Chapter 1: A Conceptual Framework for Data Visualization
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2011 1993 1970
gender | tv computer | sleep height | momheight | dadheight exercise gpa
Female | 13.0 | 10.0 3.50 66.0 66.0 71.0 10.0 4.000
Male 20.0 | 7.0 9.00 72.0 64.0 65.0 2.0 2.300
Male 15.0 | 15.0 6.00 68.0 62.0 74.0 3.0 2.600
Male 8.0 20.0 6.00 68.0 59.0 70.0 6.0 2.800
Female | 2.5 10.0 5.00 64.0 65.0 70.0 6.5 2.620
Male 2.0 14.0 9.00 68.5 60.0 68.0 2.0 2.200
Female | 4.0 28.0 8.50 69.0 66.0 76.0 3.0 3.780
Female | 8.0 10.0 7.00 66.0 63.0 70.0 45 3.200
Male 1.0 15.0 8.00 70.0 68.0 71.0 3.0 3.310
Male 8.0 25.0 4.50 67.0 63.0 66.0 6.0 3.390
Male 35 9.0 8.00 68.0 62.0 64.0 8.0 3.000
Female | 11.0 | 20.0 5.00 68.0 64.0 69.0 0.0 2.500
Male 10.0 | 14.0 8.00 68.0 61.0 72.0 10.0 2.800
Male 1.0 84.0 5.00 61.0 62.0 62.0 3.0 2.340
Female |10.0 | 11.0 9.00 65.0 62.0 66.0 5.0 2.000
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Chapter 2: Data Analysis and Visualization



Number of Ebola Deaths

Confirmed Elbola Deaths

4000 —
— Guinea
—— Sierra Leone
— LUberia
3500

3000

2500

1500 |

1000

500

ole . . " . "
Sep 2014 Oct 2014 Nov 2014 Dec 2014 Jan 2015 Feb 2015 Mar 2015

Date
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Name

Peyton Manning
Peyton Manning
Peyton Manning
Peyton Manning
Peyton Manning
Peyton Manning
Peyton Manning
Peyton Manning
Peyton Manning
Peyton Manning
Peyton Manning
Peyton Manning
Peyton Manning
Peyton Manning
Peyton Manning

Peyton Manning

“ Year

1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013

Age

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

Cmp

326
331
357
343
392
379
336
305
362
337
371
393
450

400
450

Att

575
533
571
547
591
566
497
453
557
515
555
571
679

583
659

Yds

3739
4135
4413
4131
4200
4267
4557
3747
4397
4040
4002
4500
4700

4659
5477

TD
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26
33
26
27
29
49
28
31
31
27
33
33

37
55

Teams
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Multi
Multi
Multi
Multi
Multi
Multi
Multi
Multi
Multi
Multi
Multi
Multi
Multi
Multi
Multi
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#defense

Real-time engagement distribution on

@ #50TU2014: See the State of The Union address minute by Twitter for this paragraph
minute on Twitter  wrwest  wembes

Explore the speech and see the realtime reaction on Twitter. Scroll to a paragraph to w
see the volume of Tweets, the subjects debated on Twitter and where people are

talking about them across the U.S. Click the spikes on the chart and see which

paragraphs are being talked about most. Share your key paragraphs: each one has a *

unique url for you to Tweet.

Mr. Speaker, Mr. Vice President, Members of Congress, my fellow
Americans:

Low Engagement High Engagement

Map for #education
Today in America, a teacher spent extra time with a student who needed ..,
it, and did her part to lift America's graduation rate to its highest level in  #defense

more than three decades. #education
#energy

An entrepreneur flipped on the lights in her tech startup, and did her part iggﬁfme

to add to the more than eight million new jobs our businesses have #mmigration
#jobs



Mortality Rates in the U.S.A (1968-2010)
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Airstrikes by province 2009-2015
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by other countries
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Training on Damand

Recent files

bubbles.py Restore previous session (O
draw.py 0
plotblot.py Open an existing file = o 1 2 3 4 5 6
plotly.py

tesiplot.py

0@ Launcher - Anaconda - Continuum Analytics
@ Launcher Environment:root ~  Python 2.7.9-1 Manage Channgls  1.00
glueviz Zinstal
toglue
link visualizations of scientific datasets
ﬁlﬁ ipython-notebook o Launch
IPython Notebook Version 2.2.0
ipython-gqtconsole f Launch
1P
IPython QtConsole Version 2.2.0
& spyder-app ZUpdate| o Launch
spyder
Scientific Python Development Environment Version 2.3.1
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Chapter 3: Getting Started with the Python IDE

L=y ] IPython
In [1@]: import matplotlib.pyplot as plt : : : : :
...t from numpy.random import rand : i i : orange

...: fig = plt.figure()
.1 fig.suptitle('IPython Plotting')
...: for color in [‘orange', 'blue', "red']:
aunl n = 400
X, ¥ = rand(Z, n)
Lot scale = 200.@ * rand(n)
: plt.scatter(x, y, c=color, s=scale, label=color,
alpha=0.5, edgecolors="none')

plt.legend()
plt.grid(True)

plt.show()

In [11]:
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Fig 3.1a: Hans Rosling's Bubble Chart for the year 2007
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# polar plot using add_axes and polar projection
fig = plt.fi

ax = Ti

t = lintv pew_figure_manager
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random. random

5 #% np.random.random_sample(({1@, 108, 18, 18)) - 1

5 * np.random.random_sample({1@, 1@, 18, 38, 38)) - 1

[T- - WT, I -SRPTR N

nl

[§ PyDev Package Explor 83 = O
BE| % <

T
1] Google Python
¥ |=> GoogleWordCount
¥ i Bsrc
¥ |) wordeount.py
b ¢ Python2.7 (/System/Library/Fra
» W Makahiki_SNA
1 Makahiki2

[F] wordcount 53 = O & Outline 5% =g
2 e Y
55 type filter text
56 4 sys
57 @ print_words
58 g print_top

main
23- i _main_
61 def main():
&b2 if len(sys.argv) != 3:
63 print 'usage: ./wordcount.py {--count | --topcow
b4 sys.exit(1)
65

66  option = sys.argv[l]

®67  filename = sys.argv[Z]

®68  if option == '--count':

69 print_words(filename)
&70 _ elif option = '--topcount’:
71 print_top(filename)
&72  else:
73 print ‘unknown option: ' + option
74 sys.exit(1)
75
]

®/ Problems 52 v =8

0 errors, 14 warnings, 0 others

Description «|Resource Path Location Type

¥ & Warnings (14 items)
@ Bad Indentation (2 spaces) wordcount.py  /GoogleWordCount... line 61 PyDev Problem
& Bad Indentation (2 spaces) wordcount.py | /CoogleWordCount... line 65 PyDev Problem
@ Bad Indentation (2 spaces) wordcount.py  /GoogleWordCount... line 66 PyDev Problem
& Bad Indentation (2 spaces) wordcount.py | /CoogleWordCount... line 67 PyDev Problem




File Edit View Settings Shell Run Tools Help
Shells

. Python 2.7 | =] Python 3.2

This is the IE
Type "help™ for help, type for a list of *magic* commands.
»>> (executing lines 1 to % of "<tmp 1>")

e

.Xlil volumeRenderStyles.py X@ <tmp 1> |

claas A(list):
def added method(self):
pass

PR

class B(R):
& def added method2(self):
self._sort()

b = B() # todo: rename b to &
11 added_method

added_method2
append

Python 3.Z.2 (default, Sep 4 Z011, 0%:07:2%9) on Windows (&4 bits) .
interpreter with integrated ewvent loop for PYSIDE.

Interactive Help & &

b.added_method ][ Print ] [ Options =

Object: b.added_method, class: method, repr: <bound
method B.added_method of []...

Interactive Help Logger

Source Structure = Project manager & &

iLF [ Options '] [visvis -

= class A
i - def added_me...
lass B
- def added_me...
- todo: rename b to ¢

. backends

[v)

anisotropicData.py
anisotropicData2. py
bouncingBall.py
colormaps.py
colorVolume.py
drawing.py
embeddingInFLTK.py
embeddingInGTK.py
embeddingInQtd.py
embeddingInWixpy
fourDimensions.py
imageEdges.py
images.py
lightsAndShading.py I~

@@QQ@@@@@@@@@@-

(o 8

File browser Project manager




Welcome to Canopy

Hi Kirthi, welcome to Canopy!

e —
CANOPY Yau are using Canopy Express. Upgrade today!

2w A

Editor Packagse Manager Doc Browsar

Training on Demand

Recent files

bubbles. py | Restore previous session (& |
draw.py

platblot.py Open an existing file -
plotly. py '

tesiplot py Wersion 1.5.1.2730

Ho updates found,




CBEH 2 LoD . a8 b S

(x N ] File Browser

Filter: | All Supported Files

B

1 print “Hello, world”

¥ [ demo

0.p
_ numpy_examples.py
» [ source

» [ Recent Files

D)

®

(xX-] Python

Welcome to Canopy’s interactive data-analysis environment!
with pylab-backend set to: wx
Type '?" for more information.

For more information, type "help(pylab)’.

In [1]1: Zrun /Users/jmccampbell/tmp/dems/hello.py
Hello, world

In |:2]: @

Welcome to pylab, a matplotlib-based Python environment [backend: WXAgg]l.

Cursor pos 2:1 [ Python

)

~ftmp/demo/hello.py
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http://help.canopy/toplevel-docs. html|

DOCUMENTATION

User guide and online help

EMTHOUGHT

CANOPY

Canopy User Guide

Click here to view the Canopy User Guide

Online Help

Click an the links below to view documentation on the
Python language itself or any of these popular Python
extensions.

-

L]

-

Python Tutarial

Python Documentation
IPython

NumPy

SciPy

Chaco
Enamil
Envisage
Mayavi
Pandas
scikit-image
scikit-learn
Sympy

Tips

» The documentation browser
lets you navigate to any page
with code and run the code
blocks within Canopy. The
code can either be run at the
Python prompt or copied to
the clipboard by right-clicking
on the code block and
selecting the appropriate
menu item.

« |fthe page is Sphinx generated
and has a sidebar, it can be
hidden/shown by clicking en
the &5 button added at the

extreme left.

— )

R

s



[ JON Package Manager - Canopy

e [Q @ ] V™ @ Canopy User

CANOPY Need help? Ask experts

v ﬁ Available Packages PythonDoc 2.7.3-1
Python documentation s FREE
ﬁ Free Packages
pytz 2014.9.0-1
ﬁ Canopy Packages world timezone definitions, modern and historical . FREE
P Community Pack... pyzmq 14.3.1-1
e binding to zeromg (fast messaging) . FREE

'3 Updates 10 '?‘ readline 6.2.1-1
bl VP o

> @ History @mquests 2.4.341

scipy 0.14.0-3
libraries for mathematics, science, and engineering *+ FREE

six 1.9.0-1
@ * FREE

@ssl_match_hoslname 3.4.0.2-1

¢ FREE

¢ FREE

@ . FREE

® _ Morelnfo_

L
5

. tornado 4.1-1

< non-blocking web server *+  FREE
. fraits 4.5.0-1
%objem attributes with some additional characteristics + FREE
. traitsui 4.4.0-2
E%tr.'::ils—cap.‘ablne windowing framework *+ FREE

4 wxPython 2.9.2.4-1

wrapper around the wxWidgets C++ GUI library * FREE

4B packages installed @ y




o0 ® Launcher - Anaconda - Continuum Analytics
@ Launcher Environment:root ~  Python 2.7.9-1 Manage Channels  1.0.0
glueviz & Instal
t‘gglu_e
link visualizations of scientific datasets
ELE ipython-notebook o Launch
IPython Notebook Version 2.2.0
ipython-gqtconsole f Lanch
1P
IPython QtConsole Version 2.2.0
= spyder-app ZUpdate| o Launch
spyder
Scientific Python Development Environment Version 2.3.1
ece Spyder (Pyihoen 2.7)
b P Eror A S b LS R AL ¢ 9 e B « +
Eaer - UseraMaciloccpythonvacn Bar_malploths oy oe 1Pythen corcls
_t*wm “mwwul -
, .
3 freated on Fri Jea 23 @9:33:51 3018
i
;ﬂ.‘uﬂl\)" macBook
7
8 import matplotib pyplot aspht
.: from numpy.random impart rand
1
12 for color dn ['red", ‘green”, ‘blue” ]t
11 no= 150
14 %, ¥ = rand(d, n)
1] scale = 208.8 * randis)
i plt.scatter(s, ¥, cstalor, ssstale, lebslscolor,
'.: slphasi. ), sdgecolerss none ) ] ) Tl i F]
E.E :Il::_::rutnl-':p} ::ll—.!;\J::}L:I‘I::::;::::Iﬂ..;llrllrlhmr‘l atter_matplet b, py’
22 g,
55 rLt whos [ ) .
24
10
o8
06
o4
LH
[ 1]
T [F] TR 08 10 12
In [4]:
Parrimsions: RM End-ol-nes: LF Ercoding: UTF-8 Lirss: 23 Column: 1 Moman: B X y.







800 Top 12 Countries by GDP
in Africa

2--= Egypt
($188 4b)

5--> Morocco
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3--> Nigeria 4--> Algeria
($173b) ($140.6b)
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Chapter 4: Numerical Computing and Interactive Plotting
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(3x° +4x* + 5x + 5)(4x> +x* — 3x + 3)
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Parametric Spline Interpolation Curve

= = Linear
—  Cubic Spline
—  True
10}
05|
0ok
—0.5
=10}




3
1
/ 9—x? dx=9(3+3)— E(33+33}=54— 18 = 36
-3

.....................................

d ( 1 )_ sinx
dx \ 1+ cos?(x) ) (1 + cos?x)*



I I I — a-::tuall derivative I I I
— forward diff
10} .
05| _
|
\
\
"‘\x
00 b i
H\
\
\
\
\
5&,\
—0.5 B
2.0 —1I.5 —1I.|:| —cll.5 ufu njs 1.I0 1.I5

2.0



Note:
0.07 — T T

lower is better

NumExpr Performance

— ahaconda

0.06| = anaconda+mkl

0.05F

0.04

0.03

Walltime (s)

0.02

0.01r
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Array Size (K) for sin(z) * %2 +cos(x) * *2

16

Performance Improves using Intel® MKL vs. ATLAS* in NumPy* "C=A*B"
(matrix multiplication of MxN and NxK matrices, double precision) on Intel Desktop Processor
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200
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64

80 96 104 112 120 128 144 160 176

Size (M=10000, N=6000, K=64,80, ..., 384)

132 200 208 224

M Intel® MKL- 4 threads W ATLAS - 4 threads

240

256 384

Configuration Info - Versions: Intel* Math Kernel Library (Intel® MKL) 11.1 update 1, ATLAS* 3.10.1 with LAPACK 3.4.2, NumPy* 1.8.0, SciPy* 0.13.2, Python 3.3; Hardware: Intel® Core® i5-4670T

Processor (6 MB LLC, 2.30Ghz), 4 GB of RAM; Operating System: Fedora 16 x86_64; Benchmark Source: Intel Corporation.

Performance tests and ratings are measured using specific computer systems and/or components and reflect the approximate performance of Intel products as measured by those tests. Any difference in
system hardware or software design or configuration may affect actual performance. Buyers should consult other sources of information to evaluate the performance of systems or components they are
considering purchasing. For more information on performance tests and on the performance of Intel products, refer to www.intel.com/performance/resources/benchmark limitations.htm.

* Other brands and names are the property of their respactive owners
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Mortgage Balance

350000

300000

250000

200000

150000

100000

50000

350,000%| 1+——x30 | = 350,000 x> = 875,000
100 2

@@ Principal plus$100/month, Saved:$33,852.08
[0 Principal plus$200/month, Saved $58,697 89
[9~@ Principal plus$300/month, Saved:$82,003.11
& Principal plus$400/month, Saved:$99,167.35
V¥ Principal plus$500/month, Saved:$116,081.94
4 Principal plus$600/month, Saved:$129,797.27
#—e Principal plus$700/month, Saved:$142,076.36
[THT Principal plus$800/month, Saved:$154,526.47
9@ Principal plus$900/month, Saved:$161,287.92
©-0@ Principal plus$1000/month, Saved:$170,347.09
B8 Principal plus$1100/month, Saved-$179,001 27
(9@ Principal plus$1200/month, Saved:$187,989 86
A~ Principal plus$1300/month, Saved:$193,544 22
V¥ Principal plus$1400/month, Saved:$200,432.53
#+— Principal plus$1500/month, Saved:$204,450.20
@@ Principal plus$1600/month, Saved:$210,733.86
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[ $350,000 Loan
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$130,000

101,09

$125,000
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$155,000

5142'%%9,000

121,00

511,00

700

$212,000

$205,000
Total Savmgx 5194,000 194,00

§171,000

$160.09

§131.04

§190,09

5183,000
§180,04
5170,00)
§153.,00
5148,0(]
$143,000
$138.00
500 1000 1100 1200

Additional Contribution Towards Principal

220,000

$200,00

5158,000
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~ Lebron James Wins Taking Three Point
Lebron James Wins Taking Two Point
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== |ebron James Wins Taking Three Point
Lebron James Wins Taking Two Point

=== Kyrie Irving Wins Taking Three Point
Kyrie Irving Wins Taking Two Point

= Steph Curry Wins Taking Three Point
Steph Curry Wins Taking Two Point

= Kyle Krover Wins Taking Three Point
Kyle Krover Wins Taking Two Point
Dirk Nowitzki Wins Taking Three Point
Dirk Nowitzki Wins Taking Two Point
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C, =S,N(d,)-Xe "N(d,)

ln(SOJJr r+ah T

g - X T

1 Gﬁ
ln£%j+ r—g_ T

g - X T

2 Gﬁ

N (d ) is standard Normal Distribution

where
S, =thestock price T = timeto expiration
X = exercise priceor strike price r =risk freeinterest rate

o = standard deviation of log returns (volatility)

oC
Vega=—2==8 N'(d )NT
ega o ( 1)\/7

oC(o,) Egj

oo, 0,,—OC
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Implied volatility of volatility
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S, =S8 exp

Geometric Brownian Motion (Simulation)

Time t
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X =xI"+k (6’ —x ) At + o4 x]Atw,

t
ot
X,—X,

where x; =max (x,,0)and x; = max(x,,0)



Index Level

0.35

0.30

0.25

0.20

0.15

0.10

0.05

0.00
0

frequency

12000

10000 +

8OO0

G000 -

4000 -

2000

0.1

02 03 0.4 035 06
value

Square-Root Diffusion - Simulation

Time






08

10

10

06

04

02

Predicted value yis given by

n
w, + z WX,

W, + WX, WX+ WX,

f/(w,x)

i=0



Values of the weights
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Features

- Histogram of the weights
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Chapter 6: Statistical and Machine Learning
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GPA

50

Acceptance in College

48
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i8
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2000

2100 2200 2300 2400 2500

SAT Score
y=p4+px
where yis the response
x = feature

J3, = intercept

B, =1s thecoefticient for x
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X academic sports music acceptance
1 1 238.1 37.8 62.9890989 B1.851852
2 2 44.5 33.3 41.ee00000 38.518519
3 3 17.2 45.9 63.8e88080 34.4444484
4 4 151.5 41.3 G68.5185185 GB.518519
5 5 188.8 18.8 53.8989891 47777778
[ 6 8.7 48.9 68.1818182 26.666667
7 7 57.5 32.8 21.3636364 43.783784
8 8 128.2 19.6 18.5454545 4H.888883
9 9 8.6 2.1 8.985e589 17.777778
10 18 153.8 2.6 18.2727273 39.259259
11 11 66.1 5.8 22.2000002 31.851852
12 12 214.7 24.8 G4 aa4a48498 G64.444444
13 13 23.8 35.1 53.9898989 34.874874
14 14 97.5 7.6 6.5454545 35.925526
15 15 284.1 32.9 7e.3783784 7e.37e37e
16 16 155.4 47.7 B2.9629638 B2,962563
17 17 67.8 36.6 183.6363636  46.296296
18 18 281.4 39.6 5@.3783784 9e.37e37e
19 19 69.2 28.5 16.6363636 41.851852
20 28 147.3 23.9 17.3636364 54.874874
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Outlook
Sunny Overcast Rain
?gh No<al St;ng Wea\k
No Yes No Yes
X[2] <= 1.5000
gini = 0.459183673469
samples = 14
X[0] <= 1.5000 X[0] <=2.5000
gini = 0.489795918367 gini = 0.244897959184
samples =7 samples =7
gini = 0.0000 X[0] <= 2.5000 gini =0.0000 X[3] <= 0.5000
samples = 3 gini=0.375 samples = 4 gini =0.
value=[3. 0.] samples = 4 value=[0. 4, samples =3
gini = 0.0000 gini = 0.5000 gini = 0.0000 gini = 0.0000
samples = 2 samples =2 samples =2 samples = |
value=[0. 2] value=[1. 1.] value=[0. 2] value=[1. 0]
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1
P(ANB)
PO =50
=P(ANB)=P(B|A)P(4)=P(A4|B)P(B)
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. people who have been diagnosed positive

. people who have breast cancer . .
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. 13
prior probability of red = 51

prior probability of blue = %

Number of red in the vicinity 1

Total number of reds 13

likelihood of x given red =

Number of bluein the vicinity _ 3
Total number of blue 8

. 1 13 1
posterior probability of x being red =—x—=—

X
13 21 21

posterior probability of x being blue = %x 8 = 3 =

1
21 21 7

likelihood of x given blue =

TextBlob - NaiveBa_yesCIassifier (Accurac_y Vs Sam_ple Size)

o o o
@ o [
= = =

Accuracy 1.00 equivalent to 100%

0 30 100 150 200 250 300 350 400
Sample Size
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Weight in ounces

Apples,

2 W ® N WV A W N =

w2 w N = o

16
17
18

Shape

1.747993
2.160436
2.308360
2.989498
2.217408
3.550124
4.795393
4.380994
4.975395
4.714245
1.644232
2.101244
2.847359
3.759746
3.436196
2.420651
1.960733
1.861635

Weight
6.244728
6.548997
6.568994
6.116004
6.298844
5.148646
5.729825
5.491813
5.243866
5.061763
6.710433
8.531404
8541824
8.609348
7.667397
7.471596
6.678455
6.320602

Fruit

Apple

Apple

Apple

Apple

Apple

Banana

Banana

Banana

Banana

Banana

Apple

Pear
Pear
Pear
Pear
Pear

Apple

Apple

Bananas and Pear by Weight and Shape

O New uniabeled frui

W Apples
. Pear
[ Bananas

3

Shape category number

4

5




Lo Sigmoid Functions vs LineSpace
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Support Vector Regression

— RBF model

—— Linear model

— Polynomial model
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PCA via scikit-learn (using SVD)
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After K-Means Clustering (from scikit-learn)
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Chapter 7: Bioinformatics, Genetics, and Network Models



| Boston

Chicaga










12

10}

L
e
=]

06}

04}

02

00

-0.2

12

10

08

6

04

02

00

-0.2



Ui yes




There are no pairs formed There is onI ne pair formed There are three pairs formed
among neighbours among neighbours among neighbours



C - 2><(Zinks tothenodei)
! n, (nb —1)

wheren _bis the number of neighbors tonodei

C - 2x (Zinks tothe nodei)
’ n, (n, —1)
wheren _bis the number of neighbors to node i







Followers in small Twitter network



















Ramachandran Plot for Two Structures
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Info: Direct method is selected to perform stochastic simulations.
Parsing file: /Users/kvenkatr/Stochpy/pscmodels/ImmigrationDeath.psc
Info: No reagents have been fixed

Parsing file: /Users/kvenkatr/Stochpy/pscmodels/dsmts-003-84.xml.psc
Info: No reagents have been fixed

Event(s) detected.

Info: 2000 trajectories are generated

Info: Simulation time: 8.24345302582

StochPy Average Species Time Series Plot (# of trajectories = 2000)

100
'

HH HH

Copy Number

0| +++++

Time

Chapter 8: Advanced Visualization

dS,.=u S, dt+oc S, dw,



6 Simulation using 5000 Steps,

o=0.400000 4x=1.000000 5,=20.222000
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stock price
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steps



Stock Price

Stock price of FB from May. 2012 to Dec. 2014
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The Rising Popularity of the Superbowl
Superbowl Audience and Ad Prices, 1968-2008
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