Laboratorio Interinstitucional
de e-Astronomia

Tutorial Jupyter Notebook - RNP

Julia Gschwend
24/06/2020




Agenda

e Parte | - Introducao (15 min)
e Parte Il - Live demo: primeiros passos (30 min)

e Parte lll - Live demo: Aplicacdes (30 min)

https://indico.rnp.br/event/21/
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Parte 1

> |ntroducao

> Jupyter Hub
@LIneA




Introducao - conceitos basicos

Caderno de laboratério

e Documentacao da atividade cientifica

o Hipoteses
o Testes, experimentos
o Analise e interpretacao dos resultados

e Fonte para as publicacoes

e Protecao da propriedade intelectual

e Regras definidas pela instituicao

ex.. caderno brochura, numeracao de
paginas, peer review, etc

Caderno de observacdes de Galileu Galilei
de 1610 (fonte: Museo Galileo)
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Caderno de Sir Isaac Newton de 1644
(fonte: Cambridge University Library)



https://www.museogalileo.it/en/
https://www.lib.cam.ac.uk/

Introducao - conceitos basicos

Caderno de laboratoério, eletrénico

"Uma aplicacao web que permite executar codigos, apresentar
resultados com texto formatado, equacoes matematicas, imagens,
graficos e ferramentas interativas de forma integrada.”

e Fornecedores
o Jupyter Notebook

o Colab Notebook (Google)

o outros?

e \Vantagens Obvias

o Padronizacao
o Backup, seguranca

o Colaboracoes simultaneas

e Funcionalidades extras

o Processamento dos dados
o Visualizacio grafica
o Publicacao de resultados

e "Open Notebook Science'

O open source
o open data
o cltizen science

LlneH@

~ Jupyter session_14 Last Checkpoint: 30/08/2018 (auftosaved) @ | Logout | ControiPanat
] Kemel Widgets Help Net Tusted | science
down = =2
LineA Bootcamp 2019

Sessdo 14 - Criando um notebook |

o Resun

o Disgrama cor-magnitude

Resumo

te tutorial ird mostrar o passo a passo para criar um notebook no ambiente do JupyterHubd do LineA. Serd mostrado como e 1& um produto do banco de
dados gerado pele pertal @ como fazer alguns plots bisicos de exploragdo.

Os siides desta sessio estio disponiveis neste ink.

Objetivos
Ao fingl desta sessdo, os participantes saberdo:
* Acessar o JupyterHub do LineA;
* Criar um notebock no diretdrio compartiihado (rotebooks/public);
® Ler urna tabela do banco de dados;
* Execular operagdes bisicas (importagdo de bil c30 de dados, it bdsicas e plots simples).

Importando bibliotecas

11): 1 Smatplotlib inline

b
2 import numpy as np
3 L

import ab
import panda: d
import seabo sns
& import sqlalch: ey
from a e impor
sns.se es=True eaborn

vac
alchem {'post
e.c
ect ma mag. mag i, ‘rom der om, ame
t nag i, ma n tablename
sqlalcheny t(g
et = nn . e: stn)
esult sta tcha.
- T e row: resu. ame s
rame das
rane
Explorando os dados
rame . de!
cous 73449.000000 .00C0C0  373449.000000 "3449.000000
mean 363026 107854008 54829
std 11788 354282 442
min 596 ccco 5699 000000 9999000
131448 1623671 3044




Introducao - conceitos basicos LineR ﬁ)

In [3): #
[Last updated July 18, 2017] # Load LIGO data from a single file
n EAAT IR # rirst from Bl
This tutorial is no longer For an version, additional binary black hole events, see the fn_H1 = 'HeB1_LOSC_4_V1-1126259446-32.hdes’
- Binary Black Hole Events tutorial at https://losc.ligo.org/tutorials/. strain Bi, time H1, chan_dict Bl = rl.loaddata(fn H1, 'Hi')
# and then from L1
fn L1 = 'LeLl LOSC_4_V1-1126259446~32.hdfs"
SIGNAL PROCESSING WITH GW150914 OPEN DATA sl ol e S e

’ 144
u Welcome! Thig ipython notebook (or associsted pythen seript GW150914_tutorial.py ) wil go through some typical signal processing tasks on strain time-series T
data associated with the LIGO GW150814 dsta release from the LIGO Open Science Center (LOSC): B e D s B s S
httpevnose | te/GW150914/ Elme = kime 81
L * hitpe:/foscligo.org/events/GW 150914/ & thie +Tos poiple dnturvnl’:quntfccaly samsladl)
* View the tutorial 2s & web page - hitps://icec ligo.org/a/events/GW150814/GW150914_tutoral htrmi/ dt = tine[1] - time[0]
* Download the tutorial as a python script - hitps-//losc.ligo.org/s/events/GW150814/GW150814_tutorial py/

* Download the tutcrial as iPython Nolabook—— hitps//losc.

To begin, download the ipython notebeak, readigo.py, and the data files listed below, nto & directory / fokler, then run it. Or you can run the python script Adding a numerical relativity template
GW 15014 _tutorial.py. You will need the python packages: numpy, scipy. matploti, hSgy. Now let's sleo read i a theoretical (numerical relativity) template, generated with parameters favered by the cutput from the GW150014 parameter estimation

the 1 14 1 r, hitps://d . 15091 blic ).
On Windows, o if you prefer, you can use a python development environment such 8s Anaconda iofwhy; o {see the GW150314 detection paper, hitpe://dec.rqo.org/P150814/public ).

Canopy This NA template corresponds to the signal expected from a pair of black holes with massas of around 36 and 29 solar masses, merging into a single black
hole of 62 solar masses, at a distance of arcund 410 Mpe.

Questions, comments, suggestions, corractions, ete: email losc@ligo.caltech.edu

" i : : ; 3
\20160208b ‘You can fetch the tempiate time series from the fellowing URL. and put it in your working directory / foider.

Intro to signal processing In (4]t | # read in the ¥R template
NRtime, NR_H1 = np.genfromtxt('GN150914_4_NR_waveform.txt').transpose()
This tutorial assumes that you know python well encugh.

I you know how 1o use "ipython notebook”, use the GW150914_tuterialipynd file. Else, you can use the GW150914_tutorial.py script.
First look at the data from H1 and L1

This tutorial assumes that you know a bit about signal processing of digital time series data for want to learn). This includes power spectral densities,

spectrograms, digital filtering, whitening, audio manipulation. This is a vast and complex set of topics. but we will cover many of the basics in this tutorial. 1 (815 (R ieet e TA ot rha deta et e ot Stotts

Wyou il Baginnes, hers; are: Some fesolcas Som the et # this doesn’t seem to work for scientific notationt
# np.set_printoptions(precision=d)
 http://101science comidsp.htm AR wet_pe aton fBre

. om/2014/05/1 &wavelets-d-durnries-signak ing-fourk d: print ' tine Hl: len, min, mean, max = *, \
« hitpes/an wikipedia org/wiki/Signal_processing len(time H1), time Hl.min(), time Hl.mean{), time H1.max()
hitpe://en wikipedia org/wiki/Spectral_density print 'strain_Hil: len, min, mean, max = *, \

= len(strain_H1), strain Hl.min(),strain_Hl.mean(),strain_Hl.max()
* hitpe/en. org/wiki/Spectrogram = = - =
AT YA orga print 'strain Li: len, min, mean, max = ', \

hitp://greenteapress com/thinkdso/ len(strain_L1), strain Ll.min(),strain_Ll.mean(},strain L1.max()
hitpe-/an wikipedia org/wiki/Digital_filter

#What ‘s in chan_dict? See https://losc.ligo.org/archive/dataset/Gw150914/

And, well, lots more - google it! bits = chan_dict_H1[ 'DATA']
print 'E1 DATA: len, min, mean, max = ', len(bits), bits.min(),bits.mean(},bits.nax()
bits = chan_dict H1['CBC_CAT1']

Download the data print 'HEl CBC_CAT1: len, min, mean, max = ', len(bits), bits.min(),bits.mean(),bits.nax()

bits = chan_dict H1['CBC_CAT2']
- i e files trom c: ::t.':;a:a:;z'r:;(ll:;:s;n. mean, max = ', len(bits), bits.min(),bits.mean(),bits.max()
* We will ue the hdf5 files, both H1 and L1, with durations of 32 and 4096 seconds around GW150914, sampled st 16384 and 4006 Hz : print 'Ll DATA: len, min, mean, max = ', len(bits), bits.min(),bits.mean(),bits.max()
bits = chan_dict L1['CBC_CAT1']
print 'Ll CBC_CAT1: len, min, mean, max = ', len(bits), bits.min(),bits.mean(),bits.max()
bits = chan_dict_L1['CBC_CAT2')
print 'Ll CBC_CAT2: len, min, mean, max = ', len(bits), bits.min(),bits.mean(),bits.nax()
print 'In both B1 and L1, all 32 seconds of data are present (DATA=1), '
print "and all pass data quality (CBC_CAT1=1 and CBC_CAT2=1)."

* Download the python functions to read the data:

* From a wiximac-osx command line, you can use wget, for example, time Hil: len, min, mean, max = 131072 1126259446.0 1126259462.0 1126259478.0
strain Bi: len, min, mean, max = 131072 =7.1199633870%e-19 8.73279794057e-23 7.71483633765e-19

strain Li: len, min, mean, max = 131072 -2.6788089173e-18 -1.82870749189%e-18 ~7.69266177024e-19

* Put these files in your current directory / folder. Don't mix any other LOSC data files in this directory, or readligo.py may get confused. H1 DATA: len, min, mean, = 3211.01
Hare, Bl CBC_CAT1: len, min, mean, = 321101
¥ Hl CBC_CAT2: len, min, mean, = 321101
L1 DATA: len, min, mean, = 321101
* "H-H1" means that the data come from the LIGO Hanford Observatory site and the LIGO "H1" datector; L1 CBC_CAT1: len, min, mean, - 3211.01
« the "4" means the strain time-series data are (down-jsampled from 16384 Hz to 4096 Hz; L1 CBC:CATZz len, min, mean, = 321101
« the "V1* means version 1 of this data release; In both Bl and L1, all 32 seconds of data are present (DATA=1),
* "1126257414-4096" means the data starts al GPS time 1126257414 (Mon Sep 14 09:16:37 GMT 2015), duration 4096 seconds; and all pass data guality (CBC_CATL=1 and CBC_CAT2=1).
= NOTE: GPS time i number of seconds since Jan 6, 1880 GMT. See hiy edu/oc2002w/gpaltimays.htm| of
hitpe:/nosc.ligo.org/gpe/ In [6]): # plot +- § seconds around the event:
» the filetype *hdf5" means the data are in hdf5 format: hitps://www.hafgroup.org/HDFS/ tevent = 1126259462.422 # Mon Sep 14 09:50:45 GNT 2015
deltat = 5. # seconds around the event

# index into the strain time ser: for this time interval:
indxt = np.where((time_Hl >= tevent-deltat) & (time H1 < teventideltat))

Note that the the 4096 second long files at 16384 Hz sampling rate are faily big files (125 MB). You won't need them for this tutorial

« hitpe://losc ligo org/a/events/GW150914/H-H1_LOSC_4 \1-1126257414-4096 hdfS
plt.figure()

LOSC 4.V1-1126257414-4006 hats plt.plot(time_H1[indxt]-tevent,strain Hi[indxt],'r',label='E1 strain')
LOSC_16_V1-1126257414-4006.hd15 plt.plot(time Li[indxt]-tevent,strain Li[indxt],'g',label='L1 strain')
V1-1126257414-4096.hdf5 plt.xlabel( time (s) since '+str(tevent))
plt.ylabel( strain')
e plt.legend(loc="'lower right')
123 il fe plt.title( Advanced LIGO strain data near GW150914')
""‘m" i tasekta T plt.savefig( GW150914_strain.png')
from scipy.isterpolate import interpid
from scipy.sigmal import butter, filtfilt, iirdesign, zpk2tf, freqz 1.0 Ja=28Advanced LIGO strain dats near GW150914
# the ipython magic below must be commented out in the .py file, since it doesn't work. o«
\matplotlib inline ™
tconfig InlineBackend.figure format = ‘retina’
import matplotlib.pyplot as plt =05
import matplotlib.mlab as mlab i
import hSpy
. -5
| # LIGO-specific readligo.py
7 . =7 import readligo as rl -20
Barry C. Barish (Caltech) Kip S. Thorne (Caltech) Rainer Weiss (MIT) — M1 strain
-3
— L1 strain
‘ -~ NOTE that in general, LIGO strain time series data has gaps {lilec with NaNs) when the detectors are not taking valid ("science quality”) data. Analyzing these -
7 I I P - - p I - data requires the user 10 loop over *segments” of valid data stretches. In htps://losc. §go.orp/segments/ we provide example cods to do this. W alunteake
20 1 No e rlze I n Slcs However, the 4096 seconds of released data around GW150314 is one unbroken segment, with no gaps. So for now, we will read it &l in and treat it as one
valid data segment, ignoring the extra complexity menticned above. The data are dominated by low frequency noise; there is no way 10 see a signal here, without some signal processing. 6
This won't work for other LOSC data releases! See hitps://loscligo.orp/segments/ for & more general way to find valid data segments in LOSC data. There are very low frequency oscillations that are putting the mean of the L1 strain at -2.0e-18 at the time around this event, o it appears offset from the H1

atrain Thass lvw fraaiency sesillatinne sea seesatially innasad in | 100 dats anaiusic (eas handnsesing hanwl




Introducao - conceitos basicos

Jupyter Notebook

e Evolucao historica

IPython (Python interativo)

IPython Notebook

Jupyter Notebook (+100 linguagens)
Jupyter Lab (nova interface)

Jupyter Hub (plataforma multiusuario)

O O O O O

e Instalacao

o Instalacao local padrao via Anaconda
(apresentacao Carlos)

LlneH@

jupyter
/TN

julié @ python’ R

_
o~

e \antagens

O O O O O O O

Analise exploratoria, caracterizacao dos dados
Desenvolvimento prototipos de aplicacoes
Visualizacao de resultados

Graficos interativos

Integracao com Github, Gitlab

Acesso remoto (interessante p/ EAD)
Processamento distribuido (servidor local ou
nuvem)



ntroducao - Jupyter Hub @LIneA

ABOUT US CONTACT US

@ THE DARK ENERGY SURVEY
LineR

SCIENCE PORTAL

The DES Science Portal is a platform developed for the Dark Energy Survey project. It hosts a
variety of pipelines meant to prepare science-ready catalogs foridifferent science

applications as well as to carry out a variety of scientific analysis... Re;jd" e,

ax -

= e “
— 2

—= o —c e P, i A
=" Pt |

Available pipelines include those

Datagets Pipelines 4 Job ,Monitor MVWOrkspace
P ’( | 4

Interface showing all datasets

Interface that allo e user to Interface that allows the user to

available for use by pipelines in that create maps showing the monitor all proces that have monitor all of his/her jobs and fo

LEARN MORE LEARN MORE LEARN MORE LEARN MORE

Documentation
Tutorials

Dashboard Science"

Produg

Interface showing all completed Interface to access products Interface to tools that can be used Relevant documentation about

processes given a data release shared by the owner of a process by developers pipelines description, pipeline

LEARN MORE LEARN MORE

LineA is supported by

Laboratério o :

Nacionalde INOVAGOES E COMUNICAGOES . Observatorio RNP
Computagéo "pB»ith\MADA Nacional REDE NACIONAL DE
Cientifica ’- ........ S IL ENSINO E PESQUISA

Data
Installation

Centralized
Spectroscopic
Database

Spectroscopic
Auxiliary coadd objects coadd objects Sample
Maps table HDFS
\i
Install mask
and maps v v -At'
u e
Star/Galaxy Photo-z > J\p.y/
g . |— D)
v Classification Compute
Afterburner
\i
T2 G Training §<?
masks >
v —_———— = L | Maker
I
sic | __
table Y
training set
table
Yyvy A
Sci q Photo-z Training
ngfaelgge:‘ y (and Validation)
\
Training files
Science-ready
catalog
Pipeline Afterburner
= = v v
e

original data

in database
—_———

products in
database

flat file
\/\

mandatory input

—_—
optional input
-————

WAZP
Photo-z PDF Cluster Finder
Y P
Cluster CMD -
PDF table Members Evolutio Jwr
table -
]
—l vy ¥ —
. @
Pipeline -
. —> 1
M E Function
ass Function o~

- 7



Introdug&o - Jupyter Hub @LIneA ()

. X Ieg
( €& C ® © & https://jupyter.linea.gov.br/hub/login 133% e @ N @O & @ @ & =

— Jupyter
W

Username:

julia

Password:




Introducdo - Jupyter Hub @LIneA ()

« C @ © & https://jupyter.linea.gov.br/hub/spawn?next=%2Fhub%2Fuser%2Fjulia%2F 133% e O v m O @ @ @& =

: jupyter Home  Token ® Logout

Spawner Options

Docker Image

’?sc?ience-oﬁo. E | :|
GitHub Repository to clone (OPTIONAL

e.g. https://github.com/linea-it/dri.git
Use Jupyterlab
Use gitconfig from devel

Use .ssh dir from devel




Introducéo - Jupyter Hub @LIneA L neq AD

(— > @ ® © & https://jupyter.linea.gov.br/hub/spawn?next=%2Fhub%2Fuser%2Fjulia%2F 133% e O W m O @ @ @ =

C jupyter Home  Token ® Logout

Spawner Options

jld-lab-Isstweek
linea-singleuser-0.4

¥ science-0.10
science-0.11
science-0.7
science-0.8
science-0.9
ton-0.1
ton-0.2
ton-dev

Use gitconfig from devel

Use .ssh dir from devel




Introdug&o - Jupyter Hub @LIneA —(
B - x

(€) C ® © & https://jupyter.linea.gov.br/user/julia/tree? 110% e O I @O & @ @

_—
- J u pyter Quit Logout Control Panel
Files Running Clusters
Select items to perform actions on them. Upload New~ &
0  ~ B/ Name ¥ Last Modified File size
(3 homedir poucos segundos atras

(3 notebooks poucos segundos atras




Introducao - Jupyter Hub @LIneA

Servicos oferecidos

e Plataforma para desenvolvimento e
compartilhamento de codigos

e Acesso a dados

e Instalacao de bibliotecas sob demanda
(imagens docker)

e |[ntegracao com Github e Gitlab

LlneH@

— Jupyter

Files Running Clusters
Select items to perform actions on them.

70 | v | @@/ notebooks / public
O.
) (O Aguena
(3 Altair
] (O Barbara
~ (O Bmorgado
(3 brunooliveira
- (3 Camargo
~) (3 CarlosAdean
) [O Examples
(D FelipeAO
~) [3 gabriele
1 O Glauber
(D GugaRossi
(3 Guilherme

] (3 hcamacho

Quit Logout Control Panel

Upload New~ &

Name ¥ Last Modified
poucos segundos atras
um ano atras
13 dias atras
um ano atras
3 dias atras
10 meses atras
2 anos atras
2 dias atras
um ano atras
9 meses atras
10 meses atras
3 meses atras
10 meses atras
um dia atras

9 dias atras

File size

13



Introducao - Jupyter Hub @LIneA ()

Planos para o futuro oetahes na

apresentacao
do Carlos

e Melhorias

o Aumento da capacidade computacional

e processamento em paralelo com LINEA SCIENCE PLATFORM
Kubernetes (colab. RNP)

o Autenticacdo e autorizacdo com base KUBERNETES

. ;EEEEE.E Data i P
na CAFe (colab. Gidlab-RNP) (| pccee  WssSTITT M jupyter
INFRASTRUCTURE

o Abertura para usuarios externos Y | o
com acesso a dados publicos Database Computing Data Repositories
o Oferecimento de cursos

extracurriculares para E.M., |.C.
(colab. OBA)

e Novos servicos

14



Parte 2
Live Demo

> Primelros
PasSSos




Parte 2 - Live demo: primeiros passos ()

e Inicializando o Jupyter Notebook (local, via terminal)
e Jupyter Notebook vs. Jupyter Lab
e Acessando o Jupyter Hub do LIneA

e Clonando um repositorio Git: https://github.com/juliagschwend/jupyter-tutorial

e Navegando pela interface

e Notebook 1 - nocoes basicas

16


https://github.com/juliagschwend/jupyter-tutorial

Parte 3
Live Demo

> Aplicagoes




Parte 3 - Live demo: exemplos de aplicacao Une'q@

e Notebook 2 - slideshow com a extensao RISE

O

Operacoes basicas com arrays

e Notebook 3 - analise exploratoria

O

O

O

O

Importacao de modulos e bibliotecas
Leitura e escrita de dados
Visualizacao de tabelas e estatisticas basicas

Exemplos de graficos estaticos e interativos

Exportacao de um notebook para outros formatos (HTML, PDF, etc)

18


https://rise.readthedocs.io/en/stable/

Consideracdes finais ()

e Os notebooks se consolidaram como um novo jeito novo de trabalhar, tanto
na academia quanto no mercado de tecnologia.

e O LIneA esta comprometido com a difusao desse conhecimento através de
tutoriais, cursos, etc e com o oferecimento desse servico para a comunidade
no novo site (2° semestre).

e Para os interessados em aprofundar os conceitos vistos aqui, ficaremos
felizes em fazer um follow-up deste tutorial numa proxima oportunidade.

19



Links

http://www.thehistoryblog.com

https://en.wikipedia.org/wiki/Lab_notebook

https://www.gw-openscience.org/start/
https://blog.jupyter.orag/congratulations-to-the-ligo-and-virgo-collaborations-from-project-jupyter-592324 7be019

https://ligo.org/news/index.php#nobel
https://www.gw-openscience.org/GW150914data/GW150914 tutorial.html
https://www.nature.com/articles/s41586-019-1129-z
https://www.slideshare.net/eurosigdocacm/jupyter-127079129
https://www.youtube.com/watch?v=zxkdO07L29Q
https://www.youtube.com/watch?v=NSiPeoDpwul

https://jupyterlab.readthedocs.io/en/latest/getting_started/overview.html
https://nbviewer.jupyter.org/

https://jupyter-notebook.readthedocs.io/en/stable/index.html
https://www.museoqalileo.it/en/

https://www.youtube.com/watch?v=zxkdO07L29Q
https://www.youtube.com/watch?v=nLw1RNvV{fEIg

20


http://www.thehistoryblog.com
https://en.wikipedia.org/wiki/Lab_notebook
https://www.gw-openscience.org/start/
https://blog.jupyter.org/congratulations-to-the-ligo-and-virgo-collaborations-from-project-jupyter-5923247be019
https://ligo.org/news/index.php#nobel
https://www.gw-openscience.org/GW150914data/GW150914_tutorial.html
https://www.nature.com/articles/s41586-019-1129-z
https://www.slideshare.net/eurosigdocacm/jupyter-127079129
https://www.youtube.com/watch?v=zxkdO07L29Q
https://www.youtube.com/watch?v=NSiPeoDpwuI
https://jupyterlab.readthedocs.io/en/latest/getting_started/overview.html
https://nbviewer.jupyter.org/
https://jupyter-notebook.readthedocs.io/en/stable/index.html
https://www.museogalileo.it/en/
https://www.youtube.com/watch?v=zxkdO07L29Q

Obrigada! S | contato:
julia@linea.gov.br




