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Dataset
- Poison dataset
« R I{3|X]: MASS (Modern Applied Statistics with S)

o AlS HH7=|: 2|S|0-||j-|| EX EAE EO:"('SI- _‘c|>': AHZ= *'?_f 575;

= O o 7 O -1 — OL— =
o ZH:LCIOHEA M| BAl(treatment) B! SAQH0| [LHE M= A2HXO| 24
- M

« poison: 4 £ (Factor, of: G1,G2, G3)
 treat: N2| &4 (Treatment group, 0i: A, B, C, D)
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Y : survival time

1.0 1

o
©

o
o

0.4

0.2 4

1.2 1

1.0

o
©

Y : survival time

o
o

0.4

G2 G3
X : Poison

FHO| 2 AEAZ2] X[
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A 8 c
X : treatment

L= YO MHE YEAIZIC X0




Survival time

1.0 1

0.8 -

0.4 1

0.2 1

treat

oO0nw >

G2
Poison

HOl| IHE HEAIZIS| K10
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=4 Q0| Wt AYEA|ZI0] XH0[2} Q=

L= HEHO|| 2t HEAIZES| XtO|7F A=21?

o (@
Eget S4fF10 =HEHQ| 0] MEAZ| It F=217
-
T (@) -
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joaE H Syu
- SST: Xt2S TS| #15d (v; 7t YE 2|E22 Ot #o[oF 2917)

- SSB: HERM A s (1,7t YE 7|&E2 2 HOfLt o7 301? FThe| 20|15 Hige)

- SSW: HEL Wl sy (2t Yy 7t Y8 7|1E2 2 HOfLt oo 301? HYTHE R Ho| S22 Al

n
n
—
|
93]
92)
o
+
%))
=

2t dEisto| oo TR MA0| ChECHH SSB/SSW 32|2 HE Zo|ct,
(cf) A= SAHIZF2 SSBRI SSWE 2 XAFR LR L= MSB2F MSW £ A8

0
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SST = SSB + SSW

Between-Group
Variation (SSB)

T T

Total Variation (SST)

Within-Group
Variation (SSW)

Department of Statistics

k. mnj
SST =YY (V- Y)
j=1 i=1
k
SSB =) n;(¥; - Y)’
j=1
k nj
SSW=> > (¥ - Y;)°
j=1 i=1
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O
L — 1 OL_-—

one_way_anova = ols('time ~ C(poison)', df_poi).fit()
result_one = anova_lm(one_way_anova)

result_one

Department of Statistics

Y : survival time

1214

1.01

o
©

o
o

0.4

[ r |

0.2 4 J_

df sum_sq mean_sq F PR(>F)
C(poison) 2.0000 1.0330 0.5165 11.7860 0.0001
Residual 45.0000 1.9721 0.0438 NaN NaN

11




=1 h

5 7}

o

40

two_way_anova = ols('time ~ C(poison)

C(treat)', df_poi).fit()

result_two

result_two

C(poison)

C(treat)
C(poison):C(treat)
Residual

= anova_lm(two_way_anova)

df
2.0000
3.0000
6.0000
36.0000

sum_sq
1.0330
0.9212
0.2501
0.8007

mean_sq
0.5165
0.3071
0.0417
0.0222

F PR(>F)

23.2217
13.8056
1.8743
NaN

0.0000
0.0000
0.1123
NaN

el

from plotnine import *
import pandas as pd

plot = (

ggplot(df_poi, aes(x='poison', y='time', color='treat',
shape='treat', group='treat'))

+ stat_summary(fun_y=np.mean, geom='point', size=3)

+ stat_summary(fun_y=np.mean, geom='line', size=1)

+ scale_shape_manual(values=['o', 's', '*', 'D

+ scale_color_brewer(type='qual', palette='Set2') +
labs(x='Poison', y='Survival time', color='Treatment',
shape='Treatment"')

+ theme_bw()

+ theme(figure_size=(8, 5))

)

print(plot)

Department of Statistics 12



Survival time

0.64

0.41

0.24

G2
Poison
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B
== C
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ggplot2

ggplot &

- OIO|MOj|A = plotline I{Z | X| £ 0| 23A ggplot 2HS JCHZ AR = US

« from plotline import * # A2t &~E 2= 0|EZ2H0| S

a1 —

Jfu

- Jl= =Y

MO

 ggplot(data=None, mapping=None)

data = H|O|E{ T2/ AHE, mapping 2 A|ESHE CHEAIA

1/

HJ

« ggplot(data=boston_df, mapping=aes(x='RM’, y="Price ")) 0{lX aes(x='RM’, y='Price’) —

RMZ x=, PriceE yE=2 2 A|2fs}

Department of Statistics
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ggplot2

ggplot &4

aes =

X, Y- X=-;, y=; B X
color: 41 Aak (2H24|0f| BHEE)
fill: &4

1A (BIAETR, HEA
shape: Ho| =&

, HASE S)

size: ™, M 59| 37|
alpha: £EXE (0~1)
linetype: A AEMH (FM, M )

group: d 12 J&F X (53] geom_line() S0IM 52)

Department of Statistics
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ggplot2

ggplot 24
- aes &g OflA|
» ggplot(boston_df, aes(x="Price"))

» ggplot(df_poi, aes(x="poison', y="time', color="treat', shape="treat’, group="treat’))

Department of Statistics
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* ggplot() + Al2Zefats + £ e + ...
- geon_histogram()

« geom_histogram(mapping=None, data=None, bins=30, binwidth=None, fill=None,

color=None, alpha=None, ...)

» O|AETH 2t y =0 0|5 HFE 42 FR0l= mapping & ase(y = .density..) 2 27l &

Department of Statistics 18



ggplot2

ggplot 2
- geon_point()
« geom_point(size=3, alpha=0.8)
* size, color Of H=gfS CHSAIZ|H TEHEO| T My 280ts
- facet_wrap('~£=0|2’)

- 12HE 2t 2| ALBHA O3] JHS| subplot & & =+ US

Department of Statistics
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LR

Boston Housing dataset

- 02 2AE(Boston) X|219| Z=EH J124(TH]: $1,000)2 1 X|40| CIFSH ALS|AN, AXIA,
EIOZ Of|&
-

Price :3Ef 214
* RM  FEHIOIRE HE ol e
* NOX :10ppm & 5% Litotaia

=
« AGE :19404 O|H0|| A==l AQFEHO|H|E

LSTAT

dIn

otelAIZ2l BlZ(%)
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2|HEA

Boston Housing dataset (THMAT JF49| 2Ir)

plot = ( _
ggplot(boston_df, aes(x='Price')) "
+ geom_histogram(aes(y="'..density.."'),
bins=20, fill='skyblue', color='black') _ oo —/
+ geom_density(aes(color='"Density Curve"'), size=1.2) } H lowmay oo
+ labs(x="'Price', y='Density') oo
+ theme_bw()
)
print(plot) L T I Y %
22
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2|HEA

Boston Housing dataset
plot = (
ggplot(boston_df, aes(x='LSTAT', y='Price’, 40+ .
color="AGE")) A TR
o.v.....
+ geom_point() %0 '.‘i; e e
+ labs(x='LSTAT', y='Price") £ .:'-'::.C
0’. o0
-aa NI
+ theme_bw() 00 | -5-.:.'.23:':%.:-\ w
) ° O.J.?.o
print(plot) .
10+ )
0 10 20

LSTAT
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2|HEA

Boston Housing dataset(Ct5E= 12[7))

- Wide Format: St-t2Q| 3

ID

1

2

3

- Long Format: 0{2{ =~

ID

1

1

RM

6.5

7.2

5.9

Variable

RM

NOX

AGE

LSTAT

H(row)o]| 02 #2] 2f0] Y(column) 2 B U= HEN

NOX

0.45

AGE

66.2

451

78.3

(row) 2= L&,

Value
6.5
0.45
66.2
12.4

Department of Statistics

LSTAT

12.4

8.2

15.9
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3|7

Boston Housing dataset(Ct5E= 12[7))
- 9| #i2f (pandas E8)
* Wide format -> Long Format
df_long = boston_df[['RM', 'NOX', 'AGE', 'LSTAT']].melt(var_name="Variable’,
value_name="'Value’)
df_long = boston_df[['RM’, 'NOX', 'AGE', 'LSTAT']].melt(id_vars ='Price’,
var_name='Variable’, value_name="'Value')

* Long Format -> Wide format
df_wide = df_long.pivot(columns="'Variable', values="'Value')

Department of Statistics
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2|HEA

Boston Housing dataset(CESE£ 12|7)) " R — = —

df_long = boston_df.melt(id_vars='Price’, 1
var_name='Variable', value_name='Value') -

10 4

plot = ( | , | , ¢ || , ,
. 8 0 25 50 75 100 O 10 20
ggplot(df_long, aes(x='Value', y='Price')) £ NOX AM
50 4 e e
+ geom_point(alpha=0.2, color='steelblue')
40 4
+ facet_wrap('~Variable', scales='free_x"') b 3%
30 - : % 3
+ labs(x='Variables', y='Price") ] 2% B {ies . ~g§!§7
+ theme_bw() o Ve sl : L
3
) 0.4 0.5 0.6 O.'7 0.8 4 5 6
p rlnt ( plot ) VariableS
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2|HEA

Boston Housing dataset(Ct5E= 12[7))

corr_mat = boston_df.corr()

corr_long = corr_mat.reset_index().melt(id_vars="index")

corr_long.columns = ['Varl', 'Var2', 'Correlation']

plot = (

ggplot(corr_long, aes(x='Varl', y='Var2', fill='Correlation'))

+ geom_tile()
+ geom_text(aes(label="'round(Correlation, 2)'), color='white'")
+ scale_fill_gradient2(low='blue', high='red', mid='white',
midpoint=0)
+ theme_bw()
+ labs(title='Correlation Heatmap', x='"', y='")
+ theme(axis_text_x=element_text(rotation=45, ha='right’))
)

print(plot)

Department of Statistics

RM {

Price 4

NOX 4

LSTAT

AGE

Correlation Heatmap

Correlation
l |
0

0.5
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2|HEA

Boston Housing dataset(Ct5E= 12[7))

model =

result = model.fit()
print(result.summary())

sm.OLS.from_formula("Price ~
RM+NOX+AGE+LSTAT",

OLS Regression Results

data=boston_df) Time:

Dep. Variable: Price R-squared: 0.641
Model: OLS Adj. R-squared: 0.638
Method: Least Squares F-statistic: 223.2
Date: Sun, 23 Mar 2025 Prob (F-statistic): 8.13e-110
19:59:43  Log-Likelihood: -1581.4
No. Observations: 506  AIC: 3173.
Df Residuals: 501 BIC: 3194.
Df Model: 4
Covariance Type: nonrobust
coef std err t P>|t| [0.025 0.975]
Intercept 0.5415 3.398 0.159 0.873 -6.134 7.217
RM 4.9989 0.454 11.009 0.000 4.107 5.891
NOX -4.6426 3.246 -1.430 0.153 -11.019 1.734
AGE 0.0205 0.014 1.489 0.137 -0.007 0.047
LSTAT -0.6522 0.055 -11.755 0.000 -0.761 -0.543
Omnibus: 144.315 Durbin-Watson: 0.848
Prob(Omnibus): 0.000 Jarque-Bera (JB): 438.867
Skew: 1.343 Prob(JB): 5.03e-96
Kurtosis: 6.688 Cond. No. 1.19e+03

Department of Statistics
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3|7

TREAS AlZet

#TXHEH 2 Al
sm.qgplot(result.resid, line='45")
plt.title("Normal Q-Q Plot")
plt.show()

sm.graphics.plot_fit(result, 'RM')
plt.show()

sm.graphics.influence_plot(result)
plt.tight_layout()
plt.show()

Department of Statistics
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ZX|AE| S|

H H
JLEETYE ]

- QH|(mpg) 2t HED| FEH (am)2| 21| 2A

- No A o A A= 0.75 -
EfE
Transmission
% 0.50 - ® auto
manual
0.25 -
0- o (X 11 I N N J
10 20 30 40
mpg
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ZX|AE| S|

Alzkst FE

url = "http://ranking.uos.ac.kr/class/VIS/data/mtcars.csv"
df = pd.read_csv(url)
df = df[['mpg', 'am"']]
df['am'] = df['am'].astype('int")
# mpg: H| 1Wa0|m§§_m[1%% 7t=7t7?)
# am: HZT| AE| (0: XsHEY, TSHET
plot = (ggplot(data=df, mapp1ng=aes(x= mpg', y='am', color='factor(am)’))
+ geom_point(size=3)
+ scale_color_discrete(labels=['auto', 'manual’l)
+ labs(color="Transmission")
+ ylim(0,1)
+ x1im(5,40)
)

plot
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2 X| AE[2| 72

UHo| et 2X|AE o|FEA2| HlW

- ey

f(x) =By + P1x

- EXAEERY

flx) =

exp(Bo + B1%)

1+ exp(Bo + f1%)

(1)

Department of Statistics

10

20

mpg

30

40

factor(am)
—e— linear

logistic
0.0

—o— 1.0

factor(variable)

— linear

---- logistic
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Wy, f(0)) = (y - f())°
- cross entropy &AIgk

I(y, f(x)) =ylog f(x) + (1 —y)log(1 — f(x))

Department of Statistics
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2 X| AE[2| 72

OJAIETS

- A2 Of|SLHe -> Bhato ZAR I[CHAL E(YX)

- RAAE 372
o O|ZCH 1: gFSH0| ZAHE J[CHZL E(YIX) = P(Y = 1]X) ¢!
__exp(Bo + i)
1+ exp(By + B1x)
o O|ELHAL2: target 2 YOI B h (threshold) & X510

I(f(x) = h)

f(x)

Department of Statistics
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2 X| AE[2| 72

OJAIETS

- H|O|= QAFEX A

= 0O

+ B={x:P(Y =1]X=x) =

1

2

}

- HO|= 2HAMNEY LERES 2|20l = Us MEEYE
1 P ~
» AP =1|X=x) 2 0HY =1, AFX| feB Y =0

Department of Statistics
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2 X|AEIS|7EA

HIO|=oJARAEdAIRt BE =

- X|Y £ oA BERES 1Y

fii(x): PDF of XY=k fork =0, 7

T, = P(Y = k)

H|0]= g2 (0] 2[5l A

11 f1(X)

Priv = X =) = 0 7™ + A G

H|0| = A EFBA:

(oNe)

B = {x:mf1(x) = mofo(x)}
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2 X AE[S| 72

0.3 -

Hio| XoA B2t BB RE
- HIO|=E[H OJAtEH 02-

B; = {x:mif1(x) = mofo(x)}, By = 01-

- 2F11 SHE
{x:imyf1(x) f mofo(x)} Etd ? H, o factor(am)
Y=1ifxeB, Y =0, 2 Mo
_ © 03- R
otherwise
- A5 X|Y =1~N(0,1),X|Y = 0.2-
0~N(0,—-1), P(Y =1)=1/4,P(Y = .
0) = 3/4 -> H[O|2X|HOIAFEH H12tE
OIAL. % ! ) . .
-4 -2 0 2 4
logit
38

Department of Statistics



2 X AELS| 72

40N 2EEEo  H|w

XEH

[ |

m[o

- 22 oEnsh 35{0| HO[ER A50| 2 B
- SR 8 SHH|0[EZ AFRSIX| 92 CIO[EP 2R Y oR Soig
1710] HI0|E] T QAR OFL|H BH0| Zrabsi=o}?)

—~

- A fi, ()1 PDF of X|Y=k,m, = P(Y = k) for k = 0,7 2f A=2 LJO/E/OfA PDF (COF)¥ &&= &
!

(229 7/ == OfF, HTiEE 2 H/ul)
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2 X AELS| 72

%‘ﬁﬁ"kﬂ import statsmodels.formula.api as smf
model = smf.logit(formula='am ~ mpg', data=df).fit()
mpg_grid = np.linspace(5, 40, 100)
pred_df = pd.DataFrame({'mpg': mpg_grid})
pred_df['logistic'] = model.predict(pred_df)

model = smf.ols(formula='am ~ mpg', data=df).fit()
pred_df['linear'] = model.predict(pred_df)

pred_df_long = pred_df.melt(id_vars="mpg')
df['am'] = df['am'].astype('float")

plot = (
ggplot(df, aes(x='mpg', y='am'))
+ geom_point(aes(color ='factor(am)"'))
+ geom_line(data=pred_df_long, mapping=aes(x='mpg', y='value’,
linetype="'factor(variable)', color='factor(variable)'))
)
plot

Department of Statistics
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2 X AELS| 72

20K

import statsmodels.formula.api as smf
model = smf.logit(formula='am ~ mpg', data=df).fit()
pred_df = pd.DataFrame(df['am']).astype('int")
pred_df['logit'] = model.predict(df, linear=True)
plot = (
ggplot(pred_df, aes(x='logit', fill='factor(am)"'))
+ geom_histogram(aes(y ='..density.."'), bins=6)
+ facet_grid('am~")

plot

Department of Statistics
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2 X| AE[2| 72

EX|AE 22 (0T Z4)

- boston housing data
P(high price)
- VBRI ol 88 ?
0.75

- Xt RM(Y B oli), LSTAT (KMaSSH|

0.50

0.25

Price Class
o 0

1
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2 X AELS| 72

path_file r'*http://ranking.uos.ac.kr/class/VIS/data/"

boston_df = pd.read_csv(path_file + 'boston.csv')

del boston_df["Unnamed: 0"]

boston_df = boston_df[["Price", "RM", "LSTAT"]]

boston_df['Y'] = (boston_df['Price']l>=boston_df['Price'].median()).astype(int)

model = smf.logit('Y ~ RM + LSTAT', data=boston_df).fit()

lon_range = np. linspace(boston_df['RM'].min(), boston_df['RM'].max(), 100)
lat_range = np.linspace(boston_df['LSTAT']l.min(), boston_df['LSTAT'].max(), 100)
lon_grid, lat_grid = np.meshgrid(lon_range, lat_range)

grid_df = pd.DataFrame({
'RM': lon_grid.ravel(),
"LSTAT': lat_grid.ravel()

)
grid_df['prob'] = model.predict(grid_df)

Department of Statistics

43



2 X| A2

lot = (

AMASC P

=g ggplot()
+ geom_tile(data=grid_df, mapping=aes(x='RM', y='LSTAT', fill='prob'),
alpha=0.8)

+ geom_point(data=boston_df, mapping=aes(x='RM', y='LSTAT',
color='factor(Y)"'),

size=2, alpha=0.6)

+ labs(fill='P(high price)', color='Price Class"')

+ theme_minimal()

)

print(plot)

Department of Statistics
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XICgEd
SR

boston_df['logit'] = model.predict(boston_df,
linear = True)
plot = (
ggplot(boston_df, aes(x='logit’,
fill="'factor(Y)"))
+ geom_histogram(aes(y ='..density..’),
bins=20)
+ facet_grid('Y~")
)
plot

Department of Statistics
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