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matplotlib / Application Programming Interface

matplotlib IClF 2 BFEDOHRIL APl BAES N TWS,
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matplotlib API

Jdlil object-oriented interface Jdlil state-based interface

import numpy as np import numpy as np

import matplotlib.pyplot as plt import matplotlib.pyplot as plt

X = np.array([1.0, 2.0, 3.0, 4.0, 5.0]1) X = np.array([1.0, 2.0, 3.0, 4.0, 5.0])
y = np.array([1.2, 2.5, 3.4, 3.3, 2.8]1) y = np.array([1.2, 2.5, 3.4, 3.3, 2.8]1)

fig = plt.figure(Q
ax = fig.add_subplot()

ax.plot(x, y) plt.plot(x, y)

fig.show() plt.show(Q
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object-oriented interface

matplotlib ZFIBULUTY 5 7 Z2EmMT %ICIE pyplot
TV a—ILRDAY Y R&EHRYT 3,

import numpy as np
import matplotlib.pyplot as plt

np.array([1.0, 2.0,
np.array([1.2, 2.5,

X

0, 4.0,
y 4, 3.3

3.
3.

fig = plt.figure()

ax = fig.add_subplot()
ax.plot(x, y)
fig.show()
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object-oriented interface

1. matplotlib.pyplot €Y 2 —ILD#EE%= IE UV H
9, pyplot #EET /N1 A EBEI NS,

>

import numpy as np
import matplotlib.pyplot as plt

X

np.array([1.0, 2.0, 3.0, 4.0,
y 3.4, 3.3

np.array([1.2, 2.5,

fig = plt.figure()

ax = fig.add_subplot()
ax.plot(x, y)
fig.show()
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object-oriented interface

1. matplotlib.pyplot €Y 1 —JL O#EE %= F U H import numpy as np
3, pyplot BEF /1 ADEEEN 3, import matplotlib.pyplot as plt

2. Figure 75 20A7Y o~ ($85) £HAEY x = np.array([1.0, 2.0, 3.0, 4.0, 5.0])
z y = np.array([1.2, 2.5, 3.4, 3.3, 2.8]1)

» fig = plt.figureQ)
ax = fig.add_subplot()

ax.plot(x, y)
fig.show()

Figure



object-oriented interface

1. matplotlib.pyplot €Y 1 —IJL DO#EEZE F U H import numpy as np
3, pyplot BEF /1 ADEEEN 3, import matplotlib.pyplot as plt
2. Figure 75 20A7Y o~ ($85) £HAEY x = np.array([1.0, 2.0, 3.0, 4.0, 5.0])
y = np.array([1.2, 2.5, 3.4, 3.3, 2.8])
Bo
: o _ - — ; fig = plt.figure()
3. Figure fBiEDAIC, E5(C Axes V75 ADAT p SO s e
V7 b (8F) ZEKT S ax.plot(x, y)
fig.show()

Axes



object-oriented interface

1. matplotlib.pyplot €Y 1 —IL D#EE = LU H
9, pyplot #EET /N1 A EBEI NS,

2. Figure 72 ADQA7Y Vb (fRi%) ZHEY
%o

3. Figure fEIBODRIC, S 5(C Axes V77 ADAT
Vx/ b (FEE) ZEKT %,

4. Axes fEIRICIRT T 7 %<,

import numpy as np

import matplotlib.pyplot as plt

np.array([1.0, 2.0,
np.array([1.2, 2.5,

X
y

fig = plt.figure()

ax = fig.add_subplot()
ax.plot(x, y)
fig.show()
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object-oriented interface

1. matplotlib.pyplot €Y 1 —IL D#EE = LU H
9, pyplot #EET /N1 A EBEI NS,

2. Figure 72 ADQA7Y Vb (fRi%) ZHEY
%o

3. Figure fEIBODRIC, S 5(C Axes V77 ADAT
Vx/ b (FEE) ZEKT %,

4. Axes fEIRICIRT T 7 %<,

5. 92 7&KRRKT S,

import numpy as np
import matplotlib.pyplot as plt

np.array([1.0, 2.0,
np.array([1.2, 2.5,

X

0, 4.0,
y 4, 3.3

3.
3.

fig = plt.figureQ
ax = fig.add_subplot()
ax.plot(x, y)

p fig.show()
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object-oriented interface / '3 7 1& 1%

92727 71 INICIRET S EE, show XYY R import numpy as np

DD DI savefig XYy RZzERAT S, 771 import matplotlib.pyplot as plt

D7 A—< v k& format 5I¥TEET %, png X = np.array([1.0, 2.0, 3.0, 4.0, 5.01)
y = np.array([1.2, 2.5, 3.4, 3.3, 2.8]1)

Dfttlc pdf. ps. eps. svg ZIEET=E S,
fig = plt.figure()
ax = fig.add_subplot()
ax.plot(x, y)
p fig.savefig('figl.png', format='png')
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object-oriented interface / '3 7 1& 1%

IS 7DHMBEDREICEIXFORESZHREL import numpy as np

WSS, set_xlabel BEDXY Y RZES, F import matplotlib.pyplot as pit
feo. 72 7HEOY A XVPEREBEREZRELLW X
IZ&13. Figure sEIBZFVOHIRICITS, g

np.array([1.0, 2.0,

3.0, 4.0, 5.0
np.array([1.2, 2.5, 3.4, 3.3, 2.8])

fig = plt.figure(figsize=[8, 6],
dpi=300)

ax = fig.add_subplot()

ax.plot(x, y)

ax.set_xlabel ("xlabel", fontsize=18)
ax.set_ylabel ("ylabel", fontsize=18)
ax.tick_params(labelsize=18)

fig.savefig('figl.png', format='png')



state-based interface

State-based interface (&, IXTDEE%Z pyplot
DAY YRELTITSI VI T T—ATH S, pyplot
DIRERIEBRD Figure 75 A Axes 75 A%ZHE)
RICHER LU TRIEL., V5 721K T %, State-
based interface ZAWTHHRZH EE, HD &
SKBA—RZE<

import numpy as np

import matplotlib.pyplot as plt

np.array([1.0, 2.0,
np.array([1.2, 2.5,

X
y

plt.plot(x, y)
plt.show()
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object-oriented state-based
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matplotlib APl AIf3{LEI%K

object-oriented interface & state-based interface THIEETZ 2 AIRIELEAEIZRD & S ICHIHL TWS,

object-oriented state-based

9270518 ax.set_title plt.title

BHEED DLEER ax.set_aspect plt.axes().set_aspect
927 DNGI ax.legend plt.legend

X EDRREEH ax.set_xlim plt.xlim

X DS~ ax.set_xlabel plt.xlabel

X BIOBEED DRI E ax.set_xticks plt.xticks

X BiOBEED DfE ax.set_xticklabels

X BIOBED DR T—I)L ax.set_xscale plt.xscale
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w727

import matplotlib.pyplot as plt

2.00 import numpy as np
=] X = np.array([0, 2, 4, 6, 8, 10]1)
1.50 y = np.array([0.3, 1.2, 1.3,

1.8, 1.7, 1.5])

1.25 4

fig = plt.figureQ

1.00 A

gene activity

0.75 - ax = fi g.add_subplot()

0.50 A

ax.plot(x, y)

0.25 A

ax.set_xlabel('cold treatment [hour]')
0 > 4 6 8 10 ax.set_ylabel('gene activity')
cold treatment [hour] ax. Set—y'l 'I m (0 , 2)

0.00

fig.show()



w727

import matplotlib.pyplot as plt

2.00 import numpy as np
s X = np.array([0, 2, 4, 6, 8, 10]1)
1.50 - y = np.array([0.3, 1.2, 1.3,

1.8, 1.7, 1.5])

=
N
S,

fig = plt.figureQ

gene activity
=
o
o

o
N
w

ax = fig.add_subplot()

ax.plot(x, y, marker='o0")
0.25 A

ax.set_xlabel('cold treatment [hour]')
0 2 4 6 8 10 ax.set_ylabel('gene activity')
cold treatment [hour] ax. Set—y'l 'I m (0 , 2)

0.00

fig.show()
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2.5

2.0

1.5 A

expression [log(TPM)]

—e— ETR1
—0— ERS1
—8— ERS2

0.5 1

time [hour]

plot XV v REEBEES & T, BBOWI 7R IENTES, V57
ER<IRICBZEELLEWVERE. BEBNICEREBSINh 5,

import matplotlib.pyplot as plt
import numpy as np

X = np.array([0, 2, 4, 6, 8])

gl = np.array([0.3, 1.2, 1.3, 1.8, 1.7])
g2 = np.array([2.1, 2.4, 2.3, 2.1, 2.2])
g3 = np.array([0.3, 0.6, 1.1, 1.8, 2.2])

fig = plt.figure()
ax = fig.add_subplot()

ax.plot(x, gl, label="ETR1l', marker='o"')
ax.plot(x, g2, label="ERS1l', marker='o"')
ax.plot(x, g3, label="ERS2', marker='o"')

ax.legend()

ax.set_xlabel('time [hour]')
ax.set_ylabel ('expression [log(TPM)]"')
fig.show()
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import matplotlib.pyplot as plt
import numpy as np

np.random.seed(2018)
X = np.random.uniform(0, 100, 100)
y = X + np.random.normal(5, 10, 100)

fig = plt.figure(Q)

ax = fig.add_subplot()
ax.scatter(x, y)
ax.set_xlabel ('weight [g]')
ax.set_ylabel ('height [cm]')

fig.show()
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import matplotlib.pyplot as plt
import numpy as np

np.random.seed(2018)
X = np.random.uniform(0, 100, 100)
y = X + np.random.normal(5, 10, 100)

fig = plt.figure()
ax = fig.add_subplot()

ax.scatter(x, y)
ax.plot([0, 100], [0, 100 + 51)

ax.set_xlabel ('weight [g]')
ax.set_ylabel ('height [cm]')

fig.show()



FFﬂEE MI1-1 @) 10 min

trees.txt Z# Pandas THEMAH*. &S (Height) EARBER (Girth) OREFRZEGBRITHDD YT < HHEIT,

import pandas as pd

"trees.txt'
pd.read_csv(f, header=0, sep="\t')

¥, https://aabbdd.jp/data/trees.txt



fgﬂﬁﬁi M1-2 @) 10 min

diversity_galapagos.txt [Cld. AZNTRABICKIFTHIEOSHRET—FIDEHEHINTWSD, CDT—Y ZHEH
AH. EDERE (Area) ETEH (Species) DEFRZEHHBRTHLD P I L #HiT,

import pandas as pd

'diversity_galapagos.txt'
pd.read_csv(f, comment="#', header=0, sep='\t')

¥, https://aabbdd.jp/data/diversity_galapagos.txt
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import matplotlib.pyplot as plt
import numpy as np

12 A

X = np.array(['ERS1', "ERS2', 'ETR1l',
"ETR2', 'EIN4'])

y = np.array([12.0, 3.1, 11.8, 2.9, 6.21)

10 A

fig = plt.figure(Q
ax = fig.add_subplot()
ax.bar(x, y)

fig.show()

ERS1 ERS2 ETR1 ETR2 EIN4



BJ>7

import matplotlib.pyplot as plt
import numpy as np

12 A

X = np.array(['ERS1', "ERS2', 'ETR1l',
"ETR2', 'EIN4'])

y = np.array([12.0, 3.1, 11.8, 2.9, 6.21)

10 -

fig = plt.figure(Q

ax = fig.add_subplot()

ax.bar(x, y)

ax.set_xticklabels(x, rotation=15)

fig.show()

grst gRS2 gl gTR2 EINA



BJ>7

import matplotlib.pyplot as plt
import numpy as np

12 - X = np.array(['ERS1', "ERS2', 'ETR1l',
"ETR2', 'EIN4'])
107 y = np.array([12.0, 3.1, 11.8, 2.9, 6.2])
e = np.array([1.2, 0.3, 0.9, 0.4, 0.7])

fig = plt.figure(Q
ax = fig.add_subplot()

e)

ax.bar(x, y, yerr

ERS1 ERS2 ETR1 ETR2 EIN4 fi g. ShOW()



BJ>7

import matplotlib.pyplot as plt
capsize import numpy as np

AR | bl o N

> capthick

X = np.array(['ERS1', "ERS2', 'ETR1l',
capthick "ETR2', '"EIN4'])

y = np.array([12.0, 3.1, 11.8, 2.9, 6.21)

e = np.array([1.2, 0.3, 0.9, 0.4, 0.7])

fig = plt.figure(Q
ax = fig.add_subplot()
error_bar_set = dict(lw = 1, capthick = 1,
capsize = 10)
ax.bar(x, y, yerr = e,
error_kw=error_bar_set)
ERS1 ERS2 ETR1 ETR2 EIN4 fi g. ShOW()




BJ>7

12 A

10 A

import matplotlib.pyplot as plt
import numpy as np

x1abel = np.array(['N61', 'CS', 'AL', 'YS', 'vYC']l)

X = np.array([0, 1, 2, 3, 4])
y_shoot = np.array([12.0, 3.1, 11.8, 2.9, 6.2]1)
y_root = np.array([6.2, 3.4, 6.8, 2.0, 6.8])

fig = plt.figure(Q
ax = fig.add_subplot()

ax.bar(x - 0.2, y_shoot, width=0.4,1label="shoot"')
ax.bar(x + 0.2, y_root, width=0.4, label='root')

ax.legend()
ax.set_xticks(x)
ax.set_xticklabels(x1abel)
fig.show()



BJ>7

ax.bar(x, shoot) ax.bar(x - 0.2, shoot) ax.bar(x - 0.2, shoot, width=0.4)
ax.bar(x, root) ax.bar(x + 0.2, root) ax.bar(x + 0.2, root, width=0.4)

12 A 12 A

12 A B shoot
mm root

10 A 10 A 10 A

8_

~p

8_

‘*6_

N61 Cs AL YS YC N61 Cs AL YS YC N61 Cs AL YS YC
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17.5 1

15.0

12.5 1

10.0 A

7.5 1

5.0 A1

2.5 A

0.0 -

N61

I shoot
 root

Cs AL YS YC

import matplotlib.pyplot as plt
import numpy as np

xlabel = np.array(['N61', 'CS', 'AL', 'YS', 'vyCc'l)

X = np.array([0, 1, 2, 3, 4])
y_shoot = np.array([12.0, 3.1, 11.8, 2.9, 6.2])
y_root = np.array([6.2, 3.4, 6.8, 2.0, 6.8])

fig = plt.figureQ)
ax = fig.add_subplot()

ax.bar(x, y_shoot, label='shoot')
ax.bar(x, y_root, label='"root', bottom=y_shoot)

ax.legend()

ax.set_xticks(x)
ax.set_xticklabels(xlabel)

fig.show()
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ax.bar(x, shoot)
ax.bar(x, root)

12 A

10

ax.bar(x, shoot)

ax.bar(x, root, bottom=6)

ax.bar(x, shoot)
ax.bar(x, root, bottom=shoot)

N61 Cs AL YS YC N61 (65 AL YS

mEmm shoot

s root

YC

17.54
15.0 4

12.5 4
*10.0 h
7.5 1
5.0 1

2.5 1

0.0 -

N61 Cs AL YS

B shoot
m root

YC
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iris.txt Z5HAH. FEDTEFH petal DR E length OFEHEZSE L. ZDFIEZEST T 7 THHElT,

import pandas as pd

"iris.txt'
pd.read_csv(f, header=0, sep="\t')

¥, https://aabbdd.jp/data/iris.txt



e M2-1 2510 min

iris.txt Z5HAH. FEDTEFH petal DR E length OFEHEZSE L. ZDFIEZEST T 7 THHElT,

import pandas as pd
import matplotlib.pyplot as plt

f
d

"iris.txt'
pd.read_csv(f, header=0, sep="\t')

petal_ave_length = d.groupby('species').mean().loc[:, 'Petal.Length']

X
y

petal_ave_length.index.values
petal_ave_length.values

fig = plt.figure(Q
ax = fig.add_subplot()
ax.bar(x, y)

fig.show()

¥, https://aabbdd.jp/data/iris.txt
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iris.txt Z5HAH. FEDTEFHR petal DR S length OFHEL IEXREREZHEL. FOFEHECIZERFEEZT
7—IN—{FZDEJ S 7 ThlT,

import pandas as pd

"iris.txt'

.F
d pd.read_csv(f, header=0, sep="\t')

¥, https://aabbdd.jp/data/iris.txt
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iris.txt Z5HAH. FEDEFH petal DEE length & U'EE sepal DEE length OFHEZSTEL. Fh
5DEYEZEILECDES S 7 ThHilt,

import pandas as pd

f
d

"iris.txt'
pd.read_csv(f, header=0, sep="\t')

¥, https://aabbdd.jp/data/iris.txt
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EANI T L

250 -

200 A

150 -

100 -

50 A

10

20

30 40 50 60 70
length [cm]

80

import numpy as np
import matplotlib.pyplot as plt

np.random.seed(2018)

X = np.random.normal (50, 10, 1000)
fig = plt.figure()

ax = fig.add_subplot()

ax.hist(x)

ax.set_xlabel('length [cm]')

fig.show()



EANI T L

import numpy as np
import matplotlib.pyplot as plt

250 A

np.random.seed(2018)

200 A

X = np.random.normal (50, 10, 1000)

fig = plt.figure()
ax = fig.add_subplot()
ax.hist(x, bins='sturges')

150 -

100 -

ax.set_xlabel('length [cm]')

50 A

fig.show()

10 20 30 40 50 60 70 80
length [cm]
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0.040

0.035 ~

0.030 A

0.025 A

0.020 A

0.015 ~

0.010 A

0.005 A

0.000 T .
10 20 30 40 50 60 70 80

length [cm]

density=True ZIEEULEEE, IRTOEVOEBEZRET E 1 Kb, BOE
SZRBLT 1 IKBDDIFTRBEWVWT EICER,

import numpy as np
import matplotlib.pyplot as plt

np.random.seed(2018)

X = np.random.normal (50, 10, 1000)
fig = plt.figure()

ax = fig.add_subplot()

ax.hist(x, bins=20, density=True)

ax.set_xlabel('length [cm]')

fig.show()
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0.04 A

0.02 -
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10 20 30 40 50 60 70 80

length [cm]

EVORSOEFEDN 1 £BBLS. T—IIKEHEENMNITERAMT T LKL,

import numpy as np
import matplotlib.pyplot as plt

np.random.seed(2018)

np.random.normal (50, 10, 1000)
np.ones_like(x)/float(len(x))

X
w

fig = plt.figure()

ax = fig.add_subplot()
ax.hist(x, bins=20, weights=w)
ax.set_xlabel('length [cm]')

fig.show()
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diversity_galapagos.txt [Cld. AZNTRABICKIFTHIEOSHRET—FIDEHEHINTWSD, CDT—Y ZHEH
Ad, CDT—FtY McBITSEH (Species) DA ZEAMT S5 LTHIT,

import pandas as pd

'diversity_galapagos.txt'
pd.read_csv(f, comment="#', header=0, sep='\t', index_col=0)

¥, https://aabbdd.jp/data/diversity_galapagos.txt
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import numpy as np
20.0 import matplotlib.pyplot as plt

np.random.seed(2018)
17.5
1504 ) x1 = np.random.normal (10, 2, 20)
5 125 —_
%’ 10.0
= fig = plt.figureQ
S 751 — ax = fig.add_subplot()
5.0
2.5 ax.boxplot([x1], labels=["'leaf'])
0.0

leaf

tissue
ax.set_xlabel ("tissue')
ax.set_ylabel ('dry weight [g]')
ax.set_ylim(0, 20)
fig.show()
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dry weight [g]

=
o
o

™
u

o
o
1

N
(%)
1

o
o

T T
leaf stem
tissue

I
root

import numpy as np
import matplotlib.pyplot as plt
np.random.seed(2018)

x1 = np.random.normal (10, 2, 20)
x2 = np.random.normal (15, 3, 20)
x3 = np.random.normal(5, 1, 20)

fig = plt.figure()
ax = fig.add_subplot()

ax.boxplot([x1, x2, x3],
labels=["'leaf', 'stem',

ax.set_xlabel ('tissue')
ax.set_ylabel ('dry weight [g]')
ax.set_ylim(0, 20)

fig.show()

'root'])
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import numpy as np
import matplotlib.pyplot as plt

2001 : . np.random.seed(112358)
a o yl = np.random.normal(10, 2, 20)
1501 4 . y2 = np.random.normal (15, 3, 20)
251 ;. "'.“. y3 = np.random.normal(5, 1, 20)
100, o® ©e .

'g . x1 = 1 + np.random.uniform(-0.2, 0.2, len(yl))
7.51 ‘e o X2 = 2 + np.random.uniform(-0.2, 0.2, len(y2))
50 bt X3 = 3 + np.random.uniform(-0.2, 0.2, len(y3))
2.5 — . .ro'ot f1g = p'It.'F'igure()

ax = fig.add_subplot()
ax.scatter(x1l, yl)
ax.scatter(x2, y2)

ax.scatter(x3, y3)
= ax.set_xticks([1, 2, 31)
yl. y2. y3 DF—90D y BiEZZOFEFICLT. x EElc ax.set_xticklabels(['leaf', 'stem', 'root'])

ABEMZ TESICTS Lo fig.show()
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20.0

17.5 4

15.0 A

12.5 4

10.0 A

7.5 A

5.0 A

2.5+

jitter My RX7

v

EP\\
([

leaf

T T
stem root

import numpy as np
import matplotlib.pyplot as plt
np.random.seed(112358)

yl = np.random.normal (10, 2, 20)
y2 = np.random.normal (15, 3, 20)
y3 = np.random.normal (5, 1, 20)
x1 = 1 + np.random.uniform(-0.2, 0.2, len(yl))
X2 = 2 + np.random.uniform(-0.2, 0.2, len(y2))
X3 = 3 + np.random.uniform(-0.2, 0.2, len(y3))

fig = plt.figure(Q

ax = fig.add_subplot()

ax.scatter(x1l, yl)

ax.scatter(x2, y2)

ax.scatter(x3, y3)

ax.boxplot([yl, y2, y3],
labels=["'Tleaf"',

'stem', 'root'])

fig.show()
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import numpy as np
import matplotlib.pyplot as plt

200 np.random.seed(112358)

e yl = np.random.normal(10, 2, 20)

109 y2 = np.random.normal (15, 3, 20)

125 T y3 = np.random.normal(5, 1, 20)

R x1 = 1 + np.random.uniform(-0.2, 0.2, len(yl))
7.5 S X2 = 2 + np.random.uniform(-0.2, 0.2, len(y2))
oo é%?. x3 = 3 + np.random.uniform(-0.2, 0.2, len(y3))
2 Ielaf sttlem rolot f-i g = p-l t. f-i gu = ()

ax = fig.add_subplot()
ax.scatter(x1l, yl)
ax.scatter(x2, y2)
ax.scatter(x3, y3)
I’! ax.boxplot([yl, y2, y3], showfliers=False,

showfliers=False Z{EET 3 £ T, boxplot XV v Kig labels=["'Teaf', 'stem', 'root'])
ANMEEBE 153, fig.show()
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€) 10 min

iris.txt ZHHAH. FEDTEFH petal DR S length Z/ Ry 2270w b THElT, E#IZER. fitEIERI &L

TL &Ly,
import pandas as pd

f
d

"iris.txt'
pd.read_csv(f, header=0, sep="\t')

¥, https://aabbdd.jp/data/iris.txt
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G0:0009723

G0:0009414

G0:0009733

G0:0071456

G0:0009744

import matplotlib.pyplot as plt
import numpy as np

x = ['G0:0009414"', 'G0:0009723',
'G0:0009733", 'G0:0009744',
'G0:0071456"]

y = np.array([300, 220, 180, 90, 10])

fig = plt.figure()

ax = fig.add_subplot()

ax.pie(y, labels=x, autopct="%1l.1f%%")
ax.axis('equal')

fig.show()



r 3.0
T 2.5
T 2.0
T 1.5
r 1.0

f(X1, X2)

import numpy as np
import matplotlib.pyplot as plt
from mpl_toolkits.mplot3d import Axes3D

fig = plt.figure(figsize = (5, 5))

ax = fig.add_subplot(11ll, projection='3d')
ax.set_xlabel('X1")

ax.set_ylabel('X2"')

ax.set_zlabel('f(X1, X2)")

X = np.linspace(0, 28, 256)

y = np.linspace(0, 28, 256)

XX, Yy = np.meshgrid(x, y)

Z = np.sin(xx/np.pi) + np.cos(yy/np.pi) +\
+ np.log(xx**2 + yy**2 + 1) / 5

ax.plot_surface(xx, yy, z, cmap = 'RdylGn_r')
ax.contour(xx, vy, z,

colors = 'darkgrey', offset = -1)
plt.show()
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np.meshgrid(x, y)

import numpy as np

import matplotlib.pyplot as plt
from mpl_toolkits.mplot3d import Axes3D

fig = plt.figure(figsize = (5, 5))

ax = fig.add_subplot(11ll, projection='3d')
ax.set_xlabel('X1")

ax.set_ylabel('X2"')

ax.set_zlabel('f(X1, X2)")

X = np.linspace(0, 28, 256)

y = np.linspace(0, 28, 256)

XX, Yy = np.meshgrid(x, y)

Z = np.sin(xx/np.pi) + np.cos(yy/np.pi) +\
+ np.log(xx**2 + yy**2 + 1) / 5

ax.plot_surface(xx, yy, z, cmap = 'RdylGn_r')
ax.contour(xx, vy, z,

colors = 'darkgrey', offset = -1)
plt.show()



import numpy as np

import matplotlib.pyplot as plt
from mpl_toolkits.mplot3d import Axes3D

fig = plt.figure(figsize = (5, 5))

ax = fig.add_subplot(11ll, projection='3d')
ax.set_xlabel('X1")

ax.set_ylabel('X2"')

ax.set_zlabel('f(X1, X2)")

X = np.linspace(0, 28, 256)

y = np.linspace(0, 28, 256)

XX, Yy = np.meshgrid(x, y)

Z = np.sin(xx/np.pi) + np.cos(yy/np.pi) +\
+ np.log(xx**2 + yy**2 + 1) / 5

ax.plot_surface(xx, yy, z, cmap = 'RdylGn_r')
ax.contour(xx, vy, z,

colors = 'darkgrey', offset = -1)
plt.show()
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subplot

import matplotlib.pyplot as plt
import numpy as np

np.random.seed(2018)

= np.random.uniform(0, 100, 100)

= X + np.random.normal (5, 10, 100)
ig = plt.figureQ)

[e]
o

height [cm]
3
-Hh < X

N
o

ax = fig.add_subplot(Q)

ax.scatter(x, y)
ax.set_xlabel ('weight [g]")
ax.set_ylabel('height [cm]')
fig.show()




subplot
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import matplotlib.pyplot as plt
import numpy as np

np.random.seed(2018)
np.random.uniform(0, 100, 100)

X + np.random.normal(5, 10, 100)
fig = plt.figure(Q

ax = fig.add_subplot(l, 1, 1)

ax.scatter(x, y)
ax.set_xlabel ('weight [g]")
ax.set_ylabel('height [cm]')
fig.show()



subplot

import numpy as np

import seaborn as sns

import matplotlib.pyplot as plt

fig = plt.figure(Q

x1 = np.random.uniform(0, 100, 20)

yl = x1 * np.random.uniform(l, 2, 20)

axl = fig.add_subplot(1l, 2, 1)

axl.scatter(xl, yl)

X2 = np.array(['ERS1', 'ERS2', 'ETR1l',
"ETR2', 'EIN4'])

y2 = np.array([12.0, 3.1, 11.8, 2.9, 6.2])

x2_position = np.arange(len(x2))

) s)(lesz‘rm ETR2 EIN4

ax2 = fig.add_subplot(1l, 2, 2)
ax2.bar(x2_position, y2, tick_label=x2)
fig.show()



subplot

import numpy as np

import seaborn as sns

import matplotlib.pyplot as plt

fig = plt.figure(Q

x1 = np.random.uniform(0, 100, 20)

yl = x1 * np.random.uniform(l, 2, 20)

axl = fig.add_subplot(2, 1, 1)
axl.scatter(xl, yl)

7.5 1

5.0 1

25 x2 = np.array(['ERS1', "ERS2', 'ETR1l',

"ETR2', 'EIN4'])
y2 = np.array([12.0, 3.1, 11.8, 2.9, 6.2])
x2_position = np.arange(len(x2))

K_Xe §SI ERS2 ETR1 ETR2

Figure

ax2 = fig.add_subplot(2, 1, 2)
ax2.bar(x2_position, y2, tick_label=x2)
fig.show()



subplot

import numpy as np
import seaborn as sns
import matplotlib.pyplot as plt

np.

x1
np

np.
np.
np.

np.

random.uniform(0, 100, 20)
* np.random.uniform(l, 2, 20)

.array(['ERS1', "ERS2', 'EIN4'])

array([10.0, 2.4, 8.9])
random.normal (50, 10, 1000)
array([0, 2, 4, 8, 12])
array([11.0, 23 4, 9.3, 9.4, 8.51)

plt.figure(
fig.add_subplot(2, 2, 1)

axl.scatter(xl, yl)
= fig.add_subplot(2, 2, 2)
bar(x2, y2)

ax2
ax2

ax3 =

ax3.

ax4 =

ax4

fig.add_subplot(2, 2, 3)

hist(x3)

fig.add_subplot(2, 2, 4)

.plot(x4, y4)
fig.show()



GridSpec

import matplotlib.pyplot as plt
import matplotlib.gridspec as gridspec

gs = gridspec.Gridspec(3, 3)

|
|
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|
|
T
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|
I
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|
|
T
|
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I
|
|
I

Figure

GridSpec =#ERJ % &, WEMREEZS U Y MR
KR FreDsIc, BiET 37Uy RALZES
BTBHILICE>T. HERRZEEDOEICHEIT
&%,



GridSpec

import matplotlib.pyplot as plt
import matplotlib.gridspec as gridspec

gs = gridspec.Gridspec(3, 3)

axl = plt.subplot(gs[0, 0:2]1)

Figure

GridSpec Z{EHI 5 &. WEMEEBEZI Y v MK
IKRFfrensic, BiEITZI /Uy RRALTZES
B3 EICEH> T, HEBEBZESDOFEICHET
=%



GridSpec

Figure

GridSpec Z{EHI 5 &. WEMEEBEZI Y v MK
IKRFfrensic, BiEITZI /Uy RRALTZES
B3 EICEH> T, HEBEBZESDOFEICHET
=%

import matplotlib.pyplot as plt
import matplotlib.gridspec as gridspec

gs = gridspec.Gridspec(3, 3)

ax1l
ax?2

plt.subplot(gs[0, 0:2])
plt.subplot(gs[0:2, 2])



GridSpec

import matplotlib.pyplot as plt
import matplotlib.gridspec as gridspec

gs = gridspec.Gridspec(3, 3)

axl = plt.subplot(gs[0, 0:2]1)
ax2 = plt.subplot(gs[0:2, 2]1)
ax3 = plt.subplot(gs[1l:3, 01)
ax4 = plt.subplot(gs[1l:3, 11)
ax5 = plt.subplot(gs[2, 2])
axl.plot(
: ax2.plot(
Figure ax3.plot(Q)
ax4.plot(
ax5.plot(Q)

GridSpec Z{ERAT 3 &, HEMEEEZI Y v R
IKRFfrensic, BiEITZI /Uy RRALTZES plt.tight_layout()
B3 Eit&- T, EEEESEEEORICLETT  plt.show()

=50
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seaborn

Seaborn is a Python data
visualization library based
on matplotlib. It provides a
high-level interface for dra-
wing attractive and inform-
ative statistical graphics.
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seaborn X714 IL>— b

matplotlib Y570Hh5—7—% (RF1ILY—NK) import numpy as np

- = . import matplotlib.pyplot as plt
%* seaborn RAICEE Y SHT. seaborn Z1 Vik— import seaborn as sns

kUL7=D5. seaborn.set() 2E1T9 3, sns.set()

X

np.array([1.0 .0, 3.0, 4.0, 5.0])
y 5, 3.4, 3.3, 2.8])

, 2
np.array([1.2, 2.

fig = plt.figure()
ax = fig.add_subplot(l, 1, 1)

matplotlib |/ ‘ - ax.plot(x, y)

fig.show()

seaborn



seaborn X714 IL>— b

seaborn ICl$ 5 BEDODELRNLBZAY1ILY—RHDHE  import numpy as np

" - import matplotlib. Tot as plt
=N TW3, set_style AT, RYS1ILYV—bZZEE ?imgort seagorn ;S zzz .

=3z, sns.set()
sns.set_style('whitegrid')

np.array([1.0
np.array([1.2

X

, 2.0, 3.0, 4.0, 5.0])
y , 2.5, 3.4, 3.3, 2.8])

fig = plt.figure()

ax = fig.add_subplot(l, 1, 1)
ax.plot(x, y)

fig.show()

darkgrid . dark - ticks

. /whitegrid . white




seaborn h5—/\L v k

I270BDHEAEDLEEHAT—/IN\LYy NEFEEN TV import numpy as np

" _ . import matplotlib. Tot as plt
%, set palette ¥ THS—/I\LY N ZZEETZ 3, 1'mgor-t seagor'n e zzz P

sns.set()
deep sns.set_style('whitegrid')

HEEENEE =
X = np.array([1.0, 2.0, 3.0, 4.0, 5.0])
y = np.array([1.2, 2.5, 3.4, 3.3, 2.8])
Setl

fig = plt.figure()
ax = fig.add_subplot(l, 1, 1)

ax.plot(x, y)
fig.show()

4.5 45
’ 1
deep .« * Set
4.0 L] 4.0 L
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seaborn A15—/XL v ~
seaborn M set palette TIEETEZ%HF—/\L v m-...

k&, matplotlib ® colormaps TE&EINTW5, l_ -.L

sf#lE. matplotlib DV 7491 &S, a.— -.
e

deep

....... -“-

https://seaborn.pydata.org/tutorial/color_palettes.html
https://matplotlib.org/examples/color/colormaps_ reference. htm---
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seaborn

import numpy as np matp!tlib import numpy as np seaborn
import matplotlib.pyplot as plt import pandas as pd

import matplotlib.pyplot as plt

import seaborn as sns

sns.set()
X = np.random.uniform(0, 10, 100) X = np.random.uniform(0, 10, 100)
y = X + 10 * np.random.uniform(0, 1, 100) y = x + 10 * np.random.uniform(0, 1, 100)

df = pd.DataFrame({'length': x,

'weight': y})

fig = plt.figure(Q fig = plt.figure(Q
ax = fig.add_subplot(l, 1, 1) ax = fig.add_subplot(l, 1, 1)
ax.scatter(x, y) ax = sns.scatterplot(x='length',
ax.set_xlabel('length') y="weight',

ax.set_ylabel ('weight') data=df, ax=ax)

fig.show() guaiffﬂ}i fig.show(

nnnnnnnnnnnnnnnnnnnn



seaborn

import numpy as np matplxtlib import numpy as np seaborn
import matplotlib.pyplot as plt import pandas as pd
import matplotlihaialat s D
import seaborn a{imEATamEdm it
x EEfEE y %ML TR e set() BULBERICRAT 2. BROTT x B
BICEERALTY F 728 <, ) EyBZEEELTI 72/ <,

X = np.rand¢m.uniform(0, 10, 100) X = np.random.uniform(0, 10, 100)
y = X + 10 ¥ np.random.uniform(0, 1, 100) y = x + 10 * np.random.uniform(0, 1, 100)
df = pd.DataFrame({'length': x,

'weight': y})
fig = plt.flgufeQ fig = plt.figure()
ax = fig.ady_s¢bplot(l, 1, 1) ax = fig.add_subplot(l, 1y 1)
ax.scatter(x, y) ax = sns.scatterplot(x='length’',
ax.set_xlabel('length') y="weight',
ax.set_ylabel ('weight') data=df, ax=ax)

fig.show(Q) o oein fig.show() 1o e

kkkkk



x="length'

& welght +—

2i3
1.5
8.5

y="weight'

11.1
7.5
0.7

14.2

import numpy as np

import pandas as pd

import matplotlib.pyplot as plt
import seaborn as sns

sns.set()

a
b

np.random.uniform(0, 10, 100)
a + 10 * np.random.uniform(0, 1, 100)

df = pd.DataFrame({'length': a,
'weight': b})

fig = plt.figure()

ax = fig.add_subplot(1l, 1, 1)

ax = sns.scatterplot(x='length',
y="weight',
data=df, ax=ax)

fig.show()
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import pandas as pd

import matplotlib.pyplot as plt
import seaborn as sns

sns.set()
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df = sns.load_dataset("iris")

df.head(

# sepal_length sepal_width petal_length petal_width species
# 0 5.1 3.5 1.4 0.2 setosa
# 1 4.9 3.0 1.4 0.2 setosa
# 2 4.7 3.2 1.3 0.2 setosa
# 3 4.6 3.1 1.5 0.2 setosa
# 4 5.0 3.6 1.4 0.2 setosa

fig = plt.figure(Q
ax = fig.add_subplot(l, 1, 1)

aXx = sns.scatterplot(x='sepal_length', y='sepal_width',
data=df, ax=ax)
plt.show()
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import pandas as pd

import matplotlib.pyplot as plt
import seaborn as sns

sns.set()

df = sns.load_dataset("iris")

df.head()

# sepal_length sepal_width petal_length petal_width
# 0 5.1 3.5 1.4 0.2
# 1 4.9 3.0 1.4 0.2
# 2 4.7 3.2 1.3 0.2
# 3 4.6 3.1 1.5 0.2
# 4 5.0 3.6 1.4 0.2

fig = plt.figure(Q
ax = fig.add_subplot(l, 1, 1)

ax = sns.scatterplot(x='sepal_length', y='sepal_width', hue='"species',

data=df, ax=ax)
plt.show()
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import pandas as pd
import matplotlib.pyplot as plt
import seaborn as sns

sns.set()

df = sns.load_dataset("iris")

sns.jointplot(x="sepal_length',

plt.show()

y="sepal_width', data=df)
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species
setosa
versicolor
virginica

import pandas as pd

import matplotlib.pyplot as plt
import seaborn as sns

sns.set()

df = sns.load_dataset("iris")
df.head(

sns.pairplot(df, hue='species')
plt.show()



E—kVYVv7

19181716151413121110 9 8 76 56 43 21 0

import numpy as np
import seaborn as sns

np.random.seed(12345)

X = np.random.binomial (100, 0.02, 180)
X = X. reshape((20, 9))
X = np.log2(x + 1)

sns.heatmap (x)

plt.show()
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import numpy as np
import seaborn as sns

np.random.seed(12345)

X = np.random.binomial (100, 0.02, 180)
x. reshape((20, 9))

X
I

X = np.log2(x + 1)

sns.heatmap(x, annot=True,

plt.show()

square=True,
cmap="YlorBr'
vmin = 0, vmax

4)



import numpy as np
import seaborn as sns

np.random.seed(12345)

X = np.random.binomial (100, 0.02, 180)
X = X. reshape((20, 9))
X = np.log2(x + 1)

sns.clustermap(x,
cmap='PuBu',
method="ward',
metric='euclidean')
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import numpy as np
import seaborn as sns

np.random.seed(12345)

X = np.random.binomial (100, 0.02, 180)
X = X. reshape((20, 9))
X = np.log2(x + 1)

sns.clustermap(x,
cmap='PuBu',
method="ward',
metric="'euclidean',
col_cluster=False)

188 5 810 1M1 119 16 14 013 212 3 9 615 4 717

plt.show()



