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® KETOHEE - F{E - ATICERLPYythonD/NNY T —2%ZFES
® 72 7% < Matplotlib
® FEFTE % 95 NumPy

0 BE MICHRLABHDHLDHB.
MFIITETE: SciPy
5T HLIE: Pandas
K F R scikit-learn



Matplotlib



75 77? Excel THEIFTIX L VLD TIE?

® Excell3RABY I I T7THHT, o5 7H#HEY 7 U7 TlE

HHODFEA.

o FTITAFILMEERDEHZES
O T—ANEFIINBZZCIC

H.
il

AHECADHDTZTHTEHN S

FELTY S 7% 1ES DIFBERIDMEEL.

'Hnm

777 &4 b

IR RERE D H7?

RHKRTE THAVWE ZBH
 Hhh 5 Run

TATHRED OREREAN11?

Wil
v a‘\ "

T Tl]1 e T T2 e 7 5] 3 7’8:/1/—632|§ E ‘im@@h?



757 %E< 1= D F

o NELREY 12— )L%&import
I 27 %L e DET 2 —)L Matplotlib
matplotlib.pyplot % plt & &{FiF TEES
BUEEBEDIZHDED 2—J)L NumPy
np £BITTES

o FRMNLGESTH

import matplotlib.pyplot as plt
import numpy as np




J 2 71/ \ v T —< Matplotlib

wx i Plot types Examples Tutorials Reference User guide Develop Release notes "o O ¥
matpl: tlib Q ©

Matplotlib: Visualization with Python

Matplotlib is a comprehensive library for creating static, animated, and interactive visualizations in Python.
Matplotlib makes easy things easy and hard things possible.

¢ Create publication quality plots.

¢ Make interactive figures that can zoom, pan, update.
¢ Customize visual style and layout.

e Export to many file formats.
e Embed in JupyterLab and Graphical User Interfaces.
¢ Use a rich array of third-party packages built on Matplotlib.

bar(x, height) / barh(y, width) Try Matplotlib (on Binder) >

s D
httDs’//matplotIib.org[ h
— FEBICHRELTVWET l

Getting Started Exam )at Sheets Documentation
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xOHEERT 57 DA plot

import matplotlib.pyplot as plt
import numpy as np

x = [10, 20, 30, 40, 50, 60, 70] T~ 2 DR
y = [100, 400, 900, 1600, 2500, 3600, 4900]

plt.plot(x, y) NIRRT ZT7ZHE< XYV v I plot()

plt.show() RTITB

%, Figure 1

AE> Q=2 B
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1000 A
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|
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L
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AL LEHERE LTS

@ ( Ana.ly of a figure |-
Major tick \ e 1 — 22?' FM@J (H:A./n\/\)
D wend | | BEDTOY bHHBHEIE
Minor tick (CIVINCIRANOYINY oY R o ¥ ol I
b-l
B CH B IEBT R I R SR /
BN 3G LBz H5EL | T

=B d

X axis label

/
T T | T T T T T T
o—0.2° 275 1 125150 1A , 225250275 3 325350375 ,
Y — — —
EE o . . s label
E JITL D % t d) CJ: j Lk—j:)]'__?é 75\ LL_ :E) Minor tick label Made with https://matplotlib.org
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import matplotlib.pyplot as plt
import numpy as np

x = [10, 20, 30, 40, 50, 60, 70]

T—H2% )X NTHER
BREUSHETE L

yl = [100, 400, 900, 1600, 2500, 3600, 4900]
y2 = [200, 600, 1200, 2000, 3000, 4200, 5600]

plt.
plt.

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

plt.

22 A )LIF &R
plot(x, y1, |marker="'0', color="red’', linestyle='--")
plot(x, y2, |marker='v', color="blue', linestyle=":")

. B Elplot)E 3179 3 &
exis((0, 100, 0, 6000)—) [ 4mig T W ath s Sh s
grid(True) a
title('matplotlib testl1’) xENDE/N, 8K,
xLabel (") T yBOR), 8K OIE
ylabel('y")
legend(L'y1", 'y2'1) ZHLUZE LA

show()

XFHNTHBZCITER

% Figure 1

AEI> Q=2 B
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LB WAREZEE L f-LV(1)

® FD%
® X1k
® TRIEEE
® D

Aii: xlabel(), ylabel()
JL: title()

B D xticks(), yticks()

® X - yEH% HHE: axhline(), axvline()

o MRF=x
L O

FRIE: grid()
: xscale(), yscale()

'linear’: R~

log": XE&

H: axis() (1 Z CICHETE L TEWEE X xlim(), ylim()

|

LS 1B matplotlib.pyplot DEIEX
IcHWVNBAWNAEH D

A




RINY A FTHERRELS

https://matplotlib.org/stable/index.html

Q pyplot.axis ctrl - K

FTARTEWAY W R4

matplotlib.pyplot.axis W&, . X— D TFDHIZ1T<

Search

Searching for multiple words only shows matches that contain all words.

If you want to limit your search to working code examples, include the keyword "codex" (mnemonic for code example) in your
search, e.g., "codex ellipse”.

‘ pyplot.axis ‘ [ search }

Search Results

Search finished, found 288 page(s) matching the search query.

. @m_atplotl' pyplot.axi<

matplotlib.pyplot.a; otlib.pyplot.axis(*args, emit=True, **kwargs)[source] Convenience method to get or set

some axis properties! natures: Xmin, xmax, ymin, ymax = axis() xmin, xmax, ymin, ymax = axis([xmin, xmax,

ymin, y...

matpl: tlib
matplotlib pyplet angle_spectrum
matplotlib.pyplot annotate
matplotlib.pyplet.arrow
matplotlib pyplot autoscale
matplotiib pyplot axes

matplotlib pyplot axhline
matplotlib pyplot axhspan
matplotlib.pyplot.axis

matplotiib pyplet axline
matplotiib.pyplot axviine
matplotlib pyplet axvspan
matplotlib.pyplot bar

matplotlib. pyplot bar_label

matplotiib yplat barbs

matplotlib.pyplot barh

Plot types

Examples Tutorials Reference User guide Develop Release notes Q © stable - "o oY

‘tight’

‘auto’

‘image’

‘square’

SO U AT Iy |G VIR IS A MY T gy

dimensions of the plot box. This is the same as Examples using

ax.set_aspect('equal', adjustables'box’, anchors'C'). matplotlib.pyplot.axis

Additionally, further autoscaling will be disabled.

Set limits just large enough to show all data, then disable
further autoscaling.

Automatic scaling (fill plot box with data).

‘scaled' with axis limits equal to data limits.

Square plot; similar to ‘scaled', but initially forcing xmax-xmin

== ymax-ymin ,

emit : bool, default: True
Whether observers are notified of the axis limit change. This option is passed

onto set_xlim and set_ylim.

ERICERALTWA T TILY —XO—RKhH 3
HDDT=H D Hf=»

matplotiib pyplet clim
matplotlib pyplot close
matplotlib pyplet cohere
matplotlib.yplot.colorbar
matplotiib pyplet contour
matplotlib pyplot contourf
matplotlib pyplt csd
matplotiib pyplot delaxes

matplotlib pyplet draw

matplotlib yplet draw_if_interactive

matplotlib pyplot errorbar
matplotlib pyplot eventplot
matplotlib pyplet figimage
matplotlib.pyplot figlegend
matplotlib.pyplot fignum_exists

matplotlib pyplot figtext

\_

(Examples using matplotlib.pyplot.axis )

Filled polygon

Pyplot tutorial

Auto-wrapping text

Reference for Matplotlib
artists



https://matplotlib.org/stable/index.html

WA WABFEZE L 1-LV(2)

o j;?"_:j]'__') ﬁgﬁa fﬁgua %%'CZ)TtB
plot)DF—"T— R5|THEE
< —71—: marker
&: color (BB ) - B LT+ —<y FXEEITHIEE A
$RD XA )L: linestyle (BB&HZ Is) |
SSIE: linewidth (BEST Iw)
< —H—1 1 X: markersize (BAB&FZ ms)
RBIEDZN)L: label B4D70Oy ML TEETZCHTES

plt.plot(x, y1, marker="o', color='red’, linestyle='--") plt.plot(x, y1,|'or-=-"| label="y1")
plt.plot(x, y2, marker='v', color='blue’', linestyle=':") <$:i> plt.plot(x, y2,|'vb:', |label="y2")
plt.legend(['y1’', 'y2']) plt.legend()




T—H— B BOIKE

category character description

marker point marker

marker ) pixel marker

marker circle marker

marker v triangle_down marker
marker A triangle_up marker
marker < triangle_left marker
marker > triangle_right marker
marker 1 tri_down marker
marker 2 tri_up marker
marker 3 tri_left marker
marker 4 tri_right marker
marker 8 octagon marker
marker S square marker
marker p pentagon marker
marker P plus (filled) marker
marker * star marker

marker h hexagon1 marker
marker H hexagon2 marker
marker + plus marker

marker X x marker

marker X x (filled) marker
marker D diamond marker
marker d thin_diamond marker
marker | vline marker

marker hline marker

category character description
linestyle - solid line style
linestyle -- dashed line style
linestyle - dash-dot line style
linestyle : dotted line style
color b blue

color g green

color r red

color C cyan

color m magenta

color y yellow

color k black

color W white




BN#AX: scatter

import matplotlib.pyplot as plt
import numpy as np

x = [10, 20, 30, 40, 50, 60, 70]

yl = [100, 400, 900, 1600, 2500, 3600, 4900]
y2 = [200, 600, 1200, 2000, 3000, 4200, 5600]
', color="red’)
, color="blue’)

plt.scatter(x, yl1, marker='o
plt.scatter(x, y2, marker='v'
plt.axis([@, 100, @, 6000])
plt.grid(True)
plt.title('matplotlib scatter1’)
plt.xlabel('x")

plt.ylabel('y")
plt.legend(['y1’', 'y2'1])

plt.show()

scatter()

X Figure 1

AEI> Q=2 B

6000

matplotlib scatterl

5000 +

4000 A

> 3000 A

2000 +

1000 A
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A\ 4

e vyl
v y2
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80

100




¥ = 7: bar

import matplotlib.pyplot as plt
import numpy as np

x1 =[1, 2,3, 4,5,6, 7] 03355

x2 = [1.3, 2.3, 3.3, 4.3, 5.3, 6.3, 7.3]

1abels — [IAI’ IBI’ ICI’ IDI’ IEI’ IFI’ IGI]
yl = [100, 400, 900, 1600, 2500, 3600, 4900]
y2 = [200, 600, 1200, 2000, 3000, 4200, 5600]

A

y

BEDEH03IcT 5=9 b LIEEXI
plt.bar(x1, y1, width=0.3, color="red’', tick_label=labels)
plt.bar(x2, y2, width=0.3, color="blue’, tick_label=1abels)

plt.title('matplotlib bar1’)
plt.xlabel('x")
plt.ylabel('y")
plt.legend(['y1’', 'y2'1)

plt.show()

bar()

X Figure 1

AEI> Q=2 B

5000 A

4000 A

- 3000 |

2000 +

1000 A

matplotlib barl
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® MatplotlibiCIFEEh A TNH2TEEH 5 .

T l\?ar'](ObJect Oriented = O0)X X 1)L

T2 7B F* v /NARE7% % Figure &, ¥v 2 N\NIARNTIT 7 ZH<BEE TH D Axes &
B TEMRT 3.

MERE CTHIEIABIEETH D, EML T T ZHE T B,

pyplot X X1 JL (MATLABX X1 JL)
Figure L AxesDERZ 51 7 JICEEHEICT B. SHERBLI-DIZZBE5
BN RZ THDBEICT ST ZHETET 3.

@ VT JRFANRTEEIZTBREICIE, CELEDIXAXAILTERINT
WA E BRSO ZINELDH B.

plt DAHE L -pyplot X X1 )L fig, ax H'EH ->O0X X1 )L
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Bar Label Demo

Broken Barh

i ity ity

CSD Demo

EventCollection Demo

Filling the area

between lines

Stacked bar chart

CapStyle

Curve with error band

Eventplot Demo

A'A!
A A

AR
3

v

Fill Betweenx Demo

Grouped bar chart with

labels

Plotting categorical
variables

Errorbar limit selection

Filled polygon

Hatch-filled histograms

Horizontal bar chart

i 12,}s,f~4;‘4-!s\~,’.‘i~(\‘\r,(‘M

Plotting the coherence
of two signals

Errorbar subsampling

AORRIIIDD PIDIIID

Fill Between and Alpha

il

Bar chart with
gradients

Hat graph Discrete distribution as

horizontal bar chart

Lines with a ticked Linestyles

patheffect

prop_cycle property
markevery in rcParams

Plotting masked and

NaN values

Scatter Custom Symbol Scatter Demo2

Scatter plot with pie

Marker examples

chart markers

https://matplotlib.org/stable/gallery/index.html

Marker reference

AVA;
/\/l

Multicolored lines

v N

)

Scatter plot with
histograms

Scatter Symbol

Customizing dashed

line styles

Markevery Demo

s V)

Psd Demo

Scatter Masked

Scatter plots with a
legend

R4

_\

Affine transform of an

image

Contour Demo

Contourf Hatching

'y

Figimage Demo

Image Demo

Wind Barbs

Contour Image

scale

Creating annotated
heatmaps

Image Masked

Barcode

Contour Label Demo

Contouring the
solution space of
optimizations

Image antialiasing

Image Nonuniform

Contour Corner Mask

® i

Contourf Demo

Bboximage Demo

Clipping images with
patches

Blend transparency
with color in 2D
images


https://matplotlib.org/stable/gallery/index.html

NumPy+Matplotlib
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BUEER/NY T— NumPy

0.0

PythonlZ & 2 RIERMFEOER /NN v r—2

P ﬁ
N u m y BHYJ—X: NUMPY 1.26. 3R TOUU—RERTT S

numpy.orgWEFFEERIL FHIGEICHIEL FE LI, 202000

587178 % R 7ehc BAEFTEY — LB MHEERM

NumPyDERE TEHEER N b ILEE NumPyld, B4 GHFRM. LBER NumPyld, IBEVWN—RY TPy
B A>Ty IR0EB, JO-RFFvrI b 8. BERBIL—F . 7-UIEBRLY Ca—Fa>T - 73y bTx—LEY
DEZFIE. REORIFHEICETZT ERHLTVET, R—bLTHED. SHILE, GPU. B{TF

T7Ih« RAVHA—RTT, SATIVICHRIELTVET,

o )
=/N\NT+—Y

—— https://numpy.org/ |
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NumPyDE AT — X & ndarray 2
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BERDT ST &<

import matplotlib.pyplot as plt CChEFHLWEDA ]
import numpy as np

% Figure 1

X = np.linspace(@, 10, 100) # @M\ 510X T, 100m } 4 €3 OEEE

y = np.sin(x) # NumPy®Dsin()Z&{E > . mathTIE X0,

function plot

1.00 A — sin(x)

plt.plot(x, y, label="sin(x)', linestyle='-")

0.75 A

grid(True) T*ﬁm?’%zmgffg;r?:%cmm]

> 0.00+

plt.title('function plot’)
plt.xlabel('x")
plt.ylabel('y")
plt.legend()

—1.00 1

—0.25 1

—0.50 1

plt.show() x




ndarrayB2 D1 > X2 2 ADHERK

® TR AEDHNCN —
) 2 b DB &R np.array([1, 2, 3, 4]) e
startHh Sstop X TZ FREIRICnummE: XY v K linspace(start, stop, num)
starth' Sstop & Tz stepfEIfaT: XV v F arange(start, stop, step)

,2,3,41)
)

>>> np.arange(@, 1@, ©
array([e. , 0.
1.

>>> np.linspace(@, 10, 100)
array([ @. , .1e10101 | .2020202 , 0.3030303 , .4040404
©.50505051, ©.60606061, ©.70707071, ©.808086081,
.@1010101, 11111111, .21212121, 1.31313131,
51515152, .61616162, 1717172, 1.81818182,
.02020202, .12121212, 2.32323232,
.52525253, .62626263, 2.82828283,
.03030303, 13131313, 3.33333333,
.53535354, .63636364, .73737374, 3.83838384,
.@4@4@4@4, 4.141471414, 4.24242424, 4 .34343434,
.5454545 4.64646465, 4.74747475, 4.84848485,
.050505 @ .15151515, .25252525, 5.35353535,
.55555556 .65656566, .75757576, 5.85858586,
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.06060606, .16161616, .26262626, .36363636,
.56565657, .66666667, .76767677, .86868687,
.07070707, 7171717, .27272727, .37373737,
.57575758, .67676768, JT77777178, .87878788,
.@8@8@8@8 .18181818, .28282828, .38383838,
.58585859 .68686869, .78787879, .88888889,
.09039090 .19191919, . . 39393939,
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HEECH I DEE

e 5 —XH: dtype
NumPyRFEDELH H S .

® X7t ndim

® ZXRITDH A X: shape
ndimZ&=DX 7L

MHHOWHER 1BRODX SILEDT,
BEDERAICHT)DMTVWT LS

B Anaconda Prompt - python

.50505051,
.e1e10101,
.51515152,
.02020202,
. 92525253,
.03030303,
.53535354,
.04040404,
. 54545455,
.05050505,
. 25555556,
.06060606,
.56565657,
.e7070707,
.57575758,
.08080808,
8585859,
A9Q9(

J — o & -

Mo

B ww

5
]
6
6
7
7
8
8.

w0 W

10, 100)

0.1010101

.60606061,
1111111,
.61616162,
12121212,
.02626263,
13131313,
.63636364,

4.14141414,
1.64646465,

.15151515,
.65656566,
.16161616,
.66666667,
7171717,
.67676768,
.18181818,
.08686869,
.19191919,
.6969697 ,
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w0 w
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.3030303

.80808081,
.31313131,
.81818182,
.32323232,
.82828283,
.33333333,
.83838384,

4.34343434,
4.84848485,

.35353535,
.85858586,
.36363636,
.86868687,
.37373737,
.87878788,
.38383838,
.88888889,
.39393939,
.8989899
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NumPyD#|=: —f&E L TERE

® NumPyb\ ELTULWBEBD5IHIC, ndarrayBlD 1 > XXV X% E
, BRICH L TREMTONS (L SR TNTVB T EAS ).

X = np.linspace(@, 10, 100)
y = np.sin(x) T chnFiEsLL

A\

>>>

X ‘

array([ 0. . 0.1010101 , 0.2020202 , 0.3030303 , 0.4040404 ,

‘ ‘ ‘ VN
sin(0) sin(0.2020202) sin(0.4040404)
J sin(0.1010101) J sin(0.3030303) J

o>\
R

array(L 0. , ©.10083842, ©.20004886, ©.2984138 , 0.39313661,

LU B



HERDEEDEVWEZRTHLDS

import matplotlib.pyplot as plt
import numpy as np

nums = [5, 20, 100]
for n in nums:
X = np.linspace(@, 10, n) 0H/*510%5,20,1005 CH &l
y = np.sin(x)
plt.plot(x, y, label=f'n = {n}')
Z270v EHCABIDO ZNILZIETE
plt.grid(True)

plt.title('Point Density’)
plt.xlabel('x")
plt.ylabel('y")
plt.legend()

plt.show()

% Figure 1

AEI> Q=2 B

Point Density

1.00 A1

0.75 A

0.50 A

> 0.00+

—0.25 1

—0.50 1
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EX TS LORE

import matplotlib.pyplot as plt
import numpy as np

y = [144.7772377, 156.61120511,

: (FFER)
] [125, 130, 135, ..., 185] ]

bins = np.arange(125, 190, step=5)
plt.xticks(bins)
plt.hist(y, bins=bins, color='b') YDEH D %=

BHIICE R T
plt.title('matplotlib hist1’) EX NI S LZEEY S
plt.xlabel('height’)
plt.ylabel('frequency’) fEl DIZFR IS

F*—"7— R5|#binsTIETE
plt.show()

% Figure 1
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NumPy T&ELZ D E R

® — 1k 1h
0L E1R7E: numpy.random.rand()

>>> import numpy as np

>>> np.random.rand()

0.3718781674778411

>>> np.random.rand(10)

array([0.74428865, 0.6600082 , 0.48094929, 0.90761384, 0.72157137,
0.58062677, 0.53435835, 0.65049782, 0.34109312, 0.28902556])

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

array([[0.00093929, 0.32747377, 0.83070672],
[0.29319319, 0.59521091, 0.154752631]1])

BAERTETH>TET. https://numpy.org/doc/stable/reference/random/generated/numpy.random.randint.html
M CTm/IME LR ARMERF: numpy.random.randint()

>>> np.random.randint(10, 20, (2,3))
array([[19, 13, 1317,
[12, 15, 1511)

[ ANl
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numpy.random.normal()

>>> np.random.normal (10, 3, 5)
array([ 7.00252856, 11.19460368, 10.37929223, 3.94753513, 13.87448736])

® h1 _ENH

numpy.random.chisquare()

>>> np.random.chisquare(10, 3)
array([ 3.70247222, 5.00100389, 17.93678927])

[ icHWVWAWAH B L
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X = np.array([1.0, 2.0, 3.0]) x=[1. 2. 3.]
print(f’'x={x}") dtype=float64
print(f'dtype={x.dtype}’) ndim=1
print(f’'ndim={x.ndim}") shape=(3,)
print(f’'shape={x.shape}’) CCBEIFE )
A=[[1 2] IR ICERDE T

A = np.array(LL1, 21, [3, 411) [3 4]1] BHIE Y, (79 2EN
print(f'A={A}") dtype=int32 BA B
print(f'dtype={A.dtype}"’) r\>ndim=2 /
print(f’'ndim={A.ndim}") V] shape=(2, 2)
print(f'shape={A.shape}’') XY I reshape() T

FERZzZEZ5N3 B=[[0. 1. 2.]
B = np.arange(6, dtype=float).reshape(2, 3) [3. 4. 5.]]
print(f'B={B}') ’ dtype=float64 \
print (f'dtype={B.dtype}') dty£)e=f|_oel1st'_c‘£’_—*|:% ndim=2 BRZHDE2TEHTH
print(f’'ndim={B.ndim}") FTRRICIEE S shape=(2, 3) float® (78 o 7c
print(f'shape={B.shape}’)

KEPTUVLSICEBAPETZEMLTVET.
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X = np.array([1.0, 2.0, 3.0])
print(f'x[0]={x[0]1}")
print(f'x[11={x[113}")
print(f'x[2]1={x[2]1}")

A = np.array([[1, 2], [3, 411, dtype=float)
print(f'AL0,0]1={A[0,0]}")
print(f'AL[1,0]1={A[1,0]}")
print(f'ALQ,11={A[0,1]}")
print(f'AL1,11={A[1,1]1}")

B = np.arange(6, dtype=float).reshape(2, 3)
print(f'B[0,0]={B[0,0]}")
print(f'BL0]={B[0]}")
print(f'B[:,1]1={B[:,11}")
print(f'BL:,0:1]={B[:,0:1]}")

2

x[0]=1.0
x[1]=2.0
x[2]=3.0

AT S DIE
OIFCEDTHZCLITER

A[0,0]
A[1,0]
AL0,1]
>AL1,1]

TR

B ow —

SESESES
W

B[0,01=0.0 .
B[®]=[®. ' 2] TL‘V-A *R

B[ @ 1] [[ ]

e 251 ZBHEZ S

AZARLEEMRT ML

KEPTUVLSICEBAPETZEMLTVET.




NumPy TR Z kL ¢ 1751

TH: IRE

A = np.array(L[1, 21, [3, 4]], dtype=float) A=[[1. 2.]
B = np.array(L[5, 6], [7, 8]], dtype=float) [3. 4.]]
C=A+8B
D=A-8B B=[[5. 6.]
A T[é&fyﬁ’ccat:@%aif(muc:} 7. 8.1
= - —
print(f'A={A}") =UEZ X SHENG A+B=[[ 6. 8.]
print(f'B={B}") N [10. 12.]]
print(f'A+B={C}") V/
print(f'A-B={D}") A-B=[[-4. -4.]
print(f'A+1={E}") [-4. -4.]]
print(f'2A={F}")
A+1=[[2. 3.]
[4. 5.]]
2A=[[2. 4.]
[6. 8.]]

ndarraylC A A7 —EZ MR D L
2EZR|I1HAMAS5NS
(broadcasti&gE

ANZ—EBIFFEZFCEL

KEPTUVLSICEBAPETZEMLTVET.
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np.array(L[1, 2], [3, 4]], dtype=float)
np.array(L[5, 6], [7, 8]], dtype=float)
A x B

A.dot(B)

np.dot(A, B)

F=A@B

print(f'A={A}")

print(f'B={B}")

print(f'A * B FEBEXRCEDBETITIDETIELL):
{C3")

print(f'AB = {D} (XY v Rdot()CEtE)")
print(f'AB = {E} (F8¥numpy.dot()TE&)")
print(f'AB = {F} CEEF @ T:E&H)")

mo o W >
) 1 | T R | I |

N

A=[[1. 2.]
[3. 4.]]
B=[[5. 6.]
[7. 8.]]
AxB FERCEDETITIDETIETLL:

[[ 5. 12.] THIC * BRI D ECERC CDRE
[21. 32.11 =74 <—)L%& (Hadamard product)
(AB = [[19. 22.] A
[43. 50.1] (XY w Rdot()T:EtE)
AB = [[19. 22.]
[43. 50.]1] (B8%numpy.dot() CTEtE)
AB = [[19. 22.]
[43. 50.]1] (BRE¥ @ CTEt&H) )

WINTHIELLFTETES

KEPTUVLSICEBAPETZEMLTVET.
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A = np.array(L[1, 21, [3, 4]], dtype=float)
det_A = np.linalg.det(A)

A_inv = np.linalg.inv(A)

print(f'A={A}")

print(f'det(A)={det_A}")
print(f'A*-1={A_inv}")

E=AG@Q@A_inv

F = A_inv @ A

print(f'A A*-1={E}")

print(f'A*-1 A={F}")

2

A=[[1. 2.]

[3. 4.]] e _
BUEBEERED-O-2ICR 5L

det (A)=-2.0000000000000004

A*-1=[[-2. 1. ]
[ 1.5 -0.5]]

»A A*-1=[[1.00000000e+00 1.11022302e-16]
[0.00000000e+00 1.00000000e+00] ]

A*-1 A=[[1.0000000e+00 4.4408927e-16]
[0.0000000e+00 1.0000000e+00]]

EEICBEAMTMICE S ZVDIE
HEEBRED-O

KEPTUVLSICEBAPETZEMLTVET.
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