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1 71Aet=

< | HE&EEKEH, machine learning)
» FdEs SoiM LSOl FARSHALE 22 Y(task)E H 2EHCZ K2
g 5 UEE AAH-Q F =Lt of2f0|E{ & HHEE 2 (To improve the
performance of a system with experience or example data at some task, to
adjust the structure and/or parameters of system. Tom Mitchell, 1997)
- YD QY HOREE BEE HS F2| AT YNBSS MAGE
Z1(To design algorithms for inferring unknowns from knowns)

34 ! 2E(Es)
L7|Z2% o[ofx|, S Xt SRF THE(QIA]) HMet
A, 2289 A0 S2HS A e
ojmY, AMoig AW o|o|Y B Hetg
27 A SIS 24 AT MY NE
HES o= HISFE W =8

AL BT

% PlayTennis &H|
= Off AMEHO| HILIAE K= 29| 7|d &EE ZAlet 40|
» H&O|OE| (training data)

Day Outlook Temperature | Humidity Wind PlayTennis
il B 71 $E B & o7
Day1l Sunny Hot High Weak No
Day2 Sunny Hot High Strong No
Day3 Qvercast Hot High Weak Yes
Day4 Rain Mild High Weak Yes
Day5 Rain Cool Normal Weak Yes
Day6 Rain Cool Normal Strong No
Day7 Overcast Cool Normal Strong Yes
Day8 Sunny Mild High Weak No
Day9 Sunny Cool Normal Weak Yes
Day10 Rain Mild Normal Weak Yes
Day11 Sunny Mild Normal Strong Yes
Dayl2 | Overcast Mild High Strong Yes
Day13 Overcast Hot Normal Weak Yes
Dav14 Rain Mild High Strong No
(#3: Machine Learning, Tom Mitchell, 1995)
* HILIAE X|= 227
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7|4 Bt

% PlayTennis 2X| - cont.

No Yes Yes No
Outlook |Temperature | Humidity Wind PlayTennis
=g 7|2 5k HHE HU2 oF
Sunny Hot Mild Weak ?
Rain Hot High Weak ?

AL BT

Z

D
&

-

- = e FHo|u
. 23
e

|H o
- A502 8 7%
. B2Y U Y5

I 2| AEl(heuristics)

Image : MNIST data
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b ETE

(deductive learning)

(deductive inference)g E¢t st

[

o>

< HH™ & (inductive learning)

A& ( examples)° 2t (generalization)s}0] Ifj € (pattern) HE =
Bl(model)& =&t A

= QHFM O 7|7:||o+§ CHA
- o HIOIE1E

F A Sk A T o
JdH St 9)\ |||.| E: At Z—J
L]

Z 9| ™ E L (Occam'’s razor)

- 7tsstd st Z2nE ZUEY ez BHshE 40| ELt

(12) -> 3 (97,16)
@8 -> 12 3
(10,13) -> 24 - L —
(23,52) -> 75 » saeng s 4:{? Y
(43,101) ->144 Ly
(14,31) -> 45 ‘
(123,15) -> 138 hd

h(x,y) =x+y

h(x,y) = (2x + 3y)(2x + 2y)y/(4xy + 6y2)

b BT

H(Occam'’s razor) Sl2|0f| [}2 MEH
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2. 7|Asts2 SRS 2H

% X|E=gh& (supervised learning)
= UH(BA)-==H(E)e HOoHER £ ME2 Lo st =52 24
=1 |

m =
2t e =5

0x o
> A0
r|r

o
A

R4 HIXIE""_'.Fﬁ(unsuperwsed learning, X}&8t&)
SO O Y27t e HO|F = FE Tao iiH

% HIX| = 8k&(semisupervised learning)
= YR ohE HIO|E T EHZH0| FOIT HENOA LBtator THE

% A3letE (reinforcement learning)
| Ciot Yoot WHEE MSSHX|= %X H7Pd R (reward)= F
Xl= 2ol chsh Zb Ejoi| M 2| W& (action)2 AH

2.1 XI '6' 2
o =
% X|Egh&(supervised learning)
= FOIE (Y3, =3 of chst HIo|H 0|8 : =f&(training) HO|E

* {(x1,y1) (XZJ y2) (xn' yn)}

. M22 U0 S 1 ZIE EHE 4 AU
Yy = f)

Jfu

ot

rir

UY Hof= A

= 237 (classification)
« ZH0| M| T B F(class, category) 2| stLt2 AH
= 3| £ (regression)

« Z30| @20l d(continuous domain)2| Zf 244
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St
o — |

>
|.|'|

‘0

» H 2 (classification)
= OIo|E=Z HFollTl & 74| EF(class)Z CHEA|7|=

| 2™ 34

(decision boundary)

- 28 27 %a
- B HOEE X 28

A &t

] = = s

StAO| SEe ABHE SAQ AL O ol A o
o 2ol dHEle a9 g £ D, fHY =2 US

Hr
0
N

(classifier)

- staE 280|830 HIOIHE 2Rt 221"

Rl
|.|'|
1
r

Hr
=
N

gl-
o>

uy
ox
im 1

L b

| (decision tree) ¥ E|Z

o m
o

~
o rp
_|=._|
Iz
Im
T
r=
oX
oZ

120}

(K-nearest neighbor, KNN) & 12| &

n
n
_

[
n

L
o

2] (deep learning) ¥ 2|5
» MEE HE 2 (Support Vector Machine, SVM)

= 0f|0|C}5 A E(AdaBoost)

n
[¢]

19| &=(random forest)

» & Ogj= 2 (probabilistic graphical model)
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x| E 8

=

2 Clo|Efo|ofoF &t

ZZ 0|o|E{(validation data)

« o IPHOM &S S
x5

(S =]

51

ey fREIII 2 HIo[Eo LM 2FRE & St= A
= HtSl(generalization) 50| £ A
& I21I0I'51°I T=
st& 0|0 E{(training data)
« B =7|(classifien) & at&5ot=0| AHESH= H|O|E Elot
« 5 OO 7t 2 =5 Fa
= E|AE O|0]|E{(test data)
« StEE HEo 452 EIIete0 AHEdt= HIOIH HE
S0l AFBE|X| Q2

=

Z2d3H7| I8 Argdt= H|o|

7

.

*

=1
& B (overfitting) 0t B & gh(underfitting)
. J'-PE*.E.*
+ 85 HIO|E{Of CHSHA X|LEX|A| & SH&E o EY
. E1I0|E1 QR ESS ZEY JfAdol 27| 20, sH& ColH
O Cioh 02 =2 Hd5S EO|E2te SH&EEIX| &2 H[o|E{o] CHsH
ZX 2 ds2 EY = US
g
+ o5 HOIHE S&23| at&5HA| &2 E

ct(good fitting)
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2 02 WM 3Y
FBE| D I

S8 2ol HE HI0|E(validation data)of Chet

« 3 HIOIHO| Chet 77t Zasttt7t S7tsks AIF

— A3 Hlojg

&H& HlolE

[

o

[=1]
=1,

=
L
L ]

Rl
|.|'|
1
r

F712 ‘45 E7t

e (accuracy)
o A0t} Z=5HA 2 F/SH=7t
« "M = (2 257¢ GloIE Ji=)/(HH| HlolE 7H=)
* H2E G|o|E{0] Clict Y=HEE 2R7|2 22 ALE

YTt 52 2172 Saoty| YoM B2 SEUOIEES Agt
= A o

SHSOI0IE 9t E|AE HIO|E = HXIA HEE 3i0F &

=
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= K-Z wX}ZHZS(k-fold cross-validation) AFS

« MH HOEE k S8
« Z SRS M HAE HIO|E 2 A0, M5 TIIE stn R M
| T ©o|gf |
I |
sl | | | ®==a
g2 || [ |mmE2
g3 [ [ ] |m==s
ggal | [ [ ] w==4

f

&4 Hols EAE Hlo|E

XI Eol-ﬁ

< 2749 H|0|E{(imbalanced data) 2|
£ BRO £o5t=
A e Ee

g5 E7t= Rooig = U
« 0. A 72| HIO|E| 7} M| 2] 99%¢1 B
TRE StHetE == 99%7t E.

—l =

T

°
o 0%o¢ *é’o ° e

0® © ok o 0%
°o o .%o

s o o0 o oc%

) o o
®© " 00%* o o o
° ° 0%, ° %

° ° 0° o ,0
o © ° o , Xo?®

o ° ** %

od
. Chgot

X E nafst ot Hx AE

2252 Mo
rlo rjo o

SIEHOIHE #= #F0 oisiM 2

F 27719 29

SEHOIHE d= #FUM ME=FZ

= a5 BlO|E{Q| AT CHE HE0 B3] K|LtK]

mjo
0%
0

(re-sampling)

SH0 HolH 449

O 71—
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= ZB7H0| ALl Sk

- UETE L EREL

f*(x) = argming T, (v; — £ (x,))?

X =8t

% 3| AM(regression analysis) — cont.
- 85

* X} 0| F 4t 2 ZEe| Xto|

- E|2E CIo|HE0] Ch3H (0 =3k

E= 3%, (v — f(x))?

=13
=

njo

« B0 ZR(FEF TR

53t - ARigrel B

ajo

CcC
_

=
=

H
o

2

X

igd]

1
[

or
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=L A
PN JLg-1
< 3|2 Mo| ap=Hoverfitting) 1} E&H$H(underfitting)
ol
o XILIX|AH SEst RE(E4) A
- B

oc:)o Py e ® °° o 0
© o8 °o°3°’°° 8% ¢
I > I
S5 (underfitting %{2(good fitting 2% goverfiting)

Ral
|.|'|
1
>

< S| HEMo| AT overfitting) CH-S HHH
» RRo| REF £ (model complexity)E ‘45 H7toj Bt

EXEt4 = QKo & + (FIFA)H(RH EEE)

o f

HH (penalty) g

°c¢,)o ° b
> °°8°o°8m°° oo°B°o° &F

553 (underfitting) Xg(good fitting) 3{ g overftting)

or
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2.2 H|X| =8t& (unsupervised learning)

% H|X| =8t (unsupervised learning)
[ E I-x'li7|-

£ HlOIE{ SO ChahM S TE

O
HS &= A

* C|O|E{Off FxHEt F=(structure), HE T Z(hierarchy) & XOtLi= A
2

o Z 7%l ALK} EThhidden user group)
s MES FHO et x5t A

= A

* 21(log) SEE ArE3H0] AT (usage pattern)S HOtLi= A

= HIX|E sh&o| o4
o &3} (clustering)
o QT EH(density estimation)
» X}2I=A(dimensionality reduction)

http://www.youtube.com/watch?v=rhallm|-
iuk
In VP debate, 'let Joe be Joe' A

NBCNews: NOW with Alex Wagner | Aired on October 11, 2012 In VP
debate, Tet Joe be Joe'. Obama campaign press secretary Ben LaBolt
discusses Vice President Biden's debate strategy, what he hopes
Biden accomplishes tonight, and what issues could

Featured: Like Ryan and Biden, US Catholics are deeply dhided

Opinion: The VP debate: On style, Ryan; on substance, a draw

Related Joe Biden

Mitt Romne

Paul Ryan »

KD

» =& 5} (clustering)
= fAMGO| 2t HOJHE EEst= A

image : Pedro Felzenswalb
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>

>

D>

- 2%

Zl3} - cont.
Ut A ESHhard clustering)
» OO|H& StLte| ZTOTh A%
— 0. k-means ¢112|Z
HX| & sKfuzzy clustering)
* HOIH7t oy #T0 22X =E &
o AKZFEO T2 10| %!
— 0. HX| k-means &12|&

At

Jb

2

* OO|E{Of] LHRH =l FZ=(underlying structure) =

- dlo|E{o| Mety 1x EX
« 7}d MA, 0| AHX|(anomaly, outlier) Z

2o
 Holy & O** 152 T HOHE 22 U2

+ OOl EH 2| (preprocessing) &t

il

% O
<+ 9
L}

= ZFEH™(density estimation)
2 S (class)d C|O|HE TtE0| WS HRE =
7

_I

A

2
« 4 87 22 FO|T HOHE EHAIZI=
c 7t =EOl 52 RRE
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2 =M - cont.
= 02X (parametric) Y F=H
- BEJL S 431 340 HENS JHXID UCkD by
* FOIZI GIOIHE 7t& & HHYStE & h=0| mato|E 27
o MHXOl HEf : 712 A 2H(Gaussian) B = 02| 7HO| 7H Al ¢t
[l -"_'_i'é' (Mixture of Gaussian)

» H|B X (nonparametric) Y& FH
« 220 i £ g8 7PHSHA| g, FOZ HIO|HE ALY
Y stsol Hef B
o MYHOl HEY : S|AE DM (histogram)

http://i.stackimgur.com/pEOXu.gif

H| X| &= st

l>

% XFRI= A (dimension reduction)
= DXHRC| HIO|EE HEO| £&4Z X[ASHHM MXIHCE Heltsl= A
« 85
o 2, 3K E WS A|ZoSHH REAE o|H &M Tts

o XHO| X{ZF(curse of dimensionality) X 2=}

2nd dimension

1st dimension

2016-08-04
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= XHRO| X{ZF(curse of dimensionality)
o A0l HESE HI B2t Y- K= B

08 0z
N
o6t oasf / N
O\
2%tel 02t \\‘;_ oos)f \_\\ 4%t
0 5 0 o 5 10
(@ (&)

20xtg " 50%

B¢ o 50 100
(© (@

« Ho| Soreol et R3] =Tt 7I°}E

47

Moz

%

Hel

ol

7t

or

g (Principle Component Analysis, PCA)

+ ZMO| 2 Ao ZEZ 7|ER2E HOHE
MARo=Z et

+ O|O|E{o| BE AT (covariance matrix)0j| IZH6,_P k=
7} 2 20| NQHIE|(eigenvectonE AtAt ZOE &

A&t (projection)stdy

{2k (eigenvalue)

E
L
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< 0| AtX|(outlier) EFX|
= O|AHK|

« CHE HIOolHer 3 A 2t CHE HAHUEF0H 23l d-dE Z40] Of
Xl ofd 222 HolH
. B oY
= ZF2(noise)
- BE Q3 AAHOM LS 2ELIHOl O %}
« 2Ol gl= HAE Chy
» MR EX|(novelty detection)@t 2HH
Sk
ol
HIX| & 8t
% O|ArX|(outlier) BHX| — cont. .
= X 0|AHX|(point outlier) " ,s;_'_ -
+ CHE OlO|E{ et B|mdto] Xto|7F 2 oY » -'"-';'
= AMEHE 0] &KX (contextual outlier)
- AEo| K| Qe Hlolg
o) o EX0f 25201 HO|E = F& AZH| 252 = 04X
= HCH™ o] & X|(collective outlier)
* O{2f HIO|HE 2Ot EFH HIY 422 H0|= HO|ES2| Mt
2258
oo
foooog

http—web, buffer—overflow, http—web, http—web, smtp—mail, ftp,
http web, ssh, smip— mall http—web, ssh, buffer—overflow, ftp,
http—web, ftp, smip—mail. http—web .
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HIX| & 8

=

< 0|1L kl outlier) EtX| - cont.
] A ZX| A|AHl(fraud detection system, FDS)

« Ol A S 2F Al 7tE 2FAOA AHS22 B0 HAX| &

» HQUEFX] A|AE(intrusion detection system, IDS)
. HEQZ EBfTS BHASIOl O|A 2 AlY

2.3 Z=t st

% U3} gk& (reinforcement learning)
» otE 22| E0| 2 (environment)2t MSEHE S S
Eé,*(reward o| X|Ch7t ==&
FO{ Tl HEl(state)of| M FZ 5= A= Mt & (action)S
= A|S%EQ (trial and error)® 0l HiEH O o A
= B2 O{H HS2 SHOF St=A| YEfF= A0| oLz}
S0 T ALt “47PXI(*E'¢ HE F

i Fhey
g‘-"kn 3

e

a; Qg1 a a3

t+2
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g=t

19t
l>

7

< Z3stE - cont.

* ZH(policy)2| &
2+ AEff(state) 0| A1 Q]
- 0

HEE #S(action) 27

- AEA 2
-HE8 s

N

3

ox

FEf O A 2| RO
FEf O M 2| &t

4o g
>t o

N
or

E*(policy)

Image source : REMI MUNOS
RAPPORT ANNUEL INRIA 2008

7I-"'|. [=] T
o2 S5HE
< A3} st& - cont
» HEEOF
« A HE

* Mo =

s a8 AZe oo ™=t
+ =5 (logistics) A

« 2 HE|A(robotics)

- 4 X
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2.4 HHX| £

sta
| d

< HIX| &£ St&(semi-s uperwsed learning)
= Ao cist Z1tg40| gl 0|2 F Hl0lE{(unlabeled data)E X|=8t&
off Ab&35H= 2

« 2F% OOo|E(labeled data)= =2 25 H|E, O|&F HO|HE B2 &5
b8

« 27 ZA 7t st 0|27 Ho|HE0| SYs T
ALIIEE G

- 22 2HO £t A2 Tt YU R0 AKGEE G

\
o
[ ]

-

~

o0

° °
@802

o/~~~ 080
\\O O’, °0 (-] ‘\ ks

~=-" o000 “--" 0

oooooo O

o 7

J

o I-X|E §|$°| 7I'I-I
= HEHM(smoothness, TiE) 71
« 77t0] e MES ME Z2
= 2ZE (cluster) 7}
s 2o FHO &8t= HOIEE 5
= OfL| = E (manifold) 7}

. Qe Awct Ko xtelol ofUE
=g

2RO S

Eof HolHo 2= 7ts40l

Image: ludovicarnold.altervista.org/
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