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. SECTION 5-1 278 Eg|(1)

- IHOf| QU= EIE 4, i, pH U2 2 2| E 2rQluf 210 E 2l L E5}H

- 2X|AE SR o0l 22}
- 6,497702] 22l HE HO|H 7™ R7| (A https://bitly/wine-date)

import pandas as pd
wine = pd.read_csv('https://bit.ly/wine-date')

- head() HIMEZ HZ 5712 dE= =2

wine.head() —
alcohol sugar pH class 4 M 3749 Y(alcohol, sugar, pH) 2 Z+Zt AT S T T pH

0 9.4 19 351 0.0 | A (class )2 EFZIZE 00| ™ 2| = @FQ1, 10| T 30| E }Q
2| = ofol} 30| E f0le FE8H= 0| Xl 28 2 X|0| 1,

1 98 26 320 0.0 | = 2FQlut 20| E 2tolS T2 ot 0T 27/ &40
S0 E 2t210] &g S~

2 9.8 23 3.26 0.0

3 9.8 19 316 0.0

4 9.4 19 351 0.0



https://bit.ly/wine-date

'SECTION 5-1 878 Eg|(2)

. ZX|AE 372 ofol £E3}Y|
- info() A E: OIOJH =g le| 2 E2| O|O|E Etut 5&HEl HIO|E 7t /e=X| 2+©

A L— =/ L—-

wine.info() — <class 'pandas.core.frame.DataFrame'>
Rangelndex: 6497 entries, 0 to 6496
Data columns (total 4 columns):

# Column Non-Null Count  Dtype

0 alcohol 6497 non-null floate4

1 sugar 6497 non-null float64

2 pH 6497 non-null float64
3 class 6497 non-null float64

dtypes: float64(4)
memory usage: 203.2 KB

A 56497712 MS0| Q0472 E2
Non-Null Count’t 25 64970| 2 & F2h=| 4f




' SECTION 5-1 278 Eg|(3)

ZXAE [ 2 22 EFoH|
- describe( ) OfALE: S0j CHoF ZHEFoE SA[(X| 2, 2L, Bdet &) =3
iz ol [3 alcohol sugar pH class
count 6497.000000 6497.000000 6497.000000 6497.000000
3 Smean 10.491801 5.443235 3,218501 0.753886
B3T3 std 1.192712 4757804 0.160787 0.430779
3£ -+> min 8.000000 0.600000 2.720000 0.000000
A 54> 25% 9.500000 1.800000 3.110000 1.000000
jéﬁf ; +350% 10.300000 3.000000 3.210000 1.000000
AL o b 1> 75% 11.300000 8.100000 3.320000 1.000000
FIch--> max 14900000  65.800000 4.010000 1.000000

A T, G5 pH AP 20| CHE

StandardScaler 22 A

= AF83l 58




SECTION 5-1 27 E2|(4)

. ZX|AE 3| Z 99 223
. EOhA GOJEZEYS 3 HES} HAE HEER LIk

L
data = wine[['alcohol’, 'sugar’, 'pH']]
target = wine['class']

- [CEIESH B3HI0| 258 random_stateE 422 17

from sklearn.model_selection import train_test_split
train_input, test_input, train_target, test_target = train_test_split(
data, target, test_size=0.2, random_state=42)

- 3 MEQ} HAE MEQ 37| &9l

print(train_input.shape, test_input.shape) - (5197’ 3) (1300’ 3)

- StandardScaler 22{AE A2 23 ME ™A 22} HAE ME Hal

from sklearn.preprocessing import StandardScaler
ss = StandardScaler()

ss.fit(train_input)

train_scaled = ss.transform(train_input)
test_scaled = ss.transform(test_input)




' SECTION 5-1 &8 Eg|(5)

2t=l train_scaled2l test_scaledE AFEd ZEX|AE 3|7 REIZ S¢2

—

from sklearn.linear_model import
LogisticRegression
Ir = LogisticRegression()

__, 0.7808350971714451

Ir.fit(train_scaled, train_target) 0.7776923076923077

print(lr.score(train_scaled, train_target))

print(Ir.score(test_scaled, test_target)) A 2HMNEQIHAE NES| BT}
BE WOf Chd MAN 3




SECTION 5-1 2’8 EE|(6)

ot 20N 2 S R0, ZXAE 237 gt Ao 2EHE =9

print(Ir.coef_, Ir.intercept_) — [[0.51268071 1.67335441 -0.68775646]] [1.81773456]
¥ M
Akadak s E 2 od4) O ? soies kejelal...
Mgt
0] BHS ATFS &4 240l 0.512680712 23k, o9, s
=0i| 1.673354412 Z5}11, pH 240l —0.68775646
S T3 C}2 25 CEiLCH OpxjzioR 1.81773456 2N ot
£ OiLck 0] 240] 0LC 2 B0 9fQl ZtoH @

\

2= 2AliL|Ch SIxf 2F 78% WS TEs| FPIE
eRloz ZRIUSLCL
Dol &3 Zuk=.

3ho|E giol
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SECTION 5-1 27 E2|(7)

- A7 E2|(Decision Tree)

- AFO|ZI & 9| DecisionTreeClassifier SE|AE A2 2™ EE| &

oS S
= = 1= -
 fit() HMEZ S ZHM EES SHD CFF score() HMERZ H2EZ 7t
from sklearn.tree import DecisionTreeClassifier
3: :itlitiglis;:o;\;rli?lfsst|f|(—_;r(ra ntd)om_state=42) 0.996921300750433
. » , train_targe —
print(dt.score(train_scaled, train_target)) # 2% A|E 0.8592307692307632
print(dt.score(test_scaled, test_target)) # EH|AE M E
. plot_tree( ) &= MBS 2F EE|Z O|3st7| #l2 E2] A8z =8
2oL C
import matplotlib.pyplot as plt S TETE
from sklearn.tree import plot_tree
plt.figure(figsize=(10,7)) >
plot_tree(dt)
plt.show()




SECTION 5-1 278 Eg|(8)

- A% E2|(Decision Tree)

- AFO|ZI = Q| DecisionTreeClassifier 2

. plot_tree( ) &0lA E2|Q| ZO|E NTtSiM =

dhES AL

23 £2 =g

mjo
Mot
i

« max_depth 7|+ E 12 =H BE LCE Kot SlLto| =58 ¢ &

« filled D7 HO| Al E2iA0 XA LEO

 feature_names D7 H=0|=

d

plt.figure(figsize=(10,7))

plot_tree(dt, max_depth=1,

l

filled=True, feature_names=["alcohol’,

'sugar’, 'pH'])
plt.show()

AH
AH 724
EMoO| 0|2S ;

4
I

H 77 L Efi%g;

sugar <= -0.239
gini = 0.367 — 2E L
samples = 5197
value = [1258, 3939]

_lr_‘l: 72 / \

sugar <= -0.802 sugar <= 0.204
gini = 0.481 gini = 0.069
samples = 2922 samples = 2275
value = [1177, 1745] value = [81, 2194]

LN LN




'SECTION 5-1 274 E2|(9)

- A7 E2|(Decision Tree)

- AFO|Zl# Q| DecisionTreeClassifier 2E{AE ALESH 247 E2| ZE2 ¢

sugar <= -0.239
gini = 0.367
samples = 5197
value = [1258, 3939]

IR
b
[n

[

sugar <= -0.802
ginli = 0.481
samples = 2922
value = [1177, 1745]




'SECTION 5-1 84 E2|(10)

- A7 E2|(Decision Tree)
- B2 & (impurity)
o ginie XL 222 (Gini impurity)& 20|
« DecisionTreeClassifier 22|22 criterion Oj7HE#H 2| 7|2 Zt0] ‘gini’
.+ criterion DA7H % = EOIM HO|EIE BEte 7|z et
. 0| O EZ|O|M RE LEL THE 02392 7|FECE AEN QEZE L EE LM [f, criterion Of 7 #4=0
ANEst XL 228 A&
AL Exr=1-(2& ZFof2 HE2+ & S HE)
E LE= &5 ,19770e] ¥E, 350 1,258707F & e, 39397071 &d 220 R XLz k

1-((1258/5197)2+ (3939 /5197)2)=0.367

all

T LB L EOf StLte| AR U0, XL 227t 02 =B
1-((0/100)2+(100/100)?) =0

Ay




'SECTION 5-1 8™ EZ2|(11)

- A% E2|(Decision Tree)

- 225 (impurity)

- 28 Eg| 222
EZ|E dTAE
& 0|5 (information gain): £ 2 = EQ XAtAl L EO| £ X}0|

FPEO Er - (BE L HE 7/ FE HEP)xEF L Fxke-
(PEZ wC ME ) H00| ME #)x OEZ t C 2k -

23 L E(parent node)@t XtAl = E(child node)l| &&= XI0|7t 753t A E

o= T

0.367 - (2922 / 5197) x 0.481 - (2275 / 5197) x 0.069 = 0.066

21| =& &: DecisionTreeClassifier 222 0{| A criterion="entropy'E X|’d5I AL&
=& Fof2 HExlog,(5E o2 H/8) - &FE o2 H/E x log,( & S HS)
=-(1258 /5197) x log,(1258 / 5197) -

(3939 /5197) x log,(3939 / 5197) = 0.798

2
im

|50 ZCh7t | =58 =5 2

« 2Tk 7= M8 BE O

« LES =50 UH=+5 & 0|50 HH

- MZ2 HE0 ool 052 Mol =0 Z2E0 2t EZE 0|
- OpX|Efof =Ee 20| EaiA HES B2 05




' SECTION 5-1 278 E2|(12)

- A7 E2|(Decision Tree)
S ToNPSEd
- 23 EZ|0|M A2t = A= E2Q] X[Cf Z40|E X[F

« DecisionTreeClassifier 22122 max_depth Oj7H#H+E 322 X|FsI| L2 QH=7|

dt = DecisionTreeClassifier(max_depth=3, random_state=42)

e : 0.8454877814123533
dt.fit(train_scaled, train_target)

—
print(dt.score(train_scaled, train_target)) 0.8415384615384616
print(dt.score(test_scaled, test_target))

_l_

« plot_tree( ) &2 E2| dej &Y

plt.figure(figsize=(20,15))
plot_tree(dt, filled=True, feature_

names=['alcohol’, 'sugar’, 'pH'])
plt.show()




' SECTION 5-1 278 E2|(13)

- A7 E2|(Decision Tree)
. JIRIK|7|

. EMIIO| AFYE AN

|m

- MN2|8t7| o] 223 M E(train_input )2t HIAE

o| 22| F0f OfFH

1 E(test_input )2 27 E2| ZE = CFA|

dt = DecisionTreeClassifier(max_depth=3,
random_state=42)

dt.fit(train_input, train_target)
print(dt.score(train_input, train_target))
print(dt.score(test_input, test_target))

« EZ| dfj=ZZ 74

plt.figure(figsize=(20,15))

plot_tree(dt, filled=True, feature_names=['alcohol’,

'sugar', 'pH'])
plt.show()

= OXX EeEz st N2 S g ER7 S

i

Mot

0.8454877814123533
0.8415384615384616

. v
i = = 0468
sampiles = 1141 samples T2
walus = [708, 343] | [value = [271, 456]




'SECTION 5-1 84 EZ|(14)

- A7 E2|(Decision Tree)

- 7HX|X| 7|
- 273 Eg|= O E40| 7IE R&%HX| LtEIL = §d S/ & A
- Aol EC|UME FE LEQF ZO| 10 G =F A} 7| IE0 OOt FE(sugan’t 7t 8%t 58 &
StLEY A
- EM FZoLE ZH E2| REO| feature_importances_ &80 M= O] Z+2 =) =90l
print(dt.feature_importances_) — [0.12345626 0.86862934 0.0079144
]A FHR EMHOIHEI0g7 BEEZE EL TR 7 &1,
OS2 232 &5, pH =, O 242 25 HstH 10| &
- 54 3REE 4 LEo HE O M ME0 Cict HES 5%t & SEE=E H5H0 A4t
- E4 5L E 285t 4% Eg| REES EY MH0 0|8 = AUS




SECTION 5-1 274 E2|(15)

Mol -2 1)

o] 8=

14 E
o —

Al

=
(L

IH

7= 2 3}0|E 2}

=
=

, pH HIO| &

A LCF
T, O

. YA &

|

j 2= otolat 3to|

273
S0

Al

- S382 O F7tokA| ik 27 E2|9 50| 2X[AFH 2|7 ZE2EH O FoH

Sk
=

f

Sof cfs

i ZH O

5
(=]

Xl Ol8hist7| #lofl 2= /N

=
[

- 278 EZ|7t O{EA HIOIHE 2&dt

or
il

%
ol

K|
r

ol

ol




= (@) — xR —
ECTION 5-1 H=tk ALCHE| — 22|= L& U=t
84%7F 20| OfL|2} A|ZHA — 5.3 MM} AEZ J7HH 99%7J} K|
Hjo| ARl (A7 3l0|Eatn Eh 76.0%

2X|AE 217 - 34 54

ZH™ E2| (max_depth=3) — 37| 4

BHE Iy 37 EA (5-3 MI)\=|)
SHE ZYAE 7 EL HE (AP
XGBoost — 1171 &4 + 4 (HF &)

5N 759

84.2% « Vx| K|

°F 92%

°F 99%

°F 99.5%

1009

H|O| = 2 X}(Bayes error) — G| O|E{ XIX|2] $HA|

371 EADH RS ) OEF_?'_%ME CHE 2g/L, pH 3.391 2tQI2 Tt 2
& Abohe 90-95% B2, 117 S T M0 1 M3to] 99% £2O 2 g3zt

=Y s E20|ot 2l0[EY &= AFLICH O 2R T 100%= =7ts —

371l £ HIolE 2| o2

2% Eg|= MEtE|2] A[EE - 2E 252 Z o[sjiclof O flol 22 SY=E F ol5iE




SECTION 5-1 OFF2|(1)

Klo

== O[OLI7HEA E

oF K
ot &

Ooff / OFL{ 0] CH
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.SECTION 5-1 OFF2|(2)

o Sl I 7| K| 2f g
- pandas
« info(): HIOJH =& &2 2= §
« describe( ): HIO|HZY Y Eo| &
- scikit-learn
- DecisionTreeClassifier: 278 E2| & S22

 plot_tree(): 27 E2| REZ A|Zt3}




'SECTION 5-1 2ol 25|

1. TS & AN E2lo| 24250 (o] S/ 4 UGS 25 207
@ AL B2EE 20 £ Co| 2250t AHA| LT o 2aE0| Xj0|2 A4
@ KU BxEs 2220 U182 B30 B B3t CF21 A
®AERD 2aEl 1014 T 2 SeA HIS2 WA A
@ dE2D 2ars 224 H2T 224 B8O Yol 20l 1S M S BN 25 Ht =

ST 2 HHO] At

2. ZF E2(0|M AMT EN FZRET HEEO Uk 2427

@ important_variables_
@ variable_importances_
® important_features_

@ feature_importances_




'SECTION 5-1 2ol 25|

3. C}2 = Ato|zldo| AX™ E2| ZEQ| XL ZI0|E X| ™St 7= 20I7tR?

= O —

@ max_depth
2 max_leaf nodes
(3 max_features

@ max_samples




.SECTION 5-1 2ol 21

4. %M 278 E2| oHO|M max_depthE 32 = X|’35I0 zt7f LHE QI EE|E PH=UESLICH ALO
Z d | 227 H&ste U7 H s 5 min_impurity_decreaseE A&l 7tX|X| 7| £ o

HBASUCL O L 29| §E O|F x (=E2| HEF &)/ (UM S =) X0 O] Di7 ALt &

E
1o
I
o
|m
(8|

OSH O Old =0kl e LI O] Oj7i#H=2| £fS 0.00052 X|got1 27 EI% =0 2N
K. 27t ¢ K| H2 EL|7t SOX|LIR? HIAE MES| §52 OHIIR

dt = DecisionTreeClassifier(Jll , random_state=42) # ZEE 2HHS| EM Q2
dt.fit(train_input, train_target)

print(dt.score(train_input, train_target))

print(dt.score(test_input, test_target))

plt.figure(figsize=(20,15))

plot_tree(dt, filled=True, feature_names=['alcohol', 'sugar’, 'pH'])

plt.show()




.SECTION 5-2 WXt AZ1} 2| E MX]|(1)

- AB NE

- HIAE MEE AM26HX| & ZEo| atCjE ol

=
EE ZZ M E(validation set)2t &t

d
I
[
A
=
>
1A
ot
ro
Ral
il
>|
_?_F
N
()
St
I
>
i
4r
r
Mot
|'I'LI
=

- oM HA| HIOlH & 20%E HAE MEZ THE1 LIHX| 80%E 23 MEZ HEl=0|, ol =d
ME S0M LAl 20%E WO LHY 4T MEZ =7

72 BHALE
............ ZHAME......_. 02
------------------------------ SHIE e e HIE
°F60% °F20% °F20%




SECTION 5-2 uX} AZ1} 2| E AMX][(2)

- 43 ME
- A3 ME 2t=7|

o MCIAZ CSV HO|H 247

import pandas as pd
wine = pd.read_csv('https://bit.ly/wine-date')

« class €= EA2 2 ArEota LIHX| €2 =4 @0 HE

data = wine[['alcohol', 'sugar’, 'pH']]
target = wine['class']

- T NEQ} HAE MEE Lt&7|

- 28 MEQ| & GO|E{ 2} EfZl O|O[E{Z train_inputd train_target Hi 0| X%

from sklearn.model_selection import train_test_split
train_input, test_input, train_target, test_target = train_test_split(
data, target, test_size=0.2, random_state=42)

- 28 ME sub_input, sub_targetdt 45 M E val_input, val_targetE Zt=7|

sub_input, val_input, sub_target, val_target = train_test_split(
train_input, train_target, test_size=0.2, random_state=42)




.SECTION 5-2 WXt AZ1} 2| E MX|(3)

- 48 ME

. 3 NEQ HAE MEE LIE7

- 28 MEQ A3 MES[ 37| =0

print(sub_input.shape, val_input.shape) — (4157, 3) (1040, 3)

C
- pd

fujo

=31 It

« sub_input, sub_targetdt val_input, val_target= A&

from sklearn.tree import DecisionTreeClassifier

dt = DecisionTreeClassifier(random_state=42) 0.9971133028626413
dt.fit(sub_input, sub_target) -
print(dt.score(sub_input, sub_target)) 0.864423076323077

print(dt.score(val_input, val_target))




. SECTION 5-2 u X} AZ1 J2|E MX|(4)

o WX} AS(cross validation)

- WA 432 43 MES U Ho Brtots dbEs oY H Br=
- Abkz O] =& ooty 2T 43 g5 At
2P < 1 ,
22 HIE FHME 742 HIE
Py Ip— e o
22 HIE 742 HIE FHHE
I y o T o
29 iyt
22U ¢ , o )
72 dE e HIE T ME
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'SECTION 5-2 WX} AF1} A2|E AX|(5)

o WXt HAZ(cross validation)

- AO|Zl&HO| WXt HAF St cross_validate( )
- Hotet R MHE N B Of7fH-2 HMESH CHS YoM E 2 23 HMEE MO WX 20 28 ME

MM E cross_validate( ) =0 &

from sklearn.model_selection import cross_validate
scores = cross_validate(dt, train_input, train_target)
print(scores)

{' fit_time'": array([ 0.01334453, 0.01186419, 0.00783849, 0.0077858, 0.00726461]),
'score_time': array([0.00085783, 0.00062561, 0.00061512, 0.00063181, 0.00067616]),
'test_score': array([0.86923077, 0.84615385, 0.87680462, 0.84889317, 0.83541867])}

« O| g==£ fit_time, score_time, test_score 7| & 7}% HM 2| E Btet
) af £ |Zt= 2[0|

Ng 2718l 7= 44 22 S 28ot= AZtd 435k= A
7|OtCL 5702 <At

cross_validate() &= 7| 2522

2t
A

-=ZE WA 435S Tdev NES0AM 25

Ul




'SECTION 5-2 WX} AF1} A2 E A X|(6)

WXt AS(cross validation)

- AtO[Zl A S| At HF & cross_validate()

|
o WX AZO| X|F M4 test_ score 7|0f Et7I 5740 M4E HA

Import numpy as np —— 0.855300214703487
print(np.mean(scores['test_score']))
o 23%517| X|H: cross_validate( ) gt= 7|EXO 2 3|7 DHY AL KFold 27| AI8StD 25 T E
AL Et2 SeA2E S0 LE57| 2I6H StratifiedKFoldE AtE

from sklearn.model_selection import StratifiedKFold
scores = cross_validate(dt, train_input, train_target, cv=StratifiedKFold()) —>  0.855300214703487
print(np.mean(scores['test_score']))

r

- EHNEE A2 2 10-2& WX 45 ¢

1L
A

> nsplits D7 = Rk 22 1 HE5S X 28

splitter = StratifiedKFold(n_splits=10, shuffle=True, random_state=42)
scores = cross_validate(dt, train_input, train_target, cv=splitter) — 0.8574181117533719
print(np.mean(scores['test_score']))




'SECTION 5-2 WXl AF1 A2|E AMX|(7)

- ofo|IHIf2tol B Y
- D3 Ojet0jy: Haldld 2EO| ot ote Li2f0lH
A

al Ol A AFEX7F K| G5 OF 2 of= Lt2}O| E

r|r

— =
- ofO|HIEOIH /' AEel T

Si
 2tO[EZ 27} HEots 7|24 AHZE A& 285 &H
- 43 MES| U ui A5 = SollA Oi/#H+S =54 Ha

« BEOIC A= 1~27000 M, BAH= 5~6702] D7+ XS
- Of7fH-F HYZIHA B2 S 2Tt Xkt HS5S +H
- J2|E MX[(Grid Search): max_depth2| XX Zf2 min_samples_split Of7HH==2| 20| HH™ 2t7H
SHefX| B2 O] F D7 =5 SAIOf HHYZHD] =& Q| gt2 &7| fI5] AtE

. AHO|Z1219| GridSearchCV 22§ A = 80| HI}2I0|E EtM D} A} HASS 8 HHof| 238




'SECTION 5-2 WX} AF1} A2|E A X|(8)

- ofo|moft2fo|e B

- 7|2 OB A2 27 E2| 2EO|A min_impurity_decrease D7} = XX 7} &7|

+ GridSearchCV S2iA5 YZEStD M D7) H-0f BT 210 2| AES HMHZ|Z ST

from sklearn.model_selection import GridSearchCV
params = {'min_impurity_decrease': [0.0001, 0.0002, 0.0003, 0.0004, 0.0005]}

« GridSearchCV 2220 EHM CHA B AT pgrams H4E MEHSHY O2|E MK HA 2HE7|
gs = GridSearchCV(DecisionTreeClassifier(random_state=42), params, n_jobs=-1)

. gs MO fit() HAMEE S2. 0| HMEE S0 12|C MA| AKe AN E2| 2

min_impurity_decrease #f= HHH7tH & 5 A
gs.fit(train_input, train_target)
. HB ML MY 52 Yol OifHs o2 M BT MENM ISR CHA RS 3
i = (3312850 EElImEIDT_ —  0.9615162593804117

print(dt.score(train_input, train_target))

- Jd2[E MX|2 &2 X[HO| 7 4= best_params_ &30 H&H&

print(gs.best_params_) —>  {'min_impurity_decrease': 0.0001}




'SECTION 5-2 WX} AF1} A2|E A X|(9)

- ofo|mu}tZtol e &
- 7| ofg S
« SHO| WX} A

print(gs.cv_results_['mean_test_score'])

i :|
|rn

2| 2EO|A min_impurity_decrease Oi7H'H = XX gf &

—

I
AL

L|
O
A28 Z X
=
o

= O
o = 2
oz g2 H+E =Y

i

.|
-

—» [0.86819297 0.86453617 0.86492226 0.86780891 0.86761605]

- JCHE O] AHAE A3 params 7|0 MEE O7fH+E &4
0] 20| 1 4e| AS HAE OIS oy mEh
print(gs.cv_results_['params'][gs.best_index_]) — {'min_impurity_decrease': 0.0001}

1. BN FAME oSS XY

2. JACHE 28 MEONA 2B MX[E £d5H0] ¢l B 43 H7t LI Il =82
XS0l =82 22|=E MX| Ao M E)

3. AZ|E MA[= 2o Of7h 0 (Xt AS 0| AFE et 28 MEZFOtLZh M 23 MES
gl T ZES 28 (0| 2EE 2| E MX| A of HEH)




SECTION 5-2 u X} AF1} 2| E A{X](10)

. Sto|mHutatolE EY
Y L LEE SR

-

= 5|

-0
gt
MHI
MH>
H1
oy
>
bt
-
o
ujo
Ral

Jal

« min_impurity_decreaset _LI:E
max_depthZ2 E2|°| ZI0|E
min_samples_split2 = iE% Lf—,—7| Qo XA~ ME 4= MEH

7 i

params = {'min_impurity_decrease': np.arange(0.0001, 0.001, 0.0001),

'max_depth': range(5, 20, 1), @
'min_samples_split':|range(2, 100, 10)
} o\

&)

'‘H m} o] arange() EE(E)
o X PHWY Of7H = 2O A A[EESHO] 5= A Of 7 EH =0 =Bt M77EK] Al A Oj 7 H=E Al ot i € S Tt
A E 0 M= 0.000101| A A|ZFSHO] 0.0010] = 774X 0.00012 A& H ot HIE
- SFHMOpVfHsE ZEE[X| RGon = HEO| RIAE T 97
It0| M range() B ()
. MAOIAIR Jts
« O] Z2 max_depthZ 50| A 207t X| 14 Z7t5IHAM 1571 2| = i
« min_samples_split= 20| A 100774 X| 10 S 7tSFH A 10702 442 G
- mMetM ol of7fHr2 S WXt HAS Sl==9x15x10= 1,3507H
- J|E5-ZEE X AT S FASIEE IS0 X[ RH Q| == E 56,7507

Eln El"




u\l

154t A E MX|(11)

.SECTION 5-2 X}

« n_jobs 7 HFZ 12 4E5tD Jd2|E MA| 4

gs = GridSearchCV(DecisionTreeClassifier(random_state=42), params, n_jobs=-1)
gs.fit(train_input, train_target)

. &M oS £3 ol

print(gs.best_params_) —— {'max_depth': 14, 'min_impurity_decrease': 0.0004, 'min_samples_split": 12}

. ANO| BXt A F4 2ol

print(np.max(gs.cv_results_['mean_test_score'])) — 0.8683865773302731




.SECTION 5-2 WX} 451} d2|E MX[(12)

. Sto|MujatolE EY

- 2HE MX|(Random Search)
o Of7HH==0| 2t0| =X| ¥ W gto| HeLt ZtAZ O|2| "ot7| o2 W

« U5 B2 0§71 B 20| U0 J2|E MX| = AlZHo] 22 2F [
- HE MX[0= Di/H 2o ==50| ot Dj7ii+5 HEde = A & == A4NE UE

« MWO[ZIO] O A 2702| =t = &£ 22AE |IZE

from scipy.stats import uniform, randint » uniformif randint 2 A= BF FOI HR{OM A2 gt ==
(T =20 M=)
randinte A4t =, uniform= A 4f2 T2
« 00A 10 AIO|Q| BIQ|E Zr= randint 2K E TS 10702 <=XtE MEE
Gl R — array([6,4,2,2,7,7,0,0,5,4])
rgen.rvs(10)
« 1,0007H& MEENA 4 =XtQ| 7= +5t7|
np.unique(rgen.rvs(1000), . (array([0, 1, 2, 3,4,5,6,7,8,9]),
return_counts=True) array([ 98, 94, 99, 93, 93,92, 111, 118, 105, 97]))




'SECTION 5-2 WX} 4351 A2|E MX][(13)

- OfO|IHIf2toly B Y
2 & A X|(Random Search)

« uniform SEIAZ 0~1 AFO|O|M 1079 M£E ==

2T = T =2

ugen = uniform(0, 1)

_, array([0.12982148, 0.32130647, 0.22468098, 0.09345374, 0.43188927,
e ) 0.69791727,0.81250121, 0.54913255, 0.00552007, 0.52386115])

- B O7iE0 HSMHZE TS
E

-

min_samples_leaf O 7 #H==5 Ef A Ci&f0f =7¢

params = {'min_impurity_decrease': uniform(0.0001, 0.001),
'max_depth': randint(20, 50),

'min_samples_split": randint(2, 25),

min_samples_leaf': randint(1, 25),
}

AtO|ZlEH o] 3 M K| 2|2 RandomizedSearchCVe| n_iter Of 7l EH =0

from sklearn.model_selection import RandomizedSearchCV

rs = RandomizedSearchCV(DecisionTreeClassifier(random_state=42), params
n_iter=100, n_jobs=-1, random_state=42)
rs.fit(train_input, train_target)




. SECTION 5-2 WX} 451} 12| E A X|(14)

o of0o|mIof2tolyH &Y

2 & M X|(Random Search)

- paramsOi| FlE Oi7HH HRA0M & 100H (n_iter D7 )2 MEZSIY WAt AS S A5t % F 9|

Oj 74 T A

{ 'max_depth': 39, 'min_impurity _decrease': 0.00034102546602601173,

print(rs.best_params_) . ] .
'min_samples_leaf': 7, 'min_samples_split': 13}

. A|mo| WAL AS He g0l

print(np.max(rs.cv_results_['mean_test_score'])) —>  0.8695428296438884

. A= DEz AF™SID HAE NEQ M5 =0l

= L

dt = rs.best_estimator_
: ) —  0.86
print(dt.score(test_input, test_target))
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SECTION 5-2 O 2|(1)

1, | AE HES A}
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.SECTION 5-2 OFF 2| (2)

- A T} K| 9f B4

- scikit-learn

* GridSearchCV: Wi} 452 = StO|HItZO|H M-S A

Ol H IO H HHMS
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ol
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. SECTION 5-2

1. 28 MEZ o8 /e EE= Lt+1 EE
ArESt, A2 2= EEF H7 =2
O|H 7t S FAO|ZtD B=ELf?

O LA FdS @ tt= d35
@ WA} Bt @ HH= m7}
2. Ot & WAt 452 TS| e gLt

@ cross_validate( )

@ GridSearchCV

3 RandomizedSearchCV
@ train_test_split
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'SECTION 5-2 2ol 2

3. Ct2 & GridSearchCVO| L8l SHI2

1) AFENe| 7 ) Ql0| StO|IH 20| & AtEs2 = AMoL| T
) S EEO|N S8 Oj7fHAS A
3) 7| 2o 2 5-2& Wkt A

ot o ﬂJI

a5
4) DecisionTreeClassifier2t AtE

4. Ot X[ 8F RandomizedSearchCV Of| K| 0| A DecisionTreeClassifier =2 20|
splitter="random’ O|7)f HF F715t0 CrA| 2G| EA| Q. splitter OH7H H=2| 7| 24(2
‘best 2 2 L EQAM X|MO| &2 &S LICH random'0O|H FAi 2 F&tot Ct5 7H&

Z£2 742 TELICH o 0] SMO| LRFIX|L CFS HOIM U 4 YSLICH HAE HE
Ol A50| 21ZELIR? LiBZILER?




'SECTION 5-3 E2|9] ¥H&=(1)

- 3 H[O|Het H|EY O|O|H

- 8™ M| 0|H(structured data)
- OfH AXZ 0] Y= MMl Zol, %0|, FH, 24l HIO|H &
» CSVLt H|O|E{H| O] A (Database), &2 M (Excel)0ll XZ&3st7| &0l

Hal2ld €5 S-S s (ensemble learning)

. Ol LTS EE 4™ ECIE 7|Ho 2 THEO A

- H|H¥ O|O|H(unstructured data)
- HIAE HO|H, CIX|E7t02t2 B2 M, HEESE E& X2 3Y S
o Al

-

ox

Y gad|E
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'SECTION 5-3 EE|o] AMZ(EL{A b5)

- HiZ(Bagging) — Bootstrap + Aggregating2| & &E

= O
« HEAE-MOZ OLE 1007 ME Z+2H0) Ol R E S5 — 1007H2] "5t B &l

= — =
OhY DE S it BE R MAE a3 BURD 450 ¥)

. BIX|TH 10074 BHO| B1ZS Of 12|H|0|M(EEhSHH At etz

. EELE O3, 3|7 BROE A - MEO| BE5ES Bt

=
- 21k NE ZEHEC 2 Fe=orn

#HH7'7‘1>HI*E
2 [O|E]| > HEEAE-MO R 1oo7H MIZ M A
o] O

It|

> 2 2t AH*—‘-DI-E'-EEII 17H oI-A 1007H I _It'ﬂ- E%) - (7H té' El:él% clll:-(l)-HE %DEEI)I;II-% 7C)l-E_:|I - %7:”9—'
51004 BEO 052 Ef"’d/“"?EE A3 OF &)
S 1% 015 e 8 Y BT Res I B Ato| 2 21}

- 80 F2|: Bootstrapl| B + Aggregating — Bagging
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SECTION 5-3 E2|9]

2 2

(feature)

70
Mia
2

ol
Z0
ujs

=

O]

-

. BjZ2 "o HO|E S BEX| o]

10

« 10071 2&0| L} "& 3 7|"0f

oF A1 O}
O O L-

g N
) HI H
==

o=
-> 1007

2} A Xt — Random Feature Selection

1
=

OtL2f Ed = F5 %=

HH
—

HZ%4: O O] H

-
o

I B
OO0




.SECTION 5-3 EE|o] AMZ(ELA 7)

- 2ff QJAEE Lt 217 — J2[id Aro| 2l E 3L mtef0lE
- OIAFZF LHRE siM0| H 2RI HolE o HHoE 20| & B THY
O] "RIZtet o] CHYOIX|QH REAERY + S4 2|9 LD Q3|2 FHO|
.I

Of MZ L= At 22 2t

- — E2|& Holx
- Eohof5->=20| ¥ 100~5001F S =7(0] FHO| 5 —» o= HO|2= XX

#1.n_estimators — E2|E H OF 0t= A0l
H & 100~500. =5 VI G =S X| TSk A2t H| Y STt

L

#2, max_features — MEE % 70| SHE 2 QI — OEEf|E0 S HE LRI ARE E8
BEyHA EA 4). EA 1071H vio =371, 242 ChEA A = (Yd=0[ E2h
#3. max_depth — Zf L} 22| Z10| & &OtZ & Z4 217}

« n_estimators (E2| 7H=), max_features (MEY £ =), max_depth (E2| Z0|)
reEag M O0|E 2o B0 A2t0I0| EE — A2 i3l
E‘”OlE'I-:OE—,—O" —|—7£|-r|o§—|—O:|OI_|'_O_IA|- Cl= OF 7] Elz
A% LHE 1000 29| MEF XY —= =18
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SECTION 5-3 Eg|9]
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SECTION 5-3 E2|o] ¥4Al=(4)

- AHE M| A E (Random Forest)

- RandomForestClassifier 2|2 & 3I0|E 222 F&Fot= X0 H-E5}7]

- 2tQI HIO[HAS HOARE S0 FH MEQ HAE ME

import numpy as np

import pandas as pd

from sklearn.model_selection import train_test_split

wine = pd.read_csv('https://bit.ly/wine-date')

data = wine[['alcohol’, 'sugar’, 'pH']]

target = wine['class']

train_input, test_input, train_target, test_target = train_test_split(
data, target, test_size=0.2, random_state=42)

« cross_validate( ) 8+E At2d| uXt AS5S A

from sklearn.model_selection import cross_validate

from sklearn.ensemble import RandomForestClassifier

rf = RandomForestClassifier(n_jobs=-1, random_state=42)

scores = cross_validate(rf, train_input, train_target,
return_train_score=True, n_jobs=-1)

print(np.mean(scores['train_score']), np.mean(scores['test_score']))

LHe 7|

— 0.9973541965122431

0.8905151032797809




.SECTION 5-3 E2|o] A =(5)

- ZHE I |AE(Random Forest)

- RandomForestClassifier 222 20| E 21912 2&Fot= &40 & -E5}/|
1

. oo U HYAE DHUS T NEO TS S SN F2EE =Y

rf.fit(train_input, train_target)
print(rf.feature_importances_) — 1023 167431267927 fé]50039841
[0.12345626 0.86862934

oto| 18 PR lor = = 4 SRE(EE 234%)

2} SHE, pH, & H EMQ gEo| ER e}
ULt YRS T4t pH ENO FREHES S

1 ZupotLte] S0 Bt=otA HSoA| 1 & H B2
2O 7|0 7|2 & 2 SotE 2 M AT s 0|1 LY
=
IT




.SECTION 5-3 E2|o] UM =(6)

- ZHE I |AE(Random Forest)

- RandomForestClassifier 222 20| E 21912 2&Fot= &40 & -E5}/|
« OOB(out of bag) EAEY ME0| LS| X| K0 He= M

E
. HEAE MEz a2

= 2
o = o
« 0ob score=TrueZ X|Hst1 REZ &S0 O0OB M4+ &9

rf = RandomForestClassifier(oob_score=True, n_jobs=-1,

random_state=42) —  0.8934000384837406
rf.fit(train_input, train_target)

print(rf.oob_score )




.SECTION 5-3 EZ2|2| U&Z(7)

o AAEZI EE|(Extra Trees)
- J2™MoZ 10071e 2H Eg|

Oi7i == X[ &

- TN £4 30| €7 S8 HEHOHH HESto] L EE E25tE O AFE
2

M
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. Y ZYAEQ AAE

« ExtraTreesClassifier& AtE2df D2 O| nXt AF M4+E =9l

from sklearn.ensemble import ExtraTreesClassifier

et = ExtraTreesClassifier(n_jobs=-1, random_state=42)

scores = cross_validate(et, train_input, train_target, — 0.99745039566084433 0.8887843893166506
return_train_score=True, n_jobs=-1)

print(np.mean(scores|['train_score']), np.mean(scores|['test_score']))

. dAER E2E WY HIYAEQ OHIIIXE 4 FREE M. #ME (YRS £4, D&, pHIH
ANE B YRt E2|s AY E2|2rt Yo i3 o|F g0l 3

et.fit(train_input, train_target)
print(et.feature_importances_)

—  [0.20183568 0.52242907 0.27573525]
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SECTION 5-3 E2|9]
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SECTION 5-3 E2|9]
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'SECTION 5-3 EE|o| UM (ELA 9)

- 2289 201 = — IOl 7Kt & HEE
- $AY YNIASTES T2 AL Y2 8 £ US oY

iy
- &AM RHEO| Ot= 2|2 IO |, &8 O
- @ 2Y ME|Z(Model Weight) — 2} ot DEIO| "EHA A M4

# (D H|0[E| 71EX|o| E&

GIO|Ef A: |8 B EO0| GHE 5 JHEA|Y (412 2A) ~
HIO|Ef B: XM o] E2 5 JIE %4 0]z 2A) — EE1(M=2x08)> 0= Af
SlS B s 5K 50 Ho|Elo] B Ste

4 DH NI CO| E& _AE X2 A HEER

F

Il T
e
.
o
X

- of50| E oot ZE0| ZotLt Fe=totk|o| Bt — xF o5 Al SgH 2

DE2MEE03)> 058 (HRH 0.3) JI=E g AT} (A : x| = ofl =.
EFé-_'N(*._lilioe)eOﬂ%:A(Ee*o.jﬂo — SIS EHE A10H(A:1.7 vs B:03) > XS 0= A




'SECTION 5-3 Eg|o] M S (HHZA 10)

- Of|O|CHR AE(AdaBoost) — FAEH S x[X=2 AXN fodst Yd02[E
- SAE2 1990} OFO|C|O{ =Tt =X — AdaBoost’| £|ZE= 2 K| 2}-Ci 52}
Adaptive Boosting?| =E — 2 ME|Z0f mef OOy 7Hs5X|E "H3H ez HE
-7E7|2f: RE I:1|O|E19| tSXE 24 248 (W: 570H 42 0.2)
=2 OOo[H 7t&5X &), dH=E =1 —¢
® *._|§|E( ALk QHELEE2 HEERH &= (el €5 at)
# AdaBoost St& ot AFO|2
EI: B=tS K wi=1/N (B “ o
REhSE > LEE & > o= %In((1-g)/e) — > TH 7rEA 20l 10| &l == Z izt

7ISX| €HIO|E: HFEw:=wx1
E2lwi=wxexpla) «ZF

@ 7K YHO|E: & H|O|EH= A2 (x1), & HIOIHE xexp(a), 1=t &=1 FA|

®
3
JOl‘
>
!

0
n
Mo
v

e NdgENY - NEIE o Tk B HE A ¥ B0 A S
SQHOIEE 7IBSXE2E 2 i+1 35 > o Al X2 A Hojno 2 O E A =)
*|_|'97|'§x|550|=|-||:-”0|E9 9EE|| T | = - = — T |- =




=(BEUHA 11)

OFA
o o

SECTION 5-3 E2|9]

> AdaBoost =& — N7/l 2 Eo| "AMZ| & 7]

. Oy

+ 22| MB|IE o, o, ..

o
=

Of
LS

=X

g, oldZ 112

=
o

ZE0| 5= W

L=}
—

Ml 2O s 2

M_u
jol

joI
kio

IH
L+

A AR 5O - 7HS

2t
a

b

# AdaBoost
S o

(+1 E&= -

EONE]S
=
of Alz|=g

=
=

X)
ai:iH._'mH 'O;
hi(x) : iR 2 & O o

52t 2 E0| of

20| 0|¢j7t O E8

0]

ojnu
hill

Kir

10d

el

=

KID

ZAte| M2 =0f Ho 7tEs &8

2hdot= Zalg|

Pl
o
T
my
10l
or
[}
oF
™~
|

K

%

~N T
or = AT
of OK ol
Kiu OF! 1H
|r._.__._._._|0
v =
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2 O|C[HE & AEl(gradient boosting)
. Z0[7H 22 7T S ABSH0] O[F E2|9| QXE Heks}E WAlo
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from sklearn.ensemble import GradientBoostingClassifier
gb = GradientBoostingClassifier(random_state=42)

scores = cross_validate(gb, train_input, train_target,
return_train_score=True, n_jobs=-1) — 0.8881086892152563
print(np.mean(scores['train_score']), 0.8720430147331015

np.mean(scores|'test_score']))

- JZO|C|QE BAE2 2 EC[Q 7H¢% =8 MOAo| o &g
- 24 Ef 7H¢§ 500712 SoiM WA+ 23 g 2ol

gb = GradientBoostingClassifier(n_estimators=500, learning_rate=0.2,
random_state=42)
scores = cross_validate(gb, train_input, train_target, — 0.9464595437171814 0.8780082549788999
return_train_score=True, n_jobs=-1)
print(np.mean(scores|['train_score']), np.mean(scores['test_score']))
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- J12{|O|C|AE FEAEl(gradient boosting)
. Jyo|C|oE
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gb.fit(train_input, train_target)
print(gb.feature_importances_)
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- S|AER™ 7|8 O 0|C|AE FAEl(Histogram-based Gradient Boosting)
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from sklearn.ensemble import HistGradientBoostingClassifier
hgb = HistGradientBoostingClassifier(random_state=42)

scores = cross_validate(hgb, train_input, train_target, —» 0.9321723946453317 0.880124194861923

return_train_score=True)
print(np.mean(scores['train_score']), np.mean(scores['test_score']))
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- S|AE™ J|Hh g 0|C| 1 E EAEl(Histogram-based Gradient Boosting)
- S|AETIM 7|8 O2f|O|C|QE RAE RES AL 2H MEOM 5 SQE AL

L
n_repeats D7 H= HESHA A2 =5 X|H

from sklearn.inspection import permutation_importance

hgb.fit(train_input, train_target)

result = permutation_importance(hgb, train_input, train_target, — [0.08876275 0.23438522
n_repeats=10, random_state=42, n_jobs=-1) 0.08027708]

print(result.importances_mean)

- HAE NEOAM S S2ES At

result = permutation_importance(hgb, test_input, test_target, n_repeats=10,
random_state=42, n_jobs=-1) — 0.8723076923076923

print(result.importances_mean)
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- SIAE™Y 7[8t O O|C|HE 2 AE(Histogram-based Gradient Boosting)

« HistGradientBoostingClassifierg AFEd] HAE MEOMO &2 XBTHOZE =0l

hgb.score(test_input, test_target) —» 0.8723076923076923
CH2 ol B2

. XGBoost 2H0|=22{2|2 AtR3| ool HIO|Efo| mAt HE H4 2o

A
T =/

from xgboost import XGBClassifier

xgb = XGBClassifier(tree_method='hist', random_state=42)

scores = cross_validate(xgb, train_input, train_target, — 0.9558403027491312 0.8782000074035686
return_train_score=True, n_jobs=-1)

print(np.mean(scores|['train_score']), np.mean(scores['test_score']))
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from lightgbm import LGBMClassifier
Ilgb = LGBMClassifier(random_state=42)
scores = cross_validate(lgb, train_input, train_target, — 0.9358284148517495 0.8301251203079384
return_train_score=True, n_jobs=-1)
print(np.mean(scores['train_score']), np.mean(scores['test_score']))
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> XGBoost vs LightGBM — Z12{|O|C|HE S AEO| QFLY 20| E 8|2
- = Cf g O|C|IQE FAH EE|(GBT)0| LTHO|H, Ao EH Q|
2ET" 7|8 GBT 7+5%
« 712 2 X0|E EB| 4 A — XGBoostE level-wise, LightGBM leaf-wise
* Level-wise (XGB): ¢ #l0|& Lt M2 = Lt5 A0|2. o &2l EZ| 2HEH
- Leaf-wise (LGBM): =42 7tE BO| E0|= ARH €. €2 A0 § 2 d5 S

# XGBoost vs LightGBM H| 1
S 2t XGB 2014 (Tiangi Chen) / LGBM 2017 (Microsoft)
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S o o o o)
AL levelwise (RH)  / leaf-wise (2T, #2) — X2 O0|H 2’8 d: x6B P M| / LGBM 1t A g
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T 20| B 2] ALE O|A| (AFO] 2 & 2 2t
API)
xgb = XGBClassifier(tree_method="hist’,
random_state=42); xgb.fit(X, y)

|

lgb = LGBMClassifier(random_state=42); Igb.fit(X, y)
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- S A )| K| 9 Bt

- scikit-learn
 RandomForestClassifier: 2HE ZAE 22 ZajA
« ExtraTreesClassifier: AAEZ} E2| 27 SciA
- GradientBoostingClassifier: J12{|O|CI|HE FAE 27 SefA
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