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01 iris datasetZ 0|2
Petal

Samples
(instances, observations)

Petal
width

Petal

Sepal
length

Sepal
length width
Il Sl 3.5 a 0.2 Setosa

2 4.9 3.0 1.4 0.2 Setosa

50 6.4 3.5 4.5 1.2 Versicolor
150 | 5.9 3.0 5.0 1.8 Virginica

\ Sepal

Class labels

(targets)

ALL RIGHTS RESERVED. 5

Features
(attributes, measurements, dimensions)



01 Feature & H|O|E 2&

5 K

o N B O @

%.0 45 50

55 60 65
sepal length [cm]

1 2

3 B
petal length [cm]

5

0)_0 25 30 35 40 45

sepal width [cm]

I nis-setosa
[ ns-versicolor
[ fFis-virginica

.0 05 10 15 20 25 30

petal width [cm]
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01 Mal2{'d0|2t?

HAI2{'d (Deep learning) 0| 2?2

Hil 22 71 & Hl0|HZE 0| EsH
OFZ! LOILIX| 42 DIXIS] €& M| F517| fls TS0 7|

Ml d2 SAFe 22321 §lo]
drE7L etgste SsEHE AF7 st A7 =0k
( | |
x| =3t I X| & 8t Yepota

Supervised learning Unsupervised learning Reinforcement learning
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02 HA2'E - 3| & =& %0

3| vs EE

5|2 ?
OS5t A EF AT RRIE 0|20HS 1 3|7

(Regression)2t= MAl2{d HEHS AR

29l #n

L 2 (= THojE
2020.1.3 2 20 40
2020.1.4 = 21 42
2020.1.5 ] 22 44
2020.1.6 o 23 46
2020.1.7 st 24 48
2020.1.8 & 25

2421 9| cf| ol

<— 0|X|e H|o|H

=FE?
. Of|=5lT A2 EFAIEHATLO|20|Lt FHE| T 2|5 E)0 US
E 2 (Classification) & 0| &

Petal
Samples ~~
(instances, observations)

Sepal  Sepal Petal Petal
length width length  width

1 5l 3.5 14 0.2 Setosa

2 4.9 3.0 14 0.2 Setosa

50 6.4 3.5 4.5 1.2 Versicolor

150 | 5.9 3.0 5.0 1.8 Virginica

[ J1

\ Sepal
/ Class labels

Features (targets)
(attributes, measurements, dimensions)
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Age

O Benign

O 0
%Q) X Malignant

Tumor Size

kNN Classification

¢ o
([ [ J ®
. e o
/' \\
® / which color? \\n o
'
| . O ‘ l .
o . o o ®
o ° - o
o o
@]
L o o
o o @]
o
o
o

Binary classification:

A

X

X X
X X

a2|l= A (classification)

Multi-class classification:

A

A X
AA xx X
X
020

X3

X4

Support Vector Machine

A 4

Classification Tree

r < (0.42

N}

y < 0.85

y <0.73
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02 Training set and Test set

<Random selection>

Dataset

1.00
\LRandom select Repeats 0.98

Train data Test data 0.96 \"\a\__,
0.94

=o==Train
092 —a= Test
0.90

0.88
I Training set ] 0.86

Accuracy

<K-fold method>

1000 2000 3000 4000 5000
Training folds Test fold

1 ~ Training Set Size
I 1
— I I I i = & e e

zwiterauonlllllll]-]ﬁfz .
3% jteration I - ] = E; =

10™ iteration - I | l l ] l l I I = Ew
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02 EH0|0|E 2t A E (Overfitting)

off 22

« IOREI0IES| 7t M2 2= or

A= =

- =3 H0[HS

T= =

A H[O|H 02 L+ & =

oto
LS —

2| 7|

M2 HlO[E{0f tHat &2

=8 HlojEe &4

== Z0[7]

model loss

0.35 4
0.30 1
0.25 1

w 0.204

0.15 1

0.10 1

0.05 1

0.00

—loss for training
w085 for validation

O T 28!

10 20 30 %0 50

II|>
il
<
no
L
0x
o
&
i}
o
10
=)

1.00

0.98 +

0.90 1

model accuracy
. l05S fOr training
S = loss for validation

ICHET B!

10

20 30
epoch
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02 HA 21t 4 24 (False positive & False negative)

Type I error Type II error
(false positive)

(false negative)

You’re not
prenant

74 Ej'. OI|:_|._

A

T

OpA

=

==

rlr

« St= AS OfL|2t11! - False negative

X =

A= SCHD - False positive You’re

. 0}
pregnant

rC
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02 Confusion Matrix

ol

Xt o)

IEINY =
Patients with bowel cancer
(as confirmed on endoscopy)
Condition positive | Condition negative
Test Positive predictive value
Fecal out::me True positive False positive =TP /(TP + FP)
occult " (TP)=20 (FP) =180 =20/(20 + 180)
positive
blood =10%
screen Negative predictive value
test e False negative True negative =TN/(FN +TN)
PS| outcome °"maﬁv°e (FN) =10 (TN) = 1820 =1820/(10 + 1820)
neg ~99.5%
Sensitivity Specificity
=TP/(TP+FN) | =TN/(FP +TN)
=20/(20+10) | =1820/(180 + 1820)
=67% =91%
(A= (£
3 Ot A= OtL{2t
sh= MEE

=
oh r|r
rr =

O

|0
ol ¥

o
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3 Truepostive T2 lrue negative1

2 Total population

False discovery rate (FDR) =

2 False positive
2 Predicted condition positive

True condition ‘
Total Prevalence
; , Condition positive Condition negative _ 5 Condition positive
populatlonm _‘ ~ 2 Total population
Predicted Positive predictive value (PPV),
2 True positive, False positive, =
condition Precisionf=
¥ Power Type | error rue positive
Predicted Positive | ¥ Predicted condition positive
condition | i
Predicted False negative, False omission rate (FOR) =
condition True negative s False negative
Teontiie Type Il error ¥ Predicted condition negative

True positive rate (TPR), Recall,
probability of detection

_ __2 True positive
— 2 Condition positive

False negative rate (FNR), Miss rate

_ _ 2 False negative
- ondition positive

[SpecificityksPc), Selectivity, True |

False positive rate (FPR), Fall-out,
probability of false alarm

_ __ 2 False positive
— 2 Condition negative

Positive likelihood
_TPR
= FPR

negative rate (TNR)

_ 2 True negative
~ 2 Condition negative

_ENR
= TNR

sensitivity Jrecall, hit rate, or true positive rate (TPR)

TP TP

— — — — N
TPR 12 TP + FN - FNR
selectlvlty or true negative rate (TNR)
TN TN
TNR = N ~ TN+ FP =1-FPR
precision or positive predictive value (PPV)
10 2
Nis +FP
negative predictive value (NPV)
TN
NPV = —
TN + FN
miss rate or false negative rate (FNR)
FNR = T = | =1-TPR

P FN+TP

fall-out or false positive rate (FPR)

FP FP
FPR = N~ FPLTN =1~ TNR
false discovery rate (FDR)
FP
FDR = FP+—TP =1- PPV
false omission rate (FOR)
FOR = FN =1—- NPV
~ FN+TN
[accuracy (pcC)
ACC_TP+TN_ TP + TN
-~ P+N TP+TN+FP+FN

ratio (LR+)

Negative likelihood ratio (LR-)

false positives

Negative predictive value (NPV) =

2 True negative
< Predicted ooﬁ?mon negative

Diagnostic

F, score =
odds ratio 2
LR S T
(DOR) = [ﬁ% Recall * Precision

false negatives —




>
>

HIO[E A

index | H48 | g2 HE tH- 4E
1 age Lo range : 29~77
HeartDisease Dataset.csv 2 sex e M = male; F = female
1 1 i 3 ¢ IEES 0 = typical angina; 1 = atypical angina; 2
From UCI Machine Learning Repository P 5SS = non-anginal pain; 3 = asymptomatic
303 rows x 14 columns 4 trestops | et In mm Hg / range : 94~200

5 chol =4 AHE in mg/dl / range : 126~564

6 fbs 25 ot 1 = true; 0 = false (fasting blood sugar >
120 mg/dl)

7 restecg AHE 0 =normal; 1 = having ST-T wave
abnormality; 2 = showing probable or
definite left ventricular hypertrophy by
Estes’ criteria

8 thalach Z|CH AlRtEEE & range : 71~202

9 exang 25 L NS 1=yes; 0=no

10 oldpeak SES== range : 0~6.2

11 slope ST segment 7| & 0 = upsloping; 1 = flat; 2 = downsloping

7|

12 ca (== L e 0,1,2,3,4

13 thal HIS 2 3 =normal; 6 = fixed defect; 7 =
reversable defect

14 target AlIEEIS E 0= normal; 1 = heartdisease

CIOIEH &H :

https://archive.ics.uci.edu/ml/datasets/heart+disease
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https://archive.ics.uci.edu/ml/datasets/heart+disease

02 CllojE Mx2| d5 uh

HlOlE] Mx2| uhd

o

O]

—

HO|E 2E 2

]

Nan &t M| A

Coefficient &9l

Categorical & Continuous Column L+7|

One-Hot Encoding

StandardScaler &

Train, Test dataset 22|
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03
NS

KNN

=LA
shg -



=LA
5t X 9l

03 Hul2d - X

2l E:
foj 7 ZEE{ 0l St

4 o2 AfR}, 7|2
AME & %; REE
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03 X|=&t5 - KNN(K-Nearest Neighbors)

g9

HOIE S 7t& 717h=2 £-d0| Me 27 st0 2|0[& 3

ot= 7|=X¢el &2

‘Yol rt4z”

il

KHe| 7t7h2 0| 22| £-d0] et 2%

HE7|Ht 25 82M DE2 HE|E 7|Ho2 255t
212|E

F=2lE AHe|, WsHE HE| S

O|0|X| M2|, 2Xt X = 24l FslLt &4F F=H

=
- o

EH AIAH, SFX} O 0|E{2] IHE Q1A

ciot M3 @ == ool

&) == oot
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03 H4I3{'d - KNN(K-Nearest Neighbors)

SE2|E Ha| Y WHE 2]

w22l Azl M= 72

(2 — 21)? + (y2 — y1)?
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03 MAI2'd - KNN(K-Nearest Neighbors)

N &S|
oo
C

¥

st 58 (52 M)
« 2% 7|8 H0H 23 XA M 01D
oF

714 Hl0|E =Z20f| tHat 7= St

MH>
ol
kol
ro

o
« OlO|H 20| Hrisl 22 &7 AV =8 -> 2= HI0[EHE |
- = H0|H H == H0|HE ?let =7t Me|7t 2
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04

X|=st= - Linear Regression & Logistic Regression




04 X|k=st= - Linear Regression

Linear Regression

Ao 60-
. MBEF BYS ‘E A4S M BBOR EAE 4
e B
. B 044 yot 5HLES| 04 x AO|Q) M B
= = > 20-

(=]

- OS2 22 T 0|2 0| = T Z2XHE T ALE =

Yt = Bo + Brzre + Bozae + - - - + Briy + €ty Y
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04 X|E=st= - Logistic Regression

Logistic Regression

0|
. EXIAE 3|7 : Hl0|E{7} ofE Hxol &8

SHES 00| 1AFO0[Q] Tt 2 K| =5tD 1O SHE0f| ?

Linear Regression Logistic Regression

[} 7HSA0| O =2 MR S5ts Ho R
2R X Bt B Y : :

. CIOIE{Q B&HATHES (0 £ 1)Y I AR g

- YN O 50| 0.52CH M AA0| YOofLtD, Vo Y0

X-Axis
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04 X|=st= - Logistic Regression

Logistic Regression 22| & & THHA

2

. 2R DU MO| o3 ®O oLzt HEU WS 2 AUS (Ex). YHE 24)
. 2R EX0M HolABHOR BE Jts

+ 317 A0l 3A10| 7Hs

Ctx
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X| = 8k5 - Decision Tree
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oy _/r 7.
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05 X| =84 - Decision Tree (B2H E2|)

ZAH E2| (Decision Tree)

Root node (%2| OtCl)

X9l
« 23 (Classification) 2} 3|1 (Regression) 2% 7tsst X £ &5 & NO YES
o ADTIH
. EX7|E(Z2)0| 0et Bo[EE e oY it
(BE2) = o = node (Z2t0}CI)
o SHHO| 27| mHOICt Hp HHE FIHE 22 Terminal NO YES
node
[ ] = o
e LE:FHFOILHAMES Y2 UEE Xt (2ot
* RootNode: M X5 25 7|&
Terminal Terminal
+ Terminal Node : B O}X|8} L= node node
(Z0tCl) (Z0otCl)
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05 X|£=38t& - Decision Tree (2H Eg|)

Decision Tree 22| &t & £HA

o

. 0la5H7] 412 TEIOf 2| A3 £A0|7]0] 2Tt SHA O

. HEAH Y > £ QYD CH2 A 278 7HEO0| 8l
-> 220} 570 92| AR 2

40| Z2M HIR THs

x A (HI0IEf 2, DHHRE)
. IR B S 0SS 1 MESHK 2D

- =T O0/E gt MZ=Z HIO|E0f Chet 0 =& Ss=H0| 2.
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05 X|=8t5 - Decision Tree (23 E

20=1

2])

ZAXN E2| (Decision Tree) ZZ M A

X[1] <=0.0596
counts =[50, 50]

Tru'e/ wlw

counts = |2, 32] counts = [48, 18]

X{0] <= 04177 X[0] <= 1.1957
counts = [48, 18]

counts = (2, 32)

[ulﬂl\: 12,0 l Iumnl\- 0. ::]] [.mm - [av,x)‘ lumuu. 10} I
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& - Support Vector Machine (SVM)




& - SVM

06 X| =

_|0Il

SVM (Supporting Vector Machine)

A decision boundary in two dimensions

e Playoff Teams
e Non-Playoff Teams 7|

10

g9
- ZBHEA S =RE fEVIE ME 5= 22

An SVM using data with three features

Average Time to catch Snitch

«  ZWM™ (Hyperplane) : £80| n7HXE F+35] XS I

M7= ZHAA™ 74 H| O x| 2 %
o7|: o= 07:”——| __’l_Xl"'.;-l 0 g_
0 2 4 6 8 10 8w
Average Number of Goals 6 g
o
S
48
I
2 0
>
<

0

0.

&c‘ﬁ‘
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06 X| =

_|0Il

o

- SVM

SVM (Supporting Vector Machine)

Different Decision Boundaries
Graph A Graph B
15 P 15 P
O 0 1 1 1 1 1
0.0 5.0 75 100 125 15,0 0.0 2.5 5.0 7.5 10.0 12.5 15.0
Graph C Graph D
15 P 15 P
5".’6 > e 0
0 T T T T T 0 T
0.0 25 50 7.5 10.0 12.5 150 0.0 50 7.5 100 125 15.0
Graph E Graph F
15 P 15 P
>le Ql > afififite
0 0 T T T T T
75 100 125 15,0 0.0 2.5 5.0 7.5 10.0 12.5 15.0

0.0
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_|0Il
I

06 X| =

- SVM

Margin : 28 ZH|2t MIEE HE A0S HE|
Support Vectors 2| : Z& 4| (Decision Boundary) 2t
717710 U= HIo|H ZRIESS 2|0|

| M2l 2 A2

my
I-)Il

B:

Why ?
0pZI0| 2™ M=22 0|57 |3 =AS M,

SVM (Supporting Vector Machine)

Decision Boundary
with maximal margin
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06 X| s

IS - SVM

Support Vector Machine2| & & &HH&

2= H[O|E0f| thet 0] ChE 220 s X8| M= > 2t Ss=H0| 2
X X

chH
o FXNO|ZHS=FT| M o] He| HIAE ER (H'E, hyper—parameter)
e SES&SEJILE > TR ZHE HOAYR
- Sf{AMO| {FD SES SHYUA HHE 0] Y siMd2 HE Tt=
-> Z0]| tist 2HH0| 2
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07

Bagging - Random Forest

\
" "
o4 ™
NN §\\
=i
B 0 ugas ‘:
~ 2 dac- A
——_  § 7
./_.;‘ - 2



Classifier 2 — Decision Boundary 2 Classifier 3 — Decision Boundary 3

. Bagging : 7|Z 34 HIO|EH2EE HEEHH ‘2AFE'510]

S22t ALO|Z2 HIO|HME 2] /i U U= Fdsk=

o o

Feature 2
Feature 2
Feature 2

5 = = Feature 1 Feature 1 Ep—
2l AstE Sl 0| X0 CHSt | B X|

— [== N ]

o
2
1

A%

o
>
H

i

N

ol

Ensemble Decision Boundary

«  Majority Voting

+  Weighted Voting

Feature 2
Feature 2

«  Stacking

Feature 1

Feature 1
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7 24 E Y - Random Forest

Random Forest 7|2 M| 2 20 |

Instance

X o
o—l Random Forest
« Random Forest : 2IAFEAE LR D2 O 7HE SHAAH BAE

=5} 'H ():” = ‘|. O}ALE OF | = A P D an

Z=Iie ] A s = = gy = = I o e ™ az” T~

@ E . )| - a8
- MREsC2E X 7Y AA AR AR X R AA AR
¢ 96 ®» @ 9@ 0o ¢ o6 9 ¢ o¢d V0 ¢ o6 9 ¢ ¢ @

-  Eg|o =2 FEE I 7tS5tL elbow point XY Tree-1 Tree-2 TWFC_.CI
° E% LH$§ % —jI\— %A-Itl'f EI;I-XE-I ‘E‘XH Cla;s-X Cléss-\' Clags-X

l
{ Majori.tz Voting } ‘

Final Class
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7 24 E Y - Random Forest

Random Forest 2 20| & & &HA

N &S|
oo

- Y EF 2N EFAE VIS
- HEZF H0IH 2|0 TAE

- UM DE0f| HISH DHHAE 2HE & AstEt0] BEO| H

Jtow

[ SHALAI

ch

+ HIOIE| Z27(0fl HIBSHA SHHOLM SH7H QMBHLIRE Sa5| if20
oS0l 22 AlZHo] 2.

. DYENNDE E3| DUS O} 2010| 27I5HM s1410] 02S.
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08

Boosting — AdaBoost & GBM



e

£ 29 - Boosting

Boosting 7|2 & 9|

Boosting : Hil2{d A= 78 & stLtz, efst stg7| &

=XH2Z o2 7 Bl 0lF 52 =F d5= =0I=

099 L JOF)
o IRO T
.O... O.'.
Original Data Weighted data
vV o000 || |V e0@
000 0000
X 0000 X 0000
00000 0000
00000 @O000

—

o
0o o

Weighted data

V 900

X 0000
00000

00000

Ensemble
Classifer
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- AdaBoost

(]|
=

opatEm

08

il
R0
S
0f0
oK
ol
R0
Tl
~
1%
(@)
(@)
m
[40)
©
<

Adaboost :

ol

ol

KT
Ko

e

_._.o
__OH_
Ki

-

100
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08 AAEmH! - AdaBoost

AdaBoost 29| X

X+ Xd
o a0
S N E|HMN S=HE

DEOo| opAel = B = =

« Random Forest@} H| T A|,

s
« LO|=H|0|E H O|dxIo 2IZstA &
. DHEMADE Eg DS} 300

= —

23St
o:n-

O|M=F0AM UA=Z O E22 2LVt LIRS,

=7t A sl 0] OHZ.
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- AdaBoost
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=
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m
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©
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07 ¢&=2H - GBM (Gradient Boosting Machine)

GBM 7|2 d2o| Z E0{ &l

= o

Gradient Boosting

o0 o .o.o S Weak
e T learner
Ho| :
- GBM:2xIXOZ o5t atay|2 { I
DS 0{7tH 0| X &H& 7| 2| Zkx} (residual) S oJos IV s¥e o
) & '..: @ learner
H 2ol= B4 l I
« 71X HH0|E0 BAlstY-E
A J ... N
0|25t LF S sl Lot7t= & S L0
. .

¥ ’
e Weak
L —_—
g @ learner

- QQ.‘«'. P
L X X} o p00
IR — S
..
Strong
Learner
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GBM B2Eo| & & THH

23

« Random Forest2 Lt 0| = 40| M = FO{'H.

- XN E|H2tE HIAE HjO[E Al tHsl 25t 6= 52 7Hal €112|E
GBME E2t5t LightGBM, XGBoost S2| 2 20| /US.

rn

HA|ZHO0] 22 Z2|11, hyper—parameter tuning ==0| E
-> o5t St 7|2 XMl 0lS 28 BN IHHO R Sh&50| L] a0
CPU EHE& Xz2|7t X|¥ElX| %S
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Input data Nearest Neighbors Linear SVM RBF SVM Gaussian Process Decision Tree

L%’
¥
OQ.




Input data Random Forest Neural Net AdaBoost Naive Bayes QDA
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08 H|X| ==& - PCA

PCA (Principal Component Analysis)
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«  =>Feature Selection == Dimensionality Reduction0|
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scikit-learn
algorithm cheat-sheet

classification

NOT
WORKING

get
more
data NO
YES @
predicting a

category

regression
ES

few features

o

NOT

Mpus [ <100K
ned nm*.

number of
categories
known

clustering

YES NOT
WORKING
ot

WORKING
YES

no dimensionality
P reduction
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