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i AT AE LR 73 BT A5 BRI S AR A D T BAEL AT M 14 G 8 1 X K A 23
A —Fh 7 1 o 2 PR RO 2 B 35 X AR % G 58 45 2R 22 2 i AR B0 L R 10 0 A . B
853 B T4 52 R0 HG B I (R BN 43 BT B A B, S 5 o7 B AT DL SRR B B B 5
TE LB 73 Mt T T A B 2R3 5K T Wiy I F) IR 8] BE0R e A e o 55 B R 23 BT AT L T 2 KL
3670 AT BEAS S2 Ik Ak BRUT T B3 OK

BAm b 5 AW B GETT A ME & 00 B 0 R AR GE 3 VB3R 0 A L 4 SR K DL Hr 2
o FRAEGETE R MO RCH A ST 2 S, AT RE BT 0 A A3 b 2 2 R 3, JEN 37 5
LUES R 8 Y RN L /NN SR VA /NS S (12 g R R (TN I SR N <IN AR VA QNI E [ s
L5001 27 D IR AT (L H B A ME R 04 o) I 5 UL A M SR 0 A A 4 ) g A L IE S O A L TH
RN A 25 o o A 0 4 REL SO T 48 B2 A9 0006 e e ol g AU A4 T2 110 K300 3o ok I 0 8000 1) 4 52 LA
P o SRR B DB Tl B (A A A 0 R O e R X B AR AT I DL
WA ST AR D — R U 9 BE A9 B L 5 B — BB G R O — Bl R G ST HEW T vk
FH TR A 2 R R Z [ 6 2R

BR T GEit oA LIS R 4 B 0 A TR A RE D Bt o 4R s ROR . Budls o i TR i 4l
P B A GE— B b 1B, 78 A [] ) K8l B 195 B0 T T A B0R T B AN AR ) 19, 491 20 2060
PR A B By B IR 45 R BEAT ST E IR B0, W0 AU T Excel BRI LASE B, i AR 2252 1
ToN 2 g, W) 0 i e B KR R AT 0 A B R BE A Excel SRSERL T, BT RLXF T £ dis
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B o3 Bir Hh 9 45 SR 108 i P 3 14 D 5 B R T LA AT 0 dl f) BRI 8] . — Ll
(P 3% 2 ik N2 B LA A e BRBCHE T A7 O (B A9 1 S, Xt 2 S0l T 40 A A AR A A0 {1 T
£ Python XF 8l nl #4675 10t A7 25 1 5 02 AR e L mT LABR G 3t A 8 11 A 5l R SR LY
A AR ST

5.1 NumPy

5.1.1 NumPy fjfr e et

NumPy 2 i | Python #4178} 1+ 58 0 B Al 4G, B 6 D g iR K A9 N 4k 5020 XF
B KGE] BN EE R EL L C/CH++ Al FORTRAN U ) T 5 K 3 K % £ 1 A0 %5 e L i
A LA BE 45 .

NumPy 3 i #% .0 & ndarray X%, B3 % T Python JA (1 | [FIAHE L AL A n 4E 54T,
N TR AR REAL R, H P AR 22 484 R R AR AR A M AT g R S5 AT Y

NumPy £ 7E Q) I A [ & 19 K/ B ndarray 19 R/ 25 G 2 — 57 10 £ 2 JF H
MR R B2 . NumPy 04 v 9 oo = B A AR R A 808 25 80 . NumPy 040 A I T x5 K
SRR HEAT R B R A 2 T A A

NumPy BB 77 M B9 B3k 5 https://numpy. org/, & 5-1 i,

L I - @
O - D Mps/numpy.org/ Hsr- Ay BOd20-0
£ @ Numpy

PERFORMANT EASY TO USE OPEN SOURCE =
I v B & 80 @k

5-1 NumPy ‘B 77 Mk
AT LU pip 4% NumPy Bide, 4T PyCharm—% 3 , 75 28 i iy A A 2 U0F

pip install numpy

H L Successfully J& I 7R 225 i Hy . a0~ ACRS IR 78 TARIE® AT .
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import numpy

help(numpy)

AR S ATER Y NumPy #93CRY , a5 4 s 1 SCRY , I 360 22 36 TR 3, v L) ik —
A

5.1.2 NumPy 54l )@k

NumPy fJ#%.05& ndarray Xt 4 EE % T Python JEA #Y R B4 28 B9 n 45040 L 4L
MR IT R AR A5 LT B 2R A, 7 NumPy B P RA RS, RAIER T,
7 NumPy 4EFERFR gl Bl 7 — > as AL bR 1, 2, 3B A — Al iz A 3 1o K,
PR AFRATUCE AR 3. 4 1&] 5-2 iR

axis1 —p
col 1 col 2 col 3
axis{J row 1 1 2 1
Tow 2 2 1 2
Tow 3 2 1 1

& 5-2  NumPy %l 48 &

ndarray B % H J& £ & ndarray. ndim. ndarray. shape. ndarray. size. ndarray. dtype.
ndarray. itemsizendarray. data, Jo ' ndarray. ndim %04 ) %58h (4E ) B9 %0, 78 Python
oL 2 FE BB B PR A rank. ndarray. shape SHEUZH B 4ERE . IR [ME B AR AR ST AL R
N YERE PR RN . X T o AT m SR A FE , shape 3R [FIHECH (n,om) , I shape
JUA K B L & rank B 4E D AL ndim., ndarray. size H T IR B4 oC F B9 BB
ndarray. dtype F TH#iA S H P L K A2 A, ndarray. itemsize FH T8 FI A H P T E 9K
/N, ndarray. data RI/RIZE M IX A S EAMWLIRCR ., @HFER T HEHRI DR ITER .M
AT E M, ndarray R BIARES AT .

# 4 5 % //nmp. py
import numpy

= A g — K

arr = numpy. array([(1,2,1),(2,2,1),(2,1,1)])
= 3R [1] 4l 19 4~ %
print(arr. ndim)

# 1R [l 21 () 4k BE
print(arr. shape)

£ ik O R 1S AL
print(arr. size)

IR MR IR 2R
print(arr. dtype)

# 3R [ A 20 P oT ER KD
print(arr. itemsize)

# Ui BT R
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print(arr[0][1])
# 3R [l $ 40 2 7
print(type(arr))

X TRGERE ]
2

(3, 3)

9

int32

4

2

< class 'numpy.ndarray'>

5.1.3 NumPy &%

B A £ R 7 e, B0 A] DL ik array oR %0 0 2 M B EE 48 E B9 B4, R AR S
W

import numpy
£ Bl — A4
arr = numpy. array([(1,2,1),(2,2,1),(2,1,1)])

print(arr)

= Ha 45 2R
[[121]
[221]
[211]]

BN T A 2 YRR A A — AL HOR RS AT

import numpy
£ Bl g — A4
arr = numpy. array([1,2,1])

print(arr)
FHE AR N1 2 1]

QSR AR AR A I E AL A L T RLE T deype ZRHEAT R E R BTN

import numpy
& A A Hed
arr = numpy. array([1,2,1],dtype = float)

print(arr)
SHEES R 1. 2. 1]

R 221 LT A6 B K52 I R0 T KL ) DR /D o LR O A R T A RO v A P A S
Tseft 4 A NumPy #2446 7 2 M ek BOH T 01 B A B UG & 07 45 19 B2l X i s > 1 %4
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MGEIRTT RS . REME AN HA WG & AL AF B SR B zerosO) conesO) cempty O 4§,

zerosO) BREUH TR & R/ B B T R DL 0 R R B & 3 M EE S
¥, 533120 shape.dtype,order, shape {ARZ AN W ECH TR W RAT 55, diype A7)
VE SR, F s Q) A A B A B 26 8 BN I 8. order CHI T C BT HCAH B T H]
T FORTRAN W54 . HoRBIARRS 4 F

import numpy

£00E A 147 0 I, TEKEN S5

arr = numpy. zeros(5)

print(arr)

# A1 —A 117 0 S EA, SUR Ky 5, KA int
arrl = numpy. zeros((5,), dtype= int)

print(arrl)

AR N
[0. 0. 0. 0. 0.]
[00000]

ones O FECH TG & K/ B CE DL 1 SRR IZR B S T 3 M EES
B, 4 94 shape.dtype.,order, shape {832 Z A & i 504 i AR Bk 217551 . dtype A AT
PES R, Fon A B B M EE 28 0, BRIA R V7 B8k, order HCHI T C AT sl FH
T FORTRAN B854l . HoR eI T .

import numpy

0l —A 147 0 FI A, TEKEN 5

arr = nunpy. ones(5)

print(arr)

# A1 —A 117 0 B, SLR Ky 5, KA1 int
arrl = numpy. ones( (5, ), dtype = int)

print(arrl)

= AR N
[1.1.1.1.1.]
[11111]

empty O BB T 81 @45 & K/NORCA B oo Z LR HLEDR e, I B & 7 3 4
FESHL, 47 B shape. dtype. order, shape 8 & 2 @] 8 (19 B4 /I8 4R, gk 247 5 91
dtype ] % 284, 7R B 2 (10 H0 20 1) B0 25 AL, BRI V7 8. order I CHIT C W4T 4K
4. FHFHT FORTRAN W55, HoR IR .

import numpy

FRlE—A 147 0 FIAIEL, TR KEN 5

arr = numpy. empty(5)

print(arr)

£00E—A 147 0 B, TR K E N 5,288 int
arrl = numpy. empty( (5, ), dtype = int)
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print(arrl)

=t &5 2R
[5.e—-3244.e-3234.e-3234.e~-323 0.e+000]
[1066 0135 1]

arangeO) PREC AT LAB #E 48  BUE O BB A B 4l . i PR % 4 DS EESH 0 5 start,
stop.step.dtype,start HHELIHE . BRINME N 0. stop AL A Lk FBEE A & IZE .
step AR AR 3G 50 BRI R 1. diype B R, BRIN N int. arange B A 4040
) 7 AR R

import numpy
F A AR, B 2, &0k 10, 5K 2
arr = numpy. arange(2,11,2)

print(arr)
#HgE R R 2468 10]

linspaceO J] T8I & — > —4EHCAL B o — DS 28 R B 6 DR LS80
JA start,stop.num,endpoint,retstep.dtype, start A FF 5 R IR, stop B F 5 HIL IR
B WU endpoint 9 True. UL 5 FHUIIS . num 524 5 07625 K O BE A SCR L B
4 50, retstep N True AR A MMEHS B REIE . R ZAER, dtype HEIEZEAL, linspaceO)
B EZH 1 AR L T

import numpy
arr = numpy. linspace(2,12,11)

print(arr)

s AN 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12.]

logspace O H F A& — 45 LI B X pRECEL & 6 A EZ S8, 70 58 start,stop,
num,endpoint . base.dtype,start HFFH IR . stop NFH AL IE{H, 1R endpoint Ky
True, WZAEAL & T8I H . num HEA A E LK AR SR, BRI 50, base Xt 4k
log FIJEEL. dtype BEHEISH . logspace O BB EAL W= HIACIL A0 T .

import numpy
arr = numpy. logspace(1,2,10)

print(arr)
= i A5 R h

[ 10. 12.91549665 16.68100537 21.5443469 27. 82559402
35.93813664 46.41588834 59.94842503 77.42636827 100. ]

5.1.4 NumPy V)7 5| %L

55 Python (AW F 5 268 —4E . NumPy 0] U A7 U0 803 3l ok R 51 217 v5 0] .
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R —A>—HERC A HEAT U R A N T

import numpy

arr = numpy. arange(2,11,1)
print("Y] HHi:", arr)
#MERE LI IREI R, A 2
print("¥] F )5 ", arr[1::2])

AR
PIRAT: [23456780910]
YIFJE: [3579]

X T 22 4 B AL U R R RE o T DL 28 07 X AT o AR N T

import numpy

arr = numpy. array([[2,3,4,5],[1,2,3,41,[5,2,7,4]1,[9,5,1,6]1)
print("Y) FHi:", arr)

= MNEKEB 1L FH Y R, B 2

print("YJ 5", arr[1::2])

# By RN
Yl mir: [[2345]
[1234]
[5274]
[9516]]
WhG: [[1234]
[9516]]

B T ARG T XS NumPy b 246 T 3 2 1R 5] 97 30 W B BA RG] iz 5
R . TS WAEAZADRGHE . AT LUF R £ 20 R ox R e .

import numpy
arr = numpy. array([1,2,3,4,5,6,7,8])
indexs=1[1,3,5]

print(arr[ indexs])
#HH AR N[2 4 6]

22 2 JCAA TR A TT LA R ke 5 SRR A T 18 %, s RIS N T

import numpy

arr = numpy. array([[1,2,3],
[2,3,4],
[3,4,5],
[4,5,6],
[5,6,711)
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# RRITRY
r=1[0,1,2]
# RKRINEG|
c=1[1,2,2]
y=arr[r,c]

print(y)

Fh AR N2 4 5)

NumPy i s BT RG] Bl BH TP IrA R T 2 IR s s an T

import numpy
arr = numpy. array([[1,2,3],[2,3,4],[3,4,5],[4,5,6]1,[5,6,7]])
print(arr[arr>2])

SR N[334345456567]

XRCALEACHY R BRI I T

import numpy
arr = numpy. array([[1,2,3],(2,3,4],[3,4,5],[4,5,6]1,[5,6,7]])
for i in arr:

print(1)

R R

P T A AR RS AT D0 B Ak AR B T Y i SRR AR P A e R, W R S
H flat J@ 2% %@ MR AU 0 A s R ik A s BACRS n h

import numpy

arr = numpy. array([[1,2,3],[2,3,4]1,[3,4,5]1,[4,5,6],[5,6,711)

for i in arr. flat:

print(i)

= Hi th 45 2R

AW A WD W N e
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<~ oo o0 U b~ U

5.1.5 %4
2L P B 32 A B T BT 0 2 ) BB L T R A TR ) AR A T

import numpy

arr = numpy. array([[1,2,3],[2,3,4]])
nrr = numpy. array([[3,4,5],[4,5,6]])
newarr = arr % nrr

print(newarr)

R R
[[3815]
[ 815 24]]

L 3fe BRI LA @32 AT L dot O pRELE S I 04T » dot O BRI S #F Python 3.5 LA
R RRAS R AR AN E

import numpy

arr = numpy. array([[1,2],[2,3]])
nrr = numpy. array([[3,4],[4,5]])
newarr = arr(@nrr

print(newarr)

# i 45 RN
[[11 14]
[18 23]]

G A [ 26 B9 1) K0 A A7 48 VR I KA 0 28 Y 2 1) e e, RIVIC SIS TR0 Jag 1 S MOHS 6 114
— 7 AR BT

import numpy

arr = numpy. array([[1,2],[2,3]])
nrr = numpy. array([[3.,4],[4.,5]])
newarr = arr + nrr

print(newarr)

I ECE )
[[4. 6.]
(6. 8.1]
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NumPy 2t 7 i i 502 R A 1 40 sinO) L cos O L tan O 458, = ff 56 532 3 114 71 1)

R WF .

import numpy

arr = numpy. array([30,90])

#RIL 30° K& 90" IE 5 {H

print(numpy. sin(arr * numpy. pi/180))
#ARI 30° K 90" R BX{E

print (numpy. cos(arr * numpy. pi/180))
# 3R 30° K 90" IEYI{E

print (numpy. tan(arr * numpy. pi/180))

= Ha th 45 2R

[0.51. ]

[8.66025404e — 01 6.12323400e — 17]
[5.77350269e - 01 1.63312394e + 16]

4= A BRBELFE around O) (floorO) L ceil O %%, around O FRELHY R BACHS AN R .

#5 5 % //nmp2. py

import numpy

newarr = numpy. array([12.223,402.255,31.164])
£ AR BN

print(numpy. around(newarr) )

#RE 1NN

print(numpy. around(newarr, decimals = 1))

# decimals Jy it , K IO & oA 2 /N 72 ]

print(numpy. around(newarr, decimals = — 1))
# decimals A it , # U 5 A 2 /INE A 22
print(numpy. around(newarr, decimals = — 2))
R TS

[ 12. 402. 31.]

[ 12.2 402.3 31.2]
[ 10. 400. 30.]

[ 0. 400. 0.]

floor O PR, 18] T HUKE , RIR 7] 435 5 2 18 2UAY e KB B s ARAS 4R

import numpy
newarr = numpy. array([12.4,1.6,3.5])
print(numpy. floor(newarr))

X T ]
[12. 1. 3.]

ceil O pRE TR b BOCRE | 3R (01418 7 208 2 e /NS0 /- AR AN
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import numpy
newarr = numpy. array([12.4,1.6,3.5])

print(numpy. ceil(newarr))

AR N
[13. 2. 4.]

B R B R addO (subtractO) \multiply O .divide O %, 7R B 4L RS 40T .

import numpy
arrl = numpy. array([12.4,1.6,3.5])
arr2 = numpy. array([4,2,3])

£ AR m

print(numpy. add(arrl, arr2))

# A ok

print(numpy. subtract(arrl, arr2))

= FH R

print(numpy. multiply(arrl,arr2))

= AR

print(numpy. divide(arrl, arr2))

£ iy 4 By

[16.4 3.6 6.5]

[8.4 -0.4 0.5]

[49.6 3.2 10.5]

[3.1 0.8 1.16666667]

G R aminO FH F3F 835 52 00 5 /ME amaxO JF 38 45 & 5l 09 5 K ptp O
HATFitE T ERKMES &/MEB 2 . percentileO) £ R /DT I8 EE B 5 b . medianO) H F it
BN B mean O JH T 1 5 58 50 F Y 18 | average O JH T 3 8 hn A S #4185 25, 7= B AC 7S
wr.

# %% 5 % //nmp3. py

import numpy

arr = numpy. array([[9,2,3],[2,3,4],(3,4,5],[4,5,61])
= BT A R s/
print(numpy. amin(arr))

= T G\ Al T e /1N 14
print(numpy. amin(arr,1))

5 T A5 il ) T e /1N 1
print(numpy. amin(arr,0))

# T A B R B (E
print(numpy. amax(arr) )

5 T A Al ) BT e R 1
print(numpy. amax(arr,0))

= A A PR K S BN 25 E
print(numpy. ptp(arr))

= T 9\ Al A iy 22 (L
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print(numpy. ptp(arr, 1))

#50% MR, WHLE a THET S BT ALEL
print(numpy. percentile(arr, 50))
5 1 il

print(numpy. percentile(arr,50,0))
= B o %

print(numpy. median(arr))

T At Al B o

print(numpy. median(arr,0))

# 3R [\ F AT B {E

print(numpy. mean(arr))

£ 3R B BA T ¥ 4E

print(numpy. average(arr))

= Hai th 45 2R

2234]
22 3]

956]

7222]

.0

3.53.54.5]

.0

3.53.54.5]
4.166666666666667
4.166666666666667

2
[
[
9
[
7
[
4
[
4
[

5.1.6 NumPylO

NumPy 0] DL S A6 TE G 45 . 5 Python SCAF 2581, NumPy 08 3C 4 %% 2 npy,
npy XA TAE 6 NumPy Jir i 09 £ 85 L BB | deype FUHABAF B . A7 6f 09 204 o] LU
load )5 save () bR BN SCPFHEAT 332 ORI Gk, 2 02 LA — e A% SR AEAE Y T 448 . npy 1Y
A, savezO BB T 2 DB S AU, DL 3k A& UORAEFEY R 24 M. npz 19 30
., loadtxt() 5 savetxt() & F 40 B IE & 1 SCA SO,

save O PRECK B AL R AF 29 4 M. npy B SCAFEH L save O REEL & 4 S FEESHL, 7 5]
N file BARAF IS WERBCA Y e 4 W A S E. npy; arr HEARAFIIECH ;5 allow_
pickle Ry #E S5, RIRJEE ARVFEH Python pickles fRAFE(AL; fix_imports A Al S 4K,
R T R . saveO BRELEY R BIARAD AT

import numpy

arr = numpy. array([[9,2,3],[2,3,4],[3,4,5],(4,5,6]])

numpy. save( 'newfile', arr)

L A AR PRAT R S A 2T H SRR AR T RS 44O newdile. npy, T2 LT
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PR 75 A7 Y L B LU T I e SCPF 22 W LA, AnfEl 5-3 o .

| newfile npyld |

1 FZ2UMPYEDDREINyQR{ ‘' descr': '<i4', 'fortran_order':
False, 'shape': (4, 3),

[§ 5-3  NumPy {47 /5 A AP 4 R . npy 931

load O BR UK M. npy ST 2B ZH L load O B & 5 D EBE S HL, B8 file £R
BRI S 4 . 280 mmap_mode A EEEAY B, B0 r - orow L BF L — RICHHE E .
SR allow_pickle Fon R4 H ] pickle )X FF A4k, S50 fix_imports Fon i) FIE. S5
encoding F#/R g%, BRIA ASCLL, loadO PREAY R BIACAL LN .

import numpy
arr = numpy. array([[9,2,3],[2,3,4],[3,4,5],[4,5,6]1])
newarr = numpy. load( 'newfile. npy')

print(newarr)

= it 45 R N
[[923]

savezO BREUELE 3 N BB H, SHL file RN EMAFHI M. S8 args T BARAF I KL
4l S8 kwds g BEARAF B BT B9 B = 44 K . s ARRS AR .

# %5 5 %//nmpd. py

import numpy

arr = numpy. array([[9,2,3],(2,3,4],(3,4,5],[4,5,6]1])
arrl = numpy. array([[1.,2.,3.],[2.,3.,4.],[2.,1.,6.11])
arr2 = numpy. array([1,2,3])

numpy. savez("arrs.npz", arr, arrl, keyl = arr2)
reads = numpy. load("arrs. npz")

print(reads. files)

print(reads["arr 0"])

print(reads["arr 1"])

print(reads[ "keyl"])

# iy 45 R

['keyl', 'arr 0', 'arr 1']
[[9 23]

[234]

[345]
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[456]]
[[1.
[2.
[2.

= oW N

3.]
4.]
6.]]

[123]

savetxt OB B L F A7 BB XRAETE LA N . savetxt O T 9N FLEN S S
B name HERFW N2 . S8 X WEAMOEH . S8 Im BB EREKX, S
£ delimiter BRI Z [0 1 3 FR AT . 280 newline N BUEAT Z 6] 9 73 FA #F . 240 header
J AT B AN FAFH . SH footer HSUHFIRTIRE AWM FAF R . 280 comments S U
Lo E B AR AL T BIA 2. 28 encoding W%, savetxt() p&EHY /= 14
(MR INa

import numpy
arr = numpy. array([[9,2,3],[2,3,4],[3,4,5],[4,5,6]1])

numpy. savetxt("arrs. npz", arr)

reads = numpy. loadtxt("arrs. npz")

print(reads)

5.2 Pandas

5.2.1 Pandas Jj9\ B &3t

Pandas J2& JF HCIEACAS (18 5080 b 38 K o3 B A 4 & SR it PRl L R0 | WD 1 B s A A
B 7 ] B L O b A HE G R A BRiC BUEE . Pandas 36 FH T AL B SR 9 0 RS BUHE LA )T
FNTC P A 8] 7 4303 1) Bsf (] 7 470 B8040 7 AT 90 A 28 1) R I 28080 o A [ A i S Ay AL B8040 B AT
AT 2 W g A AR

Pandas B EE IG5 A Series (—4E%IE) 5 DataFrame( —4EEE) , % P Fh B35 45
I R T REL80 AR K., Pandas 23T NumPy 7 & 1.5 Pandas /) 3 2 X 5k
NumPy 19 S 7EBE T3 75 1, NumPy £ 5% 1 K& 09 8UE 715 T 5, ol RUR J7 {8 3 )
BAEVEATIZ 5, 1 Pandas W) 3 %2 45040 Ab B8, DL R X 048 £ 17 53 FT . Pandas $245 7 K &
F18) P R — S A o 1) AR AR, A R 4 v 1 4 A DR B B A 1 R8¢ L JF H. Pandas $2 it T K
{58 HE b AL BB B ) pRERORD i L i Pandas 7EEUHE AL B 5 A% H5® K. NumPy 45 Pandas %
TR B 32 L8 7 ) AN [

Pandas A9 32 2435 25 2906 PR3 & 8 AY DataFrame X4, 3 H A HBRIAF A E X R
5l. BENE M AL FVE SRR A S BE (DL NaN 2R M AR S 8E . s R R4
Yy RE AT I 8 o X K HEAT IR 23 VAL B . AT DU K LAl Python A1 NumPy 4 45
F b B AN W) 2R 5 B R 7 408 DataFrame %5455
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Pandas B\ 1Z Wi FHTE 4 Rl Vi1 AL Bl 2 K TR 4T,
Pandas B J5 B uli W3k 4 https://pandas. pydata. org/, W& 5-4 fis,

M» 26 o8 @ TR o T - & x

O B - | D mips/pandaspydata.ong. Hisr-|d X BOr20-8

|E:I pandas

Latest version: 1.2.4

pandas is a fast, powerful, flesdble and easy 10 use open source data analysis and manipulation tool,
built e top of the Python programming language.

Follow us

Follow @pandas_dev

Get the book

T\

Getting started Documentation Community
» Install pandas  About pandas

* Getting started

= Ask a question

4 |

With the support of:

T . = -~ . ﬂ ________ Previous versions -
(1 2 % & 90 @

& 5-4 Pandas ‘B )7 M ¥
A LU FH pip %63 Pandas #8377 PyCharm— 235 , 78 & by A B Ar 2 40 F -
pip install Pandas
B Successfully & F/R A, A0 T ARSI A5 0] T/ I RS AT F

import pandas
help(pandas)

T AR 23T ER Y Pandas AYSCRY , A0S E A W T ORI FROR 2R TE L A) Ak —
LA .

5.2.2 Series

Series &R B —4EB A L& 0T DIAFAE L B0 745 H3 25 4% Fh NumPy o] 776 B9 54
HAFRZE R RG], ] SeriesO FRECHN AT 6] & Series, RSN .

import pandas
pd = pandas. Series([1,2,3,4,5,6])
print(pd)

=X TIERE ]
0 1

1
2
3

s W DN
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4 5
5 6
dtype: int64

Series M RIIE XN 2215 MRS, A A5 ME. T 7E LSO %A b BiE 5
ERGLIURGES Hahal@E— N 0 RS, 7l I8 values EPEYS index B
RPHE SRS R G IR .

import pandas

pd = pandas. Series([1,2,3,4,5,6])
print(pd. values)

print(pd. index)

# AR N
[123456]
RangeIndex(start =0, stop=6, step=1)

B — A RGIFR 4 Series, 7 FASUNT

import pandas
pd = pandas. Series([1,2,3,4,5,6], index=["a","b","c","d","e","f"])
print(pd)

Hh 0o Q Q0 o 9
QN U W N

dtype: int64

Series Al@ i R G HEAT VT SCRR DI R R BIACAS 40T

import pandas

pd = pandas. Series([1,2,3,4,5,6], index=["a","b","c","d","e","£"])
RV BEA TR

print(pd["c"])

#i A RKTIViR 2 A TER

print(pd[["c","b", "£"]])

£ 7 I

print(pd[4:])

= Ha th 45 2R

w

Hh o O
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dtype: int64
e 5
£ 6
dtype: int64

Series 3ZHF NumPy (19K 2 %0 s 80, 78 AL 0 F

import pandas

pd = pandas. Series([1,2,3,4,5,6],index=["a","b","c","d","e","£"])
= BOR T s $ B

print(pd[pd> pd. median()])

= BOR T 5 e

print(pd[pd> pd.mean()])

£ gE RN
d 4

e 5

f 6
dtype: int64

dtype: int64

H T Series 1 bR 28 R 51 IYHRF s, T LLE 557 WSS 1 20 AL, 7T UK B — D2 K
FM A THZEATEF IS 5 R B R FICES I F .

import pandas

pd = pandas. Series([1,2,3,4,5,6],index=["a","b", "c","d","e","f"])

bol ="£" in pd
print(bol)

# % 45 R True

i 7 3R A Series, m FIACHSANT

import pandas
dic = {"a" :1, "b" :2,"C" .3, "d" :4}
pd = pandas. Series(dic)

print(pd)

# iy 451
a 1

b 2

c 3

d 4

dtype: int64
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AL AT 9 R 51k Series BEATHEF , - IACHS 40T -

import pandas
dic={"a":1,"b":2,"c":3,"d":4}
indexs = ["c", "b","d", "£"]

pd = pandas. Series(dic, index = indexs)

print(pd)
R TIERE )
c 3.0
b 2.0
d 4.0
f NaN

dtype: float64

TE B SCHACHS TR G B X AR B A2 (8] NaN ok 27§k B9 s , iR
31 a AAE indexs H1, BT LL a BOAGERBER L . X JE Series BY—AH 2 B R L ke 1 T L]
VERCHE o i FG 55 At B Y B e s 45 5 9] 2 A A0 P2 Y 2 R A il

A LA isnull O pREIOR K 24 7T Series H 2 7 8 B B0G R ARSI R

import pandas
dic={"a":1,"b":2,"c":3,"d" :4}
indexs = ["c","b","d","f"]

pd = pandas. Series(dic, index = indexs)
print(pd. isnull())

print(pandas. isnull(pd))

£ it A5 R
Gl False
b False
d False
f True
dtype: bool
@ False
b False
d False
f True
dtype: bool

Series 5 R 5| X name JEM: B H E I T Series H 3143 name, 7m FCIL L0 T .

import pandas
dic={"a":1,"b":2,"c":3,"d":4}
indexs = ["c","b","d","£f"]

pd = pandas. Series(dic, index = indexs)
pd. name = "newseries"

pd. index. name = "newindexseries"
print(pd)

= Hai th 45 2R
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newindexseries
c 3.0
b 2.0
d 4.0
f NaN

Name: newseries, dtype: float64

5.2.3 DataFrame

DataFrame &&—/~H 2 F 28 B (0 50 M) 50 10 — dE bR 2 B0 450, R BiE &5 2 0 F
Excel ##% . DataFrame & & FH Y Pandas %} 4 , 5 Series —#Ff,DataFrame R b2 M

9 K3

fi ] DataFrame() pREA] & DataFrame, /s SN .

import pandas

dic = {
"user":["jack","
"pass":["1234", "4567"
"age":[23,24,25]

}

df = pandas. DataFrame(dic)

print(df)

£ it g5 5k

user pass
1234
marry 4567

7890

age
23
24
25

0
1
2

jack

tom

e b A A T

marry',

tom" ],

' "7890"],

—~ DataFrame, 0] DLA 2 HoA i 25 R 251 — 5K SQL A5 . 1t

TG T B 7 BIH user.pass.age,index N B I RS, K 5-5 iR,

axis=1
=3
id user pass age
1 jack 1234 23
2 marry 4567 24
» 3 tom 7890 25
axis=0
Kl 5-5 DataFrame £ 4%

DataFrame() pR (& DataFrame 25 14 i pR %1, H 4 &% data.index. columns. dtype.
copy HSH, ZH data N EREH) DataFrame 45, 24 index SN DataFrame FITFR%E,

2% columns & DataFrame

&2 il B L BOA(ER False.

K S

RO, 2

R F bR, S8 dtype A EFIHY B copy MM input
index,columns F F48 175 br 2 B9 7= G ACHS U .
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import pandas

dic = {
"user":["jack", "marry", "tom"],
"pass":["1234","4567","7890" ],
"age":[23,24,25]

}

df = pandas. DataFrame(dic)

print(df. index)

print(df. columns)

# 5B AR N
RangeIndex(start =0, stop=3, step=1)
Index([ 'user', 'pass', 'age'], dtype = 'object')

DataFrameO) R columns ZHCAT H T X AR 2 #EAT HE R s AU N T

#5655 #//pds. py

import pandas

dic = {
"user":["jack", "marry", "tom" ],
"pass":["1234","4567","7890" ],
"age":[23,24,25]

}

df = pandas. DataFrame(dic)

print(df)

newdf = pandas. DataFrame(df, columns = [ "age", "user", "pass" ])

print(newdf)

= f i 4558
user pass age
0 Jjack 1234 23
marry 4567 24
2  tom 7890 25

age user pass
0 23 jack 1234
24 marry 4567
2 25 tom 7890

WARAL A B columns Z LS HRANF] , I 23 0 FH e 2 B b 4 s AR R

import pandas
dic = {
"user":["jack", "marry", "tom"],
"pass":["1234","4567","7890" ],
"age":[23,24,25]
}
df = pandas. DataFrame(dic, columns = [ "user", "pass", "age", "sex"])
print(df)
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X TRV E )

user pass age Sex
0 jack 1234 23 NaN
1 marry 4567 24  NaN
2 tom 7890 25 NaN

head (n) 77 ¥ F T3 B DataFrame A n 178086, n AYBRIAE R 5, MRS T .

import pandas

dic = {
"user":["jack", "marry", "tom", "userl", "user2", "user3", "userd"],
"pass":["1234","4567", "7890", "1234","1234", "1234","1234" ],
"age":[23,24,25,26,22,21,27]

}

df = pandas. DataFrame(dic)

print(df. head(3)) = i th AT 3 AT A

2 Hi 85 R

user pass age
0 jack 1234 23
1 marry 4567 24
2 tom 7890 25

i 1 F AR AL AT AR 2 5 M AR — 51 Series, 8 AT ANT

import pandas

dic = {
"user":["jack", "marry", "tom"],
"pass":["1234","4567","7890" ],
"age":[23,24,25]

}

df = pandas. DataFrame(dic)

print(df. user)

print(df[ "user"])

£ RN

0 jack

1 marry

2 tom

Name: user, dtype: object
0 jack

1 marry

2 tom

Name: user, dtype: object

i loc &5 iloc J& PEAR ML — 4T Series,loc & iloc 3 25 i ln] . H 3RO R Boxt R [
4k, loc 5 iloc B DX N iloc il it FARBEAT A 4K, M loc il i index ARIRHEAT &4k . - B 40D
mr
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# % 5 % //pds. py
import pandas
dic = {
"user":["jack", "marry", "tom" ],
"pass":["1234","4567","7890" ],
"age":[23,24,25]
}
df = pandas. DataFrame(dic, index = [ "one", "two", "three"])
print(df. iloc[2])
print(df. iloc[1:2,0:2])
print(df. loc[ "three"])
(

print(df. loc[ "one" :"two", [ "user", "pass"]])
X TR A )

user tom

pass 7890

age 25

Name: three, dtype: object
user pass

two marry 4567

user tom
pass 7890
age 25

Name: three, dtype: object
user pass

one jack 1234

two marry 4567

L e (A 7 3O 5 BEA T 8 B, s RS I T

# %5 5 % //pds. py

import pandas

dic = {
"user":["jack", "marry", "tom"],
"pass":["1234","4567","7890" ],
"age":[23,24,25]

}

df = pandas. DataFrame (dic, index = [ "one", " two", " three"],

"other"])
print(df)

Python#dB A Sarii ik [ 245

columns = [ "user", " pass", " age",

df[ "other"] = "data" # X {E 45 other %1

print(df)

F AR N

user pass age other
one jack 1234 23 NaN
two marry 4567 24 NaN
three tom 7890 25 NaN
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user pass age other
one jack 1234 23 data
two marry 4567 24 data
three tom 7890 25 data

AT U FH % % 0 DataFrame 1 WK AE , 40 2 {80 B 3 3 300 47 A D00 22 ORI 5] 3% 9 K
5 DataFrame # (4 B —5, BRIIFRS AT LI Series #EATMAME . i H] Series WA {H . W
Series 5|5 DataFrame R 5| s #ATHEHEIC L . 75 1 Series 5 1 VT BT i o Bl 2 09 & 51 %5
N ) 25 ) NaN AR s B an F .

#4655 & //pds. py
import pandas
dic = {
"user" :["jack", "marry", "tom"],
"pass":["1234","4567","7890" ],
"age":[23,24,25]
}
df = pandas. DataFrame (dic, index = [ "one", " two", " three"], columns = [ "user", " pass", " age",
"other"])
print(df)
list=1[1,2,3]
df["other"] = list £ i I 51 2 A
print(df)
s = pandas. Series([ "one", "three" ], index = [ "one", "three"])
df["other"] =s £ i ] Series M{{H
print(df)

£ it 25 5

user pass age other
one jack 1234 23 NaN
two marry 4567 24 NaN
three tom 7890 25 NaN

user pass age other

one jack 1234 23 1
two marry 4567 24 2
three tom 7890 25 3

user pass age other
one jack 1234 23 one
two marry 4567 24 NaN
three tom 7890 25 three

del 77 T MER— 51 o B U0 F -

import pandas
dic = {

"user": [ n jack" ; "rnarry" ; "tom" ] ,
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"pass":["1234","4567","7890" ],
"age" :[23,24,25]

}

df = pandas. DataFrame (dic, index = [ "one", " two",

three" ], columns = [ "user", " pass", "age",

"other"])

del df[ "user" ] £ M % user %l
print(df)

# i 25 R

pass age other
one 1234 23 NaN
two 4567 24 NaN
three 7890 25 NaN

5 Series —#f ,DataFrame 0] LI {#i FH values J& £ [l A 088 ./~ B ACAS 0 F .

import pandas
dic = {
"user":["jack", "marry", "tom"],
"pass":["1234","4567","7890" ],
"age":[23,24,25]
}
df = pandas. DataFrame (dic, index = [ "one", " two", " three"], columns = [ "user", " pass", " age",
"other"])
print(df. values)

X TRGERE ]

[['jack' '1234' 23 nan]
[ 'marry' '4567' 24 nan]
["tom' '7890"' 25 nan] ]

DataFrame 18] DL Y B 09 5 Kt A7 o5 18], = AR A3 a0 T .

import pandas
dic = {
"user":["jack", "marry", "tom" ],
"pass":["1234","4567","7890" ],
"age":[23,24,25]
}
df = pandas. DataFrame (dic, index = [ "one"," two", " three" ], columns = [ "user", " pass", "age",
"other"])
print(df[0:2])

X TRGERE ]

user pass age other
one jack 1234 23 NaN
two marry 4567 24 NaN



248 | Python AN &HKFF %

5.2.4 WNERME

to_numpy O 0] Fl F ¥ DataFrame 252 A L  NumPy $HE 288, FEIEER

J&, 24 DataFrame H1 2 B84 26 7Y (14 51 4 B, 32 45 4 i T8 46 19 B8 08 L e K. 7 AR 6
LU

import pandas
dic = {
"user" :["jack", "marry", "tom"],
"pass":["1234","4567","7890" ],
"age":[23,24,25]
}
df = pandas. DataFrame (dic, index = [ "one", " two", " three"], columns = [ "user", " pass", "age",
"other"])
print(df. to numpy())

£ iyt 451N

[['jack' '1234' 23 nan]
[ 'marry' '4567' 24 nan]
['"tom' '7890"' 25 nan] ]

describle ) 77 16 A] DL bR b A B £ 10 Ge 14 22 . R AR RS an F .

import pandas
dic = {
"user" :["jack", "marry", "tom"],
"pass":["1234","4567","7890" ],
"age":[23,24,25]
}
df = pandas. DataFrame (dic, index = [ "one"," two", " three" ], columns = [ "user", " pass", "age",
"other"])
print(df. describe())

=X TR )
age
count 3.0
mean 24.0
std 1.0
min 23.0
25% 23.5
50 % 24.0
75 % 24.5
max 25.0

1755 90 e A, AT LU P A e TR 58 s 58 PR PR AT B9 2 transpose O 75 3% 75 14X 7

L/
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import pandas
dic = {
"user":["jack", "marry", "tom"],
"pass":["1234","4567","7890" ],
"age":[23,24,25]
}
df = pandas. DataFrame (dic, index = [ "one"," two", " three" ], columns = [ "user", " pass", " age",
"other"])
print(df.T)

X TIGERE ]

one two three
user jack  marry tom
pass 1234 4567 7890
age 23 24 25

other NaN NaN NaN

sort_valuesO) PRELTT LI 18 HE AT HEE » sort_index O R AT LA 4l 47 HE e 75 AR S
wmr.

import pandas

dic = {
"user":["jack", "marry", "tom"],
"pass":["1234","4567","7890" ],
"age":[23,24,25]

}

df = pandas. DataFrame (dic, index = [ "one", " two", " three" ], columns = [

" non

"user", " pass", " age",

"other"])

print(df. sort index(axis=1)) # M HHET, 0 A
print(df. sort _values(by = "pass")) # ¥ (AT HE T

=X TRGERE ]

age other pass user
one 23  NaN 1234 jack
two 24  NaN 4567 marry
three 25 NaN 7890 tom

user pass age other
one jack 1234 23 NaN
two marry 4567 24 NaN
three tom 7890 25 NaN

T A PR A9 A 5 B3 T 0 O ol 2% 1 i e 2B A DataFrame ¥ 77 220 2 403
SR 55 Wy bR B 2 R — 2, R ) 2 . s RS T

import pandas

dic = {
"pass":[1234,4567,7890],
"age" :[23,24,25]
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non non

df = pandas. DataFrame(dic, index = [ "one", "two", "three" ])

print(df[df.age >24]) # i age HL451]E 47 DT it
print(df[df > 24]) i FH 4 5 $hc s 5 17 DT i
+ By 45 5N

pass age
three 7890 25

pass age
one 1234 NaN
two 4567 NaN
three 7890 25.0

apply O T IEVEM T DataFrame g &MTEE S . apply O J5 ik o vF P 2 A BREL
& AN B RRECRT L2 Python N B Y pR K, 0] LU P H s CRY R, 1 Inis 6 A gt 15
KA TR AR AT

import pandas
dic = {
"pass":[11,22,33],
"age":[23,24,25]
}
N & NIITE
def func(x,n):
return x+n
df = pandas. DataFrame(dic, index = [ "one", "two", "three" ], columns = [ "pass", "age" ])
# DataFrame ' pass %I B AME I 3 3R 7] totle %]
df[ "totle"] = df[ "pass" ]. apply(func,args = ( — 3,)) # S Hfli H o 4l i 1745 A
print(df)

=X TR )

pass age totle
one 11 23 8
two 22 24 19
three 33 25 30

applymapO I T4 DataFrame H 45> FLITAS AT 45 52 B9 BRECRAE - B AN

import pandas

dic = {
"pass":[11,22,33],
"age":[23,24,25]

}

=5 LBALR A PR AL

def func(x):

return " * " + str(x) +"

% "

df = pandas. DataFrame(dic, index = [ "one", "two", "three" ], columns = [ "pass", "age" ])

df2 = df. applymap( func)
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print(df2)
=X TIGERE ]

pass age
one * 11 % % 23 %
two % 22 % % 24 %
three % 33 % % 25 %

map O H F X Series (45 Fodg HE 47 82 n B 40 T

import pandas
sl = pandas. Series([1,2,3,4,5,6])
def func(x):

return x * 2

s2 = sl.map(func)

print(s2)

=X TN )
0 2

1 4

2 6

3 8

4 10

5 12

dtype: int64

5.2.5 LT Excel

Pandas % xlrd SFBIHEAT T 38256, 0T DAAR 7 (8 b Ab 3 Excel SCHF, 324 xIs Al xlsx 4§
2, TR AT e B A, o 2 N pip install xlrd, 238 xlrd BT S % 4. 2. 3 77,

read_excelO) B T2 B Excel ., read_excel O L& 4 N8 HBZ 80, 70 9 h
filename.sep.header,encoding.sheet_name, Z%¥{ {ilename N ZEFTIFHY Excel #HIKZ, S
B osep WMRAT . 28 header L BIFI 4, ZEL encodeing I LRI B % 0. S5
sheet_name HEF]FF M sheet RF| . EINME R 0, EIFTHF 2 1 4 sheet,

i i read_excel ) BREUHT W JEAE Har Tl H H & FEIE—14% K4 test. xls B Excel FH%,
£l 7 2 > Sheet, RAE N A M BEEIE , A1& 5-6 i,

i read_excel O BEHL test. xls SO, BRINEEHL Sheetl, AT .

import pandas
result = pandas. read_excel("test.x1s")
print(result)

R TIAEAE )

name city age sex tel
0 jack BoMl 23 B 12222222
1 marry @O 22 & 13333333
2 tom Jtat 23 B 14444444
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Cll (<] testxls % |+ - O x

=i » (e Ess it mEaEuEFET> QEE Q& o2 -

(O *=w & = -12 AN TEzEE )

as- OEsl- st B 7/ UB-B-8-A-@- = = == & axEs
E11 . Q fx

4 A B c D : F ¢ &

1 name city age sex tel o

2 |jack A bricl)=) 12222222 i

2 marry )’ 22 4 13333333

4 tom JEE 23 8 14444444

E

5 @

6 e

-

| > 2 Sheet1 Sheet2 - + .

CY - HDODDO 1w%- - —O +:23

Kl 5-6 DataFrame 4%
2L Sheet2 & A sheet_name=1 SR A] , ;R BACHL AN .

import pandas
result = pandas. read excel("test.xls", sheet name=1)
print(result)

= it 45 R R
name class number
0 Jack 258 100
1 marry B 100
2 tom P 100

fi [ to_excel O J7 ¥+ DataFrame B A Excel #A&H, WNFHFAGE N xlsx #4520, W) A8
H to_excel O b R 77 %% openpyx] FHL, iy & WF «

pip install openpyxl

GEE A to_excel OF W LA A xls XA ARG ZE = F A xlwt, i T4
P xlwt RBLEY TARAH xls XH A EE e FERAEN xlsx X4, N EE 2K
openpyxl B3,

to_excel O T H IS 50A excel writer,sheet_name.na_rep.encoding, Z%{ excel
writer NEARIEM) xlsx X, 2% sheet_name i sheet ZFR. S5 na_rep ikt 2 B4R 19
K. BE encoding N Rt X . to_excel O Jy ik MR BIARES 40 F .

import pandas
dic = {

"user":["jack", "marry", "tom"],
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"pass":["1234","4567","7890" ],
"age":[23,24,25]

}

df = pandas. DataFrame (dic, index = [ "one", " two", " three"], columns = [ "user", " pass", " age",

"other"])
df. to excel("newtest.xlsx", sheet name = "sheetone")

5.3 Matplotlib

Matplotlib f& Python iz # 2 B 2 K JE, B4 T — 8 £/ MATLAB L 4 2
APL. 4338 A 38 5 A b 047 0 P i HL AR mT DU 3 0K 2 A 0 42 L i A GUT B F 2
F . Matplotlib B 5 Ml A https://matplotlib. org/, WK 5-7 Fimxw.

M= == m I T - 8 x

N o In
O B s matpotibong r- 2 BOrB-0E

matpl«tlib

Matplctllh Vlsuallzahon witl Python S

H;xwx, A - & _;:.’;n,.,.,,;.;;

Matplotlib cheatsheets

Cuslomize Extend

2 & @ @0 G

Kl 5-7 Matplotlib ‘B K
W 3T pip L% Matplotlib, g2 1F .

pip install matplotlib

H B Successfully installed M 7R 2225 i3,

A F Matplotlib $E47 2% EIFT . 56 1 i — 5 B JEAC I . 76 B0 5 A 3% o 141, 15 56
i L SR AR AL I AT SR AR A b R AT AR I, Matplotlib A I A ) 8 & 7E A
Matplotlib I i g , 8 F figure () J7 3% A 2 1 M figure O ik 6 N H S8 4050 0
num . figsize.dpi.facecolor, edgecolor. frameon, Z %1 num N EZ 4 5 8% 4% Bk, 20 5 5
?Ul'lﬂiléﬁ%,ﬁﬂﬁﬁﬁ}#?ﬁ“%ﬂlﬂﬂﬂ@ﬁ(o SN figsize N E B A 1 FE A& . S50 dpi iR

Z2EIXT R 5 BER . S8 facecolor R M A . S % edgecolor Jy i Afi 1) 31 HE i
ﬁho Z 4 frameon N2 1 7R AHE  BRIAAS R .

Matplotlib W BT A 1 EMZ ER v T figure XF R 2Z %, 1 kK E1R RGEA 1 4 figure X4,
g figure AURBIRIB I T .
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import matplotlib. pyplot as plt
fig=plt. figure()

WA T figure X4 )5, 87T LIFE figure FAIE# — 4~ 5K £ 1> subplot X4 (axes) . H T4
il % Al add_subplot O Bl — 4~ F &l . add_subplot O J5 ¥t % 2 A% S 8. 43 51K
* args.projection, S * args i F 3 M 3 DML R FOR IR F AL E AR B .
3AEEBO MR RATEC ANV R GHA, PR S MAER SIS . RIIA 1 IR, WA b
BN AT M. Z4 projection S T EEZSEL, 7] DL EFE 1 B G2 A, 0] 4N 3 4% polar, 5 2
— s E BRI none, BEJE — AN ME KL ] add_subplot O J5 ¥ 4 il B 9 7R 6148
BT .

£ % 5 3 //mbs. py

import matplotlib. pyplot as plt

fig = plt. figure("figure name")

ax = fig.add_subplot(221)

ax.set(xlim=[0.5, 4.5], ylim=[1, 10], title= 'Axis title', ylabel = 'Y — Axis', xlabel = 'X —
Axis')

ax = fig. add_subplot(222)

ax.set(xlim=[0.5, 4.5], ylim=[1, 10], title= 'Axis title', ylabel = 'Y — Axis', xlabel = 'X—
Axis')

plt. show()

LRSS & 7E figure XF 4 P 22 il 9 % - 8], add_subplot (221) , add_subplot (222) HJ #f
figure X280 2 47 2 51, I 7E figure SR BN & 1 50708 2 A InwimE 718, an & 5-8

JoR
& figure name - a x
Axis title Axis title
10 10
8 8
w w
2 54 % B
E E
> >
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T
1 2 3 4 1 2 3 4
Kehotis KeAxis

# €3] $lQ|=

B 5-8  #& figure ¥ & EEN 2 A1 &

TH# T Matplotlib B2 IR AR , # T R — 2 T i Matplotlib o5 I B9 EHE R L 41
AN N I S A S IE W I S IRTOR ORI =3 2
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5.3.1 W&k

P12k 11 2 Bl 23 A v i T A0 TRDE S ST 26 181 0 T 20 i A 728 5 R DR A 22 ) B A OC &R
I3l A T I 78 B A I 1) T A2 A 1) 3% 22 B o ) I 3 T LU HR B B 22 5L DL R R I

Matplotlib H i H plot O B2 H 2 K L plot O K% HZSECE 8 4~ 0518 x.y.
color,marker.linestyle,linewidth.alpha.label, KT 2% x 558 y 090 E = 5 v &
Xf o YRGB8 color RARFTAMBIE . SH marker R XKL FHAE KR, &
B linestyle RRIPTLAIZEH . BH linewidth F/RL KAV AN, S50 alpha Fon S H)EH
. 2 label FoR BRI BRI N A . plotO w4 2 B R G ACHS an F

# %5 5 % //zx. py
import matplotlib. pyplot as plt
import numpy as np

fig = plt. figure("figure name") £ 1 W 1 4 FR
ax = fig. add_subplot(111) # W E T E A E

x = np. linspace(0, np.pi)
y = np. sin(x)

y2 = np.cos(x) + 6

y3 =np.cos(x) +3

ax. plot(x,y,color =" # 1cba28", linestyle='—— "', linewidth = 2, label = 'first', marker = 'o')
FHINE — Rk

ax. plot(x,y2,color =" # 0598ff", linestyle = ':', linewidth = 2, label = 'second', marker = '+ ')
FUNINEE R4

ax. plot(x,y3,color =" # ffc105", linestyle= ' — ', linewidth = 2, label = 'three', marker = ' ')
£ WS INEE =452k

plt. legend(loc = 2) # 2w B ) 9 15 B 6, loc THR 1.2.3.4

plt. show()

AR T3 AR TR A A ] 6 6 R i S AT A L IR A I T — gk 1 4
R AEZE A A EDR A A 5-9 FR

& figure name - m] x

79 - first.
+4
s+ second by,
.
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5 R BT
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#l €2 ¢Ql=
B 5-9 W =4It FE A LA s
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ZHY linestyle Hl TG AL, 280 marker F T4 il 55 FE X, 2480 color I 7
P& R BB, X 3 A4S B0 BUE L B AR 5-1 Fios .

®51 SHHRELER

linestyle BU{H Ui Gl
- ST (RO
—— XL 28
: JEqlES
marker BUH Ui G|
+ -5
o PN
x B
. S0 [
X XAF5
EHIE
d #I
A =4
v T =1
> =
< = A
p HE
h Nig
color BU(H 1 L
r a1t
g g,
b W
c B
m LA
y B A,
k )
w H
# 000000~ # FFFFFF A (315 Bl O # 000000~ # FFFFFF

legend O 7k T AR FHATIRE  legend O T % IS EC N loc, 80 loc Hl TR E
FE ) o B EEBUEIE R 1~4. 43388 A L b A TAEATA,

5.3.2 HEE

il scatter O J7 gkl KL H BUS L, B HE plotO F kS BEERL, BUS AN T 2
linestyle 5 linewidth 28, NTFH 2 H K, W T E s SR c B8 Hb s SRS
FRICH KN e SO BUSARMEBI@ . 2 H OS5 EL N EAREE s B85 ¢ 280, R~
RIS T .
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55 5 % //sd. py

import matplotlib. pyplot as plt

import numpy as np

fig= plt. figure("figure name")

ax = fig. add subplot(111)

x = np. arange(10)

y = np. random. randn(10)

ax. scatter(x,y,color = "red", marker = 'o')
plt. show()

AR 22 ) BB B, I 5-10 s,

4 figure name - a X
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a €3] ¢[Q|=]

&l 5-10  HCE K

5.3.3 FIRE

i bar O J5 3 Al 2 I HOR B, bar O FEES 8 A% H S8, 20 3 8 left, height,
alpha,width,color,edgecolor, label, linewidth, H: S % left h x Wi, S8 height HHFEE
KR BE . 240 alpha FAEIE RIBE B, S50 width IR E R SEEE . S8 color
HRIE B FER B, S5 edgecolor HEIE MBI . S5 label S B4 K01 1 Y 25
ZH linewidth NI GEE LR TERE . [l bar O J7 B2 il HOR B B 7= A a0 F

#4555 7/ /zz. py
import matplotlib. pyplot as plt
import numpy as np

fig= plt. figure("figure name")
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ax = fig.add subplot(111)

x = np. arange(10)

y = np. randon. randn(10)

ax. bar(x,y,color =" # c248be", label = "bar", )
ax. legend(loc = 2)

plt. show()

AR 22 ] B AR I, e 5-11 B

& figure name - a X

I bar
) I I
04 == . .-
. [

0 2 4 6 8

#| €3] #|al=|
B 511 R

5.3.4 BtAE
fEH pieO H LA L HIYEHE, pie O F LA 15 NH S5, 758 x.labels.explode,

startangle, shadow, labeldistance, autopct, pctdistance, radius, counterclock, wedgeprops.
textprops.center,frame,rotatelabels, HH S5 x ¥ —HRWEH L., S8 labels HH—
HAMm s i B SCF . S8 explode B — B I L AR . S 4K startangle il i
2l £ BE BRI AN & BlE D7 1] 3 AT R . B3 shadow EASE  BRIAMEH False, BIR
P52 . S8 labeldistance 4 label ARic B2 4 B . S5 autopet HEEHIDFEIN B 7 b ik
#H . 2% petdistance 5 % autopet WA B Z1 B, BRINE N 0. 6. S5 radius Jy 8 il D & 2
7 BAEN 1. B30 counterclock 48 & 18 41 J7 1], BRIA b ¥ i 41 . 240 wedgeprops Hf
F AL 25 wedge X IR — UK. S textprops F T 1 B AR % A LE ] S5 1 #%
. S center HEBRHFLANIE . S8 frame NZAHIH A X HWHIEZE, BRIAARLH . S8
rotatelabels ¢ 54> label % 2145 5E 1 B BOIAAIER .
T pie O 2 HIGF L R FARAS AN T
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# % 5 % //bt. py

import matplotlib. pyplot as plt

fig= plt. figure("figure name")

ax = fig. add subplot(111)

labels="'A','B','C', 'D'

sizes = [10,10,20,60]

explode = (0,0,0.1,0)

colors=1['r",'g','y', 'b']

ax. pie ( sizes, explode = explode, labels = labels, colors = colors, autopct = ' $ 1. 2f% % ',
pctdistance = 0. 4, shadow = True, labeldistance = 0. 8, startangle = 30, radius = 1. 3, counterclock
= False, textprops = { 'fontsize':20, 'color': 'black'})

plt. show()

A2 B 9EEL, e 5-12 s,

4 figure name - a X

al €[] #al= B

B 5-12 YKl

5.3.5 jnill
BT scatterO) J7 i AT £ R MOS0 B3 BB s BH0S ¢ 2 50T HOR 28 16 it st

s ZHOTBUARICH RN e ZHRONHUS TSR BUE . B B 7R BICRS AnF

45 5 %//pp. py

import matplotlib. pyplot as plt
import numpy as np

fig = plt. figure("figure name")
ax = fig. add subplot(111)



260 | Python AN &HKFF %

x = np. random. rand(50)
y = np. randon. rand(50)
area= (20 * x + 20 *x y) *x 2

ax. scatter(x,y, s = area, c = np. randon. rand(50), marker = "o",alpha=0.6)

plt. show()

RAG W i E, an i 5-13 Fis,

4 figure name
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o €3] +al= B
& 5-13 a3 &

5.3.6 TRtk

i contour() 5 contourfO) J5 E: AT £ 45 5 2k . contour O 5 contourf O J5 & B9 X 5] Ky
contour O J7 % R il BE 4k , M contourf O 5 ¥& B 1 23 il 58 R 4k, i 23 % 22 1] 1) 5 g 2 3k
TS, WAk S EBOEHE R, B & T 8 AW T 24, 43 518 x.y.z.colors,
alpha.cmap.linewidths.linestyles, LFF S8 x b = WiEE. 28 v b vy BB, 3% 2
o BEEHE . S8 colors AR B N IR R M S S A B, S8 alpha B E ., S5
cmap A HIAS 8] 3168 X 4 AN ) 5 B2 IX 3. 24 linewidths AR E FmA MW RE., S48

linestyles H 8 & & W L EE R,
2 A e A s AR an R

# % 5 % //dgx. py

import matplotlib. pyplot as plt
import numpy as np

fig = plt. figure("figure name")
ax = fig. add_subplot(211)
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ax2 = fig. add_subplot(212)
n=128
x =np. linspace( — 2,2, n)
y = np. linspace( — 2,5,n)
x,y = np. meshgrid(x, y)
def func(x,y):
return (1 —x/2+x %% 2+ y*%3) *np.exp( —x %% 2 — y*x 4)
ax. contourf(x,y, func(x, y))
ax2. contour(x,y, func(x,y))
plt. show()

RIS A A5 m e anE 5-14 Fros, Hod B2 H T contourf O Bk 74 4l, F
I T contourO) JFEHFITLH .
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