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. HniAR 2 048 B e s A 1 AR FH X R 1 2% L DL U b 3% B AN 4 B i o
B PRE . AN 5-22 FF R B R A

14) "=

W n MR CF = RN = R A EDE . 6= — B T R K SCAR 4L
P . W&l 5-23 iR YR =



| #5% sEmaksmssm (1)
O

6
-
8
0 oh 9
56%
Bl 5-22 {UEH
z Switzerland
n Czech Republic
=1
o Ecuador 7 » © £
- Afghanistan C ] o
Azerbaijan Chile gGermany ® g_ i'g 2
X noSg
3 . o o ~< L DJ 3
: g S5 glrad Russia Z United Kin fﬂnom
= & Rgmarg 25_4 Taiwan - Vengzuel’!
LIE_.I ana %,_g France Brazil Negal
@ Tajikistan m_% 3 g==, h I n a g n d I a Sweden
= 25 o) C gr Myanmar Haiti
m .
e 8 Bang'adESh -Indonesia & ¢ Pakistan
c =] wn c < [
= gm Malaysm_ g ECuba Mexicoﬂ Eﬂ o 5o o g‘LHungary
8 Italy (riomhie = wWEd oS G §b
Dominican Republic Spain . mn ¥ @ 0 C =
P : Kazakh . ey wee @ B 3 & & E
Bolivia o E o ﬂ"S < g O
o §7 E PapuaNew Guinea  °
%% 2 Australia Cambodia
=3
0
& 5-23 =

5.2 matplotlib AT {44 E 7

5.2.1 numpy 4§

LS A

1. numpy B & 77

numpy & Python 47 £ 4b B 14 J5C 2 P 2 /55 1k RR BE 27 11530 F0 50 43 A i SE kL n
E £ 1 Python HL#8 2% > FE SKlearn #i575 & numpy 1 X Ff. %48 numpy i 56l 5008 4k
FERE 1 2 FIH Python Mgl iz 58 K AL 28 2% > (19 Sl

[ B 7E 25408 T R AL A i 75 2 B numpy H B AR AR SO i AR e L R
IR numpy R 47 B0 rT AL T B )
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numpy EHA LU RHE.

(1) numpy JF P %0 B85 & ndarray XF 4, BT [RGB 2R E n 4E 5L
41, B R U e o R AR RS T X R B

(2) FEEAL P A JC 2 AL — 350, HLAE N AE b i G A TR R/

(3) AT E T A HETRMR . R51)7 5 M 0 1.

(4) numpy 41 4E50PR R Bk (rank) , — 4B B0 B 1, AR B 2., DLk 2k
#e. 7E numpy ", B B AR R S — Nl Caxes) s BRI SR A IR Bl (0 KR

(B TE B 1S  numpy B ABRME Python J¥ 41 2 [ 4 JLAS 2 X 1

(1) numpy 4178 Qi) gt & — W 2 19 R, 53X — A5 F1 Python H i list i 28
RS TR 1

(2) TEHHE B KA F numpy $E47 /55 G080 2 5 R0 JHG il 25 780 1) B8 /R 2 3 O (8
). RN R R VE He B Python (9 P985 51 56 A5 350, PATAC IS BE /2

2. numpy ERE 5

A5 Windows 7 &4, 1 f# Python 3. 7 & numpy JFE R L5 F . 7F Windows H?
A emd fig 4 )5, B #1217 pip install numpy B ] 58 AR, %2 3¢ 58 B 5 i A “import
numpy” , U1 RS W R oR ey, Bl 5-24 fs

B =1EH: C\windows\system32\c

Microsoft Windows fﬁf" 7.

i )

P f ﬂ%; (c)> 2089 Microsoft Lulpo}atlon ]1WHUH§§? ?wq

C:\sers ooo>python
Python 3.7.8 <(v3.7.8:1bf%cc5893, Jun 27 2018, B4:59:51)> [MSC v.1914 64 hit C(AMDG
431 on win32
", "copyright", "credits" or "license'" for more information.
> import numpy

Kl 5-24  numpy R E) 205
7S bRz A7 h L 6P AT numpy PR AT BLEA B0 AR
import numpy as np
5 numpy 11 np FUEF . LA Python R By A e AT 111
3. numpy k912

1) numpy JFEH4H 1) 6] g
1E numpy J HH A1 EE B T LU an R ik

numpy. array

ZiEA) R miE 5| A numpy ERIE T — ndarray ¥4,
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[ 5-1] Alasaxr£ AmEaT,

import numpy as np
a = np.array([1,2,3])
print(a)

WHIESETIT numpy LB E LT — A — 48U o B R R B S i s . 1B AT
WRET A RN 5-25 .

-[—-== R.%ESTART: D:/Users/=xx/ AppDat a/Local/Programs/Python/PythondT/10-2. py ==
123
5553 |

Fl5-25 R mE L5 BR

2) numpy 4 =%
TEA B N 7T UM AT R S8,

numpy. array(object, dtype = None, copy = True, order = None, subok = False, ndmin = 0)

SRS g 5-1 fiR .,
£51 PIRMANSH

S ¥ 2 W SHE X
object AT AT 2 82 BOAH 35 11 07 0k X SRR 4% 3 Al — A $UAH AT AT (R ) 7 )
dtype B Y BT TR B 2, T ik
copy Bl %, BRI K True, X7 2 2 75 9% &5 i
order CHRAT) FURID 3k AUEE  BRUO
subok BRI OLT 5 3R 0] B B0 20 ot ol Sl B2 82l . SRR True, W3R 0] 2%
ndmin & A AR A 1Y dne /N R

(5] 5-21 Bld—AZ4E8AX L AT,

import numpy as np
a = np.array([[1,2,3],(4,5,61,[7,8,9]])
print(a)

Z W) SO R T —A> Z 48U s AT 45 R AN 5-26 B .

T RES%‘ART: D:/Users/zxx/Applata/Local/Prograns/Fython/Pythond i/ 10-2-1. py =—=
123

[4 & 6]

[T 8 911

222

Kl 5-26  Z4ERCAME X5 BoR
(5] 5-31 B 248800 8 258 AT,
import numpy as np

a = np.array([[1,2,3],[4,5,6],[7,8,9]],dtype = complex)
print(a)
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B E LT — A2 YRR I s HEUE R m AT S R AN AT 5-27 iR

=== RESTART: D:/Users/zzx/AppData/Local/Programs/Python/Python37/10-2-2,py =
[[1.+0.3 2.40.7 3.40.j]

[4.+0. 3 5.+0.3 6.+0, 3]

[T.+0. 5 B.+0. 3 9.+40. 111

D

Bl 5-27  Z 4Bl i B 28 R R

TEZ B complex 28 Y fy 52 A M FAL . R 5-2 BIRX T numpy A WL

KA,
& 5-2 numpy HEE WEIERR
i ) X
bool IR A
int RN AL
int8 HAF5 1 8 Al
int16 AT 16 (R
int32 A5 B 32 fi Al
int64 A5 B 64 fir B A
uint8 ToAF 51 8 f e 7
uint16 ToAT 5 B 16 i B 1l
uint32 TAF5 1Y 32 i R
uint64 ToAF 51 64 f A
float16 R BT R B
float32 BAORS BEIF U BL
float64 XURS BE 77 5 50
string FAF R
complex64 SEHC 53 I A 32 57 77 5 B3R s S 8RR 8
complex128 S5 S A 64 57 77 15 B3R s 92 0 R B

3) ndarray X4 04 34 @ 1k
AV T — DAL, 7T A F ndarray R FEAE M, W3k 5-3 FiR.

& 5-3 ndarray M EHERXBEHE

BiEaR BE % @& BHERR BE & &
shape B A& RO itemsize BAPEADTTE T RN
reshape | VA2 K /)N nbetys FEA B T 7 0 7 A 4 (]
size IR N BB flages & (0] 20 Y 24 A (E
data HdH b i TR TE A T B

(5] 5-41 SR LA AHEMT .

import numpy as np
a = np.array([[1,2,3],(4,5,6]1,(7,8,9]11])
print(a. shape)
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WIE SCT — D Z U OF R AR RE s AT 45 RN 1Al 5-28 Fiow .

=== RESTART: D:/Users/x=xx/AppData/Local/Programs/Pythory/Python37/10-2-3. py ===
3, 3)

P l

I 5-28  Z 4R B9 4EE R

(5] 5-51 BB BB ICERN TR AT,

import numpy as np
a = np.array([1,2,3,4,5,6,7,8,9], dtype = np. int8)

print(a. itemsize)

B E SCT — A IF s HOTR B07 1 K/ s A7 45 R 18l 5-29 Fos .

=== RESTART: D:/Users/xwx/AippData/Local/Programs/Python/Python37/10-2-4, py ===
1
> |

5-29  HHITRIT W RN R

4) ndarray XY F AEK5|
ndarray Xf 40 PN 25 AT LG & &R 51 8 U0 R0k U5 [a] FE 2L, ndarray X4 — % 0l |l
arange O PRELBI &, 10150 .

a = np. arange( )

U SR A AR OO X G i) — 3820 U ] DUGE ] slice pR BRI L 491140 -

s =slice()

[ 5-61 ndarray X} RV H ARG .

import numpy as np
a = np.arange(10)
s = slice(1,8,2)
print(al[s])

P E e LT — AN BT R arange O BB . AR50 BIHTR IR (4 k
FLRAE 1.8 F1 2 5 LUV X R o XAV 0 R A% 18 245 ndarray B, 23 X8 89— &2
PEAT IR ARG 1T 3 8. 28K 2. i Wlis 17 45 R AN T8l 5-30 Frow .

=== RESTART: D:/Users/xz=/AppData/Local/Programs/Python/Python3i/10-2-5.py ===
[1.9:8 7
>0 |

K 5-30 ndarray %F %8940

5) ndarray X} % BULk AR S = ff BR2K
numpy % numpy. linalg #, AL ET TR AT A aE . M f)—Lb &
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ZIREMNAR 5-4 Pros . WHM A8 numpy g ol DTS = s 403k 575 Bioi .
% 54 numpy H L MR BB

L A BB T ge L A BRI BE
dot TR A B Y s AR determinant THA B /1751
vdot THEA A 18] 1 174 R solve T3 28 M S W T
inner THE WA B2 1 A inv T S P 1 3 v 200 4 B
matmul T3 A B304 7 i B AR

F 55 mumpy FERKN=FAIEH

R A i OB E R e A R E R
sin(x[, out]) 1E%{E arcsin(x[ , out]) S IE 5%
cos(x[ s out]) Ay arccos(x[ s out]) R A48
tan(x[, out]) EYIE arctan(x[ , out]) S IEY]

(61 5-70  FH5 P4 B2 09 s BR L X T — ZE R0 . B R ey i g B X T 4R R
ST MR AT .

import numpy.matlib

import numpy as np

a = np.array([[1,2],[3,4]])

b = np.array([[10,20],[30,40]])
np. dot(a, b)

print(np. dot(a, b))

Hrf matlib 278 numpy R AEFEE . ZBRR T E LT WA a A b, I 1A XA 2k
Hpy A Hh SRR AR
[[1%10+2%30,1%20+2%40],[3%10+4%30,3%20+4%40]]
BATRRRY A 5-31 Fs.

ﬁ: RESTAI]U: D:/Users/xxx/Applat a/Local/Prograns/Python/Python3T/10. 3-1. py ===
70 100)

[150 220]1]

>

Kl 5-31  numpy P Z AL

5.2.2 matplotlib i\ 5734

matplotlib &—~~ Python § 2D 2 & , ‘& LA 45 FhAE 35 01 4% 28 0 5
V19 58 B R B AR R R BT GO0 ) EDE L #E il Matplotlib ZHi . 7
B A R g b, AT UL Windows 7 S5, Pl 22255 o # BT it

1) 4%& Visual Studio

ijila) http://dev. windows. com, B downloads, £ # Visual Studio Community
— Ml 20y Windows JF & T.H., THIFEITIRLRET.
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2) F#E matplotlib L3 F

PilA) https://pypi. python. org/pypi/matplotlib, # #& 5 Python it 4% #H Bt 1 wheel
XA 4. whD

3) i pip k%% matplotlib

1 Windows F7 # A ecmd J5 ., H 2 % A “python -m pip install ——user matplotlib-
2. 1. 0-cp36-cp36m-win32. whl” 4y 2 K $h 4T matplotlib F2¢ f) 22 35,

4) A 5E N,

LRGSR A pip list" iy A F B LA Python L UNIE] 5-32 FIA 5-33 FiR .

ullsersrooix 2pip list

Package Version

K 5-32 #F pip O &R E

atplotlib 2.2.3
[l 5-33 BN E %% AU matplotlib &

5.2.3 matplotlib iz

1. matplotlib B iz

FE % 5% matplotlib B J5 . AT 7E Python BRI, g A LU FCAS Qn 2R A i 5 ) 3%
7 matplotlib J&E 2258 i3 .

import matplotlib
import matplotlib. pyplot as plt

& 5-34 Fr7s , ££ Python FBEH ELIE A %2 T matplotlib J#,

s Users oo python
Python 3.7.8 (v3.7.8:1hf%c5893,. Jun 27 2018, A4:59:51> [MSC v.1914 64 bhit <AMD6
4>1 on win32

ype "help'". “copyright', "credits" or "license" for more information.

>>>» import matplotlih
>>> import matplotlib.pyplot as plt
>

K 5-34 1F Python 335§ & IE W %2 %% T matplotlib J#

2. matplotlib FE iz 1T
(%) 5-81 ¥ Python i A LLFAHS LA 1) matplotlib EJE .

import matplotlib. pyplot as plt
plt.plot([1,2,3])

plt. ylabel('some numbers')

plt. show()
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Rl 17— 45 B, PATIZARE T . S R K 5-35 s .

some numbers
~N
Qo
L=

1.25

1.00 1

0.00 0.25 0.50 0.75 100 125 150 175 2.00

# € A= B

¥l 5-35 matplotlib KFE

5.2.4 matplotlib. pyplot J4

1. matplotlib. pyplot & f& 7

matplotlib j& Python N £ B2 EIFE iy T J7 fEHRE 22 . matplotlib i i pyplot 5
HUR AL T — 25 f1 Matlab 280102 & APTL B A £ 2 T X6 52 JT 44 1 1) A2 2% 465 W) I ik A ik 5
API 3B, 208 pyplot A5 BT $2 41 1) pR B30 1T LA S 80 B 3ol 22 R DA B ik e TR1 3R 1Y)
#FPANY . matplotlib. pyplot B3I 77 X40F .

import matplotlib. pyplot as plt

i 3 LA AR pyplot BEHLEE iy 44 0 plt. A B T4 & ACH A ml 3t . ) R b U L A
J5 SR 7 &, plt A8 T matplotlib. pyplot,

2. matplotlib. pyplot & %§ ZE & /Y

matplotlib. pyplot J&—/~iy & 5 o $ 4 & B ] LLIE AR 6 A Matlab — 44 H
matplotlib, pyplot H1 18—~ pR EiHR 23 Xt i) A 15 A0 HE A B 19 50 A 4 B 2 o A7 L 7E 1)
i A — A2 X A2 P X L LAk 2k 4 RS s S it W 45

1) plt. figure)

i plt. figureO pREANEE — A4 Jm 22 B X 3, Horp T & an F 280
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e num: W& EGHS .

o figsize: P& EIR M 98 EE B B0 o),

* facecolor: &H KEH mHi,

o dpi: BCEZEIX LIS PR,

o edgecolor: & & EGIHEZI .

EaE T RG X2 )G, B EEL plt. showO Box, B /RZE X ENAENT.,

plt. figure(figsize = (6,4))
plt. show()

2) plt. subplot()

subplotO F T 75 4 Jry 2 I X gl b ) 2 1 22 180 DI HG vl 55 40 2248

e nrows: subplot BJFT%K.

» ncols: subplot FI% %4,

fii 1 subplot AT IR figure %4328 n A~ & {H A 5% subplot fp 4 H & —A~F &,
[ 5-91 F subplot X 4F X8k, A F .

import matplotlib. pyplot as plt
plt. subplot(333)
plt. show()

ML A A plt. subplot(333) K¢ 4x Rl 432 13X 3 Y X g, Herp i 1) Sy 3. 4 ) e
N3 IAESR 3 AMLE A LI T — AR R . TR AR A 5-36 iR,

0.5 4

0.0

0.0 0.5 1.0

# €3 +Ql=

5-36  subplot %] 43 F X &k

3) plt. axes(O)
plt. axes (rect, axishg="w ') A & — > A2 b5 R KUK 19 F 22 B X B, BN A g2 — 4
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subplot(111) A& 5 £ » Z %L rect = [ left, bottom, width, height | /7 4 4~74% & i 75 F #F &
[0, 1], KR FR RS 22 K X & R axisbg RRTT w0, BN H A white' U5
wmr.

import matplotlib. pyplot as plt

plt.axes([0.1,0.1,0.7,0.3],axisbg="y")

plt. show()

4) plt. subplots_adjust()

plt. subplots_adjustO) F T I8 #& 72 E X 3k i 75 )

3. matplotlib. pyplot #8 5% & £ & /¢

plt TR T 7 A T UM 75 i) ek 8. 17 A5 T 2 ) R Ak 121 32 iy e 8. 3 A IX
SRIFLFE PR R 9 A AL BRI PR B 11 A BRSSO B B, BRI R 5-6~ 3 5-10

I
% 5-6 plt FERIEELAN 2R R #

e A 4 R # B 1E A e~ A it REHIERA
plt. legend ) TE 2 B XS 4 R AR2E plt. imsave() PRAFEC Sy PR SO
plt. show() R et i AR plt. savefigO) BB G ARAE I 2K
plt. matshow() TE B 038 7 B2 B plt. imread () AP S s BB A
plt. imshow() 1t axes F B os K&

57 plt EREREREE

EE R B 1E A
plt. plot(x,y,label,color, width) Mg <.y BUH 28 B ek
plt. boxplot(data,notch, position) | R EP AL
plt. bar(left, height, width, bottom) IR S AL
plt. barh(bottom, width, height, left) 21— A8 ) 8 &
plt. polar(theta,r) 22 i A Al s ]
plt. pie(data, explode) 21yt &
plt. psd(x, NFFT=256, pad_to, Fs) 22 1) Ty 2R 3% 5 R R
plt. specgram(x, NFFT=256, pad_to, F) 2 il 7% &
plt. cohere(x,y,NFFT=256,Fs) 22l x—y BR3P PR AR
plt. scatter() 22 i B
plt. step(x,y,where) 21125 B &
plt. hist(x, bins,normed) N
plt. contour(X,Y,Z,N) 22 i 4 {46
plt. clinesO 22 i) 2 T 2k
plt. stem(x,y,linefmt, markerfmt, basefmt) 221 b 2 A A B KO Rh 4 I TR 2

. plot_date()

EURER LR E

. plotfile O

2 B R 5 A
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*5-8 RBIEFZTIH

RO A B 1E A
fill(x,y,c,color) WAL ihIY

fill_between(x,yl,y2,where,color)

50 ih £k [ A 22 100

fill_betweenx(y.x1,x2,where.hold)

TS KT 2 2 [7] 4 DX B

R 59 LRHMIZERH

Il A it bR £ B9 1€ B el A BR # B9 1E B
plt. axis(O) AR AR M i Pk Ty =X plt. autoscale() ERE RG]
plt. xlim() BB x B Y plt. text() S axes B A B
plt. ylimO By IR plt. thetagrids O T AR B
plt. xscale() BE x g plt. gridO) FT T 5% A % 28 A
plt. yscale() BE y B4 L
F510 BRESIREERH
REE - A R E R E A Rl A it REHIER
plt. figlegend () | Ay 42 JRy 24 (&1 IX sl il et PRl 2 plt. get_figlabelsO) | iR [a] 24 Ay 2 [&] [X 45§ Y b 25 371
plt. xlabel O BB MR x Gl ST plt. figtextO 4 JR 4 R IX SR I SO B
plt. ylabel O B E T v A ST plt. title() b
% & 4 R %] B A7 ;
plt. xticks) ]iﬁ =T x 2 B A0 95 plt. suptitle ) T R R
= RE
ML N7 2l B A7 ¢
plt. yticks ) ?E =HHT y B2 A 2 3 plt. annotate() R SCAR TN B
= HE
plt. clabel O P& EAETIC

4. numpy #1 matplotlib £ & 4z & M F

[%] 5-101 JH numpy &l matplotlib FEZ: %I EE BT,

import matplotlib. pyplot as plt

import numpy as np

x = np.arange(10)
y = np.sin(x)
z = np.cos(x)

plt.plot(x, y, marker =" %

, linewidth= 3, linestyle="-—

", color = "red")

# marker ¥ B AR S AE S, linewidth % B 28 9, linestyle 1% B 2k BUFE 2, color 1% & Bl 4,

plt.
plt.
plt.
plt.
plt.
plt.
plt.

plot(x, z)
title("matplotlib")
xlabel ("x")
ylabel("y")
legend(["Y","2"],
grid(True)

show( )

loc = "upper right")

= BCE
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BN TSR B AT A R AN IR 5-37 PR .

%) Figure 1

0.75 4

0.50 +—

0.25

= 000

=0.25 1—

—0.50 +—

—-0.75 4

-1.00

0 2 4 6 8
Lale3] +lal= B J
B 5-37  ffH numpy JE 1 matplotlib [ £ il €] JE

AR VR RS2 % BE ] numpy JE A6 504, FH matplotlib K £ 2l H &P i s 21
Btgs b AR R AR BN R IR y Az, 40 AR R B 2 2P Y IE 3K R K sin (0
AT 7% BB cos(x)

T SR AR 0 PR v S R A ) = A BRI R T tan GO L AT B AR AR .

w = np. tan(x)
plt.plot(x, w)

5.3 matplotlib AT {4k 25 &

5.3.1 ZlkvEREE

il i matplotlib J4E 0] L2 il 25 Ff G . b e BEA B SR LR P L &2
Z R A
(%] 5-111 il matplotlib FE 2 il &1 P AUEIT

ST

import matplotlib. pyplot as plt
from matplotlib. font manager import FontProperties
font set = FontProperties(fname = r"c:\windows\fonts\simsun. ttc", size=20) # 5 A KLk

= ASCAF

dataX
dataY

[1,2,3,4]
[2,4,4,2]
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plt. plot(dataX, dataY)

plt. title("Z: 4| B 4", FontProperties = font set);
plt. xlabel ("x #li", FontProperties = font set);
plt. ylabel("y #li", FontProperties = font set);
plt. show()

Bl T — A B BB d AR AR R x Ry g L IF ST T IS AL R A SR
K R B bR BT AR WE 5-38 iR
% Figure 10 S M ==
2 EL

4.00 4
3.75 A
3.50

3.25

ﬁ 3,00 1
ey

2.50 1

2.251

1.0 15 2.0 2.5 3.0 3.5 4.0

alels 4oz m

5-38 £l H L

MIEL 5-38 BT LA L 25 x BUE D 1k y BUEY 25 24 < BUE 2 iy BUEg 40 N
I R A AE SR BN — AR EAIM HLB . R AE dataX Fl data Y P E 24D SHL
DT DA A ) A FRTE

5.3.2 ZfilkeIREDE

FEAR PP y 25 1 2 — b DU 7 JE 1 8 78 i ) DK DB i GE T i o 1 il —
FA B 5 JEE AN A5 ) G 1) 4 B0 7 Bd o3 A5 I B0 L R LB AS P AS DAL A B fE
(%] 5-121  F] matplotlib FE2x il HER EDE AT AT .

import matplotlib. pyplot as plt

from matplotlib. font manager import FontProperties

font set = FontProperties(fname = r"c:\windows\fonts\simsun. ttc", size=15) # § A RKikF
RS

x = [0,1,2,3,4,5]

v = [1,2,3,2,4,3]
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plt.bar(x,y) # B 5 IE K

plt. title("f: 4R E", FontProperties = font set); # [ElFr
plt. xlabel ("x #}i", FontProperties = font_set);

plt. ylabel("y %li", FontProperties = font set);

plt. show()

LT 6 AAERIE AR H BREL plt. bar O RSB M S 80l x v, X F 181745
AU 5-39 PR

Trgwes B =

I R E

0 1 2 3 4 5
xil
‘-‘ (-| x=400496 y=121818
& 5-39  HARE

TEZ I RR B, AT LR numpy K528,
(%) 5-131 H matplotlib J# fil numpy J& 2 il AL H 805 AR T AT .

import matplotlib. pyplot as plt

from matplotlib. font manager import FontProperties

import numpy as np

font set = FontProperties(fname = r"c:\windows\fonts\simsun. ttc", size = 15) # 5 A KIKF
R

x = np.arange(10)

y = np.random. randint(0,20,10)

plt.bar(x, y)

plt. show()

2 PR L random O 2 ) T 78 X 38 BE ML B AR E . FEIE A y = np.
random. randint(0,20,10) #1, &% 20 LR AREE K& E . 248 10 FRAREEK
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L
XFEFFIB T4 AN 5-40 FR .

——

IS, Figure1

0 2 4 6 8

# €9 +Ql= B

5-40 2l Bt BIL ) A AR PR

5.3.3 WA JiFE

L7 P SRRy Jo A P S — R G v i 1 e — R 97 e R AN A B A 1) A Bl B
F TN RGN D o — B R A 2 7 SO 2 B L G R R 0 A L
(%1 5-141  F] matplotlib 2 il B 7 EE ACHS 40T .

import matplotlib. pyplot as plt

import numpy as np

mean, sigma = 0, 1

x = mean t+ sigma * np.random. randn(10000)

plt. hist(x,50, normed = 1, histtype = 'bar', facecolor = 'red',alpha = 0.75)
plt. show()

A S — AR A A 10 L7 R B ple. histO RS2, Hih 28 mean=0 & &
YIE R 0,sigma=1 & BhrdE 2R 1, Z B Fia 4 RAE 5-41 iR,

5.3.4 2o

BA AR D 23 B ip 2 R 7 9 s D — AL . (B e 57 RT3 P i 7 B 3R
71 - 25 i B SRR YR R AR C 27 AT b 30t TRTE P T L 5 i 2 00 ) 3R i
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fli'l Figure 1
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# €2 $+Ql=| B
Bl 5-41 2l BEHLE B E
L% 5-151  Ji] matplotlib i 225 85 E % LI T,

import matplotlib. pyplot as plt
import numpy as np

x = np. random. rand(100)

y = np. random. rand(100)

plt. scatter(x,y)

plt. show()

ZA L T — A EOE L, R plt. scatter O SR SZ L, H 1 iEA] x = np. random.
rand(100) .y = np. random. rand(100) & 7% T 7 [X 38 1 il ML 0 A9 0 00 S . % il b
100 a5, P fT 85 R K 5-42 PR,

5.3.5 kb

e A R T R i A THT DA R AL A 2R A 3R 9 1 T R R R Al R R i A P TET Y e A
SR AR AR R AR R R o B AR R TRHT T 2 MR RO AT B RO X L L 2 AR AL Y
ARG AL X e 5 o B e

(%1 5-161 J matplotlib A2 il 1 A2 b5 [E1FE ACHS AN F .

import matplotlib. pyplot as plt

import numpy as np

theta = np. arange(0, 2 * np. pi,0.02)

axl = plt.subplot(121, projection= 'polar')
axl.plot(theta, theta/6,' —— ', lw=2)

plt. show()



| 5 sETRnumsss (1)

|
1.0 4 o ™Y °
® o ° ® °
o, 4 ) & .
0.8 - L ™Y
° S 8 % °
E) = b
[} L]
° . o e ® L4
0.6 L ]
e ®
l. ’ e L .
L 4 = . (1)
0.4 1 .. ® L] ® LY
e [ *
L -
. L ¢
024 g 5 ° . & Y L] °
. [
° e 0
co{ ©® ® e *e ® e ®
0.0 0.2 0.4 0.6 0.8 10
« {-l-)l *lQlE | x=0918373  y=0.14584
e —— S ————
& 5-42 4l s

AL T — A A bR BT T BRI plt. polar O K SE 3. 7E matplotlib 2 H1#% pyplot
TRESRAE T 2 W Ak AR B B9 7 ¥k A6 IR subplot O 41 8 7 & i) 38 i 3 8 projection =
"polar " Bl AT A — A AL bR 1~ 18] SR 5 I plot O FEA A b 5 [ o 22 [, o 15 4] theta
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5.3.6 ZilgFE

B T 2R AN [R) 20 200 o HEA 20 » 38 G 9ICRE R/ SR X 4% b 286 W F PRLl o s — 4>
[ D) 42 1R 73 28 04 o B3l 20 22 A IX B A [ DR AR Bl B9 6 B 40 IX B (TR 9O 7R 7%
IRt BRI FE BN

(%1 5-171  H matplotlib J# 2 il Pf K EDE ACHS I .

import matplotlib. pyplot as plt

import numpy as np

plt. rcParams[ 'font. sans — serif'] = ['SimHei'] # 3% Bk

plt. title("PFEI"); # U B bl

labels = 'TFEHLAR", HLMA"', EEHR, R R

sizes = [45,30,15,10] e R NN

explode = (0,0.0,0,0) # B E AR MY

counterclock = False £ BB RS £ Ty 1a]

plt. pie(sizes, explode = explode, labels = labels, autopct = ' $ 1. 1£% % ', shadow = False,
startangle = 90) # BB YRR A AR 4R 0 B, startangle = 90 KR IF IR A O 90°
plt. show()

2 T A PRE I BREL plt. ple ORI, FRIFIBATEE RN 5-44 Fios.

ﬂ'l (‘l"l ‘i’lQ'E | [ x=-0136089 y=0.0074026

& 5-44 2 BEA

TE DR 22 0 rh A SR AROR: B — 35840 S O L T RAAE 1 4] explode= (0,0. 0,0,0) Hff
0kl 0.1 BT SZE,
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K R HLCR X 0™ B A 5-45 s . AU R

explode = (0,0.1,0,0)

(&g 1 E=mREy x|

HE
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IECIE IR VSl R

& 5-45 PR B ™

5.4 pyecharts A {14k (7

1. pyecharts #{ & 7] #L1L 1+ 4B

ST At

pyecharts & — A T 4 i Echarts FF 2L %, T Echarts & —4>
F R B9 PR v WAk TS P2 5] B 2 i b 8 81 36, — 4~ 4l JavaScript B9 B 3R %, v LU
Wiz 1T 0E PC MRS st L. i pyecharts 0] LLLEIF & #4808 52 B0 R K i vl A4k

2. pyecharts 22 5{F H

TEAl ] pyecharts Z R, 1 e WL E . Al LAT fir & R AT 200 2
pip install pyecharts

PATIR AT AL T i &R .

pip list

U 5-46 BTN . ZRE ) .
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] EER: Chwindows\system32icmd.exe a -

pronetheus-client
pronpt-toolkit
pyasni

pyasni-nodules

pycparser

PyDispatcher

pyecharts
pyecharts-javascripthon
pyecharts—jupyter—installer

AN SR P R B M TR 1R 2 T A R X I B M PR SR A T

AL TPREFHE . pip install echarts-countries-pypkg
2B [E 48 K] : pip install echarts-china-provinces-pypkg
R E YK . pip install echarts-china-cities-pypkg

TE 256 50 b (B e LA BIVRT 2647 b 1 %) 5080 mT AR AR o o
3. pyecharts AT {144 24 B

il i pyecharts 2l [KIE B SEATEILE T .

from pyecharts import chart name
add()
render ()

TSGR R A, 35 VS T 2 1 2% OB & O5cJm A2 A el 9 52,

T£ pyecharts A] DL il ZF0 [EE , R 1 3 3441 .

IDRZ P SIS

1 pyecharts H 2 il 1) 5508 (B 20 23 5508 16 i B A5 01 19 9 1 o 28 S80I R /Ny
[ 5-181 JH pyecharts FEZx il 5B &1 ARSI F

from pyecharts import Bar

vl = [70,85,95,64]

strl = ['HUA, s, fbaE, VR

barl = Bar('testBar theme', 'Theme')

barl.add( ' %%', strl,vl, is more utils = True)

barl. render( )
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%4938 1t 78 /A] from pyecharts import Bar 5| A T pyecharts i, iEA] vl & T £&E
P25 DX B Y v B2 bar]l 8 TSR JE B & XU 44 FR L barl. add s bR 8, B J5 38 2 R AR
render O A4z ] —A 5 2844 4 render (419 50, 4T I 1% B9 o0 B AT A5 5 £ 48 T AL O 25258 . 72
JFIBATEE AN 5-47 TR .

FIHE o ikt

100

80 - O
B
60 -
dll
40 W
8

201

YR b
Kl 5-47 pyecharts J72: i #) 2T K

e Ah e T b bR R B R P b iR 2 BRI RE A OCAE B anE 5-48
IR .

wIPE - R

100

80+ %]
B
60 -
il
40 =]
]

20+

o=
& 5-48 A FKIE K

2) gl R

TE pyecharts Ffz il (0 A8 35 35 11 T8 S 2 0 10 2 i J3E 3 1) — i 181 3% o 1 Ol J e 99 5
SEIR A AR A LU AP FE AR o B AT B L DU e 221 B RO 0 3 S A Kl

(%1 5-191 H pyecharts PR AR ELIE AT .

from pyecharts import Gauge

gauge = Gauge(" {3 L& ")

gauge. add(" M 45 F5 45", "SE A", 90)
gauge. render ()

I L ) gauge g SO R BIR AU GRS . BIFBiT4 R NE 5-49 FioR.
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eS| 125458

\ )
=

L]
mw ) &

Bl 5-49  pyecharts 2 il () 48 3 4]

3) 21 3D &
TE pyecharts Ha] DL FH ] 50 38 A) A il 3D A .
(%1 5-20] H pyecharts FE2x i 3D K AR .

from pyecharts import Line3D

data = [[1,2,3,4], [1,2,3,4], [1,2,3,4]]

Line3D = Line3D("3D £k B/~ 4", width= 1000, height = 1000)
Line3D.add("", data, is visualmap = True)

Line3D. render ()

B A Line3D SR2: 4l 3D K , IF H #8 4l data SR A7)k 3D EIE K 58
. BFEfraE R 5-50 frR.

w Q¥

high 100

low

%] 5-50 pyecharts P24l 11y 3D &
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2R bR TR EE R = IEDE R R ARG 3D AL A& 5-51 B .

4 2 Ik

£ pyecharts 4l ) 75 ik B — M R HEAT Z 48 AR AR R LU . AT K 1 o] LU
B AR BR 09 S BR A 5 S BRE 0 O 25 AR 5 DO R 2 B o 4R AT 25 05 B . FE SEBR I H
TS — W T st R UR R L Ak L 2 GBI R LA

(%1 5-211 H] pyecharts Rl f5 ik &AL ITF .

from pyecharts import Radar

schema = [("4E#", 6500), ("4FBE", 16000), (") EHE A", 30000), ("ZHR", 38000), (" A
J1", 52000), ("#HFk", 25000) ]

vl = [[4300, 10000, 28000, 35000, 50000, 19000]]

v2 =[[5000, 14000, 28000, 31000, 42000, 21000]]

radar = Radar()

radar. config(schema)

radar. add(" & £ %", radar_datal)

radar. add("SE PR %4 ", radar data2, item color = " # 1C86EE" ) radar. show config()

radar. render ()

A9 3 3 75 4] Radar k@ LEI RS F LK Ko ig ] viove J T O B g
ASZHNHY 5 A YEJE O RE(E s 15 4) schema T 35 4% 48 ¥ (1935 Bl K /N5 184 radar
cadd T SCTRIN B 0 SCF R L DU T X 53  Horp U 28 9% FH 4T 26 360 T S PR 2
WAL TR, BFEir4 R A 5-52 i,
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| JUICEEL QI EHEZE: ¢
HEfr

(e

m Q K

I

[® 5-52  pyecharts Hp 224l 119 55 35 &

5.5 ARETEINGE

(D B AL RGEITAIE N T s M P &0 0 Buds Z 18] i JL A 2 o 13 B
FIE 2 DA HUECHR AT 00 K B D B sk S HICHR i S 1 S

(2) Bl AT AL BOR — ek 3 A T7 2 . Bl ] ML A5 B AT AR A Al Ak 20 A

(3) Fi BEHCHE HO 4 AN D BE AT LA 181 36 20 0 FE B2k e A 26 VIR AR 2R VB BT 26 L T
Ze VX2 OCIRZE (I ) 2R ME 2R A5 . b 7E dg — il 28 A 8T 3 op AT A ) ) R
I AT AL EE L AR 1B OF A RO B R TS L S T R e - TR
% B AR A T AR AT A K 2R R RN = 5

(4) Hlf nT AL b i 95 2 B numpy PR B AF i R B i AR D RE L O A
H matplotlib 3k B 7R,

(5) pyecharts J&— 4 T 42 il Echarts 25 % , M Echarts & — A4~ JF IR 09 £ 4
ATAAL TS P ] B A 2 i ol 2 508 1 3%
PAIETF 5 5248 52 IR B8040 /) T AL

5.6 /]|

2

1. XIBH AT

i 2o AR B ST iR R T A A R REEAT AT B S OB A O Y T R A R A
AE % 22 il KK T AL EE

2. WYIAAE

(1 2zl Pr e I8 X 4 A2 R 1 2~ e 0 A7 %cdls nl A4 Xt L AR an R .
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import numpy as np

import matplotlib. pyplot as plt

plt.
plt.

rcParams[ 'font. sans — serif'] = [ 'Microsoft YaHei'] # % B /A
title( "2 22 ) e SIXFHL ) 4 fo il

x = np. arange(1,11,1)
plt.
plt.
plt.
plt.
plt.
plt.

plot(x,x* 1.2)

plot(x,x % 2)

plot(x,x % 3)

plot(x,x * 4)

legend([ "W 22", "J& 22", " K", "K="])
show( )

&S| =

#l €[> +Q|= @)

Kl 5-53 AT RE 1N H K

(2) A X 2017 4F 4 A B R Y GDP BEAT Bcdls al LA XS L ATTS N T

import matplotlib. pyplot as plt

plt.

GDP

plt.
plt.
plt.
plt.
plt.
plt.

rcParams[ 'font. sans — serif'] = [ 'Microsoft YaHei']

= [28000, 30133, 18590, 19500]

bar(range(4), GDP, align = 'center',6color = 'blue', alpha = 1)
ylabel('GDP')

title('2017 4F U~ E & GDP Xf kb ')

xticks(range(4),['dtaimi', ' R, CREH Y, "EKH ')
ylim([5000, 35000])

show( )

BATZREF . SR WA 5-54 Fis,

= WE T
# 15 GDP {H
# 225

2 S A AR
#

# Wy il A
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A Figure 1

20175 A EfETGDPRILY

35000
30000 -
25000 1
é 20000 -
15000 1

10000 4

bzl

al¢s] #al=]
[ 5-54 B & GDP %4 il i 4k

(3) Ll ORI X R 2018 AR R A NBHEAT 2R AR XS L ACTS AN T

import numpy as np

import matplotlib. pyplot as plt

plt. rcParams[ 'font. sans — serif'] = ['SimHei']
data = [35, 25, 20, 12, 8]
plt. figure(nun=1, figsize= (6, 6)) 1 R 9 R s B

plt. title(" I EHLFR 2018 4 A Lk NET HLE !, size=14)
plt. pie(data, labels= (' K& 5 A THEE", AR, WEHER, FREHE, "$FHEK"))
plt. show()

BITRREF 45 R NE 5-55 FTos .
(4) 22 il B A b ] S s HRL R B3 i BE 1 AR 4 F

import matplotlib. pyplot as plt

from matplotlib. font manager import FontProperties

font set = FontProperties(fname = r"c:\windows\fonts\simsun. ttc", size=15) # § A RIKFE

# 3

import numpy as np

labels = np.array([ '], "#E", fEEk', 'SkER', "Bk ])

datalenth = 5

data = np.array([4,64,5,3,4])

angles = np.linspace(0, 2 % np.pi, dataLenth, endpoint = False) # linspace Al 2 %5 25 %%
# 0~2pi ) dataLength 4~ %i 4, R4 B 5548 5 1

data = np.concatenate((data, [data[0]])) # [H4G

angles = np.concatenate((angles, [angles[0]])) = MAERHE

fig = plt. figure()
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ax = fig.add subplot(111, polar = True) #111 FE/x 117 1 Fkb T4 1 4>, polar % M % Akt
ax.plot(angles, data, 'bo— ', linewidth= 2) # jH £k

ax. fill(angles, data, facecolor = 'b', alpha=0.1) #H %

ax. set_thetagrids(angles * 180/np.pi, labels, fontproperties = font set)

ax. set title("HRMEBK 51 fE /1El", va= 'bottom', fontproperties = font set)

ax. set_rlim(0,5)

ax. grid(True)

plt. show O BT F WK 5-56 Fiw.
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(5) pyecharts Hr 2 il 7 15 [ s 2 A St AU F .

from pyecharts import Radar

radar = Radar("FHikE", "FAFEIEH")

radar datal = [[80, 67, 89, 80, 90, 70, 55, 77, 79, 81, 61, 70]]
radar data2 = [[62, 90, 89, 56, 84, 81, 79, 63, 69, 75, 60, 80]]

schema = [
("{EC", 100), ("%k2E",100), ("fk2E", 100),
("ARiE", 100), ("HEL", 100), ("FEE", 100)
("HhFE", 100), ("AEH", 100), ("FREAL", 100)
("EAR", 100), ("FLR", 100), ("BE", 100)

]

radar. config(schema)

radar. add("5 ", radar datal)

radar. add("{EPH", radar data2, item color = " # 1C86EE")

radar. render("Raderl. html")

15/0] radar_datal R H BEIE(E , 15 A] schema 7R 85 15 4F 5 0 B {H , i 4] radar
cadd R4 EFA R LL LHIE .
BATRRIT AR A 5-57 FiR .
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