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What is Jupyter?

In [1]1:

In [2]:

In [3]:

In [4]:
out[4]:

In [5]:

Z Jupyter Nielsen2015Python_metrojetd268 (auosavea) [ ol
nsert Cell Kernel Help | Python 2 O
B + 3= & B 4+ % M B C Makdown :l CellToolbar || Ll
Plotting of Metrojet 9268 Extended Mode-S Data Decoded
= Finn Arup Nielsen
= Data from Flightradar24
= hitp/www.flightradar24.com/blog/metrojet-9268-extended-mode-s-data-decoded
%matplotlib inline
from everything import *
df = read_csv(expanduser(’~/data/7K9268/7K9268ExtModeSdecoded. csv'))
df.tail(s)
time hex lat lon altitude | squawk | callsign |vspeed |track |groundspeed |tas
2010 04:13:362.734 | 4ca9bf | 30.182602 | 34.161126 | NaN 7327 KGL9268 | -25024 |353.9 |93 256
2011 04:13:37Z.714 | 4ca9bf | 30.182981 | 34.161108 | NaN 7327 KGL9268 | -25024 |353.9 (93 256
2012|04:13:38Z.344 | 4ca9bf | 30.182981 | 34.161108 | NaN 7327 KGL9268 | -26240 |351.7 |62 256
2013 04:13:38Z.664 | 4cadbf | 30.183105 | 34.160964 | NaN 7327 KGL9268 | -26240 |351.7 |62 256
2014 04:13:39Z.384 | 4ca9bf | 30.183105 | 34.160964 | NaN 7327 KGLS268 | -26432 |349.2 |47 256
last = df.iloc[185@:,:]
columns = ['lat', "lon', 'altitude', 'vspeed', 'track', 'groundspeed’,

In [6]:

'tas', 'gnh', 'precision’,

'gps altitude']

handles = last.plot(x='time', y=columns, subplots=True, figsize=(10, 28), linewidth=3)
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An interactive browser-based edit-
ing, computation and presenta-
tion environment

Runs as a Python program with
interface through an ordinary
webbrowser

Supports not only Python but
several different computational
languages.

Like Mathematica and Maple but
free/open software

Finn Arup Nielsen
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The Jupyter workflow

Online Data

CSVIXLS
Files

Unstructured
Data

IPLyI:

N

lterative Develnp@

SQL/HBase

Revision Camm.fl

Jipynb Files

-

Books
PDF
Wikis
HTML < Blogs
Wab/Gist !
/Github Emel
AT nbviewer

By Joshua Barratt, IPynbWorkflows.png

Finn Arup Nielsen

March 1, 2017


https://github.com/jbarratt/ipython_notebook_presentation/blob/master/PresentationImages/IPynbWorkflows.png
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Project Jupyter

Originally a spin-out of IPython,

jupyer/ notebook o - wx = —— gn interactive shell (and from
e R R Ry \n o that formerly called IPython
Commits  Codefrequency Punchcard Network Members Dependents NotebOOk)
Feb 10, 2008 ~ Feb 28, 2017 Contuions: Commits -
Homepage: https://jupyter.org/
Conference in 2017: jupytercon
. m!?rt(w mits 199,890 -- .Jldizl;e:?lewrl. 7,941
Free/open development from
https://github.com/jupyter
{j Carreau @ clisonbg . .
Lively development. Examples
(that I do not know): nbgrader
(grading), nbflow, cite2c (cita-
tions), Jupyter-drives (real-time
collaboration) . ..
Finn Arup Nielsen 3 March 1, 2017


https://jupyter.org/
https://conferences.oreilly.com/jupyter/jup-ny
https://github.com/jupyter
https://github.com/jupyter/nbgrader
https://github.com/jhamrick/nbflow
https://github.com/takluyver/cite2c
https://github.com/jupyter/jupyter-drive
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Installation

If you are on a Python-friendly platform:

pip install jupyter

i.e., Jupyter is available as a package from the Python package index, see
https://pypi.python.org/pypi/jupyter/.

Otherwise, often recommended is to download and install Anaconda from
the company Continuum Analytics.

After installation your should be ready to start the Jupyter from the
command-line:

jupyter notebook

Finn Arup Nielsen 4 March 1, 2017


https://pypi.python.org/pypi/jupyter/
https://www.continuum.io/downloads
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Starting Jupyter

Client-Server model: The client is the webbrowser that sends and receives
from a (possibly remote) Python webserver to the kernel.

Start jupyter from the command line (in the working directory where you
want to work from):

jupyter notebook

This will start the server and spawn a browser that is used for editing.

:~fprojects/Nielsen2017Jupyter/notebooks$ jupyter notebook
serving notebooks from local directory: /home/faan/projects/Nielsen2817Jupyter/notebooks
® active kernels

The Jupyter Notebook is running at: http://localhost:8888/

Use Control-C to stop this server and shut down all kernels (twice to skip confirmation)
Notebook Wielsenz2@15Python_metrojet9z268.ipynb is not trusted

Kernel started: 3f3126ad-6474-4a27-abde-f548dec174b9

Do not close that server while you are running a notebook!

Finn Arup Nielsen 5 March 1, 2017
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Text In Jupyter

In [1]:

Out[1]:

In [2]:

Title in Markdown

# Here is some Python code which generates a result
1+1

2

A subheading in markdown

And a bit of explanation together with some latex code

# In the above example the latex was written as $$\frac{1}{\lambda} \approx 4$$

ltemize in markdown

* You

* can

* do

* itemization

Tables

Column 1| Column 2| Third column

1 2 cell

Hyperlinks

Plain: hitp://dtu.dk or named links DTU's homepage.

Cell-oriented editing.

Cells with text type is format-
ted with Markdown markup lan-
guage.

Markdown can do: headings,
itemization, tables, hyperlinks,
and a bit more, see John Gru-
ber's Markdown site.

The markdown in Jupyter can
handle IATEX via “$$”

See also Simple notebook with
various formatting

Finn

Arup Nielsen
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https://daringfireball.net/projects/markdown/
https://daringfireball.net/projects/markdown/
https://nbviewer.jupyter.org/github/fnielsen/Nielsen2017Jupyter/blob/master/notebooks/Nielsen2017Jupyter_simple.ipynb
https://nbviewer.jupyter.org/github/fnielsen/Nielsen2017Jupyter/blob/master/notebooks/Nielsen2017Jupyter_simple.ipynb
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Order of evaluation

Code

In [3]: a

a
Qut[3]: 1
In [4]: a

a
Out[4]: 2
In [5]: a

a
Out[5]: 1

+=1

Default to Python.

Execute cells one at a time with
shift4+enter. This can be out of
order.

Or run all cells in sequential order

Output is captured and printed
under the cell.

OQutput is saved in the notebook
file, the value of the variable is
Not save.

Finn Arup Nielsen
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Kernels

You can choose different kernels Data

that execute the code. In [1]: nl =14 # ALl men
yl =9 # '5" men
n2 = 4 # All women
y2 = 2 # '5' women

Not just for Python code: R, Ju-

lia, Matlab and many more, see Bayesian simulation

list of Jupyter Kernels. In [2]: I = 100000 # simulations
hyperprior = 1
males = rbeta(I, yl+hyperprior, (nl-yl)+hyperprior)
fgmales = rbeta(I, y2+hypgrprinr, {n2-y2}+hyperprinr}

KerneIS need tO be inSta”ed Sep_ diff = males-females # simulated diffs

arately.

Y Output
_ In [3]: # OUTPUT

An example with R code. quantiles = quantile(diff,c(©.005,0.025,0.5,8.975,0.995))
print(quantiles,digits=2)
print("Probability higher % men than women '5':")
print (mean(males=females))
0.5% 2.5% 50% 97.5% 99.5%
-8.41 -0.30 0.13 ©.55 0.65
[1] "Probability higher % men than women '5':"
[1] ©.78275

Finn Arup Nielsen 8 March 1, 2017


https://github.com/jupyter/jupyter/wiki/Jupyter-kernels
https://nbviewer.jupyter.org/github/fnielsen/Nielsen2017Jupyter/blob/master/notebooks/Nielsen2017Jupyter_r.ipynb
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Plot output with Python kernel

In [1]: %=matplotlib notebook

Plot output in the form of image
can appear in different ways.

In [2]: from pylab import *
from mpl_toolkits.mplot3d import Axes3D

In [3]: fig = figure()
ax = fig.add subplot(11l, projection="3d")

:.zy?ﬂg = randn(N), randn(N), randn(N)

ax.scatter(x, y, z, c='r', marker='0');
So-called magic commands can B
control the output. Default is in-
line plots

‘matplotlib inline

The inline images are stored in
the notebook in encoded binary
format.

# € > 4 0 B

Examples of other display modes:
/smatplotlib notebook

‘matplotlib gtk

Finn Arup Nielsen 9 March 1, 2017


https://ipython.org/ipython-doc/3/interactive/magics.html
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Control of IPython (Python kernel)

For the Python kernel there are a number of different magic commands
beyond matplotlib

! Execute command in the shell, e.g., !'1s
%hhtime Time the cell

%ed Change working directory

fmagic Information about the magic system

%hprun Profiling the code

Finn Arup Nielsen 10 March 1, 2017
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File format: The Notebook document

Part of Jupyter Notebook is its open data format.
Plain modern lingua franca JSON (. json) with specific fields.
The file can easily be read by Javascript, Python, etc.

T here are different versions, so old Jupyter versions might not be able to
read new versions.

Read more here: https://nbformat.readthedocs.io.

Finn Arup Nielsen 11 March 1, 2017
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File format: Example

{

"cells": [

{
"cell_type": "code",
"execution_count": 1,
"metadata": {

"collapsed": true

¥,
"outputs": [],

"source": [

"from __future__ import division\n",

" \nll ,
"from afinn import Afinn\n",

"import numpy as np\n",

Finn Arup Nielsen 12
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. . .and your can read it

Reading a public notebook with a small Python program:

import requests

url = ("https://raw.githubusercontent.com/fnielsen/afinn/"
p g
"master/notebooks/"

"CrowdFlower %#20Twitter’%20sentiment’%20analysis.ipynb")
notebook = requests.get(url). json()

print (",".join(notebook[’cells’][0][’source’]))

Gives the output (the first cell of the notebook):

from __future__ import division

from afinn import Afinn
import numpy as np
import pandas as pd

Finn Arup Nielsen 13 March 1, 2017


https://github.com/fnielsen/afinn/blob/master/notebooks/CrowdFlower%20Twitter%20sentiment%20analysis.ipynb

e

Jupyter

Conversion with nbconvert

Convert to latex, html, pdf, ..., see Nielsen2015Python_metrojet9268
https://nbconvert.readthedocs.io

February 28, 2017

1 Plotting of Metrojet 9268 Extended Mode-S Data Decoded

[X] * Finn Arup Nielsen

- t O ¢ Data from Flightradar24
 http://www.flightradar24.com/blog/metrojet-9268-extended-mode-s-data-decoded /

Extract the python code with
python” In [1]: Smatplotlib inline

: from everything import =«
: df read_csv (expanduser ('~/data/7K9268/7K9268ExtModeSdecoded.csv'))

]
]

In [4]: df.tail(5)
]

You can write custom templates e vaee e el o e v canls

2011 04:13:372.714 4ca9bf 30.182981 34.161108 NaN 7327 KGLI
. . . 2012 04:13:387.344 4ca9bf 30.182981 34.161108 NaN 7327 KGLI
in the jinja |anguage for output 2013 04:13:382.664 dcasbf 30.183105 34.160964 NeN 7327 KoL9
2014 04:13:392.384 4ca9bf 30.183105 34.160964 NaN 7327 KGLY
Ou S ecific Wa See Customizin vspeed track groundspeed tas gnh mcp_alt precision gps_alti
y p y, g 2010 -25024 353.9 93 256 1012 32000 0 2
2011 -25024 353.9 93 256 1012 32000 0 2
2012 -26240 351.7 62 256 1012 32000 0 2
nbconvert 2013 -26240 351.7 62 256 1012 32000 0 2
. 2014 -26432 349.2 47 256 1012 32000 0 2

oat

2010 -42

2011 -42

2012 -42

Converting the notebook to IATEX i
and further on to PDF: e e

jupyter nbconvert example.ipynb --to pdf

Finn Arup Nielsen 14 March 1, 2017


https://nbconvert.readthedocs.io
https://nbconvert.readthedocs.io/en/latest/customizing.html
https://nbconvert.readthedocs.io/en/latest/customizing.html
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.. .and you can view it

oa Jupyterorg = #& ¢+« » YOu can “publish” notebooks
:Jupyter JUPYTER  FAQ (/>

nbviewer

O X
nbviewer is a webservice to view the

Notebook files

afinn notebooks

In [1]: from _ future__ import division

from afinn import Afinn
import numpy as np
import pandas as pd

Canonical viewer for public note-
g;l:p(‘jtlrggéiigi?ﬁ.rTL}Jbspot.net,-’hubf5;’3463?8;‘[]FE_CSUSITWltter— sentiment-se b O O KS h tt ps / / n bV | ewe r J u pyte r . O rg /

In [3]: | # Sentiment analysis with AFINN
afinn = Afinn(emoticons=True)
afinn_scores = [afinn.score(text) for text in df.text]

([ sentinent-, afinn . ‘text']].head(10) For instance, a notebook on GitHub

In [2]: | # http://www.crowdflower.com/data-for-everyone

g AT U | can be viewed with nbviewer with
0[5 0 Two places I'd invest all my money if | could:...
1|5 5 Awesome! Google driverless cars will help the ... h tt pS / / n bV l ewe r L. I CO n S . I py n b
2|2 1 If Google maps can't keep up with road constru...
3|2 0 Autonomous cars seem way overhyped given the f...
413 0 Just saw Google self-driving car on I-34. It w...
53 0 Will driverless cars eventually replace taxid... W't h SO m e efro rt yo u Ca n a ISO Set u p
6| not_relevant |0 Chicago metro expected to be fully autonomous ... .
7 [ not_relevant | 3 I love the infotainment system in my new car. ... n bV | ewe r O n yo u r I O Ca I CO m p U t-
8(5 -3 Autonomous vehicles could reduce traffic fatal... .
9|1 1 Driverless cars are not worth the risk. Don't... e r/ l n t ra n et .
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https://nbviewer.jupyter.org/
https://github.com/fnielsen/afinn/tree/master/notebooks
https://nbviewer.jupyter.org/github/fnielsen/afinn/blob/master/notebooks/CrowdFlower%20Twitter%20sentiment%20analysis%20with%20emoticons.ipynb
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Embedding content in a Python notebook

You can embed other content than text and code in a notebook.

In a Jupyter notebook runing Python there is a range of embedding classes
you can import from the IPython.display module, e.g., to include HT ML,
image files, YouTube videos and (content from) iframes.

from IPython.display import (HTML, Image,

YouTubeVideo, IFrame)

Note that viewers night not be able (or want to) to display the embedded
content, see, e.g., Nielsen2017Jupyter_embeddings.ipynb on Github where
GitHub does not display the YouTube video or the iframe.

Show with nbviewerl

Finn Arup Nielsen 16 March 1, 2017


https://github.com/fnielsen/Nielsen2017Jupyter/blob/master/notebooks/Nielsen2017Jupyter_embeddings.ipynb
https://nbviewer.jupyter.org/github/fnielsen/Nielsen2017Jupyter/blob/master/notebooks/Nielsen2017Jupyter_embeddings.ipynb
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Slideshows

I & upyter Notebook . x Notebook can be styled to slideshows.

€ Oa jupyter.org

First slide with import of

= Numpy
s SciPy
« Matplotlib

T[S

import numpy as np
import s
import m 1

p tlib.pyplot as plt

jupyter nbconvert

wBa » =

In an open notebook go to View — Cell

Toolbar — Slideshow and mark cells
with “slide”

View a public slide notebook with

nbviewer: Example notebook as slide
show

Or view the slide show, e.g., with

example.ipynb --to slides --post serve

Finn Arup Nielsen
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https://nbviewer.jupyter.org/format/slides/github/fnielsen/Nielsen2017Jupyter/blob/master/notebooks/Nielsen2017Jupyter_slides.ipynb#/
https://nbviewer.jupyter.org/format/slides/github/fnielsen/Nielsen2017Jupyter/blob/master/notebooks/Nielsen2017Jupyter_slides.ipynb#/
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Live slideshows

wvonz o | e RISE notebook extension
should be install for this func-
tionality.

View nsert Cell Kermel Help

B 4+ % MW B C code

Slide Type Slide o

Slideshow Install rise (pip install rise)

Finn Arup Nielsen

Install and enable it as a
jupyter-nbextension

Slide Type Side

First slide with import of

- somy Start jupyter notebook as
» Matplotlib usu al

...and you have an extra but-
ton “Enter/Exit Live Reveal
Slideshow”

See more at https://github.com/damianavila/RISE.

Finn Arup Nielsen 18 March 1, 2017


https://github.com/damianavila/RISE
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“A bound notebook’?

If you want to establish priority:

“T'he industrial researcher, whose work may lead to patents, has no
choice accept to use a bound notebook for all laboratory notemaking.”
(Kanare, 1985)*

Research should be documented in a manner consistent with practices
in the field of research in question, e.qg. by keeping records, 0gbooks,
Jjournals or similar practices — if possible with dates and entries by the
person(s) responsible for the conduct of the research. (Q28, 2014)

*Perhaps a dated claim? (Just get first to the patent office)

Finn Arup Nielsen 19 March 1, 2017
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“A bound notebook’?

If you want to establish priority:

“The industrial researcher, whose work may lead to patents, has no
choice accept to use a bound notebook for all laboratory notemaking.”
(Kanare, 1985)1

Research should be documented in a manner consistent with practices
in the field of research in question, e.qg. by keeping records, l0ogbooks,
Jjournals or similar practices — if possible with dates and entries by the
person(s) responsible for the conduct of the research. (Q28, 2014)

Jupyter Notebook has no sense of proven persistency: Old Jupyter Note-
books can be modified, so with Jupyter Notebook you cannot prove that
the file was the original.

fPerhaps a dated claim? (Just get first to the patent office)

Finn Arup Nielsen 20 March 1, 2017
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“A bound notebook’?

Consider a file:

- jupyter Nielsen2017Jupyter_secret (utosaved) e
File Edit View nsert Cell Kernel Help | Python2 O

+ = B B 4+ v M E C code :| CelToolbar

Secret project

In [1]: 2 + 2
Out[l]: 4

In [ ]:

Checksum the notebook file:

$ shab12sum Nielsen2017Jupyter_secret.ipynb
86d355942b95a36d723d94d50e78c3d2a3642c06dbff4c23704...

And publish the checksum. But the author and the date is still dangling.

Finn Arup Nielsen 21 March 1, 2017
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Git — distributed revision control system

Jupyter Notebooks can be used with git (or other revision control system).

Just checkin the notebook file as a normal file (after creation of the
repository):

git add Nielsen2017Jupyter_simple.ipynb
git commit Nielsen2017Jupyter_simple.ipynb
git push

Standard Jupyter notebook has no time stamps and no author. Git has
that for you.

The cloud-based git provider GitHub is able to format the notebook file
for you.

Finn Arup Nielsen 22 March 1, 2017
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Git diff

A Git diff on GitHub for an R notebook change.

Change hyperparameter

I/ master

ﬁ fnielsen committed 5 minutes ago
Showing 1 changed file with 8 additions and & deletions.

16 EEEE notebooks/Nielsenze17Jupyter_r.ipynb
1
¥

iy
i
"cell_type™: “code",
- "execution_count™: 1,
"metadata”™: {
"collapsed": true

1

%5

h
i
"cell_type™: “code",
- "execution_count”: Z,
"metadata": {
"collapsed": true
h
"outputs": [],
"source": [
"I = 100088 # simulationsi\n",
- "hyperprior = 1\n",

"males = rbeta(I, yl+hyperprior, (nl-yl)+hyperprior)in®,
"females = rbeta(I, y2+hyperprior, (n2-y2)+hyperprior)n",

"diff = males-females # simulated diffs"

"cell type": "code",

- "execution_count": 3,

+

+

Browse files

1 parent bg46eal commit a7f2cczb27eeccefes53azs5f7f4165dcc2z4edesndy

Unified | Split

View

e

{
"cell type": “"code",
"execution_count™: 13,
"metadata”: {

"collapsed™: true

hH

1,

i

"cell type": “"code",

"execution_count™: 14,

"metadata": {

"collapsed™: true

h

"outputs": [],

"source": [

"I = 1080068 # simulationshn™,

"hyperprior = @.5%n",

"males = rbeta(I, yl+hyperprior, (ml-yl)+hyperprior)in",
"females = rbeta(I, y2+hyperprior, (m2-y2)+hyperprior)\n”,
"diff = males-females # simulated diffs”

1,
i
"cell type": "code",

"execution_count™: 15,

Finn Arup Nielsen

March
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https://github.com/fnielsen/Nielsen2017Jupyter/commit/a7f2cc2b270eccefe53a25f7f4165dcc24ed80d7#diff-96a300d52313c33e9b89d4c09b962257

e

Jupyter

Cloud-based?

Cloud-based notebooks have been shaky.

wakari.io ran notebooks for you. It was bought by Continuum Analytics
and now amalcated into Anaconda Enterprise Notebooks (‘Starting at
$60.000" per year).

http://mybinder.org ? Mentioned in (Kluyver et al., 2016).

https://cloud.sagemath.com/. Starts at $79 per year (a small free note-
book is available).

https://try.jupyter.org/ — only to try out.

Kaggle Kernels — for Kaggle datasets.

Finn Arup Nielsen 24 March 1, 2017


http://mybinder.org
https://cloud.sagemath.com/
https://try.jupyter.org/
https://www.kaggle.com/kernels
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Why you shouldn’t use Jupyter

Somewhat unusual editing behavior with the browser-based interface, —
but you can probably get use to it (learn the keyboard shortcuts!).

Notebooks tend to be stand-alone, where code reuse is more difficult.

The notebook locks computation. You cannot to other computations
while it is running. But you can still edit or start another notebook.

ess software developer-oriented: unit testing, lint.

Not really good for storing and editing data (input data, intermediate
computation, or output) for you. This is not a spreadsheet.

Finn Arup Nielsen 25 March 1, 2017
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Why you should use Jupyter

“Researchers today across all academic disciplines often need to write
computer code in order to collect and process data, carry out statistical
tests, run simulations or draw figures. The widely applicable libraries and
tools for this are often developed as open source projects (such as NumpPy,
Julia, or FENICS), but the specific code researchers write for a particular
piece of work is often left unpublished, hindering reproducibility.”

“Notebooks—documents integrating prose, code and results—offer a way
to publish a computational method which can be readily read and repli-
cated.” (Kluyver et al., 2016)

Finn Arup Nielsen 26 March 1, 2017
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Notebook examples

Sune Lehmann, Associate Professor, DTU Compute. Use Jupyter Note-
book for assignment in his class, e.g., Social data analysis 2016 Assign-
ment 1.

Peter Norvig, Google, http://www.norvig.com/ipython/. Didactic note-
books with explanations, Python code and latex equations, e.g., xkcd
1313: Regex Golf

Cameron Davidson-Pilon, Probabilistic Programming and Bayesian Meth-
ods for Hackers. This is an entire book written in Jupyter.

A few of my demonstrations, fnielsen/Nielsen2017Jupyter/ GitHub repo.

Finn Arup Nielsen 27 March 1, 2017


https://github.com/suneman/socialdataanalysis2016/blob/master/assignments/Assignment1.ipynb
https://github.com/suneman/socialdataanalysis2016/blob/master/assignments/Assignment1.ipynb
https://nbviewer.jupyter.org/url/norvig.com/ipython/xkcd1313.ipynb
https://nbviewer.jupyter.org/url/norvig.com/ipython/xkcd1313.ipynb
https://nbviewer.jupyter.org/github/CamDavidsonPilon/Probabilistic-Programming-and-Bayesian-Methods-for-Hackers/blob/master/Chapter1_Introduction/Ch1_Introduction_PyMC2.ipynb
https://nbviewer.jupyter.org/github/CamDavidsonPilon/Probabilistic-Programming-and-Bayesian-Methods-for-Hackers/blob/master/Chapter1_Introduction/Ch1_Introduction_PyMC2.ipynb
https://github.com/fnielsen/Nielsen2017Jupyter/
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T hanks

Finn Arup Nielsen 28 March 1, 2017
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