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[Mpumepbl NPUMEHEHNA B COBPEMEHHON PU3NKe

e (O6paboTKa (B TOM YMC/ie CTaTUCTUYECKAA) AaHHbIX, UX BU3yaM3aLUua

* YucneHHoe moaenmpoBaHMe — B 3a4a4axX, MeEHee MaclWwTabHbIX, Yem
high performance computing

* W paxe TyT Python xopow Ana npoToTMNNMPOBAHMUA
* CumBONbHbIE BblYMCIEHUA (HO HE AOTATMBAET A0 INAEPOB OTPAC/IN)

 ABTOMATM3aUUA SKCNEPMUMEHTA — Hanpumep, paboTa ¢ USB
YCTPOMCTBaMM (AaTYMKK etc)

* MicroPython ectb gaxke ana Arduino
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Numpy

TS
NPT Numpy = Numerical Python (uncnenHbin Python)
N%5 NumPy

Numpy — 310 dyHAaMeHTanbHaa bBUbANMOTEKa ANs Hay4YHbIX BbluMcneHni ¢ Python. OHa npeaocTtaBaseT
nHTepderc ana paboTtbl ¢ MHOromepHbiMM maccmBamm (ndarray, N-dimensional array), a Tak¥e ¢ MHOTMMU
APYrMMMN NPOUN3BOAHbIMM OO BbEKTAMM (BKAOYAA MACCUBbI C MAacKaMmM U MaTpuULbl), @ TaKKe 6onbLLoe Yncno
pPa3sHOO0bpPa3HbIX GYHKLUMM, OCYLLECTBAAOLWMX ObICTPblE Onepauumn Hag HUMKU: MaTeMaTUYECKUe, Nornyeckue,
MaHUnyanpyouwme GopmMmoit MacCMBOB, OCYLLLECTBAAIOLLME COPTUPOBKY, BbI6OpP, BBOA/BbIBOA, Pa3NINYHbIE
npeobpasoBaHua, 6a3oByto INHENHYIO anrebpy, 6a3oBble CTAaTUCTUYECKUE ONepaLn, reHepaLnto caydYanHbIX
06BbEKTOB U MHOTOE Apyroe.

*  Numpy ctpemunTca K 3¢ PpeKTUBHOCTM 3a cYeT paboTbl 'in-memory'.
*  Kputnuyecku BaxkHo: unknbl for B Python oueHb meaneHHble.
* PeanunsosaHa Ha C u Fortran, BbIMMC/IEHUA BEKTOPU3OBAHDI.



Numpy — ocHoBaHMe Hay4HOU 3Kocmnctembl Python

Mcnonb3yeTcs NoYTH BO BCex 061acTaX HAYKU U TEXHOIOTUM
YHUBepcanbHbIM CTaHAAPT

[MpenocTaBnsaeT OCHOBY A4 CO34aHUA APYTMX HAYYHbIX NAKETOB
 Hayku o 3emne: GeoPandas, MovingPandas, Xarray

* Kocmoc: SpacePy, AstroPy, SunPy

e Scientific Domain: SciPy, SimPy, Shapely

 Data Science: Pandas, Dask

 Machine Learning: Scikit-Learn, TensorFlow

* Bwusyanusauyua: Matplotlib, Cartopy, Seaborn, HoloViews



Application-specific

Domain-specific

Technique-specific

Foundation

https://www.nature.com/articles/s41586-020-2649-2

nibabel
PyWavelets

mne-python

librosa

scikit-HEP
QuTiP yt

yellowbrick
SunPy

Astropy Biopython NLTK
Astronomy Biology Linguistics
QuantEcon cantera - simpeg
Economics Chemistry Geophysics
scikit-learn scikit-image

Machine learning

pandas, statsmodels

Image processing

NetworkX

Statistics Network analysis
SciPy Matplotlib
Algorithms Plots
L% A
r
Python - = NumPy IPython / Jupyter
Language Arrays Interactive environments

—

New array implementations

NumPy API

Array Protocols - = — -


https://www.nature.com/articles/s41586-020-2649-2

Uses of NumPy

Arithmetic Searching, sorting
@ & counting

operations
Statistical /cr \ Mathematical
operations

operations \. j'\//
Bitwise G%) ||.

operators

9 Broadcasting

Copying &
: P‘b‘ 5 07 / Linear algebra
viewing arrays

Operations
https://colab.research.google.com/github/astg606/astg pymaterials/blob/main/numpy/understand numpy.ipynb



https://colab.research.google.com/github/astg606/astg_pymaterials/blob/main/numpy/understand_numpy.ipynb

ba3oBble naewu

ndarray - 3T0 roMOreHHbIN 0H6BEKT, N-MEePHbIN MaccuB + MeToAdbl ANA
PAabOTbl C HUM: 3TO CTPYKTYPa (AaHHbIE + MeTaJaHHbIE).

MHaeKcauma Kak 0O6bIYHO: cpe3bl N MHAEKCHI.

MHOeKcauua npu NnomMoLm CKasIAPHbIX KOOPAMHAT, MacoK UIn
MaCcCMBOB KOOpPAMHAT, NPU 3TOM eLle 1 AELLeBo.

dddeKTMBHAA Napannennsayma onepaLmm 3a cHeT BEKTOpU3aLUUN.
TpaHcAnpoBaHMe MacCMBOB
Peaykuua Boosb ogHou u bonee ocen.



IloKymeHTauuA

https://numpy.org/doc/stable/user/

Fundamentals and usage

index.html NumPy fundamentals

https://numpy.org/doc/stable/user/
guickstart.html

https://numpy.org/doc/stable/user/
absolute beginners.html

Array creation

Indexing on ndarrays
/0 with NumPy

Data types

Broadcasting

Copies and views

Working with Arrays of Strings And Bytes

Structured arrays

Universal functions ( ufunc ) basics



https://numpy.org/doc/stable/user/index.html
https://numpy.org/doc/stable/user/quickstart.html
https://numpy.org/doc/stable/user/absolute_beginners.html

YTo Takoe ndarray?

NDArray Data Structure
The floatd2 dala type describes the
dtype S | float32 | / array data elements
dim count | 2
el 12 bytes
dimensions | 3 A ‘
slrides |12 | 4 —
data * - 0112 r& 4 |5 ﬁi 718
Memory block
0|11]|2
_ [NMpenmyLiecTtsa
Python View : 31415 N3MeHAA MeTafaHHble, MOXHO MEHATb
6l 7|8 MHTEpNpeTaumto AaHHbIX,

nopAAoK cnefoBaHUA AaHHbIX
6e3 Ncnonb3oBaHUA NPOMEKYTOYHOTo bydepa.



C-order vs F-order

How the array is represented in Numpy How the array is stored in memory

Row Major
Order (C)
(default in NumPy)

Column Major »
Order (Fortran)

—>




Hayano paboTbl

import numpy as np

a=[[1,2,06],[3,8,7]]

b = np.array(a, dtype=float)
print(b, b.dtype, b.shape, b.size)

[[1. 2. 6.]
[3. 8. 7.]] floate4 (2, 3) 6



numpy .

numpy .
numpy .
numpy .
numpy .

numpy .
numpy .
numpy .
numpy .

numpy .
numpy .

numpy .
numpy .
numpy .
numpy .
numpy .

numpy .
numpy .
numpy .
numpy .

array

empty
ones
Zeros
full

empty_like
ones_like
zeros_like
full like

eye
ldentity

arange
linspace
logspace
geomspace
meshgrid

diag
tri

tril
triu

Co3aaHMe maccuBOB C HYNA

»>»> np.empty([2, 2], dtype=int)
array([[-1073741821, -1067949133],
[ 496841986,  19249760]])

»>>» np.ones((5,), dtype=int)
array([1, 1, 1, 1, 1])

>>> np.zeros((2, 1))

array([[ ©.1,
[ e.11)

»>» np.full((2, 2), np.inf)
array([[inf, inf],

[inf, inf]])
>>» np.full((2, 2), 1@)
array([[18, 18],

[1e, 1e]])

>»» np.full{(2, 2), [1, 2])
array([[1, 2],
[1, 211)

>»> np.eye(3, k=1)

ar‘r‘ay{[[a-, 1'1‘ B-]J
[e., @e., 1.],
[6., @., e.11)

»>>» y = np.arange(3, dtype=float)
>>> y

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

>>> np.ones_like(y)

array([1., 1., 1.])

>>> np.arange(3)
array([e, 1, 2])

>>> np.arange(3.8)
array([ @., 1., 2.1)
>>> np.arange(3,7)
array([3, 4, 5, 6])
>>» np.arange(3,7,2)
array([3, 51)

»>»> np.linspace(2.6, 3.0, num=5)
array([2. , 2.25, 2.5, 2.75, 3. 1)

»>»> x = np.arange(9).reshape((3,3))
PR X

[3, 4, 5],

[6, 7, 8]11)

>>» np.diag(x)
array([@, 4, 8])

numpy.ones (shape, dtype=None, order='C', *, device=None, Like=None)



YTeHne AaHHbIX B MaCcCUB

>»> np.fromfunction(lambda 1, j: 1 + j, (3, 3), dtype=int)
array([[0, 1, 2],
[1, 2, 3],
[2, 3, 411)
numpy.array

>»» np.fromstring('1l 2', dtype=int, sep=' ")

numpy.copy array([1, 2])

numpy . frombuffer »>> x = np.array([1, 2, 3]) »>> np.fromstring('1, 2', dtype=int, sep=",")
numpy.from_dlpack 3>y = X array([1, 2])

numpy.fromfile >>> z = np.copy(x)

numpy . fromfunction

numpy . fromiter >»> x[e] = 1e »»> import numpy as np
. >>> x[0] == y[@] >»> from io import StringlIO
numpy . fromstring True >»> ¢ = StringIO("® 1\n2 3")
numpy . loadtxt »>> x[0] == z[@] »>»> np.loadtxt(c)
False array([[@., 1.],
numpy . Load [2., 3.11)

numpy.save

»>» np.save('/tmp/123', np.array([[1, 2, 3], [4, 5, 6]1]))
>>» np.load(' /tmp/123 .npy")
[4, 5, 1)



[TpocTenwine onepauumn ¢ AaHHbIMMU

copyto (dst, src[, casting, where])

ba30Bble ONepaUnN/ = ————l
N3meHeHne popmbl =)
Onepauynm TMNa TPAHCNOHUPOBAHUA
N3meHeHne Yncna namepeHunm
N3meHeHne TMna maccmuBa
Ob6beanHeHMe maccuBoB

IleneHne maccmBoOB Ha YacCTu
[ToBTOpEHME MACCUBOB
[lobaBneHne/ynaneHne snemeHToB
[lepecTaHOBKa SN1€MEHTOB

shape (a)

size (a[, axis])



JlocTyn No nHaeKcam etc

>>> a[0,3:5]
array( [3,4] )

>>> al4:, 4:]
array( [ 28, 29],
[34,35]])
>>> 3| :, 2]
array( [2, 8, 14, 20, 26, 32] )

- 2| A M
array( [ 12, 14, 16],
[ 24, 26, 28] ])




N3meHeHne popmbl MaccuBa

data data.reshape(2,3) data.reshape(3,2)

1 2 1 2




TpaHcanpoBaHue maccmBoB (broadcasting)

Ecnn He Bce BXOAHbIE MAacCMBbl UMEIOT OAMHAKOBOE YMCA0 USMEPEHU, TO K TEM, Y
KOro pasmepHOCTb HUXKe, K X popme cnepeamn agobasnseTca eguHULa, NOKa
Pa3MepPHOCTU BCEX MAaCCUBOB He CTaHYT OAMHAKOBbIMMU.

OaHOMepHble MacCUBbl AJIMHOW, PaBHOM 1, BAO/Ib HEKOTOPOW OcK BeAyT cebsa TakK,
KaK ecnm 6bl OHM MMeNn BAOb 3TOM OCU TaKOM XKe pa3mep, Kak U gpyrue maccmsbl,
BxoAAlMe B BblparkeHue. Kaxkaoe 3HavyeHne B maccuBe BAONAb 3TON Ocu byaer
PAaBHO TOMY e4UHCTBEHHOMY, KOTOpPOEe Tam OblN0 N3HAYaNbHO.

Ecnn 3TK ABa NpaBuMaa HE BbIMOJHAIOTCA, FTeHepUpyeTca owmnbKa.



TpaHcnanpoBaHue maccmeoB (broadcasting)
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np.arange(3) +5
ri 1 .
o |1 |2 + 5 |J5. 6 =

np.ones((3, 3)) + np.arange(3)
s
1111 o 1.11.2..

1111 + 02

RN E

...................

np.arange(3).reshape((3, 1)) + np.arange(3)

...............................




Matplotlib

Quick start
import
import
import

numpy as np
matplotlib as mpl
matplotlib.pyplet as plt

X = np.linspace(0, 2+np.pi, 108)
¥ = np.cos(X)

fig, ax = plt.subplots()
ax.plot(X, ¥, color='green’)

fig.savefig(“figure, pdf*)

plt.show()
Anatomy of a figure
Anifforny of a figure

Subplots layout

DDD subplot[s] (rows, cols, .)
0] fiee s = ple.subplots(3, 3)

[/

16 - gridspec(rons,cols,
|:]|:| ax = G[B, :]
0d

ax.inset_axes(extent)

d-make_axes_locatable (ax)

ax = d.new_horizental {*18%’)

Getting hel,

@ marplotlib.org
github.com/matplotlibjmatplotlibjissues

D discourse. matplotlib.org

& stackoverflow.com/guestions/tagged/matplotlib

I https:fgitter.im/marplotlib/matplatlib

W rwitter.com/matplotlib

& Matplotlib users mailing list

https://matplotlib.org/cheatsheets/cheatsheets.pdf

Basic plots
plot([x], ¥
X, Y, fmt, c

scatter (X, ¥

bar[h] (x, height,
x, height, i .
imshow(Z,
ﬁ P

pealormeshi []
X, Y, Z, vimin, vmax, cma

quiver((x], [V
VULV, i

text(x, y, text,
Xy, text, vz, |

fill[_between] [x] (.}

Advanced plots
step(¥, ¥, [fmt],

boxplot (¥, .)
X

X, ¥, xerr, ve

hist(X, bins,
X, bins, 1 fens

wviolinplot(D,
sositions, vi

barbs([x], [¥]
XY [§ T

eventplot(position
positions, cricniation, lin

hexbin(x, ¥, C, .}
gridsiz

LY,

s ULV, L)
piv 5

[¥1, z, =)

errorbar (X, xerr yerr, .}

Scales

ax.set_[xylscale(scale, .}
\ linear A\ e
W s varies

values >0
symlog
!M'V'J! any values

A logit

0 < values < 1

Projections [ 7]
subplot{~, projection=p}
p="polar’ p="2d’
- p=ccrs.Orthographic ()
Y ? impart cartopy.crs as cers
Lines

linestyle or 1s

(9,000,210

Tick locators

as. [ayJaxis 1. lacator (lacater]

Elcker MallLocator ()

Atia

)

tieker . Fixediecator ((6, 1, §])

ticker icks=3)
ticker. Indextocator(base=a.5, offset=.2s)

ticker.Mutolocstor ()

ticker MaxNLocator (n=4)

Eicker .Loglocatar (base=18, nunticks=15)

Tick formatters @
fron matplatlib inpo -
B Leylax 18, 56T (i00r [Ra o ]_formatter (foraptter)

ticher. |

tcker. FixedFormatter(('zere’, ‘one', 'twe', ..])

Animation
import matplotlib.animation as mpla
T = np.linspace(®, 2+np.pi, 168)

5 = np.sin(T

Tine, = plt.plot(T, &)

def animate(i):
line.set_ydata(np.sin(T+/58})
anim = mpla.FuncAnimation(
plt.gcf(), animate, interval=s)
plt.show()

Styles
plt.style.use(style)

capstyle or dash_capstyle %.27)" & &
—— — — B3 Ed
“buter "round® project ing’ ticker. Fo )

tisher . SealarFarnatter( Quick

Markers ‘ i ¥ v 7 v
wicker.str ) ax.grid()
“ 0 B - = T ax.set_[xy]lim(vmin, vmax)

ticker. Per man=5) ax.set_[xy]label(label)

v A = - = - o = F ax.set_[xylticks{ticks, [labels])
L CO T T O T LU S W ] ax.set_[xy]ticklabels(labels)
¢+~ t loo - Ornaments ax.set_title(title]

B ax. tick_params(width=10, )
markevery ax.legend(.) ax.set_axis_[on|off]1()
o —_— rrn handles, labels, loc, title, frameon
— Fig.suptitle(title)
#ig.tight_layout()
Colors Legend-—, pLE gef(); pit-geal)
Smtm———— mpl.rci’axes’, linewidth=1, ..}
Label 3 [fig|ax].patch.set_alpha(a)
e e text=r’§\frac{-e"{\pi}i{2*n}s"
Cabei 4 A} {-e?{i\pilH{2"n}

Colormaps

plt.get_cmap(name)

Uniform .
magna

Sequential

Greys

lorer
Diverging

spectral

RiGy
iiualnsnv?

[ ]

Cpcli

ax.colorbar ()
mappable, ax, cax, orientation

ax.annotate(..)
1EXT, XY, Xytext, ©

Event handling

fig, ax = plt.subplots()
def on_click(event):
print{event)
fig.canvas.mpl_connect(
“button_press_event’, on_click)

Keyboard shortcuts
[=]save

[ Reset view

[[7] view forward
[o] Pan view

[x]% pan/zoom
(2] Minor grid 0/1
[[7]% axis log/linear

(W] Close plot

() Fullscreen 0/1

(6] view back
Zoom to rect

¢ axdis loglinear

Ten simple rules

Know your audience
Identify your message
Adapt the figure
Captions are not optional
Do nat trust the defaults
Use color effectively

Do not mislead the reader
Avoid “chartjunk”
Message trumps beauty
0. Get the right tool

N s

https://matplotlib.org/stable/

Axes adjustments [ 1]
plt.subplots_adjust( ... )
LN
|
T
e e watn —af
4 £ i
i b
T H H
hapace [ L
e -«‘;’-m -
ki Tigare width
Extent & origin

ax imshow( extent=___, origin=_. }

e

. wa u-

. - .
. eremsio 2051 enmaineast

Text alignments

ax.text( ... ha=..., va

G ke pa

Text parameters

ax text(_
axtext(..,, fi

family=

raclargs (3.75)

The quick brown fox

large (348)

e quick br
@ Guick bros

caall (6.58)

Black (30m)
bold (70m)

e quic hrows fox jumps ver the a2y dog
The qukbromen o v o he by dog,

)
witralight (199)

The auick bromn fox jumps over the lazy dog
“Tha quick proven o s 4 o the I do

The pach browesfo jumps e theazy dog sana
Tha.guick B o oo o oy doy eursive
e guick bromn ko s ave th oy og
i gic e o s e e 22y dog

sanosgace

sealie
rermal

Tom yn e o pers VIR T k00

snatl-caps
The quick b g v e ey dog rormal

Color names

Legend placement

Uniform colormaps

virtdis

Blasns

Sequential colormaps

ax.legend{loc="string, bbox to_anchor=(x, y))
9: upper center 1 upper right
10: center 7. center right
8 lower center  4: lower right

2: upper left
6 center left
3 lower left

B conter right [ (0.1, 8.5)
D:upperleft (8.1, 8.
1B, -8.1)

aace

Diverging colormaps P IREE LR

PG

Annotation connection styles

e,
Fath

o, g,
ki melewca,
]

Rasu

Howdol

... resize a figure?
—+ fig.set_size_inches(w, h}
save a figure?
—+ fig.savefig("figure pdf*)
... 5ave a transparent figure?
—+ fig savefig("figure.pdf’, transparent=True)
....clear a figure/an axes?
—+ fig.clear() — ax.clear()
... close all figures?
—+ plt.close("all")
. rEmave ticks?
—+ ax.set_[xylticks([])
. remove tick labels *
— ax.set_[xylticklabels([]}
. rotate tick labels ?
—+ ax tick_params{axis="x", rotatiocn=90)
.. hide tap spine?
—+ ax.spines|‘top'].set_visible(False)
.. hide legend border?
—+ ax legend(frameon=]

€)
H

...show error s shaded region?
—+ ax fll_between(X, Y+error, Y-error)
.. draw a rectangle?
—+ axadd_patch(plt Rectangle((0, 0}, 1, 1)
... draw a vertical line?
—+ axaxvline(x=0.5)

.. use transparency?
—+ ax.plotl..., alpha=0.25)
onvert an RGB image into a gray image?
—+ gray = 0.2985°R + 0.5870°G + 0.1140'B

. set figure background color?
—+ fig.patch.set_facecolor("grey”)

.. get a reversed colormap?
—+ plt.get_cmap(*viridis_r"}

. get a discrete colormap?

—+ plt.get_cmap(viridis’, 10)

show a figure for one second?

—+ fig.show{block=False], time.sleep(1}

Qualitative colormaps

N
bilinear bicubic
A d T
splineds hanming .
A
E.
v w
nitcheit stag

H I E .
Miscellaneous colormaps

. sinple

wedge

Per tips
slow

plot(X, ¥, marker fast

ge slo
plot(x, marker="a", 1s=""} fast

c .d
canvas . draw()

slow
fast

im.set_data(.);

Beyond Matplotlib

Seaborn: Statistical data visualization
Cartopy: Geospatial data processing

yt: Volumetric data visualization

mpld3: Bringing Matplotlib to the browser
Datashader: Large data processing pipeline
plotnine: A grammar of graphics for Python

Matplatlib Cheatshests
Copyright (c) 2021 Matplotlib Development Team
Released under a CC-BY 4.0 International License

NUMFOCUS

OPEN CODE = BETTER SCIENCE


https://matplotlib.org/stable/
https://matplotlib.org/cheatsheets/cheatsheets.pdf

O

AHaavm PUCYHKa olt Hgure

4

] HazBaHue
® ax.set title = CuHMe faHHbIA
Manoe penexune - KpacHble Ac e
Jlerenga

ax.yaxis.set minor locator
ax. legend

:‘ |

Mognuce K.6onbwoMy penexHuio 0O D@ CetTka

ax.yaxis.set major formatter

T

.‘

: nun u@ gFo

Mognuce K OCH OPAMHAT §
: E O O 'Mapxep;n

ax.scatter
Bonbuwoe - genexnne
ax.yaxis.set major locator
Kpa# | oce

@ Ocu ax.spines
- fig.subplots ‘

Oce opgunart ,
ax.y*axis— | T T T | T T T | T | |
0.250.5%~5 ., 1.251.501.75 2.252.502.75 3.2 75
0 Ocb abcumcc 2 3 4
ax.xaxis Moan ( ocwn abclLiToanuce k manomy npenexuio

ax.xaxis.set minor formatter

Mognuces K ocu abcumcc
ax.set xlabel



Subpackage Description and User Guide

[}
S C I p y cluster Clustering algorithms

constants Physical and mathematical constants
differentiate Finite difference differentiation tools
https://docs.scipy.org/doc/scipy/tutorial/index.html
£t Fourier Transfarms (scipy.fft)
fftpack Fast Fourier Transform routines (legacy)
integrate Integration (scipy.integrate)
interpolate Interpolation (scipy.interpolate)
io File 10 [scipy.io)
linalg Linear Algebra (scipy.linalg)
ndimage Multidimensional Image Processing (scipy.ndimage)
odr Orthogonal distance regression
optimize Optimization [scipy.optimize)
SciPy Matplotiib signal Signal Processing (scipy.signal)
1
Algorithms Plots
L J sparse Sparse Arrays [scipy.sparse)
. [ Python 7 Jupyter spatial Spatial Data Structures and Algorithms (scipy.spatial)
Language : Arrays Interactive environments
I special Special Functions (scipy.specal)

New array implementations

stats Statistics (scipy.stats)



https://docs.scipy.org/doc/scipy/tutorial/index.html#user-guide

[lanbHeunllee YyteHue

Makkununu, ¥. Python u anasus dannor 3 wananue. 536 c. isbn: 978-6-01810-347-6

(JAMK Ilpece, 2023).

Hyubec-Urnecnac, X., Your, II1., Ismuoy, X. Juaezanmuwidi Scipy. 266 c. isbn: 978-5-

97060-600-1 (IMK IlIpecc, 2018).

Johansson, R. Numerical Python: Scientific Computing and Data Science Applications
with Numpy, SciPy and Matplotlib isbn: 9781484242469. http://dx.doi.org/10.

1007/978-1-4842-4246-9 (Apress, 2019).
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DIeraHTHBIN

S I P
Hayunoe nporpammuposanue na Python

Xyan Hynvec- Henecuac
1lIméghan ean dep Yonm
Xappuem [>urnoy

OREILLY

Python

N AHANN3 AAHHbIX

NepsruHan 0BpaboTka AaHHbIX
C npumeHerem pandas, NumPy v Jupiter

Tpetbe nagaHne

Yac MaKKUHHWN,
coIAaTEAE BMEAMOTEKM pandas

ane

Numerical

Python

Scientific Computing and Data Science
Applications with Numpy,
SciPy and Matplotlib

second Edition

Apress’

https://mathstat.dal.ca/~brown/s
ound/python/Numerical%20Pyth

on.pdf



https://mathstat.dal.ca/~brown/sound/python/Numerical Python.pdf

