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⚫ Python

⚫ Matplotlib

⚫ NumPy

⚫ : 

⚫ : SciPy

⚫ : Pandas

⚫ : scikit-learn



Matplotlib



? Excel ?

⚫ Excel

⚫

⚫

?

11?

3 ?



⚫ import

⚫ Matplotlib

⚫ matplotlib.pyplot plt

⚫ NumPy

⚫ np 

⚫

import matplotlib.pyplot as plt
import numpy as np



Matplotlib

https://matplotlib.org/

https://matplotlib.org/


⚫

⚫

⚫

⚫ : 

⚫

⚫ : 

⚫

⚫

⚫ NumPy ndarray

( )



: plot

import matplotlib.pyplot as plt
import numpy as np

x = [10, 20, 30, 40, 50, 60, 70]
y = [100, 400, 900, 1600, 2500, 3600, 4900]

plt.plot(x, y)

plt.show()

 plot()



 ( )



import matplotlib.pyplot as plt
import numpy as np

x = [10, 20, 30, 40, 50, 60, 70]
y1 = [100, 400, 900, 1600, 2500, 3600, 4900]
y2 = [200, 600, 1200, 2000, 3000, 4200, 5600]

plt.plot(x, y1, marker='o', color='red', linestyle='--')
plt.plot(x, y2, marker='v', color='blue', linestyle=':')

plt.axis([0, 100, 0, 6000])
plt.grid(True)
plt.title('matplotlib test1')
plt.xlabel('x')
plt.ylabel('y')
plt.legend(['y1', 'y2'])

plt.show()

plot()

x

y  



(1)

⚫ : xlabel(), ylabel()

⚫ : title()

⚫ : axis() ( xlim(), ylim())

⚫ : xticks(), yticks()

⚫ x y : axhline(), axvline()

⚫ : grid()

⚫ : xscale(), yscale()

⚫ ’linear’: 

⚫ ’log’:  matplotlib.pyplot



https://matplotlib.org/stable/index.html
matplotlib.pyplot.axis ...

pyplot.

https://matplotlib.org/stable/index.html


(2)

⚫

⚫ plot()

⚫ : marker

⚫ : color ( c)

⚫ : linestyle ( ls)

⚫ : linewidth ( lw)

⚫ : markersize ( ms)

⚫ : label

plt.plot(x, y1, marker='o', color='red', linestyle='--')
plt.plot(x, y2, marker='v', color='blue', linestyle=':')
plt.legend(['y1', 'y2'])

plt.plot(x, y1, 'or--', label='y1')
plt.plot(x, y2, 'vb:', label='y2’)
plt.legend()



category character description

marker . point marker

marker , pixel marker

marker o circle marker

marker v triangle_down marker

marker ^ triangle_up marker

marker < triangle_left marker

marker > triangle_right marker

marker 1 tri_down marker

marker 2 tri_up marker

marker 3 tri_left marker

marker 4 tri_right marker

marker 8 octagon marker

marker s square marker

marker p pentagon marker

marker P plus (filled) marker

marker * star marker

marker h hexagon1 marker

marker H hexagon2 marker

marker + plus marker

marker x x marker

marker X x (filled) marker

marker D diamond marker

marker d thin_diamond marker

marker | vline marker

marker _ hline marker

category character description

linestyle - solid line style

linestyle -- dashed line style

linestyle -. dash-dot line style

linestyle : dotted line style

color b blue

color g green

color r red

color c cyan

color m magenta

color y yellow

color k black

color w white



: scatter

import matplotlib.pyplot as plt
import numpy as np

x = [10, 20, 30, 40, 50, 60, 70]
y1 = [100, 400, 900, 1600, 2500, 3600, 4900]
y2 = [200, 600, 1200, 2000, 3000, 4200, 5600]

plt.scatter(x, y1, marker='o', color='red')
plt.scatter(x, y2, marker='v', color='blue’)

plt.axis([0, 100, 0, 6000])
plt.grid(True)
plt.title('matplotlib scatter1’)
plt.xlabel('x')
plt.ylabel('y')
plt.legend(['y1', 'y2'])

plt.show()

scatter()



: bar

import matplotlib.pyplot as plt
import numpy as np

x1 = [1, 2, 3, 4, 5, 6, 7]
x2 = [1.3, 2.3, 3.3, 4.3, 5.3, 6.3, 7.3]
labels = ['A', 'B', 'C', 'D', 'E', 'F', 'G']
y1 = [100, 400, 900, 1600, 2500, 3600, 4900]
y2 = [200, 600, 1200, 2000, 3000, 4200, 5600]

plt.bar(x1, y1, width=0.3, color='red', tick_label=labels)
plt.bar(x2, y2, width=0.3, color='blue', tick_label=labels)

plt.title('matplotlib bar1')
plt.xlabel('x')
plt.ylabel('y')
plt.legend(['y1', 'y2'])

plt.show()

bar()

0.3

0.3 =



: 2

⚫ Matplotlib 2

⚫ (Object Oriented = OO)

⚫ Figure Axes

⚫ .

⚫ pyplot (MATLAB )

⚫ Figure Axes

⚫

⚫

fig, ax →OOplt →pyplot



https://matplotlib.org/stable/gallery/index.html

https://matplotlib.org/stable/gallery/index.html


NumPy+Matplotlib



Python

⚫ Python

⚫ for

⚫

⚫



NumPy

https://numpy.org/

 ( 2 )

https://numpy.org/


NumPy : ndarray

⚫ : 

⚫

⚫

⚫

⚫ ( )

⚫

⚫

( 1 )

( 2 )



import matplotlib.pyplot as plt
import numpy as np

x = np.linspace(0, 10, 100) # 0から10まで，100点
y = np.sin(x) # NumPyのsin()を使う．mathではない．

plt.plot(x, y, label='sin(x)', linestyle='-')

plt.grid(True)

plt.title('function plot')
plt.xlabel('x')
plt.ylabel('y')
plt.legend()

plt.show()



ndarray

⚫

⚫ : np.array([1, 2, 3, 4])

⚫ start stop num : linspace(start, stop, num)

⚫ start stop step : arange(start, stop, step)



⚫ : dtype

⚫ NumPy

⚫ : ndim

⚫ : shape

⚫ ndim

NumPy

...

: 1

(,)



NumPy :

⚫ NumPy ndarray

( )

x = np.linspace(0, 10, 100)
y = np.sin(x)

sin(0)

sin(0.1010101)

sin(0.2020202)

sin(0.3030303)

sin(0.4040404)



import matplotlib.pyplot as plt
import numpy as np

nums = [5, 20, 100]
for n in nums:

x = np.linspace(0, 10, n)
y = np.sin(x)
plt.plot(x, y, label=f'n = {n}')

plt.grid(True)

plt.title('Point Density')
plt.xlabel('x')
plt.ylabel('y')
plt.legend()

plt.show()

0 10 5,20,100



import matplotlib.pyplot as plt
import numpy as np

y = [144.7772377, 156.61120511, 
: (中略)

]

bins = np.arange(125, 190, step=5)
plt.xticks(bins)
plt.hist(y, bins=bins, color='b')

plt.title('matplotlib hist1')
plt.xlabel('height')
plt.ylabel('frequency')

plt.show()

[125, 130, 135, ..., 185]

y

bins



NumPy

⚫

⚫ 0 1 : numpy.random.rand()

⚫ : numpy.random.randint()

>>> import numpy as np
>>> np.random.rand()
0.3718781674778411
>>> np.random.rand(10)
array([0.74428865, 0.6600082 , 0.48094929, 0.90761384, 0.72157137,

0.58062677, 0.53435835, 0.65049782, 0.34109312, 0.28902556])
>>> np.random.rand(2,3)
array([[0.00093929, 0.32747377, 0.83070672],

[0.29319319, 0.59521091, 0.15475263]])

>>> np.random.randint(10, 20, (2,3))
array([[19, 13, 13],

[12, 15, 15]])

https://numpy.org/doc/stable/reference/random/generated/numpy.random.randint.html

https://numpy.org/doc/stable/reference/random/generated/numpy.random.randint.html


NumPy

⚫ ( )

⚫ numpy.random.normal()

⚫

⚫ numpy.random.chisquare()

>>> np.random.normal(10, 3, 5)
array([ 7.00252856, 11.19460368, 10.37929223,  3.94753513, 13.87448736])

>>> np.random.chisquare(10, 3)
array([ 3.70247222,  5.00100389, 17.93678927])



NumPy



NumPy : 

x = np.array([1.0, 2.0, 3.0])
print(f'x={x}')
print(f'dtype={x.dtype}')
print(f'ndim={x.ndim}')
print(f'shape={x.shape}')

A = np.array([[1, 2], [3, 4]])
print(f'A={A}')
print(f'dtype={A.dtype}')
print(f'ndim={A.ndim}')
print(f'shape={A.shape}')

B = np.arange(6, dtype=float).reshape(2, 3)
print(f'B={B}')
print(f'dtype={B.dtype}')
print(f'ndim={B.ndim}')
print(f'shape={B.shape}')

x=[1. 2. 3.]
dtype=float64
ndim=1
shape=(3,)

A=[[1 2]
[3 4]]
dtype=int32
ndim=2
shape=(2, 2)

B=[[0. 1. 2.]
[3. 4. 5.]]
dtype=float64
ndim=2
shape=(2, 3)

※

dtype=float

float

 reshape()



NumPy : 

x = np.array([1.0, 2.0, 3.0])
print(f'x[0]={x[0]}')
print(f'x[1]={x[1]}')
print(f'x[2]={x[2]}')

A = np.array([[1, 2], [3, 4]], dtype=float)
print(f'A[0,0]={A[0,0]}')
print(f'A[1,0]={A[1,0]}')
print(f'A[0,1]={A[0,1]}')
print(f'A[1,1]={A[1,1]}')

B = np.arange(6, dtype=float).reshape(2, 3)
print(f'B[0,0]={B[0,0]}')
print(f'B[0]={B[0]}')
print(f'B[:,1]={B[:,1]}')
print(f'B[:,0:1]={B[:,0:1]}')

x[0]=1.0
x[1]=2.0
x[2]=3.0

A[0,0]=1.0
A[1,0]=3.0
A[0,1]=2.0
A[1,1]=4.0

B[0,0]=0.0
B[0]=[0. 1. 2.]
B[:,1]=[1. 4.]
B[:,0:1]=[[0.]
[3.]]

※

A[ , ]

0

:

1



NumPy : 

A = np.array([[1, 2], [3, 4]], dtype=float)
B = np.array([[5, 6], [7, 8]], dtype=float)
C = A + B
D = A - B
E = A + 1
F = A * 2
print(f'A={A}')
print(f'B={B}')
print(f'A+B={C}')
print(f'A-B={D}')
print(f'A+1={E}')
print(f'2A={F}')

A=[[1. 2.]
[3. 4.]]

B=[[5. 6.]
[7. 8.]]

A+B=[[ 6.  8.]
[10. 12.]]

A-B=[[-4. -4.]
[-4. -4.]]

A+1=[[2. 3.]
[4. 5.]]

2A=[[2. 4.]
[6. 8.]]

※

ndarray

1

(broadcast )

(

) NG



NumPy : 

A = np.array([[1, 2], [3, 4]], dtype=float)
B = np.array([[5, 6], [7, 8]], dtype=float)
C = A * B
D = A.dot(B)
E = np.dot(A, B)
F = A @ B
print(f'A={A}')
print(f'B={B}')
print(f'A * B は要素ごとの積で行列の積ではない: 
{C}')
print(f'AB = {D} (メソッドdot()で計算)')
print(f'AB = {E} (関数numpy.dot()で計算)')
print(f'AB = {F} (演算子 @ で計算)')

A=[[1. 2.]
[3. 4.]]
B=[[5. 6.]
[7. 8.]]
A * B は要素ごとの積で行列の積ではない:
[[ 5. 12.]
[21. 32.]]

AB = [[19. 22.]
[43. 50.]] (メソッドdot()で計算)
AB = [[19. 22.]
[43. 50.]] (関数numpy.dot()で計算)
AB = [[19. 22.]
[43. 50.]] (演算子 @ で計算)

※

 *

=  (Hadamard product)



NumPy : 

A = np.array([[1, 2], [3, 4]], dtype=float)
det_A = np.linalg.det(A)
A_inv = np.linalg.inv(A)
print(f'A={A}')
print(f'det(A)={det_A}')
print(f'A^-1={A_inv}')
E = A @ A_inv
F = A_inv @ A
print(f'A A^-1={E}')
print(f'A^-1 A={F}')

A=[[1. 2.]
[3. 4.]]

det(A)=-2.0000000000000004

A^-1=[[-2.   1. ]
[ 1.5 -0.5]]

A A^-1=[[1.00000000e+00 1.11022302e-16]
[0.00000000e+00 1.00000000e+00]]

A^-1 A=[[1.0000000e+00 4.4408921e-16]
[0.0000000e+00 1.0000000e+00]]

※

-2
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