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“Programming computers to learn from experience should eventually eliminate the need for much of this
sa 4 UEE mRadud 4 Ucty,

detailed programming effort, ZAFE7l A2 S
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. 7|7 BH&0|2t?

. HCfE Hol

“A computer program is said to learn from experience E with respect to some class of tasks T and
performance measure P, if its performance at tasks in 7, as measured by P, improves with experience E,

B
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ES Saf AS0| HMECHH 0 ZRIUS SES Bittn LE 4 UCHMichel1997(2x)]."

“Programming computers to optimize a performance criterion using example data or past experience
Al dIolE, & 1tH ZEYES 086t s 7|8 AXNEtet=E Z22{YUst= EH[Alpaydin2010]”

“Computational methods using experience to improve performance or to make accurate predictions
NS HMsHALE HESHA ciEst7| 2l d-S 0183t AlLtah B E[Mohri2012]”
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o OjL|ZE(manifold): HIOIE7I Y= St
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Small
Euclidean
distance

£X: https://roytravel.tistory.com/105

Large
geodesic
distance
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Reasonable distance metric . .
Interpolation in manifold Reasonable distance metric
Interpolation in high dimension

£X: https://m.blog.naver.com/PostView.naver?isHttpsRedirect=true&blogld=coniecual&logNo=221417921857 30
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X Sha-objective function = H|%t (cost function)
. Al(1.8)2 MY 3I7AS 93t 25 B4
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2> o= 6

« ol J(©)) > J(0,) > J(©;)

(1.8)

COER LR 0, = (w, b )THEE D> 0,=(w, b )TEHNME > ©;=(ws,b;)T
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* L1 Regularization (Lasso)

* L2 Regularization (Ridge)

£X: https://seongyun-dev.tistory.com/52

L1 Regularization

Cost = Z(v —Zx,,nf) +AZ|W

L2 Regularlzatlon

M
Cost = Z(V — Z X H/])Z 4+ Z ”/2

Loss function Regularization
Term
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* L1 Regularization (Lasso)
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1 A
Cost = ;Z{L(yi,yi) +Zwl)
l:

L(y;, 7,): 7I&2| Cost function Vi

» L2 Regularization (Ridge) >

1w A
Cost = EZ{L(}’M’J +§|W| }
l:
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e
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« H[O]= FE| (4 (2.26))
P(y,x) = P(x|y)P(y) = P(x,y) = P(y|x)P(x)

y = argm}z/&x P(y|x) (2.27)
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Cov(X,Y)= E[(X— E[X])(Y— E[Y])]

= E[XY— XE|Y]— YE|X|+ E|X]E|Y]]

= E|XY| - E|X|E|Y|-E|Y|E|X]|+ E|X|E|Y]
;. Cov(X,Y)=E|XY]|—-E|X|E|Y]
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1] Cov(X,Y)= Cov(Y,X)

2] Cov(X,a)=0 , (a=constant)

3] Cov(X.X)= Var(X) > 0

4] Cov(X,+ X,,Y) = Cov(X,,Y)+ Cov(X,,Y)

5] Cov(aX,Y)= aCov(X,Y)
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- ZHO|E9| 7|= el > =HEO[ HESrE RS2 EE

o I|-7 | 7§;| H self information

AA(HAIK]) 2] BEE (29l: B|E E= LX)

h(e;) = —log, P(e;) Y¥+= h(e;) = —log, P(e;) (2.44)
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. BB 10| 2EAMS LIEHE AE D)

aw
~
=
—
I

= ) PlelogyP(e) i HG) == ) Plelog.P(e) (2.45)

=1k

I
=
=

HShEEYE H(x) = —f P(x)log,P(x) Y+= H(x) = —f P(x)log,P(x)  (2.40)

107



Chapter2.2 — &1} S/

« A7 BELF AEZD] OffA]
ol % 2-8

S UEl= S8HE x2t & of x| JEZI|= Ch33 2Lk
=\ T T s - - -_ — —_— _— = E
H(x) (16 log, — + —log, — + —log, — + —log, —+ —log, 16) 2.0306H|E

FAR= =0| 671 25 1/60|2t= 22t 2&S 7IZIct 0| 3% AE=ZI|E A

>

ol Ch=at Zrth

H(x) = (11 1+11 1+11 1+11 1+11 1+11 1)—2585t1|vs
= T\g 082 T g B2 T 0B T 0By T g 082 g T 082 ) = & =

FAIR7t 2Lt AEZL|7} =2 0|FE?
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o 1l X} @l E 2 1|cross entropy

. T SIEET pot O AIO|Q| A} HE 21|

H(P,Q) = = ) P()log;Q(x) == ) P(enlog,Q(e) 2.47)

=1k
. A2 FHHE,

H(P,Q) = - ) P()log,Q(x)

= — Z P(x)log,P(x) + Z P(x)log,P(x) — Z P(x)log,Q(x)

P(x)
Q(x)

KL CHO|EHE™ A 109

=H(P) + Z P(x)log,
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- o

KL CIO|HHA™ A
. AI(

—

8)2 P2t O AlO|2| KL CIO|HF A

« FEEEE MO HEIE Alth I == At

KL(P || Q) = Z P(x)log, gg ; (2 48)

o NX}QAEZU|Q} KL CIO|HHFM A Q| ZHA4|

p
Po+Q2| WA R3] H(P,Q) = H(P) + ) P(x)log, Qg;
= P9 ‘?ﬂ,.‘:’.ifiﬁ] + Po}Q 7] KL tho|uj A A

(2.49)
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* Jensen-Shannon divergence(JSD):

« KLDE 72| JHEL =2 sliiM4e + U

JSD(p, q) = —DAL(P!

-d a—
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(23 2-21]a Z0| XY FAY WI2T FARZ U=, LAY FARIS HEEZE=E P M2

FARIC HERRE Q5 M2H, A2t Q7f 33 20| 2REICtn 7HESHAL

P =, PQ) =g, PB) =5, P =7, P() =, P(6) = 5

3 1 1 1 3 3
Q) = 12’ Q(2) =12 Q3) = 2 Q(4) =1 Q(5) = EVL Q(6) = IVl

i U

) B FA b) M22{ZI FEAL
JE 2-21 SRR CIE F FAY

SHEET R Q Ato]e| it MEZHQ KL CO|HMAE ChSat ZCt
H(P,Q) = (11 3 L roe— + L1og, £+ Liog, = + Liog, = 4+ 11 3)—27925
Q) = —(gloga 17 +gloga 5 T glog 5+ gloga 7 + ploga 7 + plog 15) = 2.
KL(P | )—11 2+11 2+ll 2+11 2+11 2+11 2—02075
Q _6 0g23 6 ng 6 ng 6 ng 6 0g23 6 0g23_ .

(oAl 2-8Jofl M P2| AEZT| H(F)= 2.5850|UCt. W2tM A (2497t &S & 4 ULk
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. [fEpN 7|7 B H

b

. (28 2-22]= Of2{ 0| (0= D, J(©)= S

SxEs

J(©)

!

| %3}
argmin /(0)
0

!

—~

©

Of) @2l (1.473, 17 1-12)

o) HEEE (3.25, 18 3-3)

© 5 {w, b}
1
J(©) == (folx) = y)?
(=1

0 = {W}
W) = ) =y (W)

}

Y

o) Beid (4273, 08 4-3)

0 = {W, W, -, Wi}

1|| 113
e=—|ly— ol
Yol

S (0) =08 20| 2§

AEF|AE FALOHEE

Y

l

£/ K| A

% 2-22 FXSE O[8%! 7| &tael 2HEo| 2k
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2| Y 7+EA

AEFHAE FALoHYE

2 X ItEA|

114



Chapter2.3 -

A

. [O2 2-22]

- [O&! 2-23] 7HE=2| Of7HH

old
o
oF
70
|
o
Kir

o

=

KK
i

110

S

1

ol

N

OH

Holl 7177

|5

1

ol

K

X

® XZ9|- 7EI-O|

J(x)

N

X4 X5

115



Chapter2.3 — Z|X3s}

= argmin /(0)
0
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12 %"*_h")exhaustive search 2F112|S
=2 =O0IME HE =27Is
| IrisOll A Zt X}2lS 1000722t 2 LH=LCHH & 10004712 M S HItslof &

7—||> ch:_i cunento'” I:Hol'l)
lf ](chnent) m1 /7 min= ](Ocunent) 0besr - G)cunent
0 = 05t
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2UE|E 2-2 A9 BM A0S

o =TT XY

£3: 25 6

1 |\ ming B5835| 2 USE X755t}

2 | repeat

3 FELZ SHE St AESHD O0yrpenc 2F BT

4 if(J(Ocurrent) <min) min=J(Ocyrrent)r Opvest = Ocurrent
5 luntil(H&E =7)

6|0= Opest
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o [€12|F 2-3]2 7|A 50| AFESt=s M™el dne|E
- 2f0l 30| SHet7t 20K = giek2 F2 0|22 2 SO0
202|E 2-3 7|A| ek50| AMES=E MFAQl e A na|F(1 e [¢ueE 1-1]at 2
3 23RS XY
£3: z|X5) ©

1

2 | repeat

3 J(©)7} Z0otX|= et de
4 0=0+d0
5

6

i
4
ro
0

until(HE =)

0=0
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+ Ax) —
f'(x) = Alaicllqof(x 212 — ’ [7e0) = Ax—»O
o 1X} £k f(x)E?:. |7|%7|,§H*

o [MBEN — F(x) HhEto]

. [YTEIZ 2-3]01M dOR — f/(x)2 AFR3H¢
A
i
\ // 169 y= () =2t —4x +3
f(.X). . y =f(x)=2x—4
1 /(%)

T8l 2-24 ZICSH 0|2 ofx|

[t 40

—f'(x)

Ax
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- O|22k0| O|F= #EHE J2|0|C|MER B E
T
_ 0 of o

o2t o El vy, oL (0L

0X axl 0x2

4
o) f(x) = f(xy,x;,) = (4 — 2.1x% +%) X7+ x,%, + (=4 + 4x3)x3
v (2.52)

d af of \"
Vi =f'(x) = 6]; = (d)]: 05) = (fo — 8.4xf + 8x; + x5, 16x3 — 8x, + xl)T
o 7| SHA o S |

o Oi7iiH Tiet 00 B2 M7 JLEZE Hi|ZS AFE
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. HO|2OR ¢S Tajo|C|E0] wat A|MES opHs ofF

Z7|H™ x,=0505)2t1 3Kk x,0M2| TH[0|CIHEE f'(x,) = (—2.5125,-2.5)T & Vfl, = (—2.5125,-2.5)70]
Ch [A8 2-25]= x 0l 120|CIHEE SHHEZE HAISIE U0, —f'(x0)2 IH o] Weks M2 7t2]7|=
2 |

As =HUE = Ef SHXIZH HOI2tE 0lS3t ofE & x,2 sHZEX|0l tigh & OF%l gich. 233Z0M =
5= dAF SHZE2 olof tiet §S HMSgtct.

1 -1

T8 2-25 JOICIYEE E|MHCR 7I= WakE od] &
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f'(x) = g'(R())h' (x)

f'(x) = g'(hG)))h' ( ()i (x)
s o) f =3 -12-22x2-1)+52 u] h(x) =2x% - 18 T,

f'(x) = (3%2(2x* —1) —2) (2 * 2x) = 48x3 — 32x

o BB £(x) = g(h()@ f(x) = g(h(i(x))) ol O

|

g'(h(x))

« 3427 Q™I Y

! (x)
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&|Alot s H

= o=
o O 9K\ o
0x; 0x, 0x4 ) .
2 0L 0f R = R QLX) = (2x; + x5, —xf + 3%, 4x,x,)"
ox; 0x, 9xy
1 32 Ed 22X 2 2
dﬁn afm %/ J = (_le 3 ) ]|(2,1)T =(—4 3
ox, 0x, 0x, 4x, 4xq 4 8
o)
fX) = f(x1,x2)
f 9 oL\ A 22
0x;x;  0x1%; 0x, X, = (4 —2.1x + §> x? 4 x,%, + (=4 + 4x3)x3
2 2 2
b ,af o7 _ [(10x{ —25.2x7 +8 1
Oxzle dx?xz ax?xn H= ) 487 — 8
0*f 0 0*f 8 1
H =
axnxl axnxz Oxnxn/ I(O'l)T (1 40)
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until(HE =)
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o AEINAEI ZAA} 5}2ZSGD(stochastic gradient descent) 2712 |

o o|—AH

=2 _'31|0|E|°1EE ALtel = SA| A

—

repeat
Xo| MEo| =ME M=Cl.
for (=1 to n)
I ME0i| ciet 20|C|UE V,.E AlLbetct,
0=0-)pV
until(HEF =)

0=0
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8 Y85t =761 068 dFstct.
repeat
Xeo| MEo| =ME =L},
for (=1 to n)
I ME0l ciet J0|C|YME V,.E ALbetct,
0=0-)pV
until(HE =)

0=0
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—

o HHX| ZAt 528 (Batch Gradient Descent: BGD)

« T CIO|HE Sah

Lo

rEAI717] W20, 7HE YH0|E &l4=7t ALt (1 Epoch & 12| ”H[0|E)
« TN HO[EE B5F

r°l'

Hol| X2[st7| mfZol|, HIZ2|7t 7H 0| B RstC}.
« gt Z2 Hl|OJE (T Hl|olE)ofl tHal HAMS 5t/ | W20, 30| 2FEXO|Ct,

D

EX: https://skyil.tistory.com/68 129
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- 2FEHM FAl 5td'H (Stochastic Gradient Descent: SGD)

ro
in]

o

Eotk|l= 2

rr

3t £10]| 5Lt CIO|E{Z 0|85t22 GPUS| 8 2|2 ICix| &

—

13| st&st ol AlAzFo| 20 =L}

« Global Minimumoi| £&35}7| {&LCt,

 LO|=7} MSICE (ShootingOl LR AlSICE.)
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o OJL| HYX| EH&X AAt 5148 (Mini-Batch Stochastic Gradient Descent: MSGD)

- BGDHEC} AAt2F0| ML}, (Batch SizeOf| th2}f A Atk =& 7

——

3S)

* Shooting0| H&5| LSt (Local MinimaE H=HME S|u|g 4~ QUCt.)

&>
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