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Getting Started
Three paths:

1. Watch the siides
2. Interactive with a virtual machine
3. Downicad the git repositery and use Anaconda/

Path 1: Follow along with the slides
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Getting Started
A Three paths:

1. Waich the siices
2. Ineractive with a virtual machine
3. Downicad the gt repository and use Anaconga/

Path 1: Follow along with the slides

Open in your web browser:

https://github.com/JosephCottam/PythonSIAM2014
Scroll down on the page.

Click the “Section X" links to the notebooks and slides as needed.
It you have section 0 open, here are the links to the static matenails:

« Secuon 0 Introguction
« Agditional ipython links:
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This is not the
web page gou
are looking for.

Find code, prolects, and peopie on GitHub:
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PythonSIAM2015  Section1-1_ipython.ipynb
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In [7):

Iin [B]):

Introduction to IPython Notebook

Why do | use IPython notebook:

« Interactive like a REPL
» Durrabie artifacts in celis
« Shareable like a document...with buillt-in annotations!

A motivating example...

from __ future  import division, print_ function
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Path 2: Follow along interactively 1

Our setup involves using 2 virtual machine (VM) to ease the process because everything will be
prepackaged nght fram the start. and launcheo aftar you stan the VM. We will have copes of
tha VM on USE orives, or you can aowmoad the VM directly from the web.

mnmammmamm(mymmwmm

type the long link) by going to
https://github.com/JosephCottam/PythonSIAM2014

We will crovide VirtualBox to be abie 10 run the virtual machine, on-site at SIAM. {(or you can
downioad it directy from Oracie) but cther virtualization systems (VMWare, libvirt/oamu, etc.)
shouid be atie to run the images. The virtual mactune. s packaged n 3 OVA (Open Virtualization
Forman for easy nstallahon on your maching
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OS, as long as you have a modem 54-bit processor.*

Open the instalier and go through the defauilt installation to install VirtualBox on your computer.

Step Two: Open the Virtual Machine

Copy pyvis_siam_2015.ova from USB drives available on-site at SIAM or downlcaad it from the
link below, &

The virtual machine is avaiiable at: "11tp./ /000, gl VERVKD
Start VirtuaiBox, and in the main menu, go to “File->import Appliance”

Open the “pyvis_siam 2015.ova’” that is provided. Continue through the cefault options for the
virtual machine.

This will unpack and install the virtual machine on your computer.

Step Three: Launch the Virtual Machine

In VirtualBox, in the virtual machine lists, open the new virtual machine. This will start Arch Linux
in a virtual machine on your computer.

it will automaticaily launch into an graphical session with two open terminais and a ipython
FOtRECAK SEYSIOr
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Step Three: Launch the Virtual Machine

in VirtualBox, in the virtual machine lists, open the new virtual machine. This will start Arch Linux
R nawvirtual machine on your computer.

It will automatically launch intc an graphical session with two open terminals and a ipython
notebock session,

In case you happen 10 neec it, the gefault user is "pyvis" with a password of "pyvis”. It has sudo
access, and the root password 1S “pywis”

Step Four: You're Ready!

if all went well, a window should have launched in the browser on the VM, showing the ipython
notebook interface.

(I PERV X VEDH™

e

Path 3. Install on your computer without VM

Altermatively, f you can’t get the VM to work, you can downlcad Anaconda. ParaView, VTK & the
matenals.
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Anaconas Pythan -- hitpy/continuum. io/downicads

Faraview — NTp//www pamviaw . org/downioac/

VTK — http//www. vtk.orgd VT K/ resources/software.ntm|
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g Step Four: You're Ready!
“ If all went well, a window should have launched in the browser on the VM, showing the ipython

P notebook interface.

. k

* Path 3. Install on your computer without VM
a Alternatively, If you can't get the VM to work, you can downioad Anaconda. ParaView, VTK & the
. matenails:
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3 Reasons why | like Python

1. It's a fun language
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It all went well, a window should have launched in the orowser on umvm showing the 1pywon
nctebook interface.

Path 3. Install on your computer without VM

Alternatively, If you can’t get the VM to work, you can downioad Anaconaa. ParaView, VTK & the
matenals:

fo'Ui@qFL

|
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Tutorial Materials --
Anaconaa Python -- hitp://continuum. lo/dod:ploads

ParaView — NIp://\Www.paraview.org/aownioad/

VTK -- nttp//www. vik org/\VTK/resources/software. htm!
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3 Reasons why | like Python

1. It's a fun language

continuum io/downioads o do anvthina e kind oaf fiincticnnal it'e
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1. It's a fun language

it is so easy to do anything. It's kind of functional, it's
kind of procedural, it's all around fun.

Many of you here may already use Matiab and R, and
Python is another tool in that vein. Python may not
replace those tools for you, but stick around, maybe
something here piques your interest.

.
| personally prefer Python to both of those or | wouldn't
be teaching this tutorial :)

2. Rapid prototyping

| have written volume renderers, high-dimensional

<0n
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2. Rapid prototyping

| have written velume renderers, high-dimensional
visualizations, analysis tools, web servers, benchmarks,
parallel processing, data manipulation, demonstrations,
etc. all in Python.

XOoVvEDa™

I'm a big fan of dynamic typing, rather than static typing,
because I'm a "bottom-up developer" & "experimental
computer scientist." Python and ipython/jupyter fit my
workflow really weli. 1

i

Premature optimization is the downfall of productivity.
There is no good reason to start with C/C++ when 95% of
the time in analytics, the bottieneck is 1/0. If you need to
make it go fast, find your bottienecks, and optimize
LATER not at the start.

3. Batteries are included
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<aron®Arons-MacBook-Pro ~/sandbox/PythonSIAMZ2815>
zsh 10007 (git)-[master]-% |}
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Introduction to IPython Notebook

Why do | use IPython notebook:

» Interactive like a REPL
e Durrable artifacts in cells
» Shareable like a document...with built-in annotations!

A motivating example...
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Introduction to IPython Notebook

Why do | use IPython notebook:

» Interactive like a REPL
e Durrable artifacts in cells
» Shareable like a document...with built-in annotations!

A motivating example... -
In [1]: from __ future import division, print function

import numpy as np
import pandas as pd

In [2]: !ls
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In [1): from _ future import division, print function
import numpy as np
import pandas as pd

In [2): Ils

AAPL.hd£5 Sectionl-l ipytRon.ipynb
Sectiond vtk pv iris.sqlitel

GOOG.hd£f5 Sectionl-2 matplotlib.ipynb
VTK PV.pdf lahman2013.sqlite

GOOG.sglitel Section2 numpy scipy pandas.

ipynb images python.png

README .md Section3-1 blaze.ipynb
interestingBugs.ipg

Section0_intro.ipynb Section3-2 bokeh.ipynb

iris.csv
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— Jupyter section1-1_ipython A
Fle Edit View nset Cell Komal  Help / |Python2 O
2 + ¥ @ B % > B C Coos *| Cell Toolbar: None 1

In [2): from _ future  import division, print function
import numpy as np
import pandas as pd

In [ ]2 ‘
I
In [2]: |ls
AAPL.hdf5 Sectionl-l ipython.lipynb
Sectiond vtk pv iris.sqliteld
GOOG.hdf5 Sectionl-2 matplotlib.ipynb
VTK PV.pdf lahman2013.sglite
GOOG.sglitel Section2 numpy scipy pandas.
ipynb images python.png
README .md Sectionld-1 blaze.ipynb

interestingBugs.ipg
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— Jupyter section1-1_ipython

View insort Call Kearna

Fie
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In

Edlit

[2]:

A

Halp /7 |Python2 O

+| Cell Toolbar: nane -

from _ future import division, print function

import numpy as np
import pandas as pd

In

| I

In

In

print(3 + 2)
5

I1s

AAPL.hdf5
Sectiond_ vtk pv
GOOG.hdf5
VTK_PV.pdf

Sectionl-l1l_ipython.ipynb
iris.sglitel

Sectionl-2 matplotlib.ipynb
lahman2013.s8glite
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In [2]: from _ future  import division, print function
import numpy as np
import p?nda- as pd

In [5]: print(3 + 2)
5

In [(4]: print(3 + 2)
-]

In [2]: Ils

AAPL.hdf5 Sectionl-1_ ipython.ipynb
Sectiond_ vtk pv iris.sqlite3
T hAEEC Caamdsd menT ™ emnmidsenYmsdeT 2w serenbn
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Why do | use IPython notebook:

« Interactive like a REPL
. Dunabiamifactshu‘b
« Shareable like a document...with built-in annctations!

A motivating example...

In [6]: from _ future import division, print function

import numpy as np
import pandas as pd
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: redo

: go to cell start

: go to cell end

: go one word left
I

: delete word before

. delete word after

: ignore

. command mode

. command mode

: run cell, select below X
: run cell

: run cell, insert below

: Save and Checkpoint

: Move cursor up or previous cell

. . move cursor down or next cell

Al
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. spiit cell
: split cell
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Why do | use IPython notebook:

¢ |nteractive like a REPL
. Dunablawﬁlact:hcils
« Shareable like a document...with built-in annotations!

A motivating example...

In [6]: from _ future import division, print function
import numpy as np
import pandas as pd
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File Edit View Insert Cell Kermei Help # |Python2 O
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# Title in Markdown

\begin{equation}
x =3

e*{i\pi} = \co|
\end{equation)

In [8]: primt(3 + 2)
5

In [4]: primt(3 + 2)
.
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Title in Markdown

x=36" =cosx+isinx

In [8]: primt(3 + 2)
5

In [4]: print(3 + 2)
5

In [2): ils
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\begin{equation} ]
X =3
e*{i\pi} = \cos x + i \sin x
\end{eguation}

In [8]: primt(3 + 2)
5

In [4]: primt(3 + 2)
5

In [2]: ils
AAPL.hdf5 Sectionl-l1l ipython.ipynb
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In [4]: print(3 + 2)

5
In [2): Ils] [

AAPL.hdf5 Sectionl-l_ipython.ipynb
Sectiond vtk pv iris.sglite3

GOOG.hdf5 Sectionl-2 matplotlib.ipynb
VTK_PV.pdf lahman2013.sqglite

GOOG.sglite3 Section2 numpy scipy pandas.

ipynb images python.png

README .md Sectionli-1 blaze.ipynb
interestingBugs. jpg
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In [10]: !ls

AAPL.hdf5 Sectionl-1_ipython.ipynb
Sectiond4 vtk pv iris.sglite3

GOOG.hd£5 Sectionl-2 matplotlib.ipynb
VTK_PV.pdf lahman20l13.sglite

GOOG.sgliteld SectionZ numpy scipy pandas.

ipynb images » python.png

README .md Section3-1_blaze.ipynb
interestingBugs. jpg

Section0_intro.ipynb Section3i-2 bokeh.ipynb
iris.csv

In [3]: iris = pd.read csv(“iris.csv”)
iris.columns
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— Jupyter sectioni-1_ipython o
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KEAUME . MO sections-i_Dilaze.lpyno
interestingBugs.jpg
Section0_intro.ipynb Section3-2 bokeh.ipynb
iris.csv
In [11]: iris = pd.read csv(“iris.csv")

Out[1l]:

In [4]:

out[4]:

iris.columns

Index([u'Unnamed: 0', u'Sepallength’', u'SepalWidth', u'Petalle
ngth', u'PetalWidth', u'Species'], atrpc-'objm')

#iris| 'SepallLength’).head()

iris.SepallLength.head()
0 9.1
1 &.9
2 4.7
3 4.6
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In [11]: iris = pd.read csv( "irias.csv")
iris.columns
Out[ll]: Index([u'Unnamed: 0', u’'Sepallength’', u’ SepalWidth'
ngth', u'PetalWwidth', u'Species’'|, dtype='object’)
In [12): #iris| 'Sepallength').head()
iris.Sepallength.head() [
Out(l12]): O 5.1
1 4.9
2 ‘DT
3 4.6
- 5.0

In [5]:

Name: Sepallength, dtype: floatéd

iris.head()

@ vostvisies ~ Eloma ff}ccal Gov - G PETSc~ o Condaouildfram.. [Ij MoPad: Teacheg..  Mammjax

| Python 2 O

h

. W Petalle l



| # | & localhost 5835 nutebooks Sectoni-1 o C U mapotibgar U B & # 4 U o= =

;ﬁﬂﬂ“' Blowa lceal GJev- jrersc~ o Concatulofam.. [If mMorad Teactng.  Mamjax o

— Jupyter section1-1_ipython

Fia Eaiit View Insern Call Karmal =i Python 2 O
BE + > 2 B 44 % > B C Cooe *| Cell Toolbar: None ]
In [13): iris.head()
LIS Unnamed: 0| SepalLength | SepalWidth | PetalLength | PetaiWidth | Species
01 5.1 35 1.4 0.2 setosa i
12 489 3.0 14 0.2 setosa
‘z 3 4.7 .32 1.3 lo.2 setosa
34 4.6 3.1 1‘.'5 0.2 setosa
4|5 5.0 36 14 0.2 setosa

In [6): import matplotlib.pyplot as plt
‘matplotlib inline

In [71: ple.scatter({iris.PetalTenath., iris.PetalWidthi
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@ vostvisted - [Joma Wlcca Doy~ GJPEsc- o Condabuldfram.. [ MoPad:Teaching.. | Mathax  »

— Jupyter section1-1_ipython

File Edit View Insert Cell Kermnel Help | Python2 O
+ = 2 B 44 4 > B C Markdown :l Cell Toolbar: None ;l
Out[15]: <matplotlib.collections.PathCollection at 0x10b50b£f50>



\t_* localhost B389/ nutetooks/Sectonl-1 0 €| U mapotibgar WU B & & 4 B - & - =

& vostvisied ~ [ omad [l ccal [Gov~ G PETsc~ o Condabuidfram.. [IJ MoPad: Teaching..  Mamx

— Jupyter section1-1_ipython

Fila Edit Viaw insart Call Karnai =aip Python2 O
+ 3 RN 4+ ¥+ > B C Makoown j Cell Toolbar: None :I

L8 @ mur{

0% ®

X .
oo
55 l
0 1 2 3 3 5 N 7 %

Notebook startup

INManamﬁmnmmwmﬂn
lives on a accessible server. However, it is commonly used through locaihost.

oy



('(-'-&wmaauarmmmu.-m:cn:-:_a c ﬁ_mmf Q B $+ & 4 n 8- « -
@ vostvised - Efcmav QIcCal Gev- GIPETsc~ o Concatuidfram.. [I§ MoPac: Teachog.. | Mashmx

= Jupyter section1-1_ipython
File Edit View insert Call Kemel  Help | Python
]

B + > 2B 4 4 > B C Makoown :] Cell Toolbar: None

--—r--—_ Sl Bl ol o R e e i Bl

documentation
» The cell type dialog is important for writting documentation and tutonals

In [8]: ?7iris
In [9]: ?iris
In [10]): Wpdoc iris

In [11]: Ils

Sectiond vtk pv iris.sqlite3
GOOG.hd£5 Sectionl-2 matplotlib.ipynb

VTK PV.pdf lahman2013.sglite

rF_r. vy.r.1 . Wy & F R R L _ 1 Py ey RIS i SN A IR L R i A

) "

[2%]

O



- -

KR Vwmmm, oo NesTus L Meee | e sec . .
@) B locatnost 5553 nutesoons | tectn.- C Gmpoibgr B EH 3 N 40 8 «-=

-

& vosvemed ~ Flomau lccal Hov~ Jrersc~ o Consacuicfam.  [If morac: Teachmng. Mamuax =

Use markdown headings

IPython no longer usas special haading celis. Instead. write your headings in Markdown calls using #
characters:

# This is a level ¢ heading




~ Secti. x | i ai-r

.(g-#wmaaag-nmenmx;&czmi-lfa C O mapotibgar T B 3 A 4 O 8=

@ Mostvisned ~ [ omas [ ccal ey~ [jPErsc~ o Condabuildfram.. [IJ MoPad: Teaching.. | Mamax  »

— Jjupyter section1-1_ipython A

Fle Edit View Inset Cell Kemel Help # |Python2 O

B 4+ x @ B 4+ & > B C Mukcown | CellToolbar None -
T S S

» The cell type dialog is important for writting documentation and tutonals
# ?22iris |

In [9]: 7?iris

In [10]: %pdoc iris

In [11}: il

AAPL.hdf5 Sectionl-l_ ipython.ipynb
Section4_vtk pv iris.sgliteld
GOOG.hdf5 Sectionl-2 matplotlib.ipynb

VTK PV.pdf lahman2013.sqglite



(€ | % localhost 5885 notepooks Sectoni-1 s C A maotibgar W E &+ A 4 B B =« - =

& vostvisies ~ Eomas 1 ccal CHov - )PETSc- o Condavuddfram.. [I§ MoPad: Teachiog.. | Mamngax »

— jupyter section1-1_ipython -4

Fie Ediit View insert Call Karrie Haip | Python 2 O
B + = 27D 24 % » B C Coce jcwrmm ]
-#-F-r—-_ -_o-r B e F'-—-q-‘ B Y - L T e p—— ol-—-' -
documentation

» The cell type dialcg is important for writting documentation and tutonals

In [9]: ?iris I

In [10]: %pdoc iris

In [11]: !ils



((’6 nbviewer IDYINOR.OMG/githuD/Darbagrous X A mapotiibgar T B $ A 4 B B « - =
@ vostvisned - [ cmat [lccal (v~ [ PETSc- o Condabuildfram.. [J MoPad: Teaching.. | Mathiax

»
nbviewer = '
CFDPython  lessons
Text provided under a Creative Commons Attribution license, CC-BY. All code is made available under
the FSF-approved MIT license. (c) Lorena A. Barba, 2013. Thanks: Gilbert Forsyth for help writing the

notebooks. NSF for support via CAREER award #1149784.
k

Version 0.1 (July 2013)

— __ 17 etanc o MNavie



. il bte.nb » \ i ; -
'{"ﬂ ﬁ_nm-wtr_lm.o;;;mu:: bardag e <. matpotlib ga > ﬁ 8 4 & .‘ 8- « - =
(@ mostviswed ~ [ omad fflccal ey~ [ PETSc~ o Condabuiidfram.. [IJ MoPad: Teaching.. | Mathjax »

2] #this makes matplotlib plots appear in the notebook (instead of a separa
tmatplotlib inline

Now let's define a few variables; we want to define an evenly spaced grid of points with
spatial domain that is 2 units of length wide, i.e., x; € (0, 2). We'll define a variable nx
which will be the number of grid points we want and dx will be the distance between a

pair of adjacent grid points.
FS]: ax = 41 # try changing this number from 41 to 81 and Run All ... what &
dx = 2./(nx-1)
nt = 25 #Fnt is the number of timesteps we want to calculate
dt = ,025 #dt is the amount of time each timestep covers (delta t)
=1, #assume wavespeed of c = ]

We also need to set up our initial conditions. The initial velocity ug is givenasu = 2in
interval 0.5 < x < l andu = | everywhereelsein (0, 2) (i.e., a hat function).

L
Here, we use the function ones ( ) defining a numpy array which is nx elements long

eaitale o aam b Sl L s s o




5 -:I . - ” ___ i S e : - B n : . — : ~ _. __ L _ - _ - :_}T“ H:_' A\ . —
C % localhost 8589/ tree € (S matpotlib ga > | a8 3 a4 B w - =
..m Blowa Qlcca Cgov- [grersc~ o Condabuidfram.. [J Mopad: Teaching.. =

= Jupyter

Files Running Clusters

o import a notebook, drag the file onto the listing below or click here.

R .
.
_ [ Sectiond_vtk_pv
O images
& Section0_intro.ipynd
& Section1-1_ipython.ipynb —

@ Section1-2_matpiotlib.ipynd
& Section2 numpy_scipy_pandas.ipynb

& Section3-1 biaze.ipy




(E_ Thumbn... :1M New Tab _ tome ~ MHome y, = Secti.. X L=

- \

| ¥ ) =¥ localhost 8889/ notebooks/Sectionl-1_ip C <, matpotlib ga > 'Q 82 43 A 4 S ¢ -

@ mostvisied ~ [ omal [l ccal ey~ [ PETSc~ = Condabuild fram... [IJ MoPad: Teaching ...

& lUDVIer section1-1_ipython

<

p— - e ey Call Kearmei Heip Python2 O

B + ¥ @2 B 224 v » B C Makdown j Cell Toolbar: None j

Introduction to IPython Notebook

Why do | use IPython notebook:

* |nteractive like a REPL
¢ Durrabie artifacts in cells
e Shareable like a document...with built-in annotations!

A motivating example...

localhost-BBAS ftree



2 sea. » (N
@;Io::ilho;t.ﬁaﬂﬂ.’_nmenmm_s,5ett;-::11-;_m_ @ O matpotlib ga > 8 3 & 4 O =
@ vostvisied - [ omau [l ccal Gev~ [JPErSc~ o= Condabuid fram... [fJ MoPad: Teaching .. || Mammjax »

— jupyter section1-2_matplotiib A
Fie Edit View insert Cell Kemel Healp | Python2 O
B + x A B 4+ % > B C Coe ~| Cell Toolbar: Nene <

Intro to matplotlib

In [1]: from _ future import division, print function
import numpy as np
import pandas as pd

In [2]: import matplotlib.pyplot as plt
imatplotlib inline
# The "magic” command is so the plots show up in output cells
# pyplot is the plotting interface and is what is typically use
# Tradition dictates it be called plt (like numpy is np)

User's Guide -- Example plots -- Official Tutonal




(('\,u’.'..ha!huusaas.nmemcu:ku,cn_s\-;; ¢ COmapotibga W E & & 4 080 8 «-=
»

@ vostvised - [ oman [l cCat ey~ G PETSc~ o= Condabuild fram... [IJ MoPad: Teacming.. | Matnax

— Jjupyter section1-2_matplotiib

Fle Edit View Inset Cell Kemel Help | Python2 O
2 + ¥ @A B 4+ % > B C Makcown  -| CeliToolbar Nene <
In [1]: from _ future import division, print function '

import numpy as np
import pandas as pd

In [2]: import matplotlib.pyplot as plt
tmatplotlib inline
# The "magic” command is so the plots show up in ocutput cells

# pyplot is the plotting interface and is what is typically use
# Tradition dictates it be called plt (like numpy is np)

X
User's Guide -- Example plots -- Official Tutorial




I[*T-'tmaaaﬁrwm!w:.u ectonl-dm @ L matpotiib ga o8 & 8 4 8 O ==

Evestvisres - Elomau Qloca Giev- Gfersc- & Concatuilafram.  [I§ Mobag Teacheg.  Mammx

— Jupyter section1-2_matplotiib

Fiio Edit how insert Call Karnai Haip | Python 2 O
B 4+ ¥ & BN » ¢ » B C Makoown deTWm j

imatplotliib inline

# The "magic”™ command is so the pliocte show up 13 gutpur cells

# pypiot (s chna plotting ioterfscs sod i1s xbat 1y ctypicelly ass
# Tregitioo cictates lc be velled plt (like numpy 12 apj

Users Guige -- Exampie piots — Official Tutonal

N
Scatterplot (and state)

In [3]): iris = pd.read csv("iris.csv")
iris.coiumns

Out]3): Incex(fu'Unnased: 0', u'Sepallength’', o SepalWid:th', u'Petalle



(i'/ r#laalhostasss nmenmxs Seclc-nl-; m {:- Q Mg.; 8 3 & 4 B - =
(@ vostvised = [ omat [} ccal [Cjov - ([ PETSc~ o= Condabuildfram.. [J MoPad: Teaching.. | Mathjax »
— Jupyter section1-2_matplotiib A
Fle FEdit View Inset Cell Kemel Help # |Python2 O

B ¢4 x A B 44 % > B C Coe | Cell Toolbar: None -]

In [4)]: #pit.scatter(iris.Sepallengtn, iris.Sepalwiatn)
#plt.scatter(iris.Petallength, iris.PetalWidth, c=iris.Species.
th.lcattur{iriu.rutaJLangth, iris.Petalwidth, c=iris.Species.f

Out[4]: <matplotlib.collections.PathCollection at 0x10a5c8510>
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kf-’ % localhost 8885/ notebooks ) Sectionl-I m ¢

mapotibgar AR & K 4 B O« - =

‘m Blova flccal Gev- [GFErsc~ & Concatuidfram. [I§ MoPad: Teachmog..  Manmx  ®

— Jupyter section1-2_matplotiib

A

6 St

B + ¥ 3 B » % > B C Coos

In (9]

View insert

Cail

Kernad

HHalp

:] Cell Toolbar: Nons

pit.scatter(iris.Sepallengtn, iris.Sepaiwiatn)

| Pythonn 2 O

-

#plt.scacter(iris.Pecallength,
#pit.scarteriiris.Pecallengrh,

iris.PetalWidth, c=iris.Species.
iris.PetalNideh, c=iris.Species.

Out[5]: <matplotlib.collections.PathCollection at 0x10b72c0d0>
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= Secw.. ¥ @ a ih- -
(&3 ocaivost sa35 rorecosis sevoni i n C G mapotboas W B b # 4 @ B« - =
Evestviened - Eiowa PlGcal GEev- GRS o Conasulgtam. [ Mofad:Teacheg.. | Mammx  ®
— Jjupyter section1-2_matpiotiib (ol
Fia Edit Viaw insert Call Kerneai Heip /7 |Python2 O

B 4+ = 7T B v > B C Cooe jmrmm j
Intro to matplotlib !

In [1]: from _ future import division, print function
import numpy as np
import pandas as pd

In [2): import matplotlib.pyplot as plt
imatplotlib inllne
# The "magic” command i1s so the plots show up in output cells

# pyplot is the plotting interface and is what is typically use
# Tradition dictates it be called plt (like numpy is np)

User's Guide -- Example piots -- Official Tutonal



Secti... ® P

(*,_'_‘! localhost 8889/ notebooks/Sectionl-2 m ~ C ':k_ﬂmllb-qa-; 8 & 48 8 ==
@@ mostvisied ~ [ ovas Y ccat ey~ (] PETSc - &= Condabuild fram... [§j MoPad: Teaching .. | Mathjax »

— Jupyter section1-2_matplotiib

File Edit  View insert Cell Kemel Help # |Python2 O

B + x A B 4 % > B C Coue | Cell Toolbar: None -]

In [7): iris.Spelcies.factorize()

out[(?7): (array((o, o, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, O, O, O,

o, 0, 0, 0, O,

6, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, O, O, O, 0O,
o, 0, 0, 0, O,

D? ol‘ ol‘ ol‘ 1! 1! ll‘ 1! 1’ lf ll‘ 1!‘ 1! ll' 1!' 1!‘ 1' lf
1, 1,1, 1, 1,

3 2 X5 Yoo 2o X5 25 850 X X5 X0 2 X Xy B, X A
2 1o 2 X L

Li 35 i o Ao 35 1 N 25 25 8 35 2y 42 X5 25 &:
20 20 24 2, 2,

2, 2, 2,2,2,2,2,2,2,2,2,2,2,2,2,2,.2,.2,
zl‘ 2! 2!‘ zl‘ 2!‘

2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2]),

Index([u'setosa’', u'versicolor', u'virginica'],

dtype='object'))




[\tlh'imm.ltn!ﬂ‘.i'ﬂmrﬁcu wctionl-im © Loapotbgar T E & # 4 g @ «-=

Evonvisred - Elcwma @Iccal CHev- LIS & Concatuidfam.  [I] moras: Teacmog.. _ mammx

— jupyter section1-2_matplotiib A

=an iew insart Cail Kot i e Z |[Pvthon2 O

S 4+ > AR 2 3% > B C Coos jCﬂTodbmm j

io B Ty L &

i, 1, 1, 1,1, %, 1,1, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2,
2, 2, 2, 2, 2,

Do €op L0 2y Xp 2y 29 5. 2y 24 Lo 2y 20 29 T 2y 2y 2,
&y Xy By X5 ‘e

2,2, 2, 2, 2,2, 2,2,2,2, 2, 2]),

Index(|[u'setosa’', u'versicolor', u'virginica'],

dtype='object'))

In [6): ris.Sepallength, iris.SepalWidth)
is.Petallength, iris.PetalWidth, c-iﬂs.Spmix.tn:tnriz-“[O])
ris.Petallength, iris.PetalWidth, c=iris.Species.factorize()[0],

Out|6): <matplotlib.collections.PathCollection at 0xl0b946650>

i |

£ 5 - =



— Sec.. X
.Q-/_,--ih&lhﬁn.aasg.-'nmenommEe_c:.-:.n;-.:_?n ¢ QU mpotibgar T E $ A 4 S+ (> =
(@ mostvisites ~ [ omas [l ccal ey~ JPETSc~ o= Condabuidfram.. [IJ MoPac: Teacing.. | Mathax @ »

~ Jupyter section1-2_matplotiib E

File Edit View Insert Call Kernel Help # |Python2 Q

B + ¥ A B 4 % > B C Coe | Cell Toolbar: None -

Ao | | b VL@ ) e TRLA QAW R R WV bl kbl

dtype='object’))

In [6]: s.Sepallength, iris.SepalWidth)
.Petallength, iris.PetalWidth, c=iris .Sp-ciLa. factorize()[0])
s.PetallLength, iris.PetalWidth, c=iris.Species.factorize()[0],

Out[6]: <matplotlib.collections.PathCollection at 0x10b946650>
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@ vostvisieed ~ [l omau [l ocal [Gev~ Gl PErsc- o Concaduidfam.. [IJ MoPad: Teaching..  Marnmax »

— jupyter section1-2_matplotiib A
Fle Edit View Inset Cell Kemei  Heip # |Python2 O
B ¢+ ¥ 2B 4 % > B C Coe | Cell Toolbar: Nane -]

2, 2, &, T, 2,

2. zr 2! ZI 2, 2, Zp 21 2: zl 2! 21},
Index([u'setosa’, u'versicolor', u'virginica'], '
dtype='object')) i

In [6]: s.Sepallength, iris.SepalWidth)
.Petallength, iris.PetalWidth, c=iris.Species.factorize()[0])
s.Petallength, iris.PetalWidth, c=iris.Species.factorize()[0],

Out[6]: <matplotlib.collections.PathCollection at 0x10b946650>
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@-dwm.asas notebooks/Sectoni-2m (O mapotibga> W B & & 4 S e - =

@ mostvisned ~ B omal I ccal Chev - [JPETSc- & Condabuildfram... [§J MoPad: Teaching.. | Manax  »
— Jupyter section1-2_matplotiib A
File Edit View Insert Cell Kermael Help | Python2 O
B + x 2B 4 % > B C Coe | Cell Toolbar: None b

05 N
"
00 =
-0.5
0 1 2 3 3 5 5 7 8
L3

In [5]: iris.Species.unique()

Qut[5]: array(['setosa', 'versicolor', 'virginica'], dtype=object)
matpiotlib is a stateful library. State by default accumulates within the cell, so it is
actually making several plots at once back in the prior cell. That is why there are
four colors on the above plot, one supplied by the earlier plot!

In [6]: #plt.scatter(iris.Sepallength, iris.SepalWidth)

irig Dots 01Tl r,refrig CSrsm~7Tag

il grasear-ifirig Datas |l Tanmehlh



& | 2 oamostves oo e im C | O mpobes BB S ® 40 9 «-=
Evevaes - Boms Mo G- SR - metierem [wne e Wews 5

~ Jupyter section1-2_matplotiib

e Edit Hew iEart Call WKarng i s | Panonz O

*

2 4+ ¥ @3B ¢ » B C coe | Cell Toolbar: None b

In [10]: gtn, irie.SepaliWidch)
gth, Iris.PetalWidth, c=iris.Species.’ ize()(0}) '
th, iris.PetalWidth, cwiris.Species.factorize()[N], cmap= Dilkg

ValueError Traceback (most rece
at call last)
<ipython-input-10-def73b910b93> in <maauled>()

! fplt.scatter({iris.Sepallength, iris.SepalWidth)

2 #plt.scatter(iris.Petallength, iris.PetalWidth, c=iris
.Species.factorize(|[0])
-——> 1 plt.scatter(iris.Petallength, iris.PeralWidth, c=iris.
Species, factorize()[0], cmap="Blus”)

4 pli.colorbar()



- Secm.. w § i _z- -

k!-"_*s localhost 8589 /notebooks/Sectioni-2m  C L mapotibga> W EH & # 4 B> oy =
& vostviswed - ElCmas [l ccat THpy - [ PETSc~ e Condabuild fram... (] moPac: Teaching... | Mathiax »

— Jjupyter section1-2_matplotiib A

File Edit View insert Call Kermei Help Python2 O

2 + ¥ A B 4 ¢ > B C Makcown | CellToolbar: None -]

Oue[1ll]: <matplotlib.colorbar.Colorbar instance at 0x10c898560>
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~ Sechh. ™ Ié_-
n C YUmapotibgar U EH S A 4 B T & -

L_t 2 1OCAIhOST BAEF notetmont  Sattion L -4

& vostvismed - Elomal fIlccal ev- SPETc- o Concacuilc fam.  [IJ moPac: Teacmeg. | Mammx 00
— Jupyter section1-2_matpiotiib a
Filo St View Insort Cai Karnal =oip /s [Pynon2 O
2 ¢ ¥ 3B 2% » B C Cooe | Cell Toolbar: none ]
i s ) 4 5 6 7 a

In [5): iris.Species.unigue()

Ouc(5): array([ setcosa’', 'versicolor', 'virginica'], dtype=object)
matplotiib is a stateful library. State by default accumulates within the cell, so it Is
actually making several plots at once back in the prior cell. That is why there are
four colors on the above plot, one supplied by the earlier plot!

In [11]: ca, iris.SapalWigth)
th, iris PetalWNideth, c=iris.Species.factorize()[0])
h, iris.PetalWidth, c=iris.Species.factorize()(0]., mpﬂ‘ﬂinlt’l

Ouz[1l|: <matplotlib.colorbar.Colorbar instance at 0x10c898560>
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(\5; b localhost 8889/ notebooks/Sectionl-2m € QA mapotibga> W B 4 A 4 T - =

@ mostvisies = [ oman [l ccat Tjev - ([ PETSc~ o Condabuild fram... [Ig MoPad: Teaching ... | Mathjax »

~ Jupyter section1-2_matplotiib -
File Edit View insert Cell Kemel Help | Python2 O
2 + ¥ @ B 4+ % > B C Makdown | CellToolbar Nene -

State is used to build up more complex plots, layering and adding legends, grids
and other guides.

matplotlib colormaps map from inputs in 0-1 to a set of colors

n [ 1s

In [7]: cmap = plt.get_cmap("Setl")
species = iris.Species.unique()
for (i, spec) in enumerate(species):
subset = iris[iris.Species==gspec]
plt.scatter(subset.PetallLength, subset.PetalWidth, c=cmap(i
plt.legend(loc="lower right")
plt.grid()
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& Mostvisiced ~ Floman 1 ccal [ov - [ FETSc- & Condaowidfam.. [If MeoPad: Teachmog ..

Sequential colormaps

E

Blues B |
BuGn B
BuPu
GnBu B
Greens B 000
Greys B
Oranges B 0 |
OrRd B
i C —
PuBuGn B 0
PuRd B 000 0
Purples B
RdPu B




< l Ty (Sl LT Ty ATl " Color

+
L

MatRICHID.Org =« arries Colu < . “matpotibga > W EH & & 4 B §- & -

G5 vostvisiced ~ Bl oman [l ccal Gov - [ PETSc~ & Condaouidfram.. [E MoPad: Teacmog..  Mamgmx
iGn
I

| YIGnBu
YiOrBe
YIOrRd

— §
Ing, hires.png, pdf

Sequential (2) colormaps
afmhot

avtumn

oone

| Cool

copper

gist_heat

gray
ho
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|
d ¥ |
1
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State is used to build up more complex plots, layering and adding legends, grids
and other guides.

matplotlib colormaps map from inputs in 0-1 to a set of colors

k
In [ }:

In [7]: cmap = plt.get_cmap("Setl")
species = iris.Species.unique()
for (i, spec) in enumerate(species):
subset = iris(iris.Species==spec]
plt.scatter(subset.PetallLength, subset.PetalWidth, c=cmap(i
plt.legend(loc="lower right")
plt.grid()
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In [ ]z

In [7): cmap = plt.get cmap("Setl")
species = iris.Species.unique()

for (i, spec) inm enumerate(species):
subset = iris(iris.Species==gpec|

plt.scatter(subset.PetallLength, subset.PetalWidth, c=cmap(i
plt.legend(loc="lower right")
plt.grid()
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Line Plots (Object Oriented)

The stateful interface is common, and commonly used for simple plots. However,
building custom plots becomes cumbersome under that interface...too much is
hidden. The cbject-onented interface is more precise. | personally encourage its
use.

In [B]: goog = pd.read hdf(°"GOOG.hdf5", “ data ")
appl = pd.read hdf(“AAPL.hdf5", "_ dats ") I

goog.columns

Out(8): Index([u'adj close’', u'close’', u'‘date’, u'high’', u'low’, u'ope
n', u'volume'], dtype='cbject’)
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In [13): goog = pd.read hdf(“GO0G.hd£5", " data )
appl = pd.read hdf( "AAPL.haf5S", " daza ")

goog.columns |

Out[l13): Index([u'adj close', u'close’', u'date’, u'high', u'low’', u'ope
n', u'volume' )], dtype='object')

A few notas on HOFS:

» A file format for storing data and its metadata

» Enables storing/sharing data as binary images (handy for large datasets)

¢ A very simple file system, in a single file on your hard dnve (store the data
and the metadat in one place)
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goog.columns

Out[13): Index([u'adj close’', u'close’', u'date’, u'high’', u'low’', u'ope
n', u'volume'], dtype='cbject')

A few notes on HUOFS:

« A file format for stonng data and its metadata

» Enables storing/sharing data as binary images (handy for large datasets)

» A very simple file system, in a single file on your hard drive (store the data
and the metadat in one place)

» Supports chunking, striding, compression, row oriented or column
onented...if you know haow to ask

» Read/written by many analysis libranes
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» Enables storing/shanng data as binary images (handy for large datasets)
o A very simple file system, in a single file on your hard dnve (store the data
and the metadat in one place)
e Supports chunking, stnding, compression, row oriented or column
criented._if you know how to ask l
» Read/written by many analysis libranes

In [9): fig,axes = plt.subplots()
axes.plot(goog.date, goog.close)
axes.set xlabel: "date” |
axes.set ylabel( price ) 1
axes.set title("Google Stock Price”)
plt.show()

200 Googte Stock Price I
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» Read/written by many analysis libraries

In [9]: fig,axes = plt.subplots()
es.plot(goog.date, goog.close)
axes.set_xlabel("date”)
axes.set ylabel( 'price”)
axes.set_title("Google Stock Price”)
plt.show()

Google Stock Price
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axes.set xlabel(“date”)
axes.set_ylabel ("price”)
axes.set_title( "Google Stock Price”)
plt.show( )
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In [10]: from datetime import datetime

fig,axes = plt.subplots(figsize=(12,3)) Wfigsize is in inches,
axes.plot(goog.date.astype(datetime), goof.close)
axes.set_xlabel( 'date”)

axes.set_ylabel( 'price )

axes.set_title("Google Stock Price”)

plt.show()

Google Stock Price
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axes.hist | goog.close
axes.set title( Histogram of closing prices

o
-

Histogram of closing pnces
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axes.plot(goog.date.astype(datetime), goog.close)
axes.plot(goog.date[::20), goog.close[::20], “.b:") [

Out[20]: [<matplotlib.lines.Line2D at 0x10ded45590>]
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In [22): fig, ax = plt.subplots()
xx = np.linspace(-1., 1., 100)
ax.plot(xx, xx*+*2)

ax.plot(xx, xx+*+*3)

ax.text(0.2, 0.25, r"$y=x"25", fontsize=22, color="H") #xX/y L
ax.text(0.55, 0.05, r"Sy=x"3%", fontsize=22, color="g");
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Sequential colormaps
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In [18): #adapted from http://nbviewer.ipythen.org/github/jrjohansson/sc
alpha = 0.7
phi ext = 2 * np.pi * 0.5

def flux qubit potential(phi m, phi p):
return 2 + alpha - 2 * np.cos(phi p)*np.cos(phi m) - alpha

phi_m = np.linspace(0, 2*np.pi, 100)
phi p = np.linspace(0, Z*np.pi, 100)
X,¥ = np.meshgrid(phi_p, phi_m)
2 = flux qubit potential(X, Y).T
i
fig, ax = plt.subplots(ncols=2, figsize=(10,4))
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In [ ]¢ # dlcad http://matplatiib.crg/mp. examplies/cclor/colormaps refé

- e

Reference for colormaps included with Marplotlib.

This reference example shows all colormaps included with Matplc
any colormep Lilsted here can be reversed by appending " " (e.g
These colormaps are divided into the folluwing categorles:

Sequential:
These colormaps are approximately manochromaric colormaps v
betwesn two color tones—-usually from low saturation (e.q.
saturation (e.g. 4 bright blue). Sequential colozmapy ure |
representing most acientific data since they show a clear ¢
ow-to-hicgh values.
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IOr ChAapP CATEgoIy, Cmap_iisST in cmaps:
plot_color gradients(cmap category, cmap_list)

plt.show()

In [18): #adapted from http://nbviewer. ipython.crg/github/31rijchansson/sc
alpha = 0.7
phi ext = 2 * np.pi * 0.5

def flux gubit potential(phi m, phi p):
return 2 + alpha - 2 * np.caa[phi_p]'Ep.cns{phi_mj - aipha

phi_m = np.linspace(0, 2*np.pi, 100) I
phi p = np.linspace(0, 2+*np.pi, 100)

X,Y = np.meshgrid(phi_p, phi_m)

Z = flux_gqubit_potential(X, Y).T
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