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A bit about me

•Particle physics, applied mathematics, neuroscience 
•Constant element: computing in science 

•Building tools to use computers for thinking and communicating (in 
science). 

•Building projects to change the role of computers in science 
•Open tools for scientific computing: IPython & friends… 
•The Numfocus foundation 
•BIDS: the Berkeley Institute for Data Science



–Hamming'62

“The purpose of computing is insight, 
not numbers” 



IPython: CU Boulder, 2001
or how to best procrastinate on a Physics dissertation



November 2001: "Just an afternoon hack" 
❖ 259 Line Python script.

❖ sys.ps1 -> In [N].

❖ sys.displayhook -> Out[N], caches results.

❖ Plotting, Numeric, etc.

~2014 (Openhub stats) 
❖ 19,279 commits

❖ 442 contributors

❖ Total Lines: 187,326

❖ Number of Languages : 7 (JS, CSS, HTML, ...)



A rapidly growing community

Plus ~ 500 more Open source contributors!



Current and recent funding



Beyond the Terminal…

❖ The REPL as a network protocol

❖ Kernels

❖ execute code

❖ Clients
❖ Read input
❖ Present output

Simple abstractions enable rich,  
sophisticated clients



2011: The IPython Notebook

❖ Rich web client

❖ Text & math

❖ Code
❖ Results
❖ Share, reproduce.



The Notebook: “Literate Computing”

Computational Narratives

❖ Computers deal with code and data.

❖ Humans deal with narratives that communicate.

Literate Computing (not Literate Programming)

narratives anchored in a live computation, that 
communicate a story based on data and results.

Cf: Mathematica, Maple, MuPad, Sage…



From IPython to Project Jupyter 



A simple and generic architecture



Not just about Python: Kernels in any language

❖ IPython "Official", we ship it.

❖ IJulia

❖ IRKernel

❖ IHaskell

❖ IFSharp

❖ Ruby

❖ IScala

❖ IErlang

❖ Lots more! ~50 and counting



“Why is it called IPython,

if it can do Julia, R, Haskell, Ruby, … ?”



IPython

❖ Interactive Python shell at the 
terminal

❖ Kernel for this protocol in 
Python

❖ Tools for Interactive Parallel 
computing

❖ Network protocol for 
interactive computing

❖ Clients for protocol
❖ Console
❖ Qt Console

❖ Notebook

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

❖ Nbviewer



IPython      …     Jupyter

❖ Interactive Python shell at the 
terminal

❖ Kernel for this protocol in 
Python

❖ Tools for Interactive Parallel 
computing

❖ Network protocol for 
interactive computing

❖ Clients for protocol
❖ Console
❖ Qt Console

❖ Notebook

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

❖ Nbviewer

Language Agnostic



What’s in a name?
❖ Inspired by the open languages of science:

❖ Julia, Python & R

❖ not an acronym: all languages equal class citizens.

❖ Astronomy and Scientific Python:

❖ A long and fruitful collaboration

❖ Galileo's notebooks:

❖  the original, open science, data-and-narrative papers

❖ Authorea: “Science was Always meant to be Open”



The Jupyter Notebook Ecosystem



nbviewer: seamless notebook sharing

❖ Zero-install reading of 
notebooks

❖ Just share a URL

❖ nbviewer.ipython.org



Reproducible Research (2012):  
Paper, Notebooks and Virtual Machine

http://www.nature.com/ismej/journal/v7/n3/full/ismej2012123a.html http://qiime.org/home_static/nih-cloud-apr2012



Today: mybinder.org

github.com/freeman-lab



Scientific Blogging

Jake van der Plas @ UW

http://blogs.scientificamerican.com/
sa-visual/2014/09/16/visualizing-4-

dimensional-asteroids



Executable books

❖ Springer hardcover book

❖ Chapters: IPython Notebooks
❖ Posted as a blog entry

❖ All available as a Github repo

Python for Signal Processing, by José Unpingco



University Courses

These are just some we are aware of!

New Jupyter in Education Mailing List:
https://groups.google.com/forum/#!forum/jupyter-education



Berkeley’s Foundations of  Data Science

http://data8.org

❖ New curriculum aimed at all 
freshmen at UC Berkeley

❖ Interactive textbook is 
Jupyter Notebooks

❖ Course deployment is 
JupyterHub



Books about IPython

IPython Interactive Computing 
and Visualization Cookbook

Learning IPython for Interactive
 Computing and Data Visualization

Cyrille Rossant
cyrille.rossant.net



Changing the scientific culture

http://www.nature.com/news/interactive-notebooks-sharing-the-code-1.16261



Executable papers: the future?

http://www.nature.com/news/ipython-interactive-demo-7.21492?article=1.16261



Notebook Workflows: The Big Picture

Image credit: Joshua Barratt



Lots more! The IPython Gallery

https://github.com/ipython/ipython/wiki/A-gallery-of-interesting-IPython-Notebooks



Growth: opportunity and 
challenge





JupyterHub: multiuser support



JupyterHub in Education @ Berkeley

https://developer.rackspace.com/blog/deploying-jupyterhub-for-education

❖ Computationally intensive course, ~220 students

❖ Fully hosted environment, zero-install, spring 2015.

❖ Homework management and grading (w B. Granger)

❖ Now powers data8.org - Cal’s new Foundations of 
Data Science, (fall 2015).

Jess Hamrick @ Cal

K. Kelley
Rackspace

M. Ragan-Kelley
Cal

B. Granger
Cal Poly



Industry: Microsoft, IBM, Google, …



bqplot: interactive plotting from Bloomberg 

http://github.com/bloomberg/bqplot



O’Reilly Thebe: kernels as a service



Project Jupyter: Computational Narratives as 
the Engine of Collaborative Data Science

❖ Interactive Computing
❖ Notebooks as interactive 

applications
❖ Modular, reusable UI/UX
❖ Software engineering with 

notebooks

❖ Computational Narratives
❖ nbconvert
❖ Element filtering
❖ Documentation

❖ Collaboration

❖ Real time collaboration
❖ JupyterHub

❖ Sustainability

❖ People

❖ Events



UI refactor: Bloomberg/Continuum

❖ Using phosphor JS framework: 

❖ https://github.com/phosphorjs/phosphor

❖ Tiled layout, plugins, much more

❖ Enable richer layouts, beyond the notebook

❖ Text editor, output, variable inspectors, debuggers, …



A notable new European Collaboration



This presents challenges!

❖ Keeping a healthy community growing

❖ Engaging newcomers and volunteers

❖ Managing scope and complexity

❖ Documenting architecture, process and community



which brings me to…



we also need the right spaces to 
meet these challenges!



BERKELEY INSTITUTE FOR DATA SCIENCE

Advancing scientific discovery 
through collaboration across research domains



Great interest from across the campus
Data	
  Science	
  Workshop	
  held	
  in	
  February	
  
2013	
  was	
  attended	
  by	
  80	
  researchers	
  on	
  
three	
  days	
  notice;	
  with	
  follow-­‐up	
  events	
  in	
  
May	
  and	
  June	
  (to	
  date	
  280+	
  signed	
  up	
  for	
  
mailing	
  list)  



Initial Faculty Group

Joshua Bloom, Professor, Astronomy; Director, 
Center for Time Domain Informatics  
     
Henry Brady, Dean, Goldman School of Public 
Policy  
    
      
Cathryn Carson, Associate Dean,       Social 
Sciences; Acting Director of Social Sciences 
Data Laboratory "D-Lab” 
       
 
David Culler, Professor, EECS 
        

Michael Franklin, Chair; EECS, Co-Director, 
AMP Lab 
          
Erik Mitchell, Associate University Librarian 
          

Faculty	
  Lead/PI:	
  Saul	
  Perlmutter,	
  Physics,	
  Berkeley	
  Center	
  for	
  Cosmological	
  Physics

Fernando	
  Perez,	
  Researcher,	
  Henry	
  H.	
  Wheeler	
  Jr.	
  
Brain	
  Imaging	
  Center 

Jasjeet	
  Sekhon,	
  Professor,	
  Political	
  Science	
  and	
  
Statistics;	
  Center	
  for	
  Causal	
  Inference	
  and	
  
Program	
  Evaluation  
	
  	
  	
  	
  	
  	
  	
  
 
Jamie	
  Sethian,	
  Professor,	
  Mathematics  
	
  	
  	
  	
  	
  	
  	
  

Kimmen	
  Sjölander,	
  Professor,	
  Bioengineering,	
  
Plant	
  and	
  Microbial	
  Biology 
	
  	
  	
  	
  	
  	
  	
  

Philip	
  Stark,	
  Chair,	
  Statistics 
	
  	
  	
  	
  	
  	
  

 
Ion	
  Stoica,	
  Professor,	
  EECS;	
  Co-­‐Director,	
  AMP	
  Lab



A 5-year, $37.8 million cross-institutional 
collaboration

•47



Launched December 2013



Our sponsors
• Foundations 
– Moore and Sloan Foundations $12.5 

million 
• Industry  
– Siemens 
– State Street 

• Institutional 
– UC Berkeley



BIDS Goals
• Support meaningful and sustained interactions and collaborations 

between 
– Science domains: life science, social science, physical science 
– Methodology fields: computer science, statistics, applied mathematics 

• Establish new Data Science career paths that are long-term and 
sustainable 
– A generation of multi-disciplinary scientists in data-intensive science 
– A generation of data scientists focused on tool development 

• Build an ecosystem of analytical tools and research practices 
– Sustainable, reusable, extensible, easy to learn and to translate across research 

domains 
– Enables scientists to spend more time focusing on their science



We have computing power, we have applied math 
techniques, we have database approaches, so… 

What’s missing?



Working Groups
Working to address the major challenges facing major advances in data 
driven research.



People are at the heart of BIDS

Structured roughly as: 

•  Competitive fellow positions, typically 50/50 appts, 2-3 y. 
•  A few full-time positions (tools, ethnography, staff). 
•  Senior fellows: campus faculty and LBNL scientists.



Diverse expertise
• Sociology 
• Phylogenomics 
• Cosmological Physics 
• Nuclear Science 
• Neuroscience 
• Energy and Resources 
• System software 
• High-performance 

computing 
• Global Change Biology 
• Geospatial 

• Statistics 
• Environmental science 
• Computer Vision 
• Distributed computing 
• Seismology 
• Computer Science 
• Astronomy 
• Public Policy 
• Social Sciences 
• Psychology 
• Library science 

• Molecular & Cell 
Biology 

• Political Science 
• Mathematics 
• Bioengineering 
• City & Regional 

Planning 
• …



Diverse Software Development 

BIDS Fellows engage in a range of projects that address the ongoing needs of 
effectively advancing data-intensive research.

http://bids.berkeley.edu/research



Katy Huff  
Nuclear Engineering Postdoc 
BIDS Data Science Fellow

• physics.codes 
• github.com/physics.codes/examples 
• shop.oreilly.com/product/0636920033424.do



Our	
  collaborative	
  
space

Central	
  location	
  that	
  serves	
  as	
  
home	
  for	
  data	
  science	
  efforts

190	
  Doe	
  Library	
  



Our	
  collaborative	
  
space
190	
  Doe	
  Library	
  



BIDS Events

BIDS Tea

The Hacker Within

Data Science Collaborative

Data Science Faire

Technical workshops (Spark, Azure,  
Data Structures for Data Science, …)

Data Science Lecture Series



Joining threads…
❖ Project Jupyter

❖ Growing like crazy…

❖ We think the next few years will be very interesting

❖ But we know the toughest challenges aren’t technical!

❖ BIDS

❖ is the kind of home I’ve always wanted for a project like Jupyter

❖ it's still an experiment, evolving and changing

❖ will change a lot in the next year, as it moves from bootstrapping to  
forming its own research identity…

❖ …and the broader discussion of Data Science @ Berkeley evolves…



Jupyter Project is hiring at Berkeley! 

Two postdocs

Project Manager



Thank You! 

@fperez_org    fperez@lbl.gov  
@ProjectJupyter    @IPythonDev 

Try it out at 
try.jupyter.org


