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ik

< NumPy 2 Python N—"N B2 E
g NumPy

< BEAMILL: https://www.numpy.org/
< JR1CES: https://github.com/numpy/numpy

o TRFAMBENZ A S EEER
< HXEHHIZEIRHEARENHF R E
< NumPy 2 SciPy. Matplotlib & EBIEFERERA A

< [R{E& . Travis Oliphant
< #MERRZS: 2006 &
o REThRZAs: 1.14.5 (2018 6 A 12 H)
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https://www.numpy.org/
https://github.com/numpy/numpy

NumPy &%
R

< {8 pip %3 NumPy:
% pip3 install --user -U numpy

< MRLZEARKI, FIZIAER apt &=
% sudo apt install python3-numpy
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NumPy f&i7v

Az,

< it NumPy @& L ERIN:

>>> import numpy as np
>>> X = np.array([l, 2, 3])

>>> X

array([1, 2, 3])
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BISHE

NumPy BY%K4H

< Numpy NFEBHIEERE—NE0 2402020, RFHERERSTR
<+ #E (dimension) 7£ Numpy F#EA axis (RE2RIRM, HEERNAIMAEE)

o Gli0, 1E=HEESiachE— AT

<+ [1, 2, 1]
 2— N0, B&=1rE (element) , BIKERN3

<[[1.,8.,0.], [ 6., 1., 2.]]
o BN, E—HKERN2, ETHEKEN 3
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NumPy BY%K4H
< NumPy ZRZHRYZEME AT ndarray

< A&, NumPy BY numpy.array #1 Python fx/&ZEHHRY array.array HA48[E
< NumPy BY array {AGIE—4E802H, HILbIhREESS
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BISHE

NumPy BY%K4H

< ndarray S22 L FEM (attribute) :
< ndarray.ndim: #HAMAEE
< ndarray.shape: #FHABPTHEERIXR/D, HW0—1 n 17 m FIBIREERIR/NA (n, m)
< ndarray.size: FANTENE, HELFTFHHES M EEXRDBER

< ndarray.dtype: EXAMEERE, TTUBENXHFEEA NumPy BUE{ERE, Fia0
numpy.int32. numpy.intlé6. numpy.floaté64 =

< ndarray.itemsize: ERLAMIEEISBEIRIK/)N, U0 floated IAR/NE 8 (=64/8)
< ndarray.data: BEIENEATR, BT EERS|, T EFERILES

SEPHE: NumPy BEIHE



EARRE
NumPy BY%K4H

>>> import numpy as np

>>> g = np.arange(15).reshape(3, 5)

>>> g

array([[ @, 1, 2, 3, 4],
[ 5, 6, 7, 8, 9],
[10, 11, 12, 13, 14]])

>>> g.shape

(3, 5)

>>> a.ndim

2

>>> g.dtype.name

'int64’

>>> a.itemsize

8

>>> a.size

15

>>> type(a)

<type 'numpy.ndarray'>

>>> b = np.array([6, 7, 8])
>>> D

array([6, 7, 8])

>>> type(b)

<type 'numpy.ndarray'>
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BISHE

Bl A
< NumPy 27 Z eI 2 HN A
< a0, NumPy ATLAEIZEMATEERIFIZER (list) 3ot (tuple) FEIEERA:

>>> import numpy as np

>>> g = np.array([2,3,4])

>>> a

array([2, 3, 4])

>>> g.dtype

dtype('int64"')

>>> b = np.array([1.2, 3.5, 5.1])
>>> b.dtype

dtype('floaté4d')
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BISHE

Bl A
<+ 15ER, T34 NumPy SEERNISRENSHLINETIRHTAH, FEEZITITR

>>> g
>>> g

np.array(1,2,3,4) #t WRONG
np.array([1,2,3,4]) # RIGHT
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BISHE

Bl A

< NumPy #EMMIE K £ = B ohHE NS VR 79 NumPy BUERAE TV
o EARFERYIRMITTHIEIE NumPy 22885 0] LUREF

>>> b = np.array([(1.5,2,3), (4,5,6)])

>>> Db

array([[ 1.5, 2., 3. 1,
[ 4., 5., 6. ]]
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Bl E2H
% NUmPy 348 BOMIXE R A VS R AR 2

>>> ¢ = np.array( [ [1,2], [3,4] ], dtype=complex )
>>> (¢
array([[ 1.+0.j, 2.+8.jl1,

[ 3.+0.j, 4.+0.j1])
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Bl A

 ELFENAT, WEHEHENAEATRNRETEAEE, ERHEAXN NIRRT
< Ft, NumPy et T —R5IBREE = HEH NS E TR ERVEREA

\/
0‘0

RIZX zeros EIE—MNPIETTE /Y 0 HIEZH
s (KZX ones ZRIE—MFIBETTEN 1 BVEEE
BRI 2% empty = EIZE—1PIBE TTE BV EH

4

L)

L)

\/
0‘0

< FOAB R MER LR =R ZREEHREESRELZ floatbs
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Bl A

>>> np.zeros( (3,4) )
array([[ 6., 6., 0., 0.],
9., 8., 8., B.],
8., 0., 0., @_])
>>> np. ones( (2,3,4), dtype=np.intlé )
array([[[ 1, 1, 1, 1],
T 1,1, 1, 1],
1,1, 1, 111,
([ 1,1, 1, 17,
1,1, 1, 1],
(1, 1, 1, 1111, dtype=int16)
>>> np.empty( (2,3) )
array([[ 3.73603959e-262, 6.02658058e-154, 6.55490914e-260],
[ 5.30498948e-313, 3.14673309e-307, 1.00000000e+000]])
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BISHE

SIS
 NumPy FE Rl R 2 A ER 7! B R R

>>> np.arange( 10, 30, 5 )
array([18, 15, 20, 25])

>>> np.arange( 8, 2, 8.3 )
array([ 8. , 6.3, 0.6, 0.9, 1.2, 1.5, 1.8])
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BISHE

Bl A

< AT/ NERBEIR#, £/ arange REERXMEFUNE AN TR E
<+ MRBIREEMBBEEKE, FILUER linspace X

>>> from numpy import pi

>>> np.linspace( 8, 2, 9 )
array([ 8. , ©.25, 8.5, ©.75, 1. , 1.25, 1.5, 1.75, 2. 1)

>>> X
>>> f

np.linspace( 6, 2*pi, 160 )
np.sin(x)
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BISHE

FTENZREH
< £/ print BREFTED NumPy 2B, NumPy SERLUTF ARSIV

& a—HEMNECFAITED (%17)
o BIE_LRBMN EETFIED (3851)
o HMEERKMRORM EEZTITED, — P IoHEITEIREERSRITITEN N —E&

4

o0

Ite, —#EREAR LT VAL
SEEN 2R LARE P2 T\ dan
U ZR B R LARE PERY 5 2R A2 T AR

L)

III I| oF

00 00
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BISHE
fTENREA

>>> a = np.arange(6) # 1d array
>>> print(a)
[612345]

>>> b = np.arange(12).reshape(4,3) it 2d array
>>> print(b)

[[B 1 2]

[ 3 4 5]

[ 6 7 8]

[ 9 16 11]]

>>> ¢ = np.arange(24).reshape(2,3,4) it 3d array
>>> print(c)
[[Le 1 2 3]

[ 4 B 6 7]

[ 8 9 18 11]]

[[12 13 14 15]

[16 17 18 19]

[20 21 22 23]]]
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BINHA
FTENIEA

< MREMEAKXK, NumPy =BEhEF

E|IVEERRANEES, RITEIKERNIE

>>> print(np.arange(16000))
[ O 1 2 ..., 9997 9998 9999]

[[ © 1 2 ...
[ 168 161 182 ...
[ 268 2081 202 ...

97 98 99]
197 198 199]
297 298 299]

?
?

,

[9768 9761 9762 ...
[9868 98081 9862 ...
[9968 9981 9962 ...

9797 9798 9799]
9897 9898 9899 ]
9997 9998 99991]

>>> print(np.arange(1600008) .reshape(1600,1600))

"§D% g Fﬁlﬂ: yg)

$BINE: NumPy #EItE
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BISHE
HAIEE

+ BARM RS EEEE N T EERINEY
v EEER A LA IR

>>> g = np.array( [20,30,40,50] )
>>> b = np.arange( 4 )

>>> D

array([@, 1, 2, 3])

>>> Cc = a-b

>>> C

array([28, 29, 38, 47])

>>> ph**2

array([0, 1, 4, 91)

>>> 10*np.sin(a)

array([ 9.12945251, -9.88031624, 7.4511316 , -2.62374854])
>>> g<3h

array([ True, True, False, False])

$BINE: NumPy #EItE




“ 15ER, SAEBAEFES (a0 Matlab) K[E, 3

XRTTEM, MIEKRHER (FRA)
 RWEMFEMEA 058 dot () RN

€S (*) £ NumPy NEHIEEH

>>> A = np.array( [[1, 11,
. (6, 111 )
>>> B = np.array( [[2, @],
. [3, 411 )
>>> A * B # elementwise product
array([[2, @],
(6, 411)
>>> A @ B # matrix product
array([[5, 4],
[3, 411)
>>> A.dot(B) # another matrix product
array([[5, 4],
[3, 411)
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BISHE
HAIEE

o SIREER, RLSTED (B0 + F*) $EBEXENTE, MIBREHRNA

>>> g = np.ones((2,3), dtype=int)
>>> b = np.random.random((2,3))
>>> g *= 3
>>> Qa
array([[3, 3, 3],
[3, 3, 31D
>>> ph += g
>>> D

array([[ 3.417822 , 3.72832449, 3.80011437],

[ 3.38233257, 3.14675589, 3.89233859]])
>>> a += D # b is not automatically converted to integer type
Traceback (most recent call last):

TypeError: Cannot cast ufunc add output from dtype('floaté4') to dtype('inté4') with casting rule
'same_kind'
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BISHE
HAIEE

+ MRZEEEZ I ARRENNE, CEEREAERHAIZRENTT (upcasting)

>>> g = np.ones(3, dtype=np.int32)

>>> b = np.linspace(8,pi,3)

>>> b.dtype.name

'floaté4’

>>> ¢ = ath

>>> C

array([ 1. . 2.57079633, 4.14159265])

>>> c.dtype.name

'floaté4’

>>> d = np.exp(c*1j)

>>> d

array([ 0.54036231+0.841470898j, -0.84147098+0.540308231j,
-0.54030231-0.84147098j])

>>> d.dtype.name

‘complex128’
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BISHE
HAIEE

o WFARBD—ITizH (FIAIEANRM) K, ndarray #BEZHREHENAIERER

>>> b = np.arange(12) .reshape(3,4)
>>> D
array([[ 8, 1, 2, 3],
[ 4, 5, 6, 7],
[ &, 9,18, 111D
>>>
>>> b, sum(axis=0) #t sum of each column
array([12, 15, 18, 21])
>>>
>>> b.min(axis=1) # min of each row
array([8, 4, 81)
>>>
>>> b, cumsum(axis=1) # cumulative sum along each row
array([[ 8, 1, 3, 6],
[ 4, 9, 15, 22],
[ 8, 17, 27, 38]])
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< NumPyi% Ly —LEE AHBVEF RKIEN, 90 sin. cos. exp F
& SR RERAR 95 FH 220 (universal functions)

<+ SWFEBEEERN, BRARDEE I X BHTRHITRIER

>>> B = np.arange(3)
>>> B

array([6, 1, 2])
>>> np.exp(B)

array([ 1. . 2.71828183, 7.3890561 1)
>>> np.sqrt(B)

array([ ©. 1. . 1.41421356])
>>> C = np. array([Z ., 4.])

>>> np.add(B, C)
array([ 2., 0., 6.])
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BISHE

=5l. ®E. &R

< —HRATUERKRES. =B BN, 1TARIMRERERSIR

>>> g = np.arange(18)**3

>>> Qa

array([ 0, 1, 8, 27, 64, 125, 216, 343, 512, 729])

>>> g[2]

8

>>> g[2:5]

array([ 8, 27, 64])

>>> a[:6:2] = -1000 # from start to position 6, exclusive, set every 2nd element to -1000
>>> a

array([-1608, 1, -1eee, 27, -10e0, 125, 216, 343, 512, 729])
>>> a[ : :-1] it reversed a
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BISHE

#=3l. By, &R
» ZEPAS T EERE—ERS|, HRNTRESRA

>>> def f(x,y):
e return 10*x+y
>>> b = np.fromfunction(f, (5,4),dtype=int)
>>> D
array([[ 6, 1, 2, 3],
[18, 11, 12, 13],
[20, 21, 22, 23],
[308, 31, 32, 33],
[40, 41, 42, 43]])

>>> p[2,3]

23

>>> p[0:5, 1] #t each row in the second column of b

array([ 1, 11, 21, 31, 41])

>>> p[1:3, : ] #t each column in the second and third row of b

array([[10, 11, 12, 13],
[20, 21, 22, 23]1])
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BISHE

=5l =B, AR

<+ MRZHBANRS K BRME, FANER

TaRAESs

>>> p[-1] #t the last row. Equivalent to b[-1,:]
array([40, 41, 42, 43])
J:LJ?J?EJEEI HiEEgBRRME, NumPy SMEMEEN :, IS

X B/% I8

S (1) Z%, NumPy i iFrERERSATREE, #190: bli,...
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BISHE

=5l =B, AR

+« Z5S (...) ARESIPEERMINR SR
<« a0, MR x=Z2—1 5 4HEH, A

i

’:’X ]%l_.l__x[lazy.,.’.]
’:’X 3]%':'_._}([ EEREE 73]
<+ x[4,...,5,:1FRTFx[4,:,:,5,:]
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BISHE

=5l =B, AR

>>> ¢ = np.array( [[[ 0, 1, 2], #t a 3D array (two stacked 2D arrays)
[ 10, 12, 13]],
[[100,101,102],
1110,112,113117)
>>> c.shape
2, 2, 3)
>>> ¢[1,...] t same as c[1,:,:] or c[1]
array([[160, 101, 1621,
[118, 112, 113]])
>>> ¢[...,2] } same as c[:,:,2]
array([[ 2, 13],
[102, 113]])

$BINE: NumPy #EItE



BISHA

=5l ®&E. &R
0’0 L_,_— > 252 AL,_A_A_—QEAQ
< WNRBE /I\%IQHEI’JéﬁBTE%, a] LUE R flat B

>>> for row in b:
print(row)

[61 2 3]

[10 11 12 13]

[20 21 22 23]

[30 31 32 33]

[40 41 42 43]

>>> for element in b.flat:
print(element)

WMNOPFkPFO- -

$BINE: NumPy #EItE
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AR NI

T H
o —PNEMAR (shape) BIE—4EMTEI=

>>> g = np.floor(10*np.random.random((3,4)))
>>> g
array([[ 2., 8., 8., 6.1,
[ 4., 5., 1., 1.],
[ 8., 9., 3., 6.]])
>>> g.shape
(3, 4)

$BINE: NumPy #EItE



AR NI

I

o FEAMAZIR A LOEE Z 75 B
>>> a.ravel() # returns the array, flattened
array([ 2., 8., 6., 6., 4., 5., 1., 1., 8., 9., 3., 6.])
>>> g.reshape(6,2) # returns the array with a modified shape
array([[ 2., 8.],
[ 8., 6.1,
[ 4., 5.1,
[ 1., 1.1,
[ 8., 9.1,
[ 3., 6.1D
>>> a.T # returns the array, transposed
array([[ 2., 4., 8.1,
[ 8., 5., 9.],
[ 0., 1., 3.],
[6., 1., 6.1
>>> a.T.shape
(4, 3)

$BINE: NumPy #EItE



AR NI

Y FE i

< fEravel() R¥H, MEHN—H#HAEE S REMRSLEHRN (CXE)

< HLtk, N8R {ER reshape() KE, BHAXBEREMRI

> NRFHLEFERT EMRS (FORTRAN Xiig) siEMIBHA AT, BILAER order &K
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AR

HEITH
< A PR, (£ reshape() RFRAELER, =iR[O|—PHTEVENHE
< fEH nadrray.resize() MEBRAEENEE

>>> a

array([[ 2., 8., 0., 6.],
[ 4., 5., 1., 1.1,
[ 8., 9., 3., 6.1

>>> a.resize((2,6))

>>> a

array([[ 2., 8., ©., 6., 4., 5.1,
[1., 1., 8., 9., 3., 6.1

$BINE: NumPy #EItE



AR NI

A IER R
< WELBEHGERN, WAJLER -1 RBTERIRERE

>>> g.reshape(3,-1)

array([[ 2., 8., 8., 6.]
[ 4., 5., 1., 1.]
[ 8., 9., 3., 6.]
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AR NI

SRS MMz
< NumPy IR T S2H Z INBYEK EX hstack F vstack

>>> a = np.floor(10*np.random.random((2,2)))

>>> g

array([[ 8., 8.],

[ 8., 0.]])
>>> b = np.floor(10*np.random.random((2,2)))
>>> D
array([[ 1.,

[ 0.,
>>> np.vstack(
array([[ 8.,

$BINE: NumPy #EItE



AR TV R

LA E NFF D
< XPAY, NumPy 324t hsplit 0 vsplit P NERIERA TR0 £44A

>>> g = np.floor(10*np.random.random((2,12)))

>>> g

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

>>> np. hspllt(a 3) #t Split a into 3

[array([[ 9., 5., 6., 3.1,

[ 1., 4., 9., 2.]11), array([[ 6., 8., 0., 7.1,

[ 2., 1., ©., 6.]1]1), array([[ 9., 7., 2., 7.1,

[ 2., 2., 4., 8.1D]
>>> np.hsplit(a,(3,4)) # Split a after the third and the fourth column
[array([[ 9., 5., 6.1,

[ 1., 4., 9.11), array([[ 3.1,
[ 2.1, array([[ 6., 8., 6., 7., 9., 7., 2., 7.],
[2., 1., 8., 6., 2., 2., 4., 8.1D]
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AR NI

#AS MK

< vstack Ml vsplit @XFFE—EIR(E (vertically, XtFREFERG, B “47° )
< hstack #] hsplit @XIE —412E (horizontally, ItF4ERERIE, BD “F” )
< WMEFIMERLERRIE:

% Z1: concatenate

< https://www.numpy.org/devdocs/reference/generated/numpy.concatenate.html
< ¥F4 . array_split
< https://www.numpy.org/devdocs/reference/generated/numpy.array split.html
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WA S wl R FE

R HI R
< NumPy 3 FiR[EIEEFHRFEFE LT =GR :

<+ T£EH| (NoCopyatAll) : FHZTLEASWEF
<+ %E% (View/Shallow Copy) : #HAEAME D TESWEF
<+ REEH| (Deep Copy) . BENBUAMAEFEHSHEF
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WA S wl R FE

T E il
< RNREREFAEREARNZF

>>> g = np.arange(12)

>>> ph = a # no new object is created

>>> b is a # a and b are two names for the same ndarray object
True

>>> b.shape = 3,4 # changes the shape of a

>>> g.shape

(3, 4)

$BINE: NumPy #EItE



WA S wl R FE

T E il

< Python ZKAJZ (mutable) XRENSIRAEE, Rt AZEFEMAZF

>>> def f(x):

X.shape = 4,3
>>> f(a)
>>> g.shape

(4, 3)
>>> pb.shape

(4, 3)

$BINE: NumPy #EItE




WA S wl R FE

X E
< view MBS ERAXEGNGEZCZE—TEANRA T1)

IR
-

>>> ¢ = a.view()
>>> ¢ 1s a
False
>>> c.base is a # ¢ is a view of the data owned by a
True
>>> c¢.flags.owndata
False
>>>
>>> ¢.shape = 2,6 # a's shape doesn't change
>>> g.shape
(3, 4)
>>> c[0,4] = 1234 it a's data changes
>>> a
array([L 6, 1, 2, 3],
[1234, 5, 6, 7],
[ 8 9, 18, 11]D

$BINE: NumPy #EItE



WA S wl R FE

%2
 SIARITHRFIRIZER view REUREIRMANIDESE (BITR)

>>> g =3a[ :, 1:3] it spaces added for clarity; could also be written "s = a[:,1:3]"
>>> s[:] = 10 ¥ s[:] is a view of s. Note the difference between s=18 and s[:]=10
>>> g
array([[ o0, 10, 10, 3],

[1234, 10, 18, 71,

[ 8, 10, 10, 111D

$BINE: NumPy #EItE



WA S wl R FE

REE !

* copy R ZIR[E|—MEAENREER], SEEFMENER

>>> d = a.copy() #t a new array object with new data is created
>>> d is a
False
>>> d.base is a # d doesn't share anything with a
False
>>> d[8,0] = 9999
>>> a
array([[ 0, 10, 10, 3],
[1234, 10, 18, 7],
[ 8, 18, 10, 11]]

$BINE: NumPy #EItE



WA S wl R FE

REE !

o MIODRAMERNAER, MNRMN—TERNEAEPEE TEHDTtR, MENEFCBHE
B, PARTER copy RECRESSIHINNTFEA, HIEEA LR

>>> g
>>> b

np.arange(int(1e8))
a[ :100].copy()
>>> del a # the memory of ""a ° can be released.

» FEBIGIFE, MEEAD = a[:100] FIREEMA copy B, B4 a Ff S IEMIATEIER
B4 548

$BINE: NumPy #EItE
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5|15
$A %3

< NumPy #83Y Python #rEERIRRE T EZ RS TA
< 530, NumPy iF@Ed —HERGIR—RIERT—7 A

>>> g = np.arange(12)**2 #t the first 12 square numbers
>>> i = np.array( [ 1,1,3,8,5 ] ) # an array of indices
>>> g[i] #t the elements of a at the positions i

array([ 1, 1, 9, 64, 25])

>>> j =np.array( [ [ 3, 4], [ 9,711) # a bidimensional array of indices
>>> a[j] #t the same shape as j
array([[ 9, 16],

[81, 4911)

$BINE: NumPy #EItE




5|15
SR %3
oo

* é?&*ﬁ?ﬂ’]*&éﬂmyéﬁpﬂléﬂﬂj‘, (5 RNERF—HE, Hlal, TR
B RFEEREN—KE R

- PR

>>> palette = np.array( [ [0,0,0], it black
e [255,0,0], it red
[0,255,0], it green
[0,0,255], it blue
[255,255,255] ] ) it white
>>> 1mage =np.array( [ [ 6, 1, 2, 8 ], #t each value corresponds to a color in the palette
[0,3,4,086] 1)
>>> palette[image] it the (2,4,3) color image
array([[[ 6, 8, 8],
(285, @, @l,
[ 0, 255, @],
[ Br 91 B]]r
[[ Br 91 B])
[ 0, 8, 255],
[255, 255, 255],
[ 6, 6, 8]l

$BINE: NumPy #EItE
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$A %3

» NumPy X8 2 M MAIE N RRS], BRE—ENTRSIUER

>>> g = np.arange(12).reshape(3,4)
>>> g
array([[ 8, 1, 2, 3],

[ 4, 5, 6, 7],

[ &, 9,18, 111D

>>> 1 = np.array( [ [0,1], ¥ indices for the first dim of a
[1,2] 1)

>>> j = np.array( [ [2,1], # indices for the second dim
(3,31 1)

>>>

>>> g[1i,j] f 1 and j must have equal shape

array([[ 2, 5],

[ 7, 111D
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< Wal LR 1 M j BoE—15IRE, BfS&Ea a

>>> ] = [i,j]
>>> g[1] f equivalent to ali,j]
array([[ 2, 5],

[ 7, 111D

<« BE, FEEHE LM jE—TEEEE, SNEE NumPy BNSERRAEHE—HE

>>> s = np.array( [i,j] )
>>> g[s] #t not what we want
Traceback (most recent call last):

File "<stdin>", line 1, in ?
IndexError: index (3) out of range (B<=index<=2) in dimension 8
>>> a[tuple(s)] it same as ali,j]
array([[ 2, 5],

[ 7, 11]D)
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>>> time = np.linspace(28, 145, 5) #t time scale

>>> data = np.sin(np.arange(20)).reshape(5,4) #t 4 time-dependent series
>>> time

array([ 20. , 51.25, 82.5, 113.75, 145. 1)

>>> data

array([[ 0. . 0.84147098, 0.98929743, ©.14112001],

[-0.7568025 , -0.95892427, -0.2794155 , 0.6569866 1,
[ 0.98935825, 0.41211849, -8.54402111, -0.99999921],
[-0.53657292, 0.420167064, 0.99068736, 0.65028784],
[-0.28798332, -0.96139749, -0.75098725, 0.1498772111)
>>>
>>> ind = data.argmax(axis=0) #t index of the maxima for each series
>>> ind
array([2, 6, 3, 11)
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< PRS2 EHR BT EREfEXAE

>>> time_max = time[ind] ft times corresponding to the maxima
>>>

>>> data_max = data[ind, range(data.shape[1])] # => data[ind[8],6], data[ind[1],1]...
>>>

>>> time_max

array([ 82.5 , 28. , 113.75, 51.25])

>>> data_max
array([ 0.98935825, 0.84147098, 0.99860736, 0.6569866 1)

>>>
>>> np.all(data_max == data.max(axis=0))
True

$BINE: NumPy #EItE
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/RE5|

* ERABEERSIN, HRET —1R3INFFIRRERLETTEN S HIEH
<+ ERMRESIN, BB IRERRERRERETTRN SHIEH
<+ RiaBHNHRERES| AT EEHETRBEE— T H/RE

>>> g = np.arange(12).reshape(3,4)
>>> h =3 > 4
>>> D # b is a boolean with a's shape

array([[False, False, False, False],
[False, True, True, Truel],
[ True, True, True, True]])

>>> g[b] # 1d array with the selected elements
array([ 5, 6, 7, 8, 9, 10, 11])
>>> g[b] = 0 it All elements of 'a' higher than 4 become 8
>>> g
array([[0, 1, 2, 3],

[4, 9, 8, 8],

[0, 8, 0, 8]])
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>>> import numpy as np
>>> 1mport matplotlib.pyplot as plt
>>> def mandelbrot( h,w, maxit=20 ):

"""Returns an image of the Mandelbrot fractal of size (h,w).

y,X = np.ogrid[ -1.4:1.4:h*1j, -2:08.8:w*1j ]

C = X+y*1]
Z =C

divtime = maxit + np.zeros(z.shape, dtype=int)

for i in range(maxit):
z =22 +¢C
diverge = z*np.conj(z) > 2**2

# who is diverging

div_now = diverge & (divtime==maxit) # who is diverging now

divtime[div_now] = i
z[diverge] = 2

... return divtime
>>> plt.imshow(mandelbrot(460,460))
>>> plt.show()

# note when
# avoid diverging too much

50
100
150
200
250
300
350
400

100

200

300

400
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 SEHERSIEM, MRFESWAIUMTESNMEZHLEHE, NMRBXINITER

>>> a = np.arange(12).reshape(3,4)

>>> bl = np.array([False,True,True]) #t first dim selection
>>> b2 = np.array([True,False,True,False]) t second dim selection
>>> a[bl,:] ft selecting rows

array(L[ 4, 5, 6, 7],

[ 8, 9,18, 11]])
>>> a[bl] it same thing
array(L[ 4, 5, 6, 7],

[ 8, 9,18, 11]])

>>> a[:,b2] # selecting columns
array([[ 0, 2],

[ 4, 6],

[ 8, 10]1)
>>> a[bl,b2] #t a weird thing to do

array([ 4, 18])
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< NumPy 35— ix_ EI?& REFE PN —ZE 21 4H >>> arr2 = np.arange(32).reshape((8,4))
RIGA—THATIEE G EXIRRERS |48 >>> arr2

. : L e sk " array([[ 0, 1, 2, 3],
o EXMMHIFE, ix_ RECEEEH [1,5,7,2] F1#k [ 4,5, 6, 7],

41[0,3,1,2] FEHRRR, B (1,0), 53, 18 1,
(1,3), (1,1), (1,2); (5,0), (5,3), (5,1), [16, 17, 18, 19],
(5,2); (7,8), (7,3), (7,1), (7,2); (2,0), [28, 21, 22, 23],

[24, 25, 26, 27],

2,9, @1, @2 | 24, 28, 26, 2],
< FZERAAAR (1’@)’ (1’3)’ (1’1)’ (1’2) EVEE:

arr2 FRX R e9c=4, 7, 5, 6 >>> arrz2[np.ix_([1,5,7,21,[9,3,1,2])]

- array([[ 4, 7, 5, 6],

< ®BiR4r (5,0), (5,3), (5,1), (5,2) BVS [gg 2, 2, :2331

arr2 FIXsRE7EER 20, 23, 21, 22 I
< WIESSHE

SEPHE: NumPy BEIHE
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<+~ BEHHMIIER USZE R HGE:

% https://www.numpy

.org/devdocs/user/quickstart.html

< NumPy BYSE /MR I5:

< https://www.numpy

.org/devdocs/user/quickstart.html#tricks-and-tips

& BRIEF A1 BA A R 2

=it -

< https://www.numpy

.org/devdocs/reference/routines.html #FPython

< Wes McKinney &I/ Python #{TEIED ) :
< http://product.dangdang.com/25312917.html

R TEIE DT
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