— JupyterHEPD

NHTepaKTuBHasA naatdopma ang yaaneHHoOM pa3spaboTku u oomMeHa
uccaenoBaTe/IbCKUMM AaHHbIMU



[oknag4yuk: CamoxuH H.FO., nHxxeHep otaena OBC O®B3



[Npu peLLeHn coBpeMEHHbIX Hay4HbIX 3aad, MPaKTUYeCcK/ BO BCEX CyYasiX, MICMOMNb3yTCs Creuuann3npoBaHHbie NporpaMMHbIE NakeTbl. 3TO
MOTyT BbITb 1 LLMPOKO pacnpocTpaHEHHbIE NaKeTbl MaTeMaTudeckor 0bpaboTku AaHHbIX C LUMPOKOW cneymanusauuert (MatLab, Mathematica,
Ansys U ip.), Tak U y3KocneLuanuanpoBaHHble NporpaMMHble NpoayKThl (HanpumMep, naketsl AliRoot, FairRoot, paspaboTtaHHble Anst KOHKPETHBIX
3KCNepUMeHTarnbHbIX YCTaHOBOK B 061acT penaTUBUCTCKON aaepHON hU3KKK). YCTaHOBKa STUX NaKeTOB Ha NOKanbHble pecypcbl MOXeT ObITb
CBSAi3aHa C TakvMMW TPYAHOCTSAMM Kak NTMLEH3UOHHbIE OrPaHUYEHNUs], TEXHUYECKUE OrpaHUYeHMS NO «MOLLHOCTU» UK cneundmKaLm noKanbHbIX
pecypcoB, TEXHUYECKNE CNIOXKHOCTU B yCTaHOBKE



Yto Takoe Jupyter?

Jupyter — 3TO MNPOEKT C OTKPbITbIM MCXOOHBIM KOLOM, nnaTqbopma, KOTOpad nomMoraet MakCMMmalribHO NpoCTO NMony4vnTb cobcTBeH HYIO Web-cpe,u,y
p83pa6OTKM, HE 3aQlyMbIBAaACH O JIOKallbHbIX NMAaKETAX U Pa3BEPTbIBAHNN. C NMOMOLLBHO Jupyter MOXHO HE TOITbKO OCYLLECTBIIATb 06p860TKy

OaHHbIX, HO U JETNTUTBECA pe3yribratamMn C ApyriMmn



e PasnunyHble A3blkn NporpammmnpoBaHms (kernels)
¢ VIHTepaKTUBHbLIN KOA
e Busyanusaums pesynsraTtos



penakTupoBarb koA B bpay3epe, ¢ NoACBETKOM CUHTaKCMUCa, aBTOOTCTyNnamMm 1 aBTOAOMNONTHEHNEM
3anyckarb kof B bpaysepe

oTobOpaxkaTb pe3ynbTaTbl BbIMUCINEHU C Meana npeacTaBrieHneM (Cxembl, rpadouki)

paboTtaTb c A3blIkoM pa3mMeTkn Markdown n LaTeX

pabota c Git



e Bce B ogHom B dpaiine *ipynb [iPython Notebook]

e MetagaHHble B oopmate JSON

e BoamoxHocTtb akcnopta B HTML, PDF

o ['oTOBas k paboTe MHpacTyKTypa (onbIT He TpebyeTcs)
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50+ languages supported.
More complete list at

https://github.com/jupyter/jupyter/wiki/Jupyter-kernels




: JupyterHEPD Untitled2 Last Checkpoint: 11.10.2020 (unsaved changes)

File Edit Wiew Insert

||+

¥ |G| B

+

[1]:  import ROOT

Cell

M Run

Kemel Widgsts Help
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Welcome to JupyROOT 6.22/82

Code v | | E3 || @ nbdiff || |&d

[2]: 'h = ROOT.TH1F{"gauss","Example histogram",18@,-4,4)
h.FillRandom{"gaus"}

[3]: © = ROOT.TCanvas("myCanvashame”,"The Canvas Title",880,688)

h.Draw()

[4]:  c.Draw()
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JlabopaTopum

e Synchrotron Soleil

e CERN

European Southern Observatory
J-PARC MLF

MAX IV Synchrotron

European Spallation Source

Brookhaven National Laboratory
EuXFEL



CERN: SWAN (Jupyter + CernBox + Apache Spark + EOS), c 2016

Google: Colaboratory (Jupyter + Tensorflow + Google Disk)

Netflix: HoyTOyKI ANs BbICOKOHArpy»KEHHbIX CUCTEM (MOTOKOBLIA BUAEOKOHTEHT MO 3anpocy)

Yandex: aHanuTtuka u coemecTtHasi Python-paspabotka

Clibl'Y: ananor CERN SWAN, ¢ 2018

o UC Berkeley: cambit 6onbLuom Kypce no data science B mupe, 1200+ ctyaeHToB
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JupyterHub - nepcoHanbHbIN MHCTAHC HOYTOYKa ANA HECKOJIbKUX MOJ1b30BaTENEN
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Mpumep 1
13515 M import numpy as np

import matplotlib.pyplot as plt

plt.ion()

"Hello world"

outl3sl: 1yello world'
In 15615 M gef polynom(x):
return 2 * x**3 - 20 * x + 2

X = np.linspace(-10, 10)
Y = polynom(X)
plt.plot(X, Y)

out[36]:

[<matplotlib.lines.Line2D at Ox7fe2bdla2c10>]
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ourisels [<matplotlib.lines.Line2D at 0x7fe2bdia2c10>]
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B M from ipywidgets import interact, FloatSlider

def parabolic(offset):
X = np.linspace(-10, 10)
Y = polynom(X-offset)
# use same y scale for all offsets
plt.gca().set_ylim([-100, 500])
plt.plot(X, Y);

interact(parabolic, offset=FloatSlider(min=-10., max=10., step=0.25))
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Ut <fyunction __main__.parabolic(offset)>




Mpumep 2

Ll M import ROOT
from sys import exit

try:
import numpy as np

except.
print("Failed to import numpy.")
exit()

# Helper function to create an example tree
def make_example():
root_file = ROOT.TFile("pyroot0e2 example.root", "RECREATE")
tree = ROOT.TTree('tree", "tutorial')
X = np.empty((1), dtype="float32")
y = np.empty((1), dtype="float32")
tree.Branch("x", x, "x/F")
tree.Branch("y", vy, "y/F")

for 1 in range(4):
x[0] = 1
Yol = =i
tree.Fill()
root_file.Write()

return (root_file, X, vy), tree



print("Tree converted to a pandas.DataFrame:\n{}".format(df))

Tree content:

[[ 0. ©.]

[ 1. -1.]

[ 2. -2.]

[ 3. -3.]1]
Tree converted to a numpy array:
[[ 6. ©.]

[ 1. -1.]

[ 2. -2.]

[ 3. -3.]1]
Return numpy array and labels:
['x', 'y']
[[ 0. ©.]

[ 1. -1.]

[ 2. -2.]

[ 3. -3.]1]

Mean of the columns retrieved with a numpy method: [ 1.5 -1.5]

Only the content of the branch 'x':
[0. 1. 2. 3.]

Read all branches except 'x':
[ . -1. -2. -3.]

Return numpy array with data-type 'int':
[[ 6 0]
[ 1 -1]
[ 2 ~2]
[ 3 -3]]



Mpumep 3

1391 M ymport ROOT

h = ROOT.TH1F("gauss", "Example histogram",100, -4,4)
h.FillRandom("gaus")
¢ = ROOT.TCanvas("myCanvasName", "The Canvas Title",b 800,600)

Warning in <TCanvas::Constructor>: Deleting canvas with same name: myCanvashame

In (41 M h praw()
c.Draw()

Example histogram

gauss
Entries 5000

Mean -0.01516
Std Dev 1.004
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In [40]: M h Draw()

c.Draw()

Example histogram

gauss
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In [42]: M %%Cpp -a

class CompileMe {

public:
CompileMe() {}
void run() {}

E



m sl M ymport sys

!{sys.executable} -m pip install pandas

Defaulting to user installation because normal site-packages is not writeable
Requirement already satisfied: pandas in /home/1lidd/.local/lib/python3.8/site-packages (1.2.3)

Requirement already satisfied: numpy>=1.16.5 in /opt/anaconda3/envs/py_root/lib/python3.8/site-packages (from p
andas) (1.19.1)

Requirement already satisfied: pytz>=2017.3 in /home/llidd/.local/lib/python3.8/site-packages (from pandas) (20
20.5)

Requirement already satisfied: python-dateutil>=2.7.3 in /opt/anaconda3/envs/py_root/lib/python3.8/site-package
s (from pandas) (2.8.1)

Requirement already satisfied: six>=1.5 in /opt/anaconda3/envs/py_root/lib/python3.8/site-packages (from pythaon
-dateutil>=2.7.3->pandas) (1.15.0)



IDE: JupyterLab

* VIHTepdenc ansa HoyThyKoB HOBOIO NOKOSEHUS

» Cpena paspabotku BHYTpu bpay3epa

* YNpoLleHHoe oTobpaxeHune 1 kKactoMmmsauusa nHTepdernica

o [lononHUTenNbHbIE MHCTPYMEHTbI - pacluMpeHus, niarnHel, npocmoTp CSV, TepMmnHan
e Drag/Drop ang Bcex naHenem (Bkntoyas kopa)

notebook --> jupyterlab
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1] presentation.ipynb ® | [%| cpp example.ipynb b

+ * c

Y B+ X OO » s c Cue v
Mame - Last Medified
[ 8 days ago [1]: class Rectangle {

private:
BB my_notebooks 14 days ago double w;
B pres 16 minutes ago double h;
™ cpp exampleipynb 14 days ago
[ jupyterhub_cookie_secret 4 months ago paklac;
O jupyterhub-proxy.pid 11 days ago Rectangle(double w_, double h_) {
O jupyterhub.sglite 14 minutes ago W= W_;

h=h;

}

double area(void) {
return w * h;
j;
double perimiter(void) {
return 2 * (w + h);
¥
s

[2]: Rectangle r = Rectangle(5, 4);
r.area()

[2]: 28.000008
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File Edit View FRun Kernel Tabs Seltings Heip Multiple tabs

& O_JUPYTER_AND COLAB.IFYNE ® 0_Jupyter and_Colabupynb X A 1_Python_code EXERCISES.y X B roscar@DESKTOP-POETBT: X

<> ME = - | B + X DO » = C Markdown v python3 O

roscarfDESKIOP-PYEIBTI:~/
0 . 1. Jupyter Notebooks and Colab
N . 1. Jupyter Notebooks and Colab
¢ : : Multiple panels

Jupyter Motebooks are a widely used tool for data science. They contain both code and rich-text elements like paragraphs,

1. Important shorteuts executable documents that your computer can be run.

‘\ equations and charts. NMotebooks are both (a) human-readable documents used to present analysis and results; and (b)
 1.0.1.1. Types of cell
0

Take 5 minutes to explore!

f 3 taries of cubx Thare ane two Typec

BL201S.csv « Explore files (e.g. CSV)

= 1.0.1. Important shortcuts
Table of Contents Colab Shortcut *LOCATION®  Country INDICATOR Indicator

exte ns i on Executes current cell SCTRL-ENTER> AUS Austalia HO BASE Dwellings without basic facilities
AUT  Ausiria HO_BASE Dwellings without basic facilifies
BEL Belgum HO_BASE Dwellings without basic faciifies

Executes current cell and moves to next cell <SHIFT-ENTER>
Insert celi above <CTRL-M> <A>

CAN Canada HO_BASE Dwellings without basic facilifies
CZE1Republic. HO_BASE Dwellings wilthout basic facilities
DNK Denmark HO_BASE Dwellings withoul basic facilities

Append cell below SCTRL-M> <8>

Dark theme! Canvert <t o code cCTRLs <v>

Convert cell to Markdown SCTRL-M> <M> FIN  Finland HO_BASE Dwellings without basic facilities

Autocomplete <TAB> FRA  France HO_BASE Dwellings without basic facilifies

W lte ~ & th || N

DEU Germany HO_BASE Dwellings without basic faciities
GRC Greece HO_BASE Dwellings without basic facilities
HUN Hungary HO_BASE Dwellings wilhout basic facilities

I5L  keland HO_BASE Dwellings without basic facilities

IRL  Ireland HO_BASE Dwellings without basic facilities

Goes from edit to “command” mode <ESC»

=

Goes from “command” to edit mode <ENTER>

Note: On OS5 X use <COMMAND> instead of <CTRL>

ITA italy HO_BASE Dwellings without basic faciities
JPN Japan HO_BASE Dwellings wilhoul basic facilities
MNotebooks are made up of a series of cells. There are two types: KOR Korea HO_BASE Dwellings without basic facifities
LUX x=mbourg HO _BASE Dwellings without basic facilities
MEX  Mewico HO_BASE Dwellings without basic facilties

1.0.1.1. Types of cell

* Code cells. These contain executable commands in Python.

* Text (‘markdown’) cells. These include plain text, or you can use markdown conventions to add formatting.
MNLD :therands HO_BASE Dwellings without basic facilities

NZLw Zealand HO_BASE Dwellings without basic faclities
NOR MNoway HO_BASE Dwellings wilhoul basic facililies
Hello, I am a code cell POL Poland HO_BASE Dwellings wilhout basic facilities

Running me executes the code and renders the output below.

BLI2015.csv
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https://hepd-Imsys001.pnpi.spb.ru:8019
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High Energy Physics Department, 2020



QUESTIONS

E-mail: samon@itmo.ru

Tel: +7-921-869-46-48



