
高级程序设计
---Python与深度学习
8. numpy & matplotlib
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Numpy
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•NumPy \D#$JK]V^_#$\`aD,-
•)*+,-./-01234-56+,789:
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•NumPy 56789:;< Quickstart tutorial
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Numpy
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Numpy ndarray数组

•NumPy 4
•yz{ ndarrayJKGCMN< N |#$
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Numpy ndarray数组

•NumPy HIJKghi Python jklmAnocd/pqr
•NumPy #$D@}~!"������[

• Python list ;<=>?@
•NumPy #$J@#�AD��#he78��D,-��?�x

•APythonBCDEFGHIJKLMNOPQRSH(TRU
•*� Python D�h/#h�@��C NumPy #$JK; 

•VW.XYNumPyZ[HV\ NumPy Z[
• Python BCDE]^.XYNumpyZ[_`NO
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创建numpy数组

•sB np.array() ]Ht,u Python kNvwI_xyHI
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创建numpy数组

•sB np.array()]Ht,u Python kNvwI_xyHI
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创建numpy数组

ndarray!"#$%
• ndarray.ndim
•!"#$%&'(#)!*+ Python ,-&'#!./01 rank*

• ndarray.shape
•!"#23*shape45)6!#7"-89:)&',!"#;<*=>? n @A m B
#CD-shape E4 (n,m)*FG-shape 7"#H'I4 rank J&'#)! ndim*

• ndarray.size
•!"7K#L!-M> shape #7K#NO*

• ndarray.dtype
•5)PQ!",7K#RS*TUVWXY# Python RSZ[J\] dtype*
• NumPy ^_`ab#RS-cd numpy.int32enumpy.int16 A numpy.float64*

• ndarray.itemsize
•!",:)7K#fg;<*cd-7K1 float64 RS#!"# itemsize18%=64/8(-
h int32 RS#!"# itemsize14%=32/8(*`M> ndarray.dtype.itemsize*
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创建numpy数组
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创建numpy数组
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创建numpy数组
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numpy内置数组

11/18/22 13

• empty()
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• full()
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• zeros()
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• ones()
• QR)*e 1 Ff-3F8

首
都
师
范
大
学
 交
叉
科
学
研
究
院
 李
冰

首
都
师
范
大
学
 交
叉
科
学
研
究
院
 李
冰

首
都
师
范
大
学
 交
叉
科
学
研
究
院
 李
冰



numpy内置数组
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• zeros_like() 
lf)*mVW3F)nop- 0 3FE

• ones_like() 
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• full_like() 
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创建数组

•NumPy z{>|o}~� range /]H arange
•!"#$%&'
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创建数组

•NumPy z{>|o}~� range /]H arange
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创建数组

•NumPy z{>|o}~� range /]H arange
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创建数组

• NumPy z{linspacexyH�jkE����g��^
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创建数组

• NumPy z{linspacexyH�jkE����g��^
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创建数组

• NumPy z{linspacexyH�jkE����g��^
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数组的显示

•NumPy HIX���kN}~/6��OE�*3AX���r
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课程内容

•Numpy
•FGnumpyHI
•JKL>?
•MNOP
•QRST
•UV#W#
•XYOP
•9ZOP

•Matplotlib
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索引、切片

•|�HI`X���E��g�\
•@ Python %&[\
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a[2]
a[2:5]

2
array([2, 3, 4])
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索引、切片

•|�HI`X���E��g�\
•@ Python %&[\
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a[2]
a[2:5]

2
array([2, 3, 4])

a[:6:2] = -1000
a[::-1]
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•@ Python %&[\

11/18/22 25

a[2]
a[2:5]

2
array([2, 3, 4])

a[:6:2] = -1000
a[::-1]

array([9, 8, 7, 6, 5, 4, 3, 2, 1, 0])

a[[1,3]]

!"?@CD��-538��VWHI(

array([1, 3])
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索引、切片

•��LMultidimensionalWHI
•=+,]^_*+JK3JK`*+#$3#$=+abHc*+,
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b[2, 3] 11

b[0:5, 1] array([ 1, 5, 9, 13, 17])

b[:, 1] array([ 1, 5, 9, 13, 17])

b[1:3, :] array([[ 4, 5, 6, 7], [ 8, 9, 10, 11]])

b[-1] array([16, 17, 18, 19]) ��-���hD;)*�
���8:R���"�
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索引、切片
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11/18/22 27

首
都
师
范
大
学
 交
叉
科
学
研
究
院
 李
冰

首
都
师
范
大
学
 交
叉
科
学
研
究
院
 李
冰

首
都
师
范
大
学
 交
叉
科
学
研
究
院
 李
冰



基本操作

•HI§/1¨©1ª«w¬©1/
•de)FG*+f;#$ghijk'
•lLmLnLoLpdeq
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基本操作
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基本操作

•HI§/1¨©1ª«w¬©1/
•de)FG*+f;#$ghijk'
•rsde
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基本操作

•HI§/|w01
•te#$uv_ab;wxLyz({L|({JK
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基本操作

•HI§/|w01
•te#$uv_ab;wxLyz({L|({JK
•H}~�#$3���*+,�COP
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array([12, 15, 18, 21])
array([ 6, 22, 38])
array([0, 4, 8])
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常见数学函数

•Numpyz{>,­/H(]HEG sinEcos g exp^
•®¯]H°HI§«w¬±qefE� |oHIf�²³^

11/18/22 35

np.exp(B) array([1. , 2.71828183, 7.3890561 ])

np.sqrt(B) array([0. , 1. , 1.41421356])

C = np.array([2., -1., 4.])
np.add(B, C) 

array([2., 0., 6.])首
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广播

•´µ¶·/HIlm¸`X¹�©1^
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A = np.array([[1, 2], [3, 4]])
B = np.array([10])
A * B

array([[10, 20], [30, 40]])

A = np.array([[1, 2], [3, 4]])
B = np.array([10, 20])
print(B.shape)
A * B

(2,) 

array([[10, 40], [30, 80]])
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浅拷贝和深拷贝
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list1 = [2, 3, 4, 5]
list2 = list1
list2[0] = -1
print(list1, list2)

list1 = [2, 3, 4, 5]
list2 = list1[:]
list2[0] = -1
print(list1, list2)

[-1, 3, 4, 5] [-1, 3, 4, 5] [2, 3, 4, 5] [-1, 3, 4, 5]
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浅拷贝和深拷贝
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a = np.arange(12).reshape(3, 4)
b = a[0,:]
print(a)
print(b)

b[0] = 99
print(a)
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浅拷贝和深拷贝
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a = np.arange(12).reshape(3, 4)
b = a[0,:]
print(a)
print(b)

b[0] = 99
print(a)

a = np.arange(12).reshape(3, 4)
b = a[0,:].copy()
b[0] = 99
print(a)
print(b)

• Gº¤d¹�JK»¼½E¤d¾B copy ]Hr
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迭代

•�\ Numpy��HI*¿J�À|oÁ¡Â/r
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b = np.arange(12).reshape(3, 4)
for row in b:

print(row, end='\n\n')

� L3FG-¡*HI¢£¤C8¥¦§¨
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b = np.arange(12).reshape(3, 4)
for row in b:

print(row, end='\n\n')
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迭代

•�\ Numpy��HI*¿J�À|oÁ¡Â/r
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b = np.arange(12).reshape(3, 4)
for row in b:

print(row, end='\n\n')
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迭代

•numpy.nditerz{>|ÃÄÅÆÇ|ovÈ�oHI/6�^
•�+#$;���Single Array Iteration�
•��H#$ab;��3�����]^*+�*+���;=*+ab'
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<class 'numpy.nditer'>

…,'finished’, …'has_index', 'has_multi_index', 
'index’, …'multi_index', 'ndim', 'nop', 
'operands’, …'shape', 'value']
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https://docs.scipy.org/doc/numpy/reference/generated/numpy.nditer.html


迭代

•numpy.nditerz{>|ÃÄÅÆÇ|ovÈ�oHI/6�^
•�+#$;���Single Array Iteration�
•��H#$ab;��3�����]^*+�*+���;=*+ab'
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<class 'numpy.nditer'>

…,'finished’, …'has_index', 'has_multi_index', 
'index’, …'multi_index', 'ndim', 'nop', 
'operands’, …'shape', 'value']
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数组的形状变换

•HI/´µ`XÉÊËÃ]H¹�ÌÍ^
• ravelLreshapeLT
•!"*+��);#$3�������#$
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arr.ravel() 

arr.reshape(6, 2) 

array([ 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11])
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数组的形状变换

•HI/´µ`XÉÊËÃ]H¹�ÌÍ^
• ravelLreshapeLT
•!"*+��);#$3�������#$
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arr.T 

arr.T.shape

arr.reshape(2,-1) 首
都
师
范
大
学
 交
叉
科
学
研
究
院
 李
冰

首
都
师
范
大
学
 交
叉
科
学
研
究
院
 李
冰

首
都
师
范
大
学
 交
叉
科
学
研
究
院
 李
冰



数组的形状变换

•HI/´µ`XÉÊËÃ]H¹�ÌÍ^
• ravelLreshapeLT

•ravel() � flatten()/pq
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second = arr.ravel()
third = arr.flatten()

second[0] = 88
print(arr)
print(second)

third[0] = 99
print(arr)
print(third)

[ 0 1 2 3 4 5 6 7 8 9 10 11]

•ravel()()©:�ªl«3¬-­®
•flatten()(¯°«3¬-­®
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数组的堆叠

•¶·HI`XsB vstack()Qhstack()Qdstack() V]HÎ¶·/Á
ÏÐ°|Ñ^
•*���3H}�_�+^7� ;#$3vstack¡5*,¢£3hstack
¡56,¢£3dstack¡5¤,¢£'
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数组的堆叠

•¶·HI`XsB vstack()Qhstack()Qdstack() V]HÎ¶·/Á
ÏÐ°|Ñ^
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a = np.arange(0,6).reshape(2,3)
b = np.arange(6,12).reshape(2,3)
print(a)
print(b)

c = np.vstack((a,b))
print(c.shape)
print(c)

d = np.hstack((a,b))
print(d.shape)
print(d)

e = np.dstack((a,b))
print(e.shape)
print(e)

±²)P³´

±²µP³´

±²¶P³´
·|²¶P8¸¹
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课程内容

•Numpy
•FGnumpyHI
•JKL>?
•MNOP
•QRST
•UV#W#
•XYOP
•9ZOP

•Matplotlib
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随机数函数

•numpy.randomÒÓz{>+,Ô/� ÕÖH×6Ø
•UV¥¦
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np.random.seed(1234)    #!"#$%&'1234

•Z[3;eZ[�º»¬)W-¼�½�¼�¾¿-34EÀÁ8Â ¼�½�)
W8Z[�º)W8Ã¦ªl-Z[3Ä:��E
•Â "Å:ÆÇZ[�º8Ã¦0ghijkZ[�º¿ÈÉÊSËAÌWS/¼
3b-4B
•Z[3ªl-��wÉÊ|ÍEÌÎ;Z[�º)n8Windows ÉÊm Linux É
Êªl-Z[3Ï:)nE
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https://numpy.org/doc/stable/reference/random/index.html


随机数函数

•numpy.randomÒÓz{>+,Ô/� ÕÖH×6Ø
•UV¥¦
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np.random.seed(1234)    #!"#$%&'1234

np.random.rand(2, 3)

np.random.random((2,3))

np.random.randn(3, 2)

ªl)*ÐWÑc-3F83FG-4Ò� [0, 1)ÓÔ-Õ
Ö×�E

lf)*VWÑc-3F83FG-4Ò�ØÙÚd×�E

ªl� [0, 1)ÓÔÕÖÛn-3FE
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随机数函数

•numpy.randomÒÓz{>+,Ô/� ÕÖH×6Ø
•UV¥¦
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np.random.seed(1234)    #!"#$%&'1234

np.random.uniform(low=1, high=10, (3, 2))

np.random.normal(loc=1, scale=0.2, (3, 2))

np.random.randint(low=1, high=10, size=(3, 2))

np.random.choice(9)

np.random.choice([0,2,4,6,8,10,12])

•0ÜÔ [low, high) GÕÖ×�-3FE

•Õ4 𝜇=loc, ØÙÝ 𝜎=scale-Úd×
�3FE

0ÜÔ [low, high)GÞßÕÖÛn-
3F

¯°ªl)*Z[3E
àaDá*intJK38âã^range(a)G-3
aD3F8â�aGã^HI
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https://numpy.org/doc/stable/reference/random/index.html


存取操作

•NumPy z{>ÙÚHIÛÜ/ÝÞef]HEÙÚHIH×/ÝÞ
`X*�¹ßà�vÈÝáà�^
• tofile()§6�¨©ª«�¬­3�®X#$QRxab[¯q°±
• fromfile()§A²��ab[¯3gH#$;QR�C³´;��
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b = np.fromfile('array.raw', dtype=np.int).reshape(3,4)
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https://numpy.org/doc/stable/reference/generated/numpy.fromfile.html


存取操作

•NumPy z{>ÙÚHIÛÜ/ÝÞef]HEÙÚHIH×/ÝÞ
`X*�¹ßà�vÈÝáà�^
•save()3load()

•ab NumPy cdMefghijaZklmnopqrs.npytHuvw
x=yz{|J}7~�����
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存取操作

•NumPy z{>ÙÚHIÛÜ/ÝÞef]HEÙÚHIH×/ÝÞ
`X*�¹ßà�vÈÝáà�^
•savetxt()3loadtxt()

•�`ab9��e�Z[Mo�op
•;<d���csvhiop
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https://numpy.org/doc/stable/reference/generated/numpy.savetxt.html
https://numpy.org/doc/stable/reference/generated/numpy.loadtxt.html


其他操作

•H×}âãärastype()
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arr = np.arange(24).reshape(2, 3, 4)
print(arr.dtype)
print(arr)
b = arr.astype(np.float64)
print(b.dtype)
print(b)
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其他操作

•)*./ T-���B transpose7�X� swapaxesH
• transpose
• swapaxesij5=$kl
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arr = np.arange(24).reshape(2, 3, 4)
print(arr.T.shape)
print(arr.T)
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其他操作
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• transpose
• swapaxesij5=$kl
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arr = np.arange(24).reshape(2, 3, 4)

arr.transpose(2, 1, 0)

arr.swapaxes(0, 1) 首
都
师
范
大
学
 交
叉
科
学
研
究
院
 李
冰

首
都
师
范
大
学
 交
叉
科
学
研
究
院
 李
冰

首
都
师
范
大
学
 交
叉
科
学
研
究
院
 李
冰



其他操作

•)*./ T-���B transpose7�X� swapaxesH
• transpose
• swapaxesij5=$kl
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arr = np.arange(24).reshape(2, 3, 4)

arr.transpose(2, 1, 0)

arr.swapaxes(0, 1) 首
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课程内容

•Numpy
•FG#$
•JKL>?
•MNOP

•!"
•#$
•%&
•'(

•QRST
•UV#
•XYW#
•9ZOP

•Matplotlib
•µ¨
•¶·
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Matplotlib

•åßæçT´
•¸Amatplotlib ; pyplot¹ºµ¨»Q
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import numpy as np
import matplotlib.pyplot as plt

# ()*+
x = np.arange(0, 6, 0.1)
y = np.sin(x)

# ,-./
plt.plot(x, y, label="sin")
plt.title('sin')        # 01
plt.legend()
plt.show()
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•åßæçT´
•¸Amatplotlib ; pyplot¹ºµ¨»Q

# ()*+
x = np.arange(0, 6, 0.1) 
y1 = np.sin(x)
y2 = np.cos(x)

# ,-./
plt.plot(x, y1, label="sin")
plt.plot(x, y2, linestyle = "--", label="cos") 
plt.xlabel("x")         # x203
plt.ylabel("y")         # y203

plt.title('sin & cos')  # 01
plt.legend()
plt.show()

Matplotlib
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import numpy as np
import matplotlib.pyplot as plt
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x = np.linspace(0, 2, 100)

plt.plot(x, x, label='linear')
plt.plot(x, x**2, label='quadratic')
plt.plot(x, x**3, label='cubic')

plt.xlabel('x label')
plt.ylabel('y label')

plt.title("Simple Plot")
plt.legend()
plt.show()

Matplotlib

•åßæçT´
•¸Amatplotlib ; pyplot¹ºµ¨»Q
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import numpy as np
import matplotlib.pyplot as plt
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•åßæçT´
•¼½*¾»µ¨¿À»

data = np.random.randn(2, 100)

fig, axs = plt.subplots(2, 2, figsize=(8, 8))
axs[0, 0].hist(data[0])
axs[1, 0].scatter(data[0], data[1])
axs[0, 1].plot(data[0], data[1])
axs[1, 1].hist2d(data[0], data[1])

plt.show()

Matplotlib
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import numpy as np
import matplotlib.pyplot as plt
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•�OTU
•pyplotuÁ��ÂA}¶·»Ã;ÄÅ imshow()'
•]^¸Amatplotlib.image¹º; imread() ÄÅÆÇ»Ã'

Matplotlib
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from matplotlib.image import imread

img = imread('images/chapter08/lena.jpg')       

plt.imshow(img)
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•�OTU
•pyplotuÁ��ÂA}¶·»Ã;ÄÅ imshow()'
•]^¸Amatplotlib.image¹º; imread() ÄÅÆÇ»Ã'

Matplotlib
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fig = plt.figure(figsize=(12, 12))
fig.add_subplot(1, 3, 1)
plt.imshow(img[:,:,0], cmap='gray')
plt.title('R')

fig.add_subplot(1, 3, 2)
plt.imshow(img[:,:,1], cmap='gray')
plt.title('G')

fig.add_subplot(1, 3, 3)
plt.imshow(img[:,:,2], cmap='gray')
plt.title('B')

plt.show()
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