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IPython? “just a little afternoon hack” (Nov 2001)

...or “I'd rather not really write my dissertation”

Getting all the power from interactive
computing in Python

© A better Python shell: object introspection, system access, 'magic’
commands, ...

@ An embeddable interpreter: debugging, mix batch/interactive work.

© A flexible component: base environment for systems with Python as
the underlying language

© A system for interactive control of distributed/parallel computing
systems.



Some quick stats. http://www/ohloh.net/p/ipython

Ohloh Analysis Summary

© Mostly written in Python

© Mature, well-established codebase

© Increasing year-over-year development activity Project Cost

© Large, active development team

This calculator estimates how much it would
© Well-commented source code cost to hire a team to write this project from
scrafch. More »
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Updated 13 Oct

Licenses P

Ohloh searches the source code for
individual license declarations. These
licenses can differ from the project's official
license.

Languages P

Ohloh analyzes the project source
code and determines the language of
each line of code, excluding
comments and blanks.
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tively developed: Git/GitHub are amazing

The ipython network graph Keyboard shortcuts available E=

All branches in the network using ipythorvipython as the reference point. Rea
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Projects using [Python

e 6 6 o

PyRAF: Space Telescope Science Institute

CASA: National Radio Astronomy
Observatory.

Ganga: CERN.

PyMAD: neutron spectrometer, Institut Laue
Langevin.

Sardana: European Synchrotron Radiation
Facility.

ASCEND: engineering modeling (Carnegie
Mellon).

JModelica: dynamical systems.

Denver Aerosol Sources and Health (DASH),
CU Boulder.

PyIMSL Studio, by Visual Numerics.
Trilinos: Sandia National Lab.
Sage: open source mathematics.

Pymerase: microarray gene expression.

Django web
framework.

Turbo Gears web
framework.

@ Pylons web framework

Zope and Plone CMS.

Axon Shell, BBC
Kamaelia.

Schevo database.

Pitz: distributed
task/bug tracking.

iVR (interactive Virtual
Reality).

Movable Python
(portable Python
environment).




Matlab/IDL-like interactive use

8 fperez@longs:/home/fperez - Shell - Konsole N =1.E3

Tongs[-]- ipython -pylab E
Python 2.4.3 (#2, Apr 27 2006, 14:43:58)
[Type "copyright", "credits" or "license” for more information.

TPython 0.7.3.svn -~ An enhanced Interactive Python
%' tntroduction to IPython's features
%magn -> Information about IPython's 'magic' % functions.
help -> Python's own help system.
object? -> Details about 'object'. ?object also works, ?? prints more.

welcome to pylab, a matplotlib-based Python environment.
For more information, type 'help(pylab)’

In [1]: import math, numpy

In [2]: from scipy.integrate import quad

In [3]: from scipy.special import j0

def 0i(x):
"""Integral form of 3_0(X)"""
def integrand(phi):
return math.cos (x*math.sin(phi))
return (1.0/math.pi)*quad(integrand,0,math.pi)[0]

n [41:

In [5]: x = numpy.linspace(0,20,200) # sample grid: 200 points between 0 and 20
In [6]: y = jO(X) # sample 30 at all values of x

In [7]: x1 = x[::10] # subsample the original grid every 10th point

In [8]: yl = map(jOi,x1) # evaluate the integral form at all points in x1
In [9]: # Make a plot with these values (the ; suppresses output)
Tn [10]: plot(x,y,label=r's3_0(x)$");
In [11]: plot(xl,yl,'ro’, Tabel=r'$1_OA{\textrm{integ}}(x)$');
In [12]: axhline(0,color="green', Tabel="'_nolegend_');
In [13]: title(r'Verify $3_00x)=\frac{1}{\pi}\int_0A{\pi}\cos(x \sin\phi)\,d\phi$');
In [14]: x1abel('$x$');
In [151: Tegend();
[16]: matshow(numpy . random. random((32,32)))

%) @ shell |

H Figure 1

Out[lG]: <matplotlib.figure.Figure instance at 0x4630042c> =




Parallel work, the story so far...

Parallel computing: fully interactive

e development, debugging, testing, execution, monitoring,...
Easy things should be easy, difficult things possible
Make parallel computing collaborative

More dynamic model for load balancing and fault tolerance

Seamless integration with other tools: plotting/visualization, system
shell.

Also want to keep the benefits of traditional approaches:

e Should integrate with threads/MPI if appropriate
e Should be easy to integrate compiled code and libraries

Support many types of parallelism



Network-aware |Python

( The "IPython VM"

Twisted

Private link

E)

Networks




Parallel design

IPython
Controller

IPython IPython IPython
Engine Engine Engine

IPython
Engine




What does IPython offer here?

Easy reuse and distribution of existing serial (‘normal’) codes.

High-level abstractions for ‘embarrassingly parallel’ problems.

o Direct execution of code over the network: multiengine interface.
o Out-of-the box task farming tools: task interface.

(]

Task farming system is “low-latency” (not in the Myrinet sense...)

e can be integrated into more complex codes.

Implement any approach to parallelism you want:

Synchronous or asynchronous execution of code on nodes.
Task farming.
Traditional Message Passing (MPI).

]
o
]
o Integrate hybrid codes.



IPVision: visual distributed computing

Michel Sanner, Jose Unpingco, Ananth Devulapalli [Ohio Supercomputing Center/OSU]
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Some technical notes

Networking: Twisted

o High-level interfaces: no need to learn Twisted.

RPC: Twisted’s foolscap

Security: foolscap supports SSL (pyOpenSSL) and a capabilities
model.

o Review/improvements welcome, we're not security experts!

MPI support is there, use mpi4py bindings.

Integration with queuing systems, better process control coming...



@MQ - The Supersocket Library

http://zeromq.org. Fastest. Messaging. Ever.

“Sockets done right”
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Figurel - A terrible accident...

C/C++ library

Python bindings in Cython (Brian Granger, Min RK)

Python bindings run messaging in native threads - no GIL
Abstractions are at the message delivery level, not the raw-bytes level.
Socket types encapsulate messaging patterns


http://zeromq.org

Interactive IPython on @M

[1]2]3]a5]6]7/8]ol0} | 12131415]6]7]8 /o]0l (1][213]4]/5/6)7]8|0] 0]
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mmm - Kernel raw_input

mmm - Requests to kernel

mmm - Kernel output broadcast
W - Request/Reply direction



Rich Qt Console

Enthought: sponsorship, Evan Patterson.

Apr 16 2016, 13:57:41)
" or "license" for more information.

eels like a console, runs like a GUI

@ Inline and floating images

n.
t

@ Syntax highlighting, full
multiline editing
@ Session saving

o HTML (with PNG or SVG)
o PDF /printing

o Help viewer

(' Bessel u
lotlib. text.

Bessel fun:

@ %magics, !system access,
[Python...

@ Detach/reattach support




Collaborative interactive computing

'Reverse parallelism’, or Google docs for interactive computing

Multiple users of one process instead of many processes for one user

] 2200 Pytho CIELd
In [3]: plot(rand(120)) <l cbiects > Details about 'ebieci’, use 'object??’ for extra detalls. ||
0Qut[3]: [¢matplotlib.lines.Line2D object at Bx37ccfces] .

%guiref  -> A brief reference about the graphical user interface.
In [4]: pastefig()

In [5]: pastefig()
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These could be two different hosts on separate networks



Where to next?

ZeroMQ-based architecture: very solid design, polish work to do...
Release 0.11: December 2010
e 0.10.2 was out on Tuesday Oct 12.

Clients:

e Continue improving Qt console: lots and lots of ideas.

o Rich Qt "notebook” client: prototype exists (Google SoC 2010).

e Collaborative web client: prototype already started at UC Berkeley
(two days ago). AJAX/HTMLS5.

Parallel architecture on ZeroMQ (later today - see Min's talk)

Python3 support: experimental branch already on GitHub.



Where to next?

ZeroMQ-based architecture: very solid design, polish work to do...
Release 0.11: December 2010
e 0.10.2 was out on Tuesday Oct 12.

o Clients:
e Continue improving Qt console: lots and lots of ideas.
o Rich Qt "notebook” client: prototype exists (Google SoC 2010).
e Collaborative web client: prototype already started at UC Berkeley
(two days ago). AJAX/HTMLS5.
e Parallel architecture on ZeroMQ (later today - see Min's talk)

Python3 support: experimental branch already on GitHub.

New ideas from today???



