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from Interactive Computing to Reproducible
Publications
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from datetime import datetime

In [3): stock = web.DataReader( 'MSFT', 'yahoo', start=datetime(2012, 1, 1))
display(stock[:3])
stock| 'Close’' ).plot(title='Closing Price’);

Open|High |[Low |Close| Volume |[Adj Close

Date
2012-01-03/26.55 |26.96|26.39|26.77 | 64731500 |24 42
2012-01-04|26.82|27.47|26.78(27 40 |180516100{25.00
2012-01-05|27.38 |27.73|27.29|27.68 | 56081400 {25 .25

Closing Prica
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from datetime import datetime

In [7]: stock = web.DataReader( 'IBM', 'yahoo', start=datetime(2012, 1, 1))
display(stock[:3])
stock| 'Close’ ).plot(title='Closing Price’);

Open High [Low |[Close |Volume |Adj Close

Date
2012-01-03/186.73|188.71|186.00|186.30|5646000|174.25
2012-01-04/185.57|186.33|184.94|185.54|4346700|173.53
2012-01-05/184.81|185.03|183.10/184.66|4463100|172.71

Closing Price
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Browser multimedia + scientific visualization

In [4): plot_audio( 'voice.wav')
Audiof( 'voice.wav')

Raw audio signal , [

g B
i "

Y

L]

=i0409
a2

=30000

40600 ao
¢ 10DCO 20000 30000 43000 50000 &0000 TOOCO BOOQO &

00 30000 15000 20000 25000 3000 OO 2000g

outj4]):

' A 004 "f:_: E=—=" ]

A simple and generic architecture
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A simple and generic architecture

Terminal
console

/
- T==—=== 0t Console
s \
' ZeroMQ, Ngm

Client: monitor
email, publish, ..

Not just about Python: Kernels in any language
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The IPython kernel is a polyglot

In [1}+ wmatplotlib inline
import matplotlib.pyplot as plt
import numpy as np

Julia: seamless 2-way integration

In {2): Wtload ext julia.magic
tjulia #pyimpore matplotiib.pyplot as pit
tjulia ¥pyimport numpy as nop

Initializing Julia interpreter, This may take some time...

In £3]: %4julia
# Note how wo nix pumpy and juliae
t = linspace(0,2+*pi, 1000); # ase the jolis linspace
s = sin(3*t + d*np.cos(i*t)); # uss the numpy cosins and julia sjine
fig = plt.geci()
pit.plotit, &, color="red", linewidth=2.0, linastyle="-—")

Dut{3]: [<matplotlib.lines.Line2D at 0x11bb96bis>|
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In (1)t 'wmatplotiib inline
import matplotlib.pypiot as plt
import numpy am np

Julia: seamless 2-way integration

In [2])+ \Mleoad ext juJia.magic
Ajulia Spyimport matpiotlib.pypiot as plt
sjulia #pyisper: numpy as np

Initializing Julia interpreter. This may take some tizme...

In |[3]: Wjulia
# Note how wa mi:x numpy =ng Julia:
t = linspace(0,2+%pi,1000); # ase tie julia Linspace
& = gin(3*t 4 d*np.cos(Z*t)); # use the numpy cosifs and juils sine
fig = plt.gcil)
plet.plotit, s, color="red", linewidth=1.0, lLinestyle="-—")

Out{3): [<matplotlib.lines.Line2D at Oxlibb96bi8>)
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tjulia fpyisport matplotlib.pyplot as plt
tjulia Spylsport numpy as np

Initializing Julia interpreter. This may take some time...

In {3): %Sjulia
# Note how we mix numpy and julia:
t = linspace(0,2+pi,1000); # use the julis linspace
5 = sin(3*t + [i*np.cos(2*t)); # use the pumpy cosine and julis sine
tig = plt.gef()
plt.plot(t, s, color="red", linewidth=2.0, linestyle="-—")

Ooutf3d)s [<matplotlib.lines.Line2D at Oxllbb9&b3B>]
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In (4]t fig = %julia fig
fig.suptitle(“Adding a titlel”)
fig

Qutis]: Addmg a titie!
14 - Y
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# Kernel density plots for mpg

# grouped by number of gears (indicated by color)

qplot(mpy, data=mtcars, geom="density”, fill=gear, alpha=I{.5),
main="Distribution of Gas Milage", xlab="Miles Per Gallon",
ylab="Density”)

Density

Miles Per Gatton | 4
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Cython: Speed up Python, C integration

In [(8]: daf £(X)1
return x**2-x

daf integrace_£(a, b, N):
8 = 0; dex = (b-a|/N
for L im range(N):

§ 4= £{ativdx)
roturn 8 * dx

In [{9)1 \Vload_ext Cython

In [10]): W¥Scython
cdef double icy(double x) except? -1
return x**1-x

def integrate Icy({double a, double b, int N):
cdef int {
cdef double 8, dx
8 = 0; dx = (b-a)/¥
tor L in range(N):
8 += fgy(a+i*dx)
raturn 8 * dx

In (11}t %timeit integraze £§0, 1, 100)
ttimeit integrate_fey(0, 1, 100)

10060 loops, best of 3: 31.8 ua per loop

The slowest run %“ook 5.90 tizes longer than the fastest. This could mean that an intermediate
reaguit is being cached

1000000 loocpa., best of 31 319 ns per loop
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Or Fortran

In 112}1 %iload_ext fortranmagic

In [13)1 Wvtortran
subroutine £1l(x, y, nj
real, j.nq-m.u.np, dirension{n) 1 =
real, intent(out), dimensionin) 1t y
lintent(hlide) :: n
y = sin(x*+*2)+cos(x)
end subroutine f£i

Buliding module °_fortran magic_af73BB2L7Be65bId353ad7o6258c5810°...
Constrocting wrapper functionm “£1°%...
Yy = £lix,[n}])
Wzote C/API module " _fortran_magic af73882£7Bef6bfda5ladTb6258s5810" to £ile "/var/icl
ders/jl/nExn9fed7257n2rvkkzl $3moc0010dw/ T/ tmpb a8 _cup/src.macosx-12.5-x86_64-3.4/_Zfortran_magl
c_afi3882f7Reb6bfd153a47b6256c5810module.c”

In (14): &t = np.linspace(0,2* op.pl, 1000)
pit.plotit, £1l%)):

20
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Y = Ti(X,In))
Wrote C/API module “_fortran_magic _c369c8£26399dcdddbe5795104d05694" o £ile "/wvar/fol
ders/11/n8kn92td725Tn2rvkkz1i3me0010aw/T/top9gxpbkIy/sxc . macosx~10.5-x86_64-3.4/_fortran magt
c_c369c8£26399dcdddbe5795104d05694module.c”

In (20): t© = pp.linspace(0,2* np.pi, 1000)
ple.plotie, El(t));

15

1a

05

o

=05

=10

-15

0 1 3 3 3 3 3 3

In [15)1 princ(fl.__doc

L

y = Elix,in])
Wrapper for “"f17".
Parameters

X : input rank-l array({"f’') with bounds (n)

Other Parameters
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Interactive Widgets in IJufia
Credit: Steven Johnson @ MIT.

IPython 2.0 introduced interactive widgets, which are basically:

« Javascript widgets (sliders, buttons, etcetera)
« A communications protocol for the widgets to talk to the kernei
= A Pythen interface 10 create and manipulate these.

Thanks to fantastic work by a Google Summer of Code student, Shash Gowoa, the same features are accessible from a Julia
interface.

In {1): usinmg Interact

In [2]: #manipulate for n im 1:100
rand(n,n)
end

oue{2]: 6x6 Array{Float64,2}:
0.430157 0.197909 0.580212 0.109846 0.563349 0.409784
0.481589 0.0392629 0.487369 0.216748 0.687736 0.947904
0.377111 0.865779 0.64677 0.116375 0.634752 0.22582%
0.00827299 0.219567 0.3663 0.186471 0.22006 0.0547533
0.087672 0.288259 0.BB5178 0.98B4019 0.84279 0.660529
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« Javascript widggets {sligers, buttons. etcelora)
« A communications protocodl for the widpgets to faiK 10 the kamed
+ A Python interface 1o create ana manipuiate these.
Thanks to fantastic work by a Google Summer of Code stugent. Shaatt Gowga, the same 'eatures are accessidie fram s Jusa
nterface.
In |7): uwsipg Interact
In |2]1 wmanigulaots for n im 1.100
randin,n)
and
n &
ut |2t b6X6 Array{FloatE4.Z):
0.830157 0.197909 0.,580212 ©0.l096848 0.563349 0.4057B4
0.481589 0,0392629 O0.487369 0,216748 0.6B7736 92.947904
0.377111 0.865779 0.64677 0.11637% 0.83475%2 0.22582%
0.00827299 OM15567 £.3661 D.lB6471 0.220086 2.0587533
0.087672 0.288259 ©.885178 0.9B4019 '0.84279 0.660529
0, 398421 0,5872923 0.549328 0.895379 0.6802594 Q.690522
Tn |3]1 wsing Colior

Emanipaiste forp v Ax D isi, g &8 QeQ. 000, b 4n 0,050, 0 &8 LiT0
Zinspace{RGBE(0.0.,0),; RGB(z.g,b)., o)
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« Javascnp! widgets ishiders. bultnne, sicelers)
« A commumcaticns crotoctl for the wiagets to falk 1o the kemai
« A Pythoh mterface to create ana manioulate these.
Thanks te tamastic work Iy a Google Summee of Codde stutient, Shauin (owtly, the Same ‘eaturns are accessibie from A Juia
marface.
In i 7]1 walng Interact
In i emmngmints 20 n am 11100
cand|n,n)
wml
n EL 14
Yusi2jr iax3i Array(Flioatéa, Lp:
0.438229. N,22435:z U.984358  U.J9883F . :.93333 ). e2%7§ o 73338
0.5%3£23  9.2845%3 1.05067 0.327333 7.399738 0.121638%  |.:ER87
G.765908 ).3I8795  N.3IT85B6 2 C.Eeibde 0:899%42 9_diidide LoaatRidn
0.45240¢  0,08984. 0.86232%F D.283%:2 C.PFEALY B.8531383  § I984al
6.531218 0.30318  9.351368 O.185439 0.539211 0.39875F [, :6363€
B. L8445 D.A62126 D.26HC11 0.7 8053 €:5301%8 9.31771)7  <.284010
6.352700 0.941583 0.0J85:. D.6m5973 D.s8748y% p.ieJi5s  ( 1135
3.3.1320 0.33E549 U.688369 U.5a5469 0.3983%% O.%820B0  (.865'81
6.424323 0 eis: J.62a%8a 0. 52083 S.080/33 D.J08/85%F <. 004340
3.4223508 B.nbides L.293et%c L allaids “L50501% D.p0CNION YL
Jooel90b  0.3d43%de 0017455 B.802638 . 0.153109 0,716084 (984203
a3 spdmg Colar
tisoiyr aa= bar i Ml Vel B e 0Es5eBy o ka3 BBty m @ 1T

iisspmodimcpi i, » 0|, Wi 3.81, ©
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n 1

Outf2): Ix]1 Array{Floatéd, 2}:
0.580781

In [3]: using Color
tmanipulate for r in 0:0.1:1, g im Q030.1:1, b im 0:¢0.1:1, n 4ia 1:70
linspace(RGB(0,0,0), RGB(r,g,b), n)

end
r L] 0.5
g 1
4] 0.5
n 35

ouclails
|
'

In [4]: using PyPlot

In [5]: x = linapace(0,10,1000)
£ = rigure()
fmanipuiate for o = 1:0.1:4, E = L:10.1:4, leg="a funny plot”
withfig(f) de
127 0.0.1:8888/notobooks/talks/slides/siam/ Jukia-Interactive Widgets.ipye.ni (B*x) ) )
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Interactive notebooks: Sharing the code

The free IPython notebook makes data analysis easier to record, understand and reproduce. I
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Jake VanderPlas (astronomy/ML at UW)
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Interactive notebooks: Sharing the code
The free |Python notebook makes data analysis easier to record, understand and reproduce
Heien Shen
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iruby  IRuby-Example.ioynb

This is an IPython notebook backed by a Ruby kernel

| am developing [Ruby a kermel in Ruby that adheres to the |Python messaging protocol. It integrates nicely with different Ruby
gems as will be shown later

What does this give you?

This gives us a very fancy web notebook interface for Ruby. It's a very good tool for programming presentations. It's basically an in-
browser REPL loop, with some extra goodies.

Usage
Install IRuby with:

gem install iruby
Start the IRuby notebook with:

iruby notebook

Example
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Matrix and GSL: :Matrix objects are automatically displayed as [MEX.

In [16]: Trequire 'matrix

Matrix{[1,2.3),11,2.3)])
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Case study - Question Class Analysis
Using IPython Notebook
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Pymhon
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+ Setup:
- IPython Notebook instalied in Python virtual environment
+ Packages: Pandas, NumPy, SymPy, Matplotlib, scikit-learn
« Daployed nbserver for each team member in ciuster environment
« Shared file system for direct acceas to experiment resuits

« Workers deployed across 10 machines for parallel processing

Authorea: collaborative academic writing

& Snow Al




—ta x ¥ Tow x F o ow © Sy o Ty o T et ¥ Cgg T T von - T (i s T @ wwn < T BllsMn

& - C ' 127.0.0.1:8888norebooksalke/ sides/siam/Notebook %2 0Ecosystam jpynbe O O & % s
~ Jupyter Notebock Ecosystem wast Creckpsint: an hour ago (autosaved) -
wile Ean iy Inaert Ced Hnrmes Haip Pahond Q
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+ Packages: Pandas. NumPy. SymPy. Matolotlib. scikit-learn
« Deployed nbsarver for each team mempber in ciuster environment
« Shared file system for direct access to expanmeant resuits

« Workers deployed acroas 10 machines tor paraliel processing

Authorea: collaborative academic writing
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try.jupyter.org
In [1]: %pylab inline
frun talktools
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< Mathematics, Physics, Chemistry. Biology Cookbook: iPython and

o Earth Science and Geo-Spatial data Pyihon.NET

o Linguistics and Taxt Mining CooKDook: JOO COMTITI EXTENSION

© Signal Processing Cookbook: Launching (Pythan on
2. Sclentific computing and data analysis with the SciPy Stack D

< General topics in scientific computing i |23 o pinges

o Social data
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o Natural Language Processing
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3. General Python Programming
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Introduction to Python

Introaustion 1o Python is a resource for students who want 10 iearn Python as tneir Tirst language, and for teachers who want g free
and open cumiculum 1o use with their students

If you are viewing the project through Python NoteDook Viewsr, you might wan! 1o visit the student-Tacing pages at
ptretashne g, There is a cleaner nayigation there, and somsa Dettar overall styling,

Start Learning Python

it your computer ts auready st Up 10 run Pynon programs, you can get startea with Haess Wooet, your very first Python program.

Set Up Your Programming Environment
it your computer is not yet set up ta run Python programs. we can show you how to gsl Palhem Lo anet noning

Contribute

I you aiready know Python snd would like 1o heip Duild introguction 1o Python, see the project’'s GlIHLL cags: You might want 1o
IDOK a1 =2ue |7, which discusses @ few specific ways you can contnbute 10 e projec:
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For example, if you are a scientist, chances are that you do a lot of data analysis and you
might want to visualize ang provide access 10 your data in some fun, new, interactive,

Much, much more

A ery of Interesting Notebooks
Try Jupyter yourself!

try .jgﬁﬂernrg

In [1]: %pylab inline
frun talktools

Populating the interactive namespace from numpy and matplotlib
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