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“The purpose of computing is insight,
not numbers”

—Hamming’62
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Every research discipline is now awash in data
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[Python: Interactive Python, 200

1. IPython: Users/fperez (python3.5)

(jlab) dreamweaver([~]> ipython
Python 3.5.2 |Continuum Analytics, Inc.| (default, Jul 2 2016, 17:52:12)
Type “copyright", "credits" or "license" for more information.

IPython 5.1.9 == An enhanced Interactive Python.
-> Introduction and overview of IPython's features.

Object Introspection (TAB!) [l

object? -> Details about 'object', use 'object??' for extra details.

pylab
Using matplotlib backend: MacOSX
Populating the interactive namespace from numpy and matplotlib

OS Integration

pandas_datareader import data
datetime import datetime

ticker '‘MSFT'
stock data.DataReader( ticker, 'vahoo', start-datetime(201:

Rich terminal client LI Siystagran T O T SR e

Open High Low Close Volume Adj Close

Date

2012-01-03 26.549999 26.959999 26.389999 26.77 64731500 23.304317
2012-01-04 26.820000 27.469999 26.780001 27.40 80516100 23.852755
2012-01-05 27.379999 27.730000 27.290001 27.68 56081400 24.096507

GUI support (plots,

o"e Figure 1

g MSFT Closing Price
Jomagic commands p
5 A mfw
Embeddable : AW
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Team today: where all the credit goes

Plus ~ 500 more Open source contributors!
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Pragmatic abstractions: vocabulary




Interactivity as a protocol

* The REPL as a network protocol
* Kernels
* execute code
* (Clients
* Read input

* Present output

Simple abstractions enable rich,
sophisticated clients

File Edit View Kemel Magic Window Help

Python 2.7.2+ (default, Oct 4 2011, 20:06:09) .
Type *copyright®, “"credits” or *license” for more information.

IPython 6.13.dev -- An enhanced Interactive Pythen.
? -> Introduction and overview of IPython's features.

v

Squickref -> Quick reference,

help > Python's own help system.

object? -> Details about ‘object', use ‘object??' for extra details.
Sguiref > A brief reference about the graphical user interface.

Welcome to pylab, a matplotlib-based Python environment [backend:
module://IPython.zeq.pylab.backend inline].
For more information, type “help(pylab)".

In [1): import scipy.limalg as la
«..: mineigs = []
| 256
: for i im range(10):
a = rand(n, n)
mineigs.append(la.cigvals(a).min().real)

«v«t mean(mineigs)
Out[l]: -4.569467643237938

In [2]): %run mapping seismic stations.py

Seismic stations in the Himalaya

BTN

M 5N
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In [3): |




The IPyth

Rich web client
Text & math
Code

Results

Share, reproduce.

on/Jupyter Notebook

® 0 ® = ocenz Ditterentisl Equations R
C O 127.0.0.1:8888/notebooks/taks/slides) 1807 -nersc/Lorenz% 200 ferential%20Equations... 7t QA O @ & o
— Jupyter Lorenz Differential Equations Last Checkpont: a minute ago (unsaved changes) (o
File Edit View Insert Cell Kernel Widgets Help Python3 O

B o+ 20 24 9% B C Code ¢ @ CelToolbar

Exploring the Lorenz System of Differential Equations

In this Notebook we explore the Lorenz system of dilerential equations:
x=o(y-x)
Y= px -y - Xz
t=—fr4xy
This is one of the classic systems in non-linear differential equations. It exhibits a range of different behavicrs as

the paramedters (o, f, p) are varied, including what are known as chaotic solutions. This system was originally
developed as a smpified mathematical model for atmospheric convection in 1963,

In [12]: interact(solve_lorenz, N«fixed(10), ongle«(8.,360.),
0=(0.9,50.0), 0=(0.0,50.0));

angle 308.90
max_time 12.00
o 10.00

g 263

© 28.00




From IPython to Project Jupyter

1Pyl AN

jupyter
IPython —




[Python ... Jupyter

* Interactive Python shell at the * Network protocol for

terminal interactive computing
* Kernel for this protocol in * Clients for protocol
Python

“+ Console

* Tools for Interactive Parallel

* Qt Console
+* Notebook

computing

* Notebook file format & tools
(nbconvert...)

* Nbviewer

@ python’

Language Agnostic



Protocols: kernels & clients



Jupyter Protocol
is language agnostic
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jupyter lei‘il
Yy oPe |

o "
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~75 different kernels: https:/ / github.com /ipython /ipython /wiki /IPython-kernels-for-other-languages
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https://github.com/ipython/ipython/wiki/IPython-kernels-for-other-languages

Alternate clients (nb): nteract

+ Local desktop application

* Written in node.js (uses React)

+ Uses:

“ Jupyter messaging protocols

+ Notebook file format.

+ htt

ps: / / github.com /nteract/nteract

L

Kyle Kelley Safia Abdalla

o ~ OS50 /RN COMMNLE LN LErBCA S mple - ALLeOOKE/ENNds - 10 - QENSON Jynd - Python 3 - idle *
Bamboo
from Pandas DatafFrame 10 GeoJSON 10 Leallet Map
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https://github.com/nteract/nteract

[ternate clients (editor): hydro

@ testpy
matplotlib.pyplot as plt
rt numpy as np
IPython.display import Latex, Markdown

rt pandas as pd ¢

'Hello World!'
'"This is \x1b[00;38;5;033mHydrogen\x1b[Om:"'

thiswillerror

O
)

np. linspace(0, 20,

.plot(x, np.sin(x))

.Show()

df = pd.DataFrame({'A': 1.,

'B': pd.Timestamp('20130102"'),

'C': pd.Series(l, dex=list(range(4)), dtype='float32'),
'D': np.array([3] =

e

'E': pd.Categorical(["test", t", "train"]),

'F': 'foo'})




Alternate clients (IDE): spyder

® o Spyder (Python 3.4) g X
File Edt Search Source Run Debug Consoles Tools View Help
. 1 o’ - o o (3 o
Dy DD b F R EREE A e+ Bt
Editor - Ampdnterpolation. py © X Objctinspector o x
4 Fron the SciPy Cookbook
5 " mean
6
& 7 from numpy import arange, cos, linspace, pi, sin, random
& from scipy.interpolate inport splprep, splev DeFinition : nean(a, axis=Mone, dtype=llone, out=Neone,
9 kespdins=False)
10 # moke ascending spiral i Type : Function of numpy.core.fromnumeric module
11 t=linspace(d,1 75%2%p1i,100)
12
13x = sinCt) Compute the arithmetic mean along the specified axis.
4y =
isz - :os(t) Returns the average of the array elements. The average is
16
17 # X% add noise

18 x+= r&ﬁaoa:ﬁél;naltscale=0.1, size=x.shape)
19 y+= random.normal(scale=0.1, size=y.shape)
20 z+= random.normal(scale=0.1, size=z.shape)

21

22 # X% spli Python 3.4.0 on linux -- IPython 4.0.0
2323.0 ¢ «

24 k=2 # In [1]): runfile('/tmp/interpolation.py’, wdir='/tmp')
25 nest=-1 » oo¢

26 15 12

27 # X% find the knot points 10}

28 tckp,u = splprep([x,y,z],s=s, k=k, nest=-1) 0s |

29

30 # XN evaluate spline, including interpolated points —os |

31 xnew, ynew, znew = splev(linspace(®,61,400), tckp) '

32

inport pylab

https:/ / github.com /spyder-ide/spyder



https://github.com/spyder-ide/spyder

Jupyter Kernel Gateway

Kernel
Gateway

Client

* Web server for spawning and communicating with
kernels over HTTP / Websocket

» Defaults to letting web clients talk the Jupyter protocol

* Extensible with other modes / personalities

Slides/ credit: Peter Parente, @parente



https://twitter.com/parente

Notebooks: structured files
(metadata!)



nbgrader: notebook homework

: Jupyter Problem 1 Last Checkpoint: a few seconds ago (autosaved)

File Edit

+ 2 OB 2+ vy M B C Makdown ¢ Cell Toolbar: None

In [ ):

In [ ):

View Insert Cell Kemel Help

“

Part A (2 points)
Write code to compute the mean of a list of numbers.

def mean(x):
““"Compute the mean of a list of numbers given in xI =
### BEGIN SOLUTION
return sum(x) / len(x)
### END SOLUTION

nen

"""Check that the "mean” function is correct.
assert mean([(1l])) == 1.0

assert mean((1l, 2]) == 1.5

assert mean((5.5, 0, 2, 3.4)) == 2.725
assert mean(range(100)) == 49.5

assert mean(range(100, 0, =1)) == 50.5

Part B (3 points)
Describe the difference between an arithmetic mean, a harmonic mean, and a geometric mean.

Arithmetic mean:

1 N
—YX;

A

| Python3 O

(e crrd)
R

J. Hamrick
UC Berkeley

B. Granger
Cal Poly
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Notebooks as dashboards

Same file format ———

« c Jpyter Cloudet. xy2/user AT

m i

Jupyter meetup-streaming massea A

QB ¢ 2 2 B 2 9 1 B C woriw ! 2 ColToober Vew " a
Metadata based e R
Streaming Meetups Dashboard ® Ssveam

ponts N s daalbowrd layct

Live dashboard with a St

Park

Jupyter kernel

Web view with hidden

details (code, setup,
etc)

——— W https:/ / github.com /jupyter-incubator /dashboards



“Executable books™

Jsé Unpingco By Cyrille Rossant
Python

§ forSignal
0cessing
Python for o

José Unpingco

Learning IPython for Interactive
Computing and Data Visualization

Probability,
Statistics,
and Machine
Learning

IPython Interactive Computing

and Visualization Cookbook —I i
Sl |

PROBABLISTIC PROGRAMMING
SBRAYESIAN METHODS

FOR HACHERS

»
1

| — — e — E—

By Matthew Russell By Cameron Davidson-Pilon

EXTRAS ONLINE

By Jose Unpingco Mining the
Social Web

Matthew A, Russell



https://github.com/CamDavidsonPilon/Probabilistic-Programming-and-Bayesian-Methods-for-Hackers
http://shop.oreilly.com/product/0636920030195.do?sortby=bestSellers

“The Notebook™:
reusable web application



mybinder.org

& binder

Turn a GitHub repo into a
collection of interactive
notebooks

Have a repository full of Jupyter notebooks? With Binder, you can

badge that opens those notebooks in an executable environment, making

your code immediately reproducible by anyone, anywhere.

100% free and open source. Browse examples. Read the FAQ.

Build a repository

submit

htt

&

docker

add a

R — T —

github.com /andrewosh

Andrew Osheroff’s SciPy’16 talk:
ps: / /[ www.youtube.com / watch?v=OK6M4w7LYIc



http://mybinder.org
https://www.youtube.com/watch?v=OK6M4w7LYIc
http://github.com/andrewosh

Oriole: executable, video-narrated tutorials

l MARDWARE INNOVATION

2\
19!

GnhneTatornals

Oriole s a unique new medium that blends code, data, text, and video into a narrated
learning expeorience with executable content,

Led by some of the most brilliant minds in technology, each lesson s an easily
digestible and engaging thought-by-thought towr of the instructor's approach to the
Orniole Online Tutorials require nothing more than an intemet connection and 3 Laptop
You can wiite and run code within the environment. Make a mistake? Change it, and

try agon

Onole combings the expert insight and hands-on leaming of in-person or online
courses with the on-demand, at-your-own desk, back-up-and run-it-again
convenience of video training. You leam by doing, on your own schedele, and at your

OWN Pace

Paco Nathan Taylor Martin

' SOFTWARE ENCG SEE ALL

l OPERATIONS

In Oriole, we get the

[

complete integration of

video synchronized with the
flow of the text, as well as
the ability to execute the
code: this is probably as
close as we can get 1o
learning side-by-side with
Peter himself

Fernando Perez, creator of IPython, which

evolved Imo Project Jupyter

(‘!'.,x' y
J -
Andrew Odewahn

We harve now Tulhlled panel two of the strip
Let’s try another example, separating the top ten

best-sefling drugs from the top 10 cities to visit

oreilly.com /learning / regex-golf-with-

peter-norvig



https://www.oreilly.com/learning/regex-golf-with-peter-norvig

Microsoft, IBM, Google, Continuum...

000 ety apye -
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Cortana Analytics Seite Clean and Transform Data
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= .__- - g _ -e,,m
/ . S, e T '_ Powerful Notebook Environment
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rich media.
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JupyterHub: multiuser support

~Jupyterhub

Pluggable
authentication

Manage users and
authentication with PAM,
OAuth or integrate with your
own directory service system.
Collaborate with others
through the Linux permission
model.

> Jupyter for Organizations

JupyterHub is a multiuser version of the notebook
designed for centralized deployments in companies,
university classrooms and research labs.

- ©

Code meets data

Centralized Container friendly Deploy the Notebook next to
depl t your data to provide unified
eploymen Use Docker containers to software management and
Deploy the Jupyter Notebook Scale your deployment end data access within your

isolate user processes using a
growing ecosystem of prebuilt
Docker containers.

to all users in your organization.

organization on centralized
servers on- or off-site.

e



Berkeley's Foundations of Data Science

+ New curriculum aimed at all

freshmen at UC Berkeley

+ Interactive textbook is
Jupyter Notebooks

* Course deployment is
JupyterHub

+ Off Jess Hamrick’s work

W ."
| P

‘(:;:f'-r;ji

data.berkeley.edu, data8.org

® 00 Pcumpiston snd viee  x

C P | e QDO COm Book Sad Nen ook delals

Computational and Inferential Thinking

The Foundations of Data Science — dsB8

ABOUTY

W About this book

The Foundations of Data Science

By Ani Aghikari and John DeNero
This s the Sextbook %or the Found
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Data Science: Connector Courses

A die I m B

Data Science, Spild D T b : Computational
Demography, & Tevelanine Warle Fol]rast?ngg%]igiis Data and Ethics Social Networks Structures in
Immigration T Data Science

BERKELEY DATA SCIENCE EDUCATION PROGRAM
Fall 2016 Connector Course Offerings

Designed to Complement

Data 8: Foundations of Data Science Rl

0O % & §

Data Science for Data Sci d Probability and
Cognitive ata Science an Math Stats in

Neuroscience the Mind Data Science

Social Data Making Sense of  Genomics and Data
Revolution Cultural Data Science




JupyterHub: interactive HPC

Jjupyterhub
S’

Cori @ NERSC: Department of Energy
Supercomputing Center (LBNL) Rl e



JupyterLab: the notebook,
evolved...



_ Jupyter sieminskiTriangle unsaves changes)

SecpirsiiTrongie

|

D 127.00.1

&

pryter fretetook s

The “Notebook™?

127.00.9:8888nerminals/t X

D 127.00.1 8838
-Necve
(_

C @ 127.0.0.1:8884

_ Jupyter

. Oatehest py

- Jup

=4 Ve

isport nuspy

from matplotli
from matplotii
from matplotli

def num now( )1

Retura tha

retura dat

def got_limiey
Gat the da

retura num

def road dates
Read newld

dates =« |)
for lica &
num =
dataa,

if num

be
stream.clo
rotura dat

T——

yter dal @ v @

scrmchy

C @ 127.00.1:8538

_ Jupyter

Runring

Currently running Jup

Tormeals »

terminais/1

- l_f'.'-f‘l-l!kfl:d

L scratchy

C © 12700.1:3388

— Jupyter

Fag Running IPython C

IPymhon paraliel computing clusters

Atars

unnng

# of engines

<

e o

m ~ Jupyter|;
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JupyterLab: unifying these ideas

Y Pre-Apha Jpyter Laa L Pyron

* B 3 x x
HexXxODBNBC : Pythy 0 )
= d Python 3.5.2 |Contisvum Asalytics, Inc.| (default, Jul 2 2016, 17:52:12
Nere - \ Type “Copyright™, “credits® or License™ for more information.

A ’imple pol.r plo‘ IPythen S.1.0.d0ev An enhanced Interactive Python,

- Sanr s a » Introdection and overview of 1Python's features.
A exarplo taken Yom e matotit galery

Suickrel <> Quick reference.

help » Pythen's own help systens,
watpletlid inlise object? -> Details about "object’, use "oBject I’ for extra detaills.
iNpOrt Nnulpy os 2
inport satplatiib.pyplor as plt

Ssatplotlib inline

N=2 from sumpy. randon (s L beta
theta « sp.linspace(®.@, 2 » rp.pi, N, endpoistefalse) isport matplotlib.pyplot as plt
radil = 10 » v:'.'.—‘-ir'-.'-nlihl plt.style.usel

ap. randoa. rand(N)

t. 1, project lomnm ar') def plot _beta histla, b):
Sars » ax.Baritheta, radii, widthewidth, bottomed.® plt.histibetala, b, sire<i10000), Misttypes“stepfilles”,
for r, Dar Ia 2ipirsdll. Dars): bEns=25, alphar0.8, sormed=True)

tar.set_facecolor{plit.ca.jetir / 10.)) returs
Dar.set alphain.s)

Lot _beta hMistile, 10)
1ot _beta _histis, 12}
ta_hist(%e, 12)

Jason Grout

¥ _ | (here)
1 ‘ +Brian, Steven, Darian,
R Sylvain, Carol, Cameron,

Farica, Paul, Reese, Kyle,
Chris, Ian, Matthias, ...

Bloomberg

9999
> b b
o
n

{ Lasnche)
(sysloge)
(Userfventigont)

e Fie -

L
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Live Demo!

Demo credits/thank you:
Brian Granger (Cal Poly SLO)
Jason Grout (Bloomberg)
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