100 ~ 1000)
TH| = of| Al

= OIOoIE: 100
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> 100 &D

> 0™ OI0OIH= 3¢ &g =& (85)
> 0™ HOIH= o &E =& (M)
> Z1t: 10004 (B= E&)
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from sklearn.utils import resample

from sklearn.ensemble import RandomForestClassifier

n_bootstraps = 100

scores = []

for i in range(n_bootstraps):

X_boot, y boot = resample(X, y, n_samples=len(X))

# o dl 8F§
model = RandomForestClassifier()

model.fit(X_boot, y boot)

# 00B UIOIE =
# (ARZEs O 2= =WQ)

score = model.score(X_ test, y test)

40t
x}

=

JT o8
ret
el

scores.append(score)

AR

=: {np.mean(scores):.3f}")

print(f"&
print(f"95% &2 F2t: [{np.percentile(scores, 2.5):
f"{np.percentile(scores, 97.5):.3f}]")
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FP False Positive

FN False Negative

ME Jto|=

XM uhy
Hold-out
K-Fold CV
Stratified K-Fold
Time Series Split
3-way split

Bootstrap

(Confusion Matrix)

o|n|
AlF O, o= O
ARl X, oflE X
A X, 0% 0 XK

AH O, dEX XK

OflAl (& EITH
&g go= Tt
Hos Y= TH
HAE Qo= 27l
s YYL=Z 27



Of|A]: AmH TIE]

1007H Of | &:

AN AH: 157H
o & H: 8571

o= 21t
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Confusion Matrix

TN=85 FP=15
(True Negative) (False Positive)
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Negative (0)

-
©
-
ol
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<
'
- 40
Positive (1) - 10
- 20
._ 0
Negative (0) Positive (1)
(Predicted)
FN=10 TP=90
(False Negative) (True Positive)

2l MdH: 0|Zl 222| Confusion Matrix O[A].

o 21Z 2| (TN=85): MEIZ2 MEIOZ 0= (True Negative)

o« REZX 2| (FP=15): HAlE H2=Z X 0= (False Positive)

o 21Z 02l (FN=10): &2 HAIQOZE ZEZ 0f|% (False Negative)

o QEZ OI2 (TP=90): &2 2= 0= (True Positive)
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MEt: (Accuracy)
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TP +TN

Accuracy =
TP +TN + FP + FN
olo|: ™A & StEH|E
Ol Al:
12 + 80
Accuracy = ——— = 0.92 = 92%
Y= 7100
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o = x|
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ChA:
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Accuracy = 990/1000 = 99%
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5.2.3 Precision vs Recall Egjjo|EQXI

o E3flo|EQm 7} WMEH=7}?

A Y EHE 95% » "H"CZE BF?
B B: Y EHE 70% » "E"2Z2 EF?
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HCOIM &2 202 AQIE? - Threshold (& Hgh)

() Threshold (2#IZ}) 7H'd
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of =3t Ha?

Precision = 90%, Recall = 10%
M= HP = (90 + 10) / 2 = 50% « 20H!

F1 (X31) = 2 x (90x10)/(90+10) = 18% « & &I X |
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Precision Recall F1 Score
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32 - Precision + Recall

Fy=(1+6%

° /B =1:F1 (E-(g)
e 3 = 0.5: Precision SA|
e 3 = 2:Recall TA|

AL o
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ROC 34 (Receiver Operating Characteristic):
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5.2.6 PR =4 (Precision-Recall Curve)
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