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21 G|OJE

SHo| X|E

import numpy as np
import pandas as pd

# Jupyter Notebook2

%precision 3
# DataFrame® ‘ §L4

4 O
—

,‘J/\\Zﬁ f e
il = O|*

pd.set_option( ‘ precision’, 3)

O|&t 3AF2|=2 A|dl

322|2 A5
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2.1 C|O|E] S22 K| =

2, 3O A| AH2SH= O|O|E{ (50 sHlol Hof, =3t M=) U

df = pd.read_csv( ‘ ../data/ch2_scores_em.csv ',
index_col= ‘ student number ’ )

# dfe| 2Z 5dS HA

df .head()

english mathematics
student number
1 42 65
2 69 80
3 56 63
4 41 63
5 57 76

02Fx%t - 1Ar3 HIOJE He| — X[E ALk AlZts}
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Sae| K=

St +=MOI2 10H 2| O B=E array HIO|E 7= scoresOf M %

scores = np.array(df[ ‘ engilsh ' ])[:10]
scores

array([42, 69, 56, 41, 57, 48, 65, 49, 65, 58])
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21 H|ojE] Sel2f X|=

02F%} -

HOH =Y scores_df &t

scores_df = pd.DataFrame({ ‘ score * :scores},

index=pd.Index([ ‘A’ , ‘B’, ‘C’, ‘D’,
‘F’I‘GT"Hl"IF,

name = ‘ student ’ ))
scores_df

score
student

42
69
56
41
57

65
49
65
58

o = I Gy M m 9O & O >

1xH3 CIOlE FE2| — X &Z A& Al Ztet
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Mo X|=

211824

O

W32 GlO[E|S D= O3t 5, H0|E{Q] 742 L] 28

424+ 69 +056 +41+ 57 +48 + 65+ 49 + 60 + 58

10

g I
r — — Z;].’Z — _(.",I'.'1+ 12+ + ln)

n =1 I

02Fxr - 1At HIOlEf H2| — X|E AL Al Ztst
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— 2.1 Hio|]H Fae X

211824

EEl

n

sum(scores)0| in , len(scores)O| n0j| CH-E

i=1

sum(scores) / len(scores)

np.mean(scores)

scores_df.mean()

02% - 1xH9 EIO/E Ha| — K& A4 Al2ts}
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211 0 YA SYU

=02} 50000t

50009+8d 0|3} (50%) soooﬂrﬂ 0| &t (50%)
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(n+1)
2

» T|o]E] 9] 7l no| 52, A dlolE7} Sdak

+ dlo]E19] 4 o] B<et, 4w Hlolelel o+ 19 ol o] Bito] Faugh

YU S I Y U A
sorted_scores = np.sort(scores) 56 T 57 = 56 5
sorted_scores 2 - .

array([41, 42, 48, 49, 56, 57, 58, 65, 65, 69])
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21.2 A7k

- YU HOIHE 7| =M= LGS Of H=5| S20f| {3t 2
- O|&hgtof g2 B &2
_ +1
- dlolele] 7= nol b, " v wjolezt okt

» Hlo]E| 2] 7l no] A2t % A doleet o o+ 1917 djo]e) o] Hapo] Zgk

- Numpy, DataFrame, Series2|
median A E

IO 2| AE | QIBIAL
Lol \=etoe 90| Holot
1842 xt0| 7} QU

J A= LM 7/4 => 1.75
/] A LA 7//4 => 1

02Fxr - 1At HIOlEf H2| — X|E AL Al Ztst

n = len(sorted_scores)
ifn% 2 ==
md = sorted_scores[n//2 - 1]
m1 = sorted_scores[n//2]
median = (M0 + m1) / 2
else:
median = sorted_scores[(n+1)//2 - 1]
median
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A (Trimmed Mean)

2|SHIE © Anekcanap Mogropuyk / Knonc - CC BY-SA 4.0 | 7AAH|O|E! ® David W. Carmichael - CC BY-SA 3.0

1 Ol&fzk(outlier)of| Febs H=2 EX| =Lt 3 HMZ=-L|HAAH 0 Sof AHF| 0t

2 FHOo| £40] ALt
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213 F|HIZx
s Z|HIZ'2 H|0|E{0f| A 7FEH 20| LIEH-H= 2}

-[1,1,1, 2,2, 3]0 A Z[2IZ= 1

- DataFrame, Series2| mode HIAME

od.Series([1, 1, 1, 2, 2, 3]).mode()

0] 1
dtype: int64
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mean = np.mean(scores)

deviation = scores — mean
deviation

array([-13., 14., 1
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2.2 48 AL

= HXIH|W

- Scores®| HXI7tC 2

OC) —-----2-—-—-

T T T T
] I I 1
1 1 1 1
| I I | I
1 1 1 1
T T ] 1
] 1 1 1
1 I I 1
] I 1 1
1 I I 1
1 1 I 1
1 I I 1
(] I 1 1
I I I 1
] I 1 1
1 I } 1
I I I 1
I I I 1
1 1 I 1
I 1 I 1
L] 1l ] 1
1 I ] I ] I
L}
1
L}

@00~ mmmmmmmmm oo

40 45

[722! 2-1] scores?| mx}
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2.2.1 240 2 FHR|

= HXIH|W

- Scores®| HXI7tC 2

AEIH D

F 6 ¢

J

B

40 45

[712! 2-2] another_scores?| Ex}

02Fxr - 1At HIOlEf H2| — X|E AL Al Ztst

55
SCOre

60

65

70
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Ho|Efe] MEE X|E

2.2 E4 HETHK|

02F % -

1

summary_df = scores_df .copy()

summary_df[ ‘ deviation’

] = deviation

summary_df
score deviation
student
A 42 -13.8
B 69 14.0
C 56 1.0
D 41 -14.0
E 57 2.0
F 48 -7.0
G 65 10.0
H 49 -6.0
I 65 10.0
J 58 3.0

A HOlH FE2l — XE ALk Al Z 3t
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summary_df .mean()

score 55.0
deviation 0.0
dtype: float64
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np.mean(deviation ** 2)

- NumPy2| var &t

np.var(scores)

<2 od
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rr

- Pandas= DataFrameO|L} Series2| var HIME

scores_df .var()

score 95.556
dtype: float64

- Pandas®| HEEZA2 var A =2| Q4= ddof=0
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— 2.2 OO|JE{9 At:ZE X|E

2.2 E4 HETHK|

n =4
- NumPyZ 24 7{| A

- summary_dfol| HXIe| Xl & F7¢

summary_df[ ‘ square of deviation’ ] = np.square(deviation)
summary_df

score  deviation square of deviation

student
A 42 -13.0 169.0
B 69 14.0 196.0
C 56 1.0 1.0
D 41 -14.0 196.0
E 57 2.0 4.0
F 48 -7.0 49.0
G 65 10.0 100.0
H 49 6.0 36.0
I 65 10.0 100.0
J 58 3.0 9.0

02Fxr - 1At HIOlEf H2| — X|E AL Al Ztst



- NumPyZ 24 7{| A

- summary_dfol| HxXIe| Hl& & 7t

summary_df .mean()

score 55.0
deviation 0.0
square of deviation 86.0
dtype: float64
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np.sart(np.var(scores, ddof=0))

np.std(scores, ddof=0)
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2.2.2 Helet A= B

©)
= H?

- Cl|O|&] MA{|7} ofL| 2} =|SHZta} =

Rg

np.max(scores) — np.min(scores)

32



2224 a2t A2 B

9

FR| %2t 5H| %0l | X[5t= 242l XIO|

- H[O]|E{2] 51| 25%, 50%, 75%01| {Ix|5t= 22 282 MMAIZR==(Q1), Al
2AFE 2] (Q2), MIBAFER=~(Q3)

- A2 EHE IQR= @3 - Q1

scores_Q1 = np.percentile(scores, 25)
scores_Q3 = np.percentile(scores, 75)
scores_IQR = scores_Q3 - scores_Q1
scores_IQR
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— 2.2 Oio|Ee| MEEX X[=

2.2.3 Cl|o]E{ 2] x| <

LT3

pd.Series(scores) .describe()

count 10.000

mean 55.000
std 9.7715
min 41.000
25% 48.250
50% 56.500
75% 63.250
max 69.000

dtype: float64

02F %} - 1%t Ol M| — XE A AlZhst
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z = (scores - np.mean(scores)) / np.std(scores)
z

FE

#olEl H|O|E= B0 0, FE=HXIZH

np.mean(z), np.std(z, ddof=0)

(-0.000, 1.000)
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- 80| 50, ZE=HXIZH100| | =5 Frtaket &)

z =50 + 10 * (scores - np.mean(scores)) / np.std(scores)
Z



9| 2tA

o

-

[ “ deviation value ’ ]

scores_df
scores_df

deviation value

score

student

a2

35.982
65.097
51.078
34.903
52.157
42.452
60,783
43.530
60,783
53.235

69
56
41

bf

65

49

65

58
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— 2.4 1xt# Go[E{2] AlZtst

241 EXH

02F%} -

= HO|ES =2

x| =

scores_df[ ‘ deviation value '] = z

scores_df
score  deviation value
student
A 42 35.982
B 69 65.097
C 56 51.078
D 41 34.903
E 57 52.157
F 43 42 .452
G 65 60.783
H 49 43,530
I 65 60.783
J 58 53.235

1xH3 CIOlE FE2| — X &Z A& Al Ztet
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241 2 XEH

= HO|ES| =2 X|&

#5082 801 g array

english_scores = np.array(df[ ‘ english’ ])

# Series2 HHEIGIY describeS HA|
pd.Series(english_scores).describe()

count 50.00
mean 58.38
std 9.80
min 37.00
25% 54.00
50% 57.50
75% 65.00
max 79.00

dtype: float64

02% % - 1x2 GOJEf Hal — X E H A Al25
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241 2 XEH

LS E= £45Ul g sdE 2082 5712 RABIH 2 T2 Z B YL(CE
Q =777t 50kg 0|2t HES2 HH2| % A SLHEM K,

227 shAl 4
30~40 3
40~50 2
50~60 8
60~70 7
2 20

lo
0
=
(W
.
Fal
(®]
[
=
1o
o0
0z
4>
rr
- L

x 100 =25 (%)

+ 2 =5(F)uct,

£ 1: https://blog.naver.com/hwasinedu/222065642328
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241 EXH

= HO[EHS| =X SEE MEHLZE 211 o= W, HO|E 7} Flot= 4=

R NS| A2 L1, 2 FL7H0]| & 7HS| T|O|E 7} SU7H=7t= M|

=
=
. 28 7kt o[Ele] H4E Melst Bol e4aREE
-3 Al BAZ 108 22402 Lis 1 0~108 724 S
- 4 ZH A 30] 255 EH 4
2= 2t 70| £, 107

array([ 6, 0, 0, 2, 8, 16, 18, 6, 0, 0], dtype=int64)



02F %t -

In [35]: frea = np.histogram(english_scores, bins=10, range=(0, 100))
freq

Out [35]: (array([ O, O, 0, 2, 8, 16, 18, 6, 0, 0], dtype=int64),

array([ 0., 10., 20., 30., 40., 5B0O., 60., 70., 80., 90., 100.1))
In [35]: frea, _ = np.histogram(english_scores, bins=10, range=(0, 100))

freq

Out[35]: array([ 0, O, O, 2, 8 16, 18, 6, 0, 0], dtype=int64)

In [1]: values =1, 2, 3, 4, 5
a, b, +_ = values

In [2]: a, b

out[21: (1, 2)

In [3]: values =1, 2, 3, 4, 5
a, b, _=values

YalueError Traceback (most recent call last)
<ipython—input-3-92d2a2c3f45b> in <nodule>

|l values=1, 2, 3, 4, 5
-—> 2 a, b, _ =values

YalueError: too many values to unpack (expected 3)

In [4]: values =1, 2, 3
a, b, _ =values

In [5]: |a, b
out[5]: (1, 2)

1302l HOlE Ha| — X E A Al ZHs
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241 2 XEH

02F %t -

ET=H

#0~10, 10~20, ... O|2t= 22} 2|AEES M
freq class = [f “ {i}~{i+10} * for i in range(@, 100, 10)]

# freq classE QIEIAZ DataFrameS 24
freq dist_df = pd.DataFrame({ ‘ frequency ’ :freq},
index=pd.Index(freq class,
name= ‘ class ' ))

freq dist_df

frequency

class
0~10 0
10~20 0
20~30 0
30~40 2
40~50 8
50~60 16
60~70 18

70~80
80~90 0
90~100 0

1xH2 HIolE Fe| — X[E AL A2t 3
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2.41 271 : for23}t range() &

In [1]: for a in range(7): In [1]:  total =0
printia) for i in range(1, 10):
total = total + |
print(total)

45

In [2]:  total =0
for i in range(1, 10, 2):
total = total + |
print(total)

pas)

oM —0

In [2]: for a inm range(10, 5, -1):
print(a)

o - 0w —

In [3]: for a in range(20, 31, 2):
print(a)

20
22
24
Vi
28
J0
43

02Fxr - 1At HIOlEf H2| — X|E AL Al Ztst
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- 2 Ales tEste AL, Al S2US 0|8

class_value = [(i+(i+10))//2 for i in range(0, 100, 10)]
class_value

[5, 15, 25, 35, 45, 55, 65, 75, 85, 95]

47
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s ACHES

- x| G[O[E{of| CH3HA siiE A=l Ci|O|E{7t XtX|Sh= HI=

rel_freq = freq / freq.sum()
rel _freq

array([0. , 0. , 0. , 0.04, 0.16, 0.32, 0.36, 0.12, 0. , 0. ])

48



cum_rel_freq = np.cumsum(rel_freq)
cum_rel freq

array([0. , 0. , 0. ,0.04, 0.2,

0.52, 0.83, 1

; 1

)
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241 2 H

- A AU, S HAES S B4R TR0 £7)

I
freq dist_df[ ‘ class value ' ] = class_value
freq dist_df[ ‘ relative frequency ’ | = rel_freq
freq_dist_df[ ‘ cumulative relative frequency ’ | = cum_rel_freq
freq dist_df = freq dist_df[[ ‘ class value ', * frequency’,
‘ relative frequency ', ° cumulative relative frequency ’ ]]

freq dist_df

class value frequency relative frequency cunulative relative frequency

class

0~10 5 0 0.00 0.00
10~20 15 0 0.00 0.00
20~30 25 0 0.00 0.00
30~40 35 J 0.04 0.04
40~50 45 8 0.16 0.20
50~60 55 16 0.32 0.52
60~70 65 18 0.36 0.88
70~80 F i 6 0.12 1.00
80~90 85 0 0.00 1.00

90~100 95 0 0.00 1.00

027 - 149 GIOJEf Ha| — X|E 74 Al 23}
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freq_dist_df.loc[freq dist _df[ ‘ frequency * ].idxmax(),

‘ class value ’ ]
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- J2i= J2|= o] 2 35t Matplotlib 2t0|E2{2| IZE

- N— " - o L Al Ol 1T 1
- !‘.:‘riiFJ_‘-I' | i’l :!vll'i ll' = 11-] l[_l‘[% U -;— ~ ﬁﬁ] _'J"jl —

import matplotlib.pyplot as plt

13l 1 1L 9 : sndahanly ©ON L X
e =2/ Jupyter notebook V| 1t/

Smatplotlib inline

- S|AEZHE hist H|AE (NumPy2| histogram &2} =

SEfS O Al

=)

ZI&~H O
i Ry Pt

= Ifef
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— 2.4 1xt3 HolE{e| AlZt3t

2.4.25|AEEH

02F %t -

# HHAS 44

# figsizeZ 7t2 - M2 37|E A&

fig = plt.figure(figsize=(10, 6))

# HHA 20 J2fg 12|7| flet BY S Al

# Q= FAS 1x 170 A, stLel Yo Agith=

ax = fig.add_subplot(111)

>
ujo
10
=2

# A24E 1022 3510 3| AEAUS T2
freq, _, _ = ax.hist(english_scores, bins=10, range=(0, 100))
t X=0| g0[Z &

ax.set_xlabel( ‘ score ’ )

# Y=0| 20| &

ax.set_ylabel( ‘ person number ’ )

# X2 0, 10, 20, ..., 100 =222 &
ax.set_xticks(np.linspace(®, 100, 10+1))
$Y=20,1, 2, ...9 2322 I&
ax.set_yticks(np.arange(®, freq.max()+1))
# 12T HA|

plt.show()

r

1xH2 HIolE He| — X[&E AL A2t s
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2.4.25|AEEH

ABAE 25 S ASE
Jefzmet i 12!

fig = plt.figure(figsize=(10, 6))
ax1 = fig.add_subplot(111)

# YZO| AFHQUO| CI2 JYu s

= dX|if

¥

ax2 = ax1.twinx()

[0
N
ilal
|0
HU
ol

$ ATIE40| S|AEIWOR 517| YaiME, E48 HO|EC

# |_t,| L{ (=

2 2|AHE5IH AlE 7S

|.‘.._.-f: 0|2 waiah+
115T= T Wwelgni= - 2c ‘1

rel_freq, _, _ = ax1.hist(english_scores, bins=25,

weights = np.ones_like(english_scores) / len(english_scores)

range=(0, 100), weights=weights)

cum_rel_freq = np.cumsum(rel_freq)
class_value = [(i+(i+4))//2 for i in range(®, 100, 4)]

B THO - 2l = - a3
# M Jng

A 1%
# O|A 12 ‘__' 2 5 HAM0o| 724
T Lo 1 1 L (= 1 - J
- e e R S22 =o £l 24 S
# Q= marker& ‘o0’ 22 oY O|O|E &+ =
. Ol A > ‘ y = =ird 4 ~N =
»] . =alaArs A/ = i &|AHC rd %5
# Q= colors gray ' £ 5t 3Mo=2 2|

ax2.plot(class_value, cum_rel_freq,
1s=*=—", marker="0", color="gray ')
# 24 J2dme a8 AA

ax2.grid(visible=False)

ax1.set_xlabel( ‘ score’ )

ax1.set_ylabel( ‘ relative frequency ’ )
ax2.set_ylabel( ‘ cumulative relative frequency ’ )
ax1.set_xticks(np.linspace(®, 100, 25+1))

plt.show()
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fig = plt.figure(figsize=(5, 6))
ax = fig.add_subplot(111)

(1,1, Nt 4

ax.boxplot(english_scores, labels=[ ‘ english’ ])

plt.show()
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import matplotlib.pyplot as plt

fig = plt.i O
axl = fig.

- fig.adc
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