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Use NumPy

@Y {EFHNumPy

NumPy &y E #7723 € Python Bt # 1 H b 34
The goal of NumPy is to create the corner-stone for a useful environment for scientific computing.

— R 4EHT « B5)2545(Travis Oliphant)

Core Functions and Syntaxes
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31 NumPyf&EfH

RETHMHFEEEMNETHEECZEEMY R, XEEECZETSHERAHAERES
ERRN, AX—ZRAARNE— N EIRHIAEEEHASEEzENEMEFE —NumPy., 7
Python¥, KZHE AT ERZE BEZ UNumPyIEUEBEEH EAtAT .

NumPyBIBT 5 25 Jim HuguninZE #1995 F B A Numeric, Itk /5 X £74 H B4h—"2{ F Numeric
B2 = 75 FE——NumArray, NumPyFINumArray7E it {72 FIHUE iz ER S B, B T BRPHETR
e EERAENE = ESHEIAEAN, 25 A Travis Oliphant?F 4 NumPyFINumArray45 /4%
FIEAL |, 180T —LeHEAEREIZ B INEE, FHT2006FHE H 85 —hRNumPy.

Jim Hugunin, Software programmer
Creator of the Python programming language
extension, Numeric (ancestor to NumPy)

NumPy;@Numerical Pythonf45E . NumPyB WM& ZF574: ['nampal] (3 ['nampi]. NympyHJ
LRBHTEREFMFER T SRBEZENER, MXEHTUT/LNER: ONumPyHiEFKFHIF
R RN N MBI T Python R N M EMEAKBFHE AN, WZEHRENTIFK. QLW
NumPyZhEERIRAG KD 2 FEHCIESHRER, ENumPyRIEEE XL ISE DRI . @7ENumPy
FRiEI B R R G T DABE 2 7E Py thon R AL FH 8 F3E Z AU JE 3B ) .

URRIBXS EE T 93 518 A Python U F) R AINumPy Bl — MTE €, HBTEEHMEHNTREIE
REBRZER(E. AEENBRT, AN TEIE, Pythond|RFELES.67F), MNumPyLHFE
0.13 %, NumPyHJz{7H 8] (4 FIFARVER [8)#92.3%.

Bl Ch3 1.py ( )

import numpy as np

import time

#Create a ndarray of integers in the range

#0 up to (but not including) 10,000,000

array = np.arange (led)

#Convert it to a list

list array = array.tolist()

start time = time.time ()

y = [val * 5 for val in list array]

print ("List calculation time is %s seconds." % (time.time() - start time))
#List calculation time is 5.672233819961548 seconds.

start time = time.time ()

X = array * 5

print ("NumPy Array calculation time is %s seconds." % (time.time() - start time))
#ndarray calculation time is 0.12609171867370605 seconds.

WETFTA, 1EX—"PythonEAlZE, NumPyr%E[E#E{E21E L Python HME AZE (Wpandas.
SciPyfIMatplotlib) FIEAY, Eih AT ESE SN BUTAENumPy 82 4EFFFNE BAEE k. 7
ARANANumPy W4Tz E AT, SR BEERIEAME S . WE3-1FR, SMREFE B
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REIE—HETTEIE (row vector) FIFUEIE (column vector) « —#ERI4EFE (matrix) F1 =4 AOTTHIZNEE
(cell array). #ENumPy™, FEFERIZEE X FRAHH (axis).

=

E

\

Cols
L0

increases

Column

[

[ ]

1]

[+
Column index

(OO0
Nna DDDD ¢

Row index
increases

E3-1 JUAE R EE R
NumPyieff 7 —LE5 WEIRRIVNES, EF B RRERME X TSR, BAIR-1.
#=3-1 HAZEEERMNuMPYHITERE
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v void%!

W32, NumPy3H 7 Ax £ B8 ndarray SEFEN R AVER L, FE3E TRAVA B H, BTEAN

B UN1a] {5 X LE oK £ B3 ndarray FEFE T & o
WMEFR3BER T —EEBREENRBRERE, I9EBNEENRESTEAZMEIZFNA,

#R3-2 HHABBENarrayE FEXT 5 8 F L

Bk | HiA
Type 1 np.array() BEFI(F)5R, JoH, ndarrayZ) QB
np.asarray() Sarray() RE DL, copyBiAhfalse
np.empty() B2 2 findarray FE FF X R
np.ones() BEZITE 24 1 fIndarray FBFEN £
Type 2 np.zeros() BEEITE 2 A 08 Indarray FEFEN %
np.identity() B EN AL ITE A BndarrayfE[FE IS 5
np.eye() BB A 1 Hndarray B[ R, X A% I R
Type 3 np.diag() $EBEndarray B [E A TTRNE, BT ABKRE SN AR
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| B | Hik
np.arange() RIBE R E KK G
Type 4 np.linspace() tlE—%mE, BETRAZEHY
np.logspace() A AR 3 Eindarray 2B FF XS R
np.ones_like() £ NS REBEFIIFOR MR, TEHES N 1HndarrayFE X 5
Type 5 np.empty_like() £ NS REBBFIIFR—FER, TEMEA S Mndarray 28 XS 5
np.zeros_like() AER— NS REBFRIIFAR—IER, TTRIMEH0FIndarray KB FEIT 5
np.full_like() ERM— NS REBEIIFR—IER, TROVEHNFEEEFIndarray FBFEN £
Type 6 np.meshgrid() 4 RIS FERER
Type 7 np.fromfunction() B33 R 4 AindarrayfEFE T R

*R3-3 FRANERERERLY

Ry
TEFEFARE K reshape, transpose, ravel, flatten, resize, squeeze
_ take, put, repeat, choose, sort, argsort, partition, argpartition, searchsorted, nonzero, compress
x%ﬁ&%uﬂ%& i b p & p & 9 bl g 9 p gp 9 9 bl p bl
diagonal
TE% max, argmax, min, argmin, ptp, clip, conj, round, trace, sum, cumsum, mean, var, std, prod, all, any
e e g ~add , sub , mul , truediv. , floordiv. , mod , divmod , pow ,
HEARE . .
Ishift , rshift , and , or , xor
" item, tolist, itemset, tostring, tobytes, tofile, dump, dumps, astype, byteswap, copy, view, getfield,
FEREREAL K
setflags, fill
RS It . le , gt , ge , eq , _ne

3.7 BExsmpiEmeE

NumPyiz & % O @ndarray B fEXN R, TEHE T RIRBIELEANAELAE, findarray iF 2N
#4H (N-dimensional array) 485 . NP E LN ABUTAH—EBREIEFS (W05IFRFMTH) 2lEZE—
“SndarrayfEPEIT R . R #array() Fasarray() o IAFSBASCENIX —ThEE. array() BREAE XA .

‘ np.array(data, dtype = None, copy = True, order = None, subok = False, ndmin = 0)

Hrh, dataREBEREUERS), W—F5REEILH, dype2 FLIZEAIndarrayfE B 5 H ot RRIEIRE
KA, copyZ D] ARKIR~ndarray @ G F B EH . orderZ T LLE “C” & “F” . FESXIXL
SESITHEER .

INTRIBERT HaIMTIFR .. TTAEMESE Barray() RO ERILRE .

Bl Ch3 2.py ( )

import numpy as np
a list =[1,2,3,4]
a _tuple = tuple(a list)
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a _set = set(a list)

print (f"The original list is {a list}")

print ("The array created from a list is {}".format (np.array(a list)))

print (f"The array created from a tuple is {np.array(a_tuple)}")

print (f"The array created from a set is {np,array(a_set) J)

print (f"The type of the array created from a tuple is {type (np.array(a_tuple))}")
print (f"The type of the array created from a set is {type(np.array(a_set))}")

BEIHEROT.

The original list is [1, 2, 3, 4]

The array created from a list is [1 2 3 4]

The array created from a tuple is [1 2 3 4]

The type of the array created from a list is <class 'numpy.ndarray'>
The array created from a set is {1, 2, 3, 4}

The type of the array created from a set is <class 'numpy.ndarray'>

STEE & B, Harray() RECENEQENEIEXT EndarrayfEFE XN 5. 5 FKa listfT ENH L
B, M “[1,2,3,4]” B/, AR Ra_ listIooAX Ra_tuple?& X Andarray 2B R /5, NZIX
“I1234]” ¥TE@wE, TEHREIRZXEESH. BREaBEESTRa settE W Hfndarray B FET R N2
“ {1,2,3,4}”

fﬁ%mwOBﬁULmeﬁﬁﬁ%ﬁ WO DAE fdtype kR FE BB T = EIERE ., U
KAL) F 7R 7 @ {sE F dtype.

Bl Ch3 3.p é ' Y

import numpy as np

import math

degree list = [10,20,30]
sin list = [math.sin (i) for i in degree list]
sin list int = np.array(sin list,dtype='i")

sin list float = np.array(sin list,dtype='f")

date_example = np.array(['2005-02-25",'2011-12-25",'2020-09-20"'],dtype = 'M')
date increment = np.array([100,200,300],dtype = 'm")

date example updated = date examplet+date increment

print (f'Saving the data in the format of integer:{sinilistiint}')

print (f'Saving the data in the format of floating point:{sin_list_ﬂoat}')

print (f'Datetime example: {date example}')
(

print (f'Updated datetime is: {date example updated}')
BITERNT.

Saving the data in the format of integer:[0 0 0]

Saving the data in the format of floating point:[-0.5440211 0.9129453 -0.9880316]
Datetime example: ['2005-02-25' '2011-12-25' '2020-09-20"]

Updated datetime is: ['2005-06-05' '2012-07-12' '2021-07-17"]

XN F, FFKsin listF6E 710° « 20° FN30° XM RAYIESZ/E, ndarrayEFE3dRsin list int
Fsin_list floatRIEIRE T R EELTVFNT S B, Ritksin list int {70 7 X LEF 2 BERIELER S,
ifosin_list floatM#F 48 7 7 F R XA IEZE. HI, FXMEIFH, £ Hdtype ="M"Fldtype ="m"#&
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TE 7 WP ndarray B FE XS S date_exampleFdate_incrementfIF AR 5512 B AR B AR AL, #X
P ndarray 2B FEXS RABNORS, T IAZKEHTH B HAH f7 (% date_example_updated ¥ .

5z Fndarray o fE X R IA B — MRAAR Z AT T, E—"1FIRHPDITFENFE S HARKE
R, WERL., FREHNFHEE. Endarrayf BN RANHIERERE—FEERE. U6
TR TXANX A,

import numpy as np

List example =[10,20,30, 'James']
print(Listiexample)

ndarray examplel = np.array(List example)
print (ndarray examplel)

ndarray example2 =np.array(List example,'S")

print (ndarray example2)

ndarray example3 = np.array(List example, 'i')
BITERWT.

[10, 20, 30, 'James']
['10" '20" '"30'" '"James']
['10" b'20" b'30' b'James']

ValueError: invalid literal for int() with base 10: 'James'

FXMEIFH, FIaRList_example P LT ETEROIFEH M FHFEMFET, E4 M Andarray
EEXN RN EEdtype IS H, RARNSIEFRERELNINTEH B M A FHTFHRER, XRE
ndarrayJEFEXST 5 “['10,20,'30", 'James']” » HI5Edtype S EH I “i” B, SHIERER, XEF
AFFF “James” TEEAE AL N B,

array() PR WcopySE T M FSRIE R S E 6 [RKMIndarray 2B FET 5 o 1X M copyZEIBIAA True.
SR, Bl{EcopyZHhFalse, HERZIEN T, NumPy{HASE #3012 — N2 HHIndarrayFE [T 5. Ul
E13-2F7~ Aarray() BREFHITEBIRLFIFER . MR R AZndarray [ 3I5, Hcopy= FalselA X 5 —%
Hdtype NEAERTR, THITES), AHMER TESHTES 0 — N FHndarray 2B E XN R .

B = np.array(A, dtype, copy = ?)

Is A a ndarray?

v
Point to the original Create a brand new
ndarray ndarray

E3-2  array() i #copyZH A1 A
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PURRAS 7R 7 L/ Farray() B8R 204 A Bndarray 2B 3 % . #ECase 174, ndarrayfEfEXS % %5
FAER, Case 2F|Case 41572 Mndarray B FE 5 5 £ p— 1 #T Fndarray JEfE X R, X HIFET: 7ECase 2
., M —"ndarray e FF 5 R4 B — T Fndarray FEFF XS 5 ;. 7ECase 37, F5Ecopy = False, 7ECase
49, ERcopy{liAFalse, BdtypeSEHX A ‘fF , FARFREIBLRLZZISH.

Bl Ch3 4.py| < )

import numpy as np

list_obj = [[1,1],[1,1]]

#create a ndarray and a list, respectively
ndarray obj = np.ones((2,2),dtype = 'i'")
list np = np.array(list obj)

#Case 1: create a ndarray from a list

nd 1 = np.array(list obj,copy = False)

#Case 2: use the default value for the copy parameter
nd 2 = np.array(ndarray obj)

#Case 3: copy = false

nd 3 = np.array(ndarray obj,copy = False)

#Case 4: change dtype

nd 4 = np.array(ndarray obj,copy = False,dtype = 'f')

ndarray obj[1][1]=2
list obj[1][1] =2
print (f"The ndarray in case is \n {nd_1}\n")
is \n {nd_2}\n")
f"The ndarray in case )
)

print is \n {nd_3}\n"

is \n {nd_4}\n"

(

print (f"The ndarray in case
(
(

Sw NN

print (f"The ndarray in case

FROIFHETERN TR, BX5RMEndarray R PR — N2 NEEBEWRT AN
ndarray XS R o] T, KB Case 3 MindarrayfEfF N RATRAEE X, X2 FHX ndarray BFFT R
MIFE AT @ R K fIndarray JEFF 3T R . Casel. Case2#Case 4HIndarrayfEfE 0 R % B X EFE L,
13X =P ndarray 28 4 X R EB 2 & H1 /5% €U Mndarray B FE XS &

The ndarray in case 1 is
[[1 1]
[1 11]

The ndarray in case 2 is
([1 1]
(1 171]

The ndarray in case 3 is
[[1 1]

(1 2]]

The ndarray in case 4 is
[[1. 1.]
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| (1. 1.1]

array() RE RS Horder UK EHBANGFTHIREE AR THREMIIEEL. orders#
TE “C” M “F7, DRI NATREFEMIMELEFME. XRE DRI FZCIES MFortraniZ = FIA
FEEAR. XEBLETRAMTANumPYIRE 7T B A RFEEE. XTELRB/LARER
SN EERSINFE. WE3-3 (F R, T/LARERNLIMERE (v, y) NE—MEFRFEL
fr, WEKEFRASETHERS, EZNMRFREALIR, AEEEHFBRBIHFERS. R,
:zgﬁﬁﬁzqzmﬁgﬁwuﬁmﬂ%fm SEMIMAR RS I AN EERN, BETENTLIRE
BEIINA RS, MEMETERNIIRIREAETHRRSIEN, WE3-3(b) Fr.

(a) JUT 3 [a) & 4l (b) Z4EREFEZ 5] Row direction
g0 @ _ >
g | g Col 1 Col 2Col 3 Col 2
g 3 2
S S Row 1
gf 2 E‘R 2 O]
: g Ve [ [ L]

!
* e 0T
1 2 3 4 x-axis
> (Row 3, Col 2)

Row direction
K33 U= R _HIEFERSINTE
—FERIERENFEMNER Store the data along the row direction »

%IHTEP WME3-4F 7~ A — KRR E
IR, BLSRASREN, R |
)
N
Computer memory

FHEMAEENFRX, XBERMATF
FEF R, BNumPyEBOX—R /B
HIERT, HRERERE A REIENGFES
R ((TREFFMESL), EERLNEE
5| ARABRAKRESHBELENRE,
X IF array() B A orderSHUER HLAVE
FZ4b . NumPy&EPor E ik thBorders
#, BT RESBEEANFRNGTHE
TR, EADHNEIZSFEMANBIXLE

B 7 array() BREIUIN, NumPylRig
£ T asarray() oR#H K B ndarray JEFE
SR, EFRE, asarray() RET ILEME
array() BRELMIE WA, asarray() BREH
EXWM T,

i

;@@)
()T

I
Original data of the image

Store the data along the column direction
|
[

|
| ;

B34 & FEIERNTE
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def asarray(data, dtype=None, order=None) :

return array(a, dtype, copy=False, order=order)

Masarray() REMEXTUEY, ©HIABTES Rndarray BN R Ay, A EWME3-2FXF
array() BREAHITIE—HF, Rlcopy= False, 182M RN R E3EndarrayfE[F3 %R, HEFHIEE R dtypeSEL
KAETARS, NumPy(BASE B4R — 2 H Hindarray EFE X 5.

—MndarrayfBfEXN R BB L ZEM (attribute). W13R3-4F77R, XEBMEEEndarray 5.
R TESNDEERNEIERTE,

£3-4 ndarrayf EREX &R E

Rit | fisk
ndarray.ndim , BAMMHESLEENLNE
ndarray.shape ndarray Ufi2AK, 3 THEEE, nfT m %)
ndarray.size ndarray 7TTRHI 280, AEHTF shape F nXm BOE
ndarray.dtype ndarray 55X R IR HERET
ndarray.itemsize ndarray 2B S RENTEANRN, AT H R
ndarray.real ndarray 7T 2 F LD
ndarray.imag ndarray 703 {9 A2 &
ndarray. T ndarray’: &
ndarray.flat 4 p— I ndarray ST ZIE R

AT BF F o 5 a0 el Findarray RE B3 SR AVJE 14

import numpy as np

ndarray obj = np.array([[11,11,11]1,([22,22,22],[33,33,33]],dtype ="1")
print (f'The number of axes is {ndarray obj. ndim}')

print (f'The shape is {ndarray obj.shape!}')

print (f'The size is {ndarray obj.size}")

(

(
print (f'The data type is {ndarray obj.dtype}')
print (f'The real parts are \n {ndarray obj.reall')
(

print (f'The imaginary parts are \n {ndarray obj.imag}')

BEIERWT.

The number of axes is 2
The shape is (3, 3)
The size is 9
The data type is int32
The real parts are
[[11 11 11]
[22 22 22]
[33 33 33]]
The imaginary parts are
([0 0 0]
[0 0 0]
[0 0 0]]
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3.3 HitEmERS

NymPyFFEFER BIEERR T AT A N AR E, BEHMITFZRE. AHE LN Bempty(). ones() H
zeros(), TAIREXFEA T EEIFE LM, WA,

np.empty (shape, dtype=float, order='C")
np.ones (shape, dtype=float, order='C")
np.zeros (shape, dtype=float, order='C")

X=RE T BT RS, TREAINEMEMITRES AR, W TNRADRERR T 06
{# Fempty(). ones() Fllzeros() & &4 Findarray%E FFXT %

import numpy as np

shape list = [3,3]

shape tuple = (2,3)

shape ndarray = np.array([2,2])

Empty from list shape = np.empty(shape list)

Ones from tuple shape = np.ones (shape tuple)

Zeros from ndarray shape = np.zeros (shape ndarray)
print (f'The empty ndarray is \n {Empty from list shapel}')
print (f'The ones ndarray is \n {Ones from tuple shape}')
(

print (f'The zeros ndarray is \n {Zeros from ndarray shapel}')

RIBETERO Nr. X=1MREERN, FE24H EFCENEREAF Kshape, ETUE—
MEFR. JuiAdindarrayfEfER R, BARER—NES, I, empty() FREE AL HIndarrayFE FE N HR H
ERAGRA L.

The empty ndarray is
[[1. 0. 0.]
[0. 1. 0.]
[0. 0. 1.1]

The ones ndarray is
[[1. 1. 1.]
[1. 1. 1.1]

The zeros ndarray is
[[0. 0.]
[0. 0.]]

S F AT EBEERE (diagonal matrix) FNER(ZEEE (identity matrix), 110 MiBididentity(). eye() 0
diag)="PeRE B identity() BRE D] T4 A BE (square matrix), HEX W T

‘ np. identity (n,dtype=float)

Hng— P EBE, Rr7BNTHEEEIL, TENIKZE n X n, dtypeFiAAfloat. FH5h—
AT IAAE R A RE AN S FE RS B R B2 eye(): ERIEXI T,

‘ numpy .eye (n, m=None, k=0, dtype=float, order="C")

H, n2fBMmiTH, mBHEMENIIE, mBAETn, kKBNHLNAE, dtypeBliAAfloat,

& 3% {EMHNumPy | Use NumPy
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orderBIAH ‘C’ o WEEX=CIEX BIEERREL eye() i thidentity() BREER K, identity() R
BEA R EE, FORA n X n, Meye() RETUAER n X mAORERE. AN, eye() BRET BRI AARE
ENEENABENMNE. WES-SATA—N X 405, ZEEERR TERYNHIESTE
e A I &

E3-5 KRENWBEVE

EENumPyIRAZ T DAL I, identity() BRESLFR E3 % Teye() IR, MU NREBXLL T EH
eye() B & Hidentity() Bk E BV XS FBIEFFE LA FEFERIBIF

B1 Ch3 5.p é ' Y

import numpy as np

identity matrix = np.identity(3,dtype = "i'")

eye matrixl = np.eye(3,dtype ='1i")

eye matrix2 = np.eye(3,2,dtype ="'f")

eye matrix3 = np.eye(3,3,1,dtype = "i'")

eye matrix4 = np.eye(3,3,-1)

print (f'The identity matrix is \n {identity matrix}')

print (f'The identity matrix created by the eye function: \n {eye matrixl}")

(
print (f'The 3x2 matrix is \n {eye matrix2}")
print (f'The index of the diagonal is 1: \n {eye matrix3}'")
(

print (f'The index of the diagonal is -1: \n {eye matrix4}')
ERRBEETERD T

The identity matrix is

[[1 0 0]

[0 1 0]

[0 0 17]

The identity matrix created by eye function:
[[1 0 0]

[0 1 0]

[0 0 171

The 3X2 matrix is

[[1. 0.]

[0. 1.]

[0. 0.]]

The index of the diagonal is 1:
([0 1 0]

[0 0 1]
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[0 0 0]]
The index of the diagonal is -1:
[[0. 0. 0.]

BT ARSI FAEFER R R diag), TREXT.
‘ numpy.diag (v, k=0)

Het, vifUR—4BE, thaI IR THER. kRATALNNE, FIAEHR, BIHENA
%o BRTITDUAROEXN AR, diag) RERT MRNEEENBL TR, XthEdiag) &
Htbeye() RECRAMM A . WEB-6/T T aNfolfE Fdiag() SRR EUEFFAIXS FA L T RS H £ RN A
pAS]

(a) A matrix (b) Extract a diagonal (c) Construct a diagonal array

np .diag (A np.diag (np.diag(a))

ooo
?'fﬂ oo
iz noo

np. dlag (A, k=1)

&3-6 np.diag() BT, (a) REEFFA, (b)diag() mé&ﬁﬁﬁﬂ%ﬁﬁiﬁﬁaé& FETTE, (o) {F Adiag() BREE BN Fa%ErE
MR RABRR T E3-6 P IZE R,

X = np.arange (9) .reshape ((3,3))
print (x)

print (np.diag(x))

print (np.diag(x, k=1))

print (np.diag(x, k=-1))

( (

print (np.diag(np.diag(x)))

WE3-7 BRoR T AfelfEdiag() REPER— D —#EE R TR AR, XLENAEFEE
TR AL BT DURIY fEdiag) RETIEE, BENRDELZEZTN. £E3-7() £, H
TN AENALEIIAN0, RRIETTRATENALZ D, WEEFNEIRES X 3. BNALNNE
AR, EREENERZ 4 X 4, EFRXED AN TENBEN EFMTT.

(a) np.diag (a) b)np.diag(a, 1) (c)np.diag(a,-1)

L] [l ]e] Lo][e][o][e]
L] [le]fz]le] [l ][o]le]
ClliE] [elle]l]fs] [o][z][o][e]

Lo]le][e]le] L]

[E3-7 np.diag() B —NEIECIEIERE (FIFH a=[1,2,3])
B TR R 2R EMFER A AT, Bifarange() RH. linspace() B Hlogspace() &
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#. arange() Flinspace() BREEN T A AREME—XEAB DM EEMMAEE. arange() REL

RIBLEERBE. ZLEMPSKEZE—ENSEHIEE, M linspace() REARIEL EHILIAE.

LILEMEETENECRUIE—HEEHIINEE. logspace() RENR IZE—AESHETINEE.
arange(). linspace()Fllogspace() EREIAIE NI T,

‘ numpy.arange (start, stop, step, dtype)

numpy.linspace (start, stop, num=50, endpoint=True, retstep=False, dtype=None)

numpy.logspace (start, stop, num=50, endpoint=True, base=10.0, dtype=None, axis=0)

Hr, start2#2351E, FEarange() BRELTBIAN0. stop hZ&IH{H, arange() RE AL NAEZHFIAN
BELIE, step AP, BIAAL. Flinspace() Fllogspace() FEHHFEIEEEMAITTE " Enum,
FIANEH50. 1IN, endpointBIA N True, FT/x7Elinsapce() Flogspace() BRE A M HEFTIE L& 1HE
stop, #endpoint = False, N4 MEINEELIEE. logspace() BRI LT Mg EZE L HIIAE
B, BoAN10. BARAX=PREEEEN—%HBE, 29 L0EIIreshape() REFXLE—2f B ETTRE
AR, 35T FEMTIE. U TNRBRER T AaSE P ERX LR EEIEF -

>>> np.arange(2,10,2)

>>> array([2, 4, 6, 8])

>>> np.linspace(2,10,4)

>>> array ([ 2.,4.66666667,7.33333333,10.1)

>>> np.logspace (start =1,stop = 10,num = 3, base = 3)

>>> array ([3.00000000e+00, 4.20888346e+02, 5.90490000e+047])

Itk4, zeros_like(). empty like(). ones_like() F0full like() X PO R %0 A Sk 12— NFNSEAB R4
SRR —HEFERE, FFEFTIEEMITE. zeros like(). empty like(). ones_like() BRI FIETTRE
#2490, Noneflll, X=PEREMEXIREMD, WTFAR.

‘ numpy.zeros_ like (a,dtype=None,order="k', shape =None)

numpy .empty like (a,dtype=None, order='k',shape =None)

numpy.ones_ like (a,dtype=None,order="k', shape =None)

T EARREEXF, aFKEndarrayfEE3 %R, dtype2 B ERIEIBEEL, BN None, RIEL
BEBFa—2, orderfBEHIBENGFREMNLT, BiAAk, RFafIBHREANGFROEERF—
%, shapes2 fI3K$8 E FndarrayfEFF XS RAOFLAR, ERIAANone, BIFIRFla—% . —MRiMs, TEWE
AR, FAIX LR E AR 255 B A P G a4k — B MIndarray FEFE XS &

full_like() REFEBARE, ©F 7 — NSl value, X MSET KIS E # 62 Hndarray4E
PEN R AR EEAMITEE. full_like() RE A HALSE Fzeros_like(). empty_like() Kones_like() &
H—%.

‘ numpy.full like(a, fill value, dtype=None, order='K', shape=None)
PURNRAS B R 7 7 el AR X P> ek 3

import numpy as np
a = np.array([[1,2,31,14,5,611)

ones like a = np.ones like (a)

Python& BRXBE EIEFRM | EiES
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zeros like a = np.ones like(a)
empty like a = np.empty like (a)
full like a = np.full like(a,5)

print (f'The ones_like a matrix is\n {ones like al')
print (f'The zeros like a matrix is\n {zeros_like_a}')
print (f'The empty like a matrix is\n {empty like al}')
print (f'The full like a matrix is\n {full like al}')

ZITERWMT.

The ones like a matrix is
[[1 1 1]
(11171

The zeros like a matrix is
[[1 1 1]
[1 1 17]

The empty like a matrix is
[[1 1 1]
[1 1 171

The full like a matrix is
[[5 5 5]
[5 5 5]]

02 (1,2 22 (G2 #2 Extracty Construct ¥ matrix
coordinates IZ' E II' IZ‘ IZ'

) -

HERBRE

y Q) (1‘1) (2 (3,‘1) 4,

(00) (1J0) (Z,L) (3J0) (‘LL)

0 >
X
Extract x
coordinates
Construct X matrix

Lo ][2][3][]
Lo ][2][3][¢]
Lol 213 ][]
El3-8  JLafe R mAE

meshgrid() REFE T FARENR 4T EHLIRR P HBILIR, BICELIRAIN L IRy 7 BIFEX
YA FEREE, WE3-8FR. 7E3DLEE, BATR O] U TRAIN R IRy T B R L.

o, KB FFENA T AR ENRSIFEFENRSI AREERE. ME3-8FATRE/LAR
[B]2 5|, meshgrid() RETIEME THRE —HIBERSISHHE. MEB-9FRATEERSIFRHN
o SLEFFIMAS, KA/LAZERSIANFEHIMSTIIKZ 3 X 5, MRABREELRAI MK
25X 3,

& 3% {EMHNumPy | Use NumPy
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Col0 Coll Col2 Col3 Col4 0 1 2
Extract column index
Row 0 along the horizontal | g 1 2
direction
Row 1 # Ol 1] 2
0 1 2
Row 2
0 1 2

Extract row index along the
vertical direction

0 0 0
1 1 1
2 2 2
3 3 3
4 4 4

B39 RSN
NumPy meshgrid() &R ZHIE X 40T,

‘numpy.meshgrid(*xi, sparse=False, indexing='xy')

HsxiRTZPEAMIEN—%RQE, AL UTRME %R = FREJRAE MM, sparseBIA
AFalse, A AFAZEFIERE (dense matrix), Zsparse A Truefy, TG4 FHERIERE (sparse matrix).
RSP, AHENNTEHEZIZZ TIHOTENEE, FEIFoTEmDMENER, NhZFERER
R BIOTRH B AKRZHAS, NLIZFEREAN AR FERE. indexing AKIEHI A MAERSI ARH
4%, Hindexing ='xy'Bf, FTRAEMSLAME, Hindexing =ij'R, F"NEMIEMEERS|IFEIAIME.

EETIBTUTRES, AEpE3-8HE3- 9 E HIRIAE .

import numpy as np

x = np.linspace(0,4,5,dtype ='1")

y = np.linspace(0,2,3,dtype = "i'")

x cartesian, y cartesian = np.meshgrid(x,y,indexing = 'xy'")
x matrix,y matrix =np.meshgrid(x,y,indexing="1ij")

print (f'Meshgrid with Cartesian indexing:\n {x cartesian}\n {y cartesian}')

print (f'Meshgrid with matrix indexing:\n {x matrix}\n {y matrix}'")
DU BE7R 7 {5 FAmeshgrid() &R U4 AU AR I L6 =4 &, WE3-10/717R,
&N

import numpy as np

import matplotlib as mpl
import matplotlib.pyplot as plt
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=y = np.linspace(-10, 10, 150)

X
X, Y = np.meshgrid(x, y,indexing = 'xy'")

Z = np.cos(X) * np.sin(Y) * np.exp(-(X/5)**2-(Y/5)**2)
fig, ax = plt.subplots (figsize=(6, 5))
norm = mpl.colors.Normalize (-abs (Z) .max (), abs(Z).max())

p = ax.pcolor(X, Y, Z, norm=norm, cmap=mpl.cm.bwr)

plt.colorbar (p)

10

3 ‘ 0.75

I L N N 03
y 0F - 0.25
f 1 L

-0
sl --0.25
| 0.5
-0.75
-10 1 L 1 ]
-10 -5 0 5 10

[&13-10  meshgrid() BREH T2E
AT 2800 1e71s F fromfunction() #R £ ndarray2E[F X % . fromfunction() &£ o] DAL 5]
FEEESES ﬁ'Ji_E B ZHIFERE, fromfunction() BRERE XA R,

‘np.fromfunction(function, shape, dtype)

HAEAR R E functionfE o] DUZlambdaE #6583, 1o DUE FdefE XV E @R EL . shapeg—
TCAR,  FASRAE AREERERIAE o
DU RASE 7R 7 a0 1e] {5 F fromfunction() 2R EFNlambdaBE & ok £ Bl#Endarray %8 [ 342 .

>>> np.fromfunction(lambda i, j: i == j, (3, 3), dtype=int)
array([[ True, False, False],

[False, True, False],

[False, False, True]])
>>> np.fromfunction(lambda i, j: i + j, (3, 3), dtype=int)
array([[0, 1, 2],

(1, 2, 31,

(2, 3, 411)

BISCIT AT {8 Fimeshgrid() SREL IR —EMARIIAE , A AL INAS BB AL AR RN\ M ARy FERE, HETfiE
RETE E 4 4Rz BOE. fromfunction() REFRMAL T —FEBHER AR, T A Bl 44 ARAT I
IR EBR B SEAITE .. EA T T, fromfunction() REE R T AN MERdefEXRIRE, 7
BRAXANREE, RRET DA (5,3), XNTASHAKEMBERS I ERME. IXTEIFER
O A% 4N I 3-9 AT 7 o
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import numpy as np

def sum of indices(x, y):
#Getting 3 individual arrays
print (f"Value of X is:\n {x}")
print (f"Type of X is:\n {type(x)}")
print (f"Value of Y is:\n {y}")
print (f"Type of Y is:\n {type(y)}")
return x + y

a = np.fromfunction(sum of indices, (5, 3))
BITERMT.

Value of X is:

[[0. 0. 0.]
[1. 1. 1.]
[2. 2. 2.1
[3. 3. 3.1
[4. 4. 4.1]

Type of X is:

<class 'numpy.ndarray'>
Value of Y is:

[[0. 1. 2.]

I = =
NN

[0 ]
(0. -1
[0 ]
[0. 1. 2.1]

Type of Y is:

<class 'numpy.ndarray'>

3.4 maiknEm

AEBETHEENumPYy R it f7ndarray Tt R IR S| . I F—ZEndarray B [F30 %, TTRMORSIHES
PythonFUZIFRANTCAZEL, WNFR3-5FE3-11F7x, EFERY, NumPyfREREN SRS SH M0

| T T T —h— (T

R3-5 Wl—#Endarray%E Xt Sa BT E 5|

G | Hi
a[m] R3S AhmHITE
a[-m] BIEEm TR
a[m:n] Zo| S MmEn - 1TTER
a[:] EBTER
a[:n] R3S M0Fn - 1H9TE
a[m:] Ho | SmERIMMEBTER

Python& BRXBE EIEFRM | EiES
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G | i
a[m:n:p] K3 SmEn -1, pHEBHOITER
af::-1] WFREMETR

ESETENRZE, E3-11FmmE 7784 F8/& 7~ 7 Pythond | FRANTHR BMNRS| FHik. HEBHIF7T
Fa[a>2] RR3| TaF TEZEAT2HTR. M F8H~np.isnan(a) F TR 5laHJENaNITT XK.

o create a ndarray (a) Example 1 (b) Example 2
a = np.arange (6) alslice(2,5,2)] al2:5:2]
NN EE R E LIRIGIMEE PRGBS
(c) Example 3 (d) Example 4 (e) Example 5
al2] af2:] afl... ]
[oJ2]BI41E]
(f) Example 6 (g) Example 7 (h) Example 8
al-4,-2,-3] ala>2] al[~np.isnan(a)]
LIMEIEIEE]

E3-11 —#H@EAT RS |FF
5 O] DUE B iR Binp. where() SRELINE £ & A0S IE 1. where() BREREX R,

|numpy.where(condition[, X, v])

£ Fwhere() BREHS, RIBEBRIAN conditions HRIEM, BREIFERxHEFRERyWE, FiEAx
HERKLYTUATAE.
AT B+ 7R 7 a01a] {8 Fwhere ()R ESE I af/NFSHITTRIER0.1, KFSHITERIERO0.2.

import numpy as np

a = np.arange (10)

b = np.where(a<5,a+0.1,a+0.2)
print (b)

BITERWT.

a vector is :
[001 23 45¢6 78 9]
b vector is:
[0.1 1.1 2.1 3.1 4.1 5.2 6.2 7.2 8.2 9.2]

~“EndarrayFEFE N R AT REAF T U RS AHRSIN, FEAHESPLETERNITENS]
18, BARIE3-12F7R.

SN, IR O] A Ftake() Fput() BREOATE S RN EMTERSIFIES]. take() Fput() EEL
MNEB AT B RS SEZAHNEFTENHE, XERSISTUESHMNMEE RN,

ME3-13FR 1 Btake() HEN BAE—%E@E L, Ro|GRFR—HEE. WE3-14F7RA{EH
take() FiER, R3ISE—12 X 45, RSIEHRBHEMEE—2 X 4 5EHE.

FEFE XS S o] DAE Fitake() AT RS|. FMERAESHITRSITENZ, take() FEMERS]
SAEBETEAMENTNZIGERN, MEAETNAERE. WEB-1SF7RA— 3 X 4 FI5EHEN
AAETHARREE M EETENRSIE.
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Return selected elements ——

take() FTiAHIR F:

a.take([5,1,3,01)

%]3-13

XU B IEFRM | B

A
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@
Original data: a—
a.take (indices)
9009 l
QOO0

Return selected elements —

Q

23]

III E > 9 = 10 | 11
6‘06 - ; "

E3-14 take() JENA: BIGHIER—#HEE, E3-15  take() JHEITHI 1 TAERE
RS HUE R TERR

FEE3-16(b) 1, a.take([2,3,1]) T PUR[ESEMFa P AIRS M E A2, 3FNATTREE, Kb,
El3-16(c) Fa.take([12,5,2,9]) IREIFE[FaR RS EH12. 5. 2. INTER.

(a) a=np.random.randint (16,
size=16) .reshape (4,4)

EEEE CEEE -
el ] Gk
Lo [

(b) a.take([2,3,1]) (c) a.take([12,5,2,9])

EED
DDE

2] 12|
[o7]
[1][e [o]
(5] [os][os][oa]  [1s][oa][os][o2]  [us][o][os][o2]
[&3-16 take() 77k P 7EAERE

take() ﬁiﬁﬂPE’\Jaxis%;fﬁzEfuﬁﬁﬂé?‘éE%%I%EIEE’J%*"&%*EJ WME3-17(b) FEEFET
7~ atake([3,1,2], axis =1) T I FIFKBUIEMFaNE =5, E—FIFE ZFIMTE. WE3-18(b)ATR

a.take([3,1,2], axis =0) W] DK EIEFFafIE =47, B _'T‘I%DEE—{TE/JTE%o

o
W
—
o
o |l o
=[] <

@)a take([l 1,3,
,axis=1)

0000 900 @0@0
3] [az] iz

(a)Original data: a (b)a.take([3,1,2],axis=1)

S = 9
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S|l 2 ?
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IHI
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SN BN RS [N
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[E3-17 take() J57& FTREEEE—7]
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