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" I'he purpose of visualization Is Iinsight, not pictures’

— B. Schnelderman
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Data Analysis

Data Computation
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Outputs Often Become Inputs

David Koop ATPESC 2022 @ Northern Illinois University



Visualization Landscape
*Aops: Wil ParaView \islt

e Domain-Specific Apps: VM D \ APOR
e APIs: VIK, ITK

e Also... Data Analysis Tools/Libraries
- JavaScript: D3, Observable Plot
- R: ggplot
- Python: matplotlib, altair, bokeh, ...
- Matlab
- GNUPIot
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Different Types of Notebooks, Many Similarities

@ © B
inf1}:= RandomGraph[ {15, 50}, GraphLayout - "LayeredDigraphEmbedding"]

Out[1]=

2= EigenVectorCentrality[%]

ouzl= {0.0733294, 0.0670173, 0.0911388, 0.084084, 0.0408522, 0.058568, 0.0694066, 0.0697708,
0.0586817, 0.0732617, 0.0785323, 0.060912, 0.0370771, 0.0646014, 0.0727667}

In@= cities = GeoNearest["City", [San Jose ciry 4], 30]

outial= {[Cupenino], (Saratoga |, (Los Gatos |, |Milpitas |, [ Sunol-Midtown |, [ East Foothills | ,

( Campbell |, [ Cambrian Park |, [ Fremont |, Morgan Hill |, [ Seven Trees |, [Buena Vista |,

(Santa Clara |, (Sunnyvale |, [ Alum Rock |, (Burbank |, |Fruitdale |, (San Jose |,

(Newark |, [ Monte Sereno |, [ Mountain View |, [ Palo Alto |, (Los Altos |, (Menlo Park |,

(Loyola |, (San Martin], [East Palo Alto ], [Lexington Hills |, [ Los Altos Hills |, [ Sunol !}

in4:= BubbleChart3D[

diagrama de burbujas 3D
g |

Tooltip[#[{"GiniIndex", "Area", "PerCapitaIncome", "Population"}],

sugerencia area

#["Name"]] & /@ cities]

—

Out[4]=
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Different Types of Notebooks, Many Similarities

e o n
inf1}:= RandomGraph[ {15, 50}, GraphLayout - "LayeredDigraphEmbedding"]

[ N N RStudio Source Editor

@ nb-demo.Rmd *
outl1}= <] APE QIR preview v O v B &+ & | [=PRun~ | E | =
9
10 v S5° {r} v )
11 summary(iris)
12 o
2= EigenVectorCentrality[%]
uwiz- {0.0733294, ©.0670173, 0.0911388, 0.084084, 0.0408522, 0.058568, 0.0694066, 0.06977 . . .
o= ’ ’ ’ ’ ’ ’ ’ Sepal.lLength Sepal.Width Petal.Length Petal.Width Species

0.0586817, 0.0732617, 0.0785323, 0.060912, 0.0370771, 0.0646014, 0.0727667} Min -4.300 Min 2. 000 Min -1.000 Min .0.100 S —— .50

1st Qu.:5.100 1st Qu.:2.800 1st Qu.:1.600 1st Qu.:0.300 versicolor:50
Median :5.800 Median :3.000 Median :4.350 Median :1.300 virginica :50

In@= cities = GeoNearest["City", [San Jose ch, 30]

outial= {[Cupenino] , [Saratoga |, (Los Gatos |, Milpitas |, [ Sunol-Midtown |, (East Foothills |, Mean  :5.843 Mean :3.057 Mean :3.758 Mean :1.199
. ) . ) o . 3rd Qu.:6.400 3rd Qu.:3.300 3rd Qu.:5.100 3rd Qu.:1.800
( Campbell |, ( Cambrian Park |, (Fremont |, (Morgan Hill |, (Seven Trees |, (Buena Vista |, Max . 7,900  Max. -4.400  Max. .6.900 Max. .2.500
(Santa Clara |, (Sunnyvale |, [ Alum Rock |, (Burbank |, |Fruitdale |, (San Jose |,
(Newark |, [ Monte Sereno |, [ Mountain View |, [ Palo Alto |, (Los Altos |, (Menlo Park |, ii .} v )
(Loyola |, (San Martin], [East Palo Alto ], [Lexington Hills |, [ Los Altos Hills |, [ Sunol I} 15 1ibr'ar'y(ggplot2|
16 gplot(Sepal.lLength, Petal.lLength, data = iris, color = Species, size =
4= BubbleChart3D[ Petal .Width)
diagrama de burbujas 3D 17 b
Tooltip[#[{"GiniIndex", "Area", "PerCapitaIncome", "Population"}],
sugerencia area

#["Name"]] & /@ cities]
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Out[4]=
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NN
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o
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o

|
50000 |~ .
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Different Types of Notebooks, Many Similarities

LA =
in1}= RandomGraph[{15, 50}, GraphLayout » "LayeredDigraphEmbedding"] @ observablehq.com/@d3/bar-chart-race
. . ‘ RStudio Source Editor 0 Observable Pricing Templates Explore Community Learn Company Q Search Signin m
@1 nb-demo.Rmd »
_ . ) = 1 D3 - d3js.org
Outii}= Il Af}( Q 35 Preview ~ 97 ~ +a Lr L | =%Run - | @ Bring your data to life. ¥ Fork & © =
9
10~ **° {r} a @ By Mike Bostock Published Nov 11, 2019 ISC Fork of Bar Chart Race, Explained = 198 forks 142 Likes @
11 summary(iris) Q
| 1
12
in2:= EigenVectorCentrality[%] b Bar Chart Race o
outzl= {0.0733294, 0.0670173, 0.0911388, 0.084084, 0.0408522, 0.058568, 0.0694066, 0.06977 Sepal - Length Sepal Width Petal. Length Petal .Width Sp This chart animates the value (in $M) of the top global brands from 2000 to 2019.
0.0586817, 0.0732617, 0.0785323, 0.060912, 0.0370771, 0.0646014, 0.0727667} Min. -4.300 Min. .2.000 Min. -1.000 Min. -0.100 setosd Color indicates sector. See the explainer for more. Data: Interbrand
@)= cities = GeoNearest["City", [San Jose cirv ]’ 30] ISt. QIJ .15.100 1st .Qu' :2.800 1St. Qu' :1.600 1st . Qu .10.300 vgr5}c91 data = » Array(1975) [Object, Object, Object, Object, Object, Object, Object, Object, Object, Object, Object, C
‘ Median :5.800 Median :3.000 Median :4.350 Median :1.300 virginic J—— . . .
ata = FileAttachment("category-brands.csv").csv({typed: true})
Out(3j= {[ Cupertino |, (Saratoga |, (Los Gatos |, Milpitas |, [ Sunol-Midtown |, (East Foothills |, Mean  :5.843 Mean :3.057 Mean :3.758 Mean :1.199
© ), (@ L ( L ), (8 L \' 3rd Qu.:6.400 3rd Qu.:3.300 3rd Qu.:5.100 3rd Qu.:1.800 Replay
ampbell ambrian Park Fremont Morgan Hill even Trees Buena Vista . . . .
, ’ ’ ’ ’ : ’ )? Max. :7.900 Max. 14,400 Max. :6.900  Max. :2.500 10000 20000 40,000 40000 56000 60,000
(Santa Clara |, (Sunnyvale |, [ Alum Rock |, (Burbank |, |Fruitdale |, (San Jose |, E ‘ Soca.Cola
‘ 13 7 | | | 67,420
(Newark |, [ Monte Sereno |, [ Mountain View |, [ Palo Alto |, (Los Altos |, (Menlo Park |, 14+ ***{r} ‘ Microsat
) . p ) \ \ . | 59,338
(Loyola |, (San Martin |, [ East Palo Alto |, | Lexington Hills |, [ Los Altos Hills |, ( Sunol ]} 15 llbrary(ggplotzl
16 gplot(Sepal.lLength, Petal.lLength, data = iris, color = Species, size = .
in4):= BubbleChart3D[ Petal.Width) GE
diagrama de burbujas 3D 17 =t 47,378
Tooltip[#[{"GiniIndex", "Area", "PerCapitaIncome", "Population"}], ) inted
sugerencia area 34,934
#["Name"]] & /@ cities] ‘ Nokla
27,188
T ® r o? Peal Do
—— B 6~ '
® 05 McDonald's
. . 10 26,311
| [ s Toyota
100000¥ g . 15 25488
= Marlbo
r =2 e @ 20 e
o
4" .
Out[4]= X (—u . ‘ 25 Mercode;o?;gz
| © 8
50000 [ d Citi
\ a ® Specie 20,385 2005
. ¢ selg chart = {
X ///’” T~ , o vili replay;
" - ©
0« . const svg = d3.create("svg")
1\ .
PP . 8 @ : "‘. . ; ! : virg .attr("viewBox", [0, 0, width, height]);
_15:16 @ Chunk 2 ~ ! const updateBars = bars(svg);
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~ocus on Jupyter Notebooks

David Koop

).

Files

Commands Running

Cell Tools

Tabs

File Edit View Run Kernel Tabs Settings Help
+ LS C B Terminal 1
# > notebooks B + X
Name - Last Modified
[N Data.ipynb seconds ago
« [W] Fasta.ipynb 10 minutes ago
M) Julia.ipynb 20 minutes ago In [17]:
- [A] Ripynb 6 minutes ago
Qut[17]:

X | M READMEmd X
D 0 » =» C

™ Data.ipynb o
Code v

Open a CSV file using Pandas

import pandas
df = pandas.read_csv('../data/iris.csv')
df.head(5)

sepal_length sepal_width petal_length petal_width

0 5.1 3.5 14 0.2
1 49 3.0 14 0.2
2 47 3.2 1.3 0.2
3 40 3.1 1.5 0.2
< 5.0 3.6 14 0.2

from IPython.display import GeoJSON

™ Julia.ipynb X

™| Fasta.ipynb X | B postBuild X

Python3 O

F N
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GeoJSON(s, layer_options={'minZoom': 11})
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: File Edit View Run Kernel Tabs Settings Help

" Lorenz.ipynb X
. Py
B + X[ » m C » Code v Python3 O

The Lorenz Differential Equations

E

Before we start, we import some preliminary libraries. We will also import (below) the accompanying lorenz.py file, which contains the actual
ﬁ# solver and plotting routine.

smatplotlib inline
™ from ipywidgets import interactive, fixed

We explore the Lorenz system of differential equations:

x =0o(y—x)
y=px—y-— Xz
zZ=—pz+Xxy

Let's change (o, B, p) with ipywidgets and examine the trajectories.

from lorenz import solve_lorenz
w=interactive(solve_lorenz,sigma=(0.0,50.0),rho=(0.0,50.0))
W

sigma 10.00

beta 2.67

0] 1 {o Python 3 | Idle Saving completed Mode: Command & Ln1,Col1 Lorenz.ipynb




: File Edit View Run Kernel Tabs Settings Help

" Lorenz.ipynb X
. Py
B + X[ » m C » Code v Python3 O

The Lorenz Differential Equations

E

Before we start, we import some preliminary libraries. We will also import (below) the accompanying lorenz.py file, which contains the actual
ﬁ# solver and plotting routine.

smatplotlib inline
™ from ipywidgets import interactive, fixed

We explore the Lorenz system of differential equations:

x =0o(y—x)
y=px—y-— Xz
zZ=—pz+Xxy

Let's change (o, B, p) with ipywidgets and examine the trajectories.

from lorenz import solve_lorenz
w=interactive(solve_lorenz,sigma=(0.0,50.0),rho=(0.0,50.0))
W

sigma 10.00

beta 2.67

0] 1 {o Python 3 | Idle Saving completed Mode: Command & Ln1,Col1 Lorenz.ipynb




Notebooks Are Great for Exploration
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Notebooks Are Great for Exploration

e Digestible Blocks of Code
e Rich, Inline Outputs

e Reuse Existing Outputs

e Non-linear editing
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Support for Rapid Exploration

® Fexible environment

- Edit any cell whenever you want

- Execute whichever cells you want
¢ |nline views of outputs

- NO context switch

- Easily compare and trace outputs
e Explore data In situ

- Notebooks run in browser

- Kernels can run remotely

David Koop Northern Illinois University 12




Notebooks Are Great for Explanation

Gene Expression Data

We obtained gene expression data from the Cancer Cell Line Encyclopedia (CCLE) for 37 lung cancer cell lines assayed by our collaborators at CST. This
independent dataset can be used to find novel correlations between differentially expressed genes and PTMs as well as determine whether lung cancer cell lines
behave similarly in gene-expression-space and PTM-space. The gene expression data was processed in the CST Data Processing.ipynb notebook that: kept the top

1000 genes with the greatest variance across the cell lines, and Z-score normalized the genes across the cell lines to highlight differential expression across the lung
cancer cell lines.

In [4]: net.load file('../lung cellline 3 1 16/lung cl all ptm/precalc processed/CST CCLE exp.txt')
print( 'Expression data shape: ' + str(net.dat[ 'mat’'].shape))

Expression data shape: (1000, 37)
In [5]: net.set cat color('row', 1, 'Data-Type: Exp', 'yellow')

net.cluster(views=[])
net.widget()

& clustergrammer x v§>‘* Cell Line
<qon Y

Row Order Q> A

. RS \33‘ O n o q,‘bfb O Nk, e
Alphabetically ‘L'\ C: é@q?&Qd? Cb§§« QPC) Sbéb QP‘b‘b Qo
et SEEIR SR \% \% PRI «\%\%\‘%\ R R R BRI é‘&o‘i\@\ﬂ’x\ \x"‘o@
uster I 0 o I B I Histology
Rank by Sum o N W Il EETE 1 N Sub-Histology
. o EEE E N EEE . B DN NN N mut-TP53
Rank by Variance = mut-EGFR
3 B BN mut-RB1
Column Order e mut-KRAS
Alphabetically — -
Cluster | ‘_:E_
Rank by Sum —;__: - ,
o e IN. Fernandez et al.]
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Support for Clear Explanation

" V ¢ 4 f f‘:"‘ ". ’ o 4 .' .8 T - - o 1 .‘

s AR YO T N e T - : _

e SR T e ARSI e ey, O 2 o |extual explanation: markaown cells
AR 5 A R £ LT T e L L & .

| ® Graphical explanation: inline figures

Y o Interactive explanation: widgets

i | » Publishing: Web pages, LaTeX, etc.
4| * Structure: clear, linear cell layout

9 e Reproducible

.
5
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Exemplar Notebook

df.columns

import pandas as pd
Index(['species', 'island', 'culmen_length_mm', 'culmen_depth_mm',

'flipper_length_mm', 'body_mass_g', 'sex'],

df.read_csv('penguins_size.csv') .
dtype="'object')

species 'sland  culmen_length_mm ... body_mass_g Sex df = df.rename(columns=1{'culmen_length_mm': 'culmen length (mm)',
O Chinstrap Dream 509 .. 3550.0 MALE ‘body_mass_g': ‘'body mass (g)'})
1 Gentoo Biscoe 473 .. 4725.0 NaN species island culmenlength (mm) ... bodymass (g) sex
O Chinstrap  Dream 509 .. 3550.0 MALE
342 Adelie  Torgersen NaN .. NaN NaN 1 Gentoo  Biscoe 473 .. 4725.0 NaN
343 Chinstrap Dream 470 .. 37000 FEMALE
341 Gentoo  Biscoe 499 . 5400.0 MALE
df = df.dropna(subset=['culmen_length_mm', 'culmen_depth_mm', ,
'flipper_length_mm', 'body mass g'l) 343 Chinstrap Dream 470 . 37000 FEMALE
species island culmen_length_mm .. body_mass_g sex df ['body mass (g)'].max()
O Chinstrap Dream 509 . 3550.0 MALE
6300.0
1 Gentoo  Biscoe 473 .. 4725.0 NaN
df.groupby('island') ['body mass (g)']l.median()
341 Gentoo  Biscoe 499 .. 5400.0 MALE island
Biscoe 4775.0
343 Chinstrap  Dream 470 .. 37000 FEMALE Dream 3687.5

Torgersen 3700.0
Name: body mass (g), dtype: float64

David Koop ATPESC 2022 Northern Illinois University




Exemplar Notebook

df.columns

import pandas as pd
Index(['species', 'island', 'culmen_length_mm', 'culmen_depth_mm',

'flipper_length_mm', 'body_mass_g', 'sex'],

df.read_csv('penguins_size.csv') .
dtype="'object')

species island  culmen_length_mm - body_mass_g Sex df = df.rename(columns={'culmen_length_mm': 'culmen length (mm)',
O Chinstrap Dream 509 .. 3550.0 MALE ‘body_mass_g': ‘'body mass (g)'})
1 G4 L| near Ce” N um berlng D NaN species island culmen length (mm) .. bodymass (g) sex
- O Chinstrap  Dream 509 .. 3550.0 MALE
342 Adelie  Torgersen NaN .. NaN NaN 1 Gentoo Biscoe 473 .. 47250 NaN
343 Chinstrap Dream 470 .. 37000 FEMALE
341 Gentoo  Biscoe 499 . 5400.0 MALE
df = df.dropna(subset=['culmen_length_mm', 'culmen_depth_mm', ,
'flipper_length_mm', 'body mass g'l) 343 Chinstrap Dream 470 . 37000 FEMALE
species island culmen_length_mm .. body_mass_g sex df ['body mass (g)'].max()
O Chinstrap Dream 509 . 3550.0 MALE
6300.0
1 Gentoo  Biscoe 473 . 47250 NaN

df.groupby('island') ['body mass (g)']l.median()

341 Gentoo  Biscoe 499 .. 5400.0 MALE island
Biscoe 4775.0
343 Chinstrap  Dream 470 .. 37000 FEMALE Dream 3687.5

Torgersen 3700.0
Name: body mass (g), dtype: float64
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Exemplar Notebook

df.columns

import pandas as pd
Index(['species', 'island', 'culmen_length_mm', 'culmen_depth_mm',

'flipper_length_mm', 'body_mass_g', 'sex'],

df.read_csv('penguins_size.csv') .
dtype="'object')

species Island  culmen_length_mm - body_mass_g Sex df = df.rename(columns={'culmen_length_mm': 'culmen length (mm)',
| I R L. 1 D (,,),})

Code Runs Correctly
in Top-to-Bottom Order | ...

O Chinstrap Dream 509 .. 3550.0 MALE

9 Linear Cell Numbering L

0 C
342 Adelie  Torgersen NaN .. NaN NaN 1 Gentoo  Biscoe 473 .. 4725.0 NaN
343 Chinstrap Dream 470 .. 37000 FEMALE
341 Gentoo  Biscoe 499 .. 5400.0 MALE
df = df.dropna(subset=['culmen_length_mm', 'culmen_depth_mm', ,
'flipper_length_mm', 'body mass g'l) 343 Chinstrap Dream 470 . 37000 FEMALE
species island culmen_length_mm .. body_mass_g sex df ['body mass (g)'].max()
O Chinstrap Dream 509 . 3550.0 MALE
6300.0
1 Gentoo Biscoe 473 . 47250 NaN
df.groupby('island') ['body mass (g)']l.median()
341 Gentoo  Biscoe 499 . 5400.0 MALE island
Biscoe 4775.0
343 Chinstrap  Dream 470 .. 37000 FEMALE Dream 3687.5

Torgersen 3700.0
Name: body mass (g), dtype: float64
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Confusing Notebook

df.columns

import pandas as pd Index(['study name', 'sample number', 'species', 'region', ...,
'flipper length (mm)', 'culmen length (mm)', 'body mass (g)'l,

df = pd.read_csv('penguins_lter.csv') dtype='object')

study sample species culmen length body mass df = df.rename(columns={ : Eg;men_leng’lcr.]_r:]rg 'C:JI ‘culmen l?ngth (mm)*,
name number (mm) @) y_mass_g': 'body mass (g)'})
o PALO708 1 Adelie .. 391 3750.0 species island culmenlength (mm) ... body mass (g) sex
1 PALO708 1T Gentoo .. 46.1 4500.0 O Chinstrap  Dream 509 . 3550.0 MALE
1 Gentoo  Biscoe 473 . 4725.0 NaN
342 PALO910 151 Adelie ... 36.0 3700.0
343 PALO910 152 Adelie .. 41.5 4000.0 341 Gentoo  Biscoe 499 .. 5400.0 MALE
343 Chinstrap  Dream 470 .. 37000 FEMALE

df = df.dropna(subset=['culmen_length_mm', 'culmen_depth_mm',

'flipper_length_mm', 'body mass_g'l]l)
Hed SRR i g df [ 'body mass (g)']l.max()

KeyError Traceback (most recent call last) 6300.0
Input In [6], in ()
————> 1 df = df.dropna(subset=["'culmen_length_mm', 'culmen_depth_mm', df.groupby('study name') ['body mass (g)'].median()
2 'flipper_length_mm', 'body_mass_g'l)
study name
KeyError: ['culmen_length_mm', 'culmen_depth_mm', 'flipper_length_mm', PALO708 3900.0
'body_mass_g'] PAL0809 4200.0

PALQ910 4000.0
Name: body mass (g), dtype: float64

David Koop ATPESC 2022 Northern Illinois University 16




Confusing Notebook

df.columns
impor ] ] Index(['study name', 'sample number', 'species', 'region', ...,
M|SS|ng Ce” Numbers [2,3,4] 'flipper length (mm)', 'culmen length (mm)', 'body mass (g)'l,
df = dtype="'object')
— PU-ICGU_\.—DV\ 'JCIIHUJ.IID_LLCI n WOV ]
study sample species culmen length body mass S df.rename(columns={Igu;men_leng’lcf.l_rprtr)l d culmer(1 }?g?th LA
name number P (mm) (9) ody_mass_g : ody mass (g
o PALO708 1 Adelie .. 391 3750.0 species island culmenlength (mm) ... body mass (g) sex
1 PALO708 1T Gentoo .. 46.1 4500.0 O Chinstrap  Dream 509 . 3550.0 MALE
1 Gentoo Biscoe 473 .. 47250 NaN
342 PALO910 151 Adelie .. 36.0 3700.0
343 PALO910 152 Adelie ... 415 4000.0 341 Gentoo Biscoe 499 .. 5400.0 MALE
343 Chinstrap  Dream 470 .. 37000 FEMALE

df = df.dropna(subset=['culmen_length_mm', 'culmen_depth_mm',

'flipper_length_mm', 'body mass_g'l]l)
Hed SRR i g df [ 'body mass (g)']l.max()

KeyError Traceback (most recent call last) 6300.0
Input In [6], in ()
————> 1 df = df.dropna(subset=["'culmen_length_mm', 'culmen_depth_mm', df.groupby('study name') ['body mass (g)'].median()
2 'flipper_length_mm', 'body_mass_g'l)
study name
KeyError: ['culmen_length_mm', 'culmen_depth_mm', 'flipper_length_mm', PALO708 3900.0
'body_mass_g'] PAL0809 4200.0

PALQ910 4000.0
Name: body mass (g), dtype: float64
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Confusing Notebook

df.columns
import pandas as pd Index(['study name', 'sample number', 'species', 'region', ...,
'flipper length (mm)', 'culmen length (mm)', 'body mass (g)'l,
O df = pd.read_csv('pengquins lter.csv') dtype='object')
study <a Same Ce” Number O df = df.rename(columns={:culmen_leng’lch_rI]m': 'culmen l?ngth (mm) ',
name nL"jlucl | WLLLELY) 97 bOdy_maSS_g ’ bOdy mass (g) })
o PALO708 1 Adelie .. 391 3750.0 species island culmenlength (mm) ... body mass (g) sex
1 PALO708 1T Gentoo .. 46.1 4500.0 O Chinstrap  Dream 509 . 3550.0 MALE
1 Gentoo  Biscoe 473 .. 4725.0 NaN
342 PALO910 151 Adelie .. 36.0 3700.0
343 PALO910 152 Adelie .. 415 4000.0 341 Gentoo  Biscoe 499 .. 5400.0 MALE
343 Chinstrap  Dream 470 .. 37000 FEMALE

df = df.dropna(subset=['culmen_length_mm', 'culmen_depth_mm',

'flipper_length_mm', 'body mass_g'l]l)
Hed SRR i g df [ 'body mass (g)']l.max()

KeyError Traceback (most recent call last) 6300.0
Input In [6], in ()
————> 1 df = df.dropna(subset=["'culmen_length_mm', 'culmen_depth_mm', df.groupby('study name') ['body mass (g)'].median()
2 'flipper_length_mm', 'body_mass_g'l)
study name
KeyError: ['culmen_length_mm', 'culmen_depth_mm', 'flipper_length_mm', PALO708 3900.0
'body_mass_g'] PAL0809 4200.0

PALQ910 4000.0
Name: body mass (g), dtype: float64

David Koop ATPESC 2022 Northern Illinois University 16




Confusing Notebook

df.columns
import pandas as pd Index(['study name', 'sample number', 'species', 'region', ...,
, 'body mass (g)'l],
df = pd.read_csv('penguins_lter.csv') OUt Of Order Ce” N umbeI‘S
study sample species culmen length body mass df = df.rename(columns=1 | Eu;men_leng’lcf.l_rr]rtr)l d culmer(1 }?g?th LA
name number P (mm) (9) ody_mass_g : ody mass (g
o PALO708 1 Adelie .. 391 3750.0 species island culmenlength (mm) ... body mass (g) sex
1 PALO708 1T Gentoo .. 46.1 4500.0 O Chinstrap  Dream 509 . 3550.0 MALE
1 Gentoo Biscoe 473 .. 47250 NaN
342 PALO910 151 Adelie .. 36.0 3700.0
343 PALO910 152 Adelie .. 415 4000.0 341 Gentoo Biscoe 499 .. 5400.0 MALE
343 Chinstrap  Dream 470 .. 37000 FEMALE

df = df.dropna(subset=['culmen_length_mm', 'culmen_depth_mm',

'flipper_length_mm', 'body mass_g'l]l)
Hed SRR i g df [ 'body mass (g)']l.max()

KeyError Traceback (most recent call last) 6300.0
Input In [6], in ()
————> 1 df = df.dropna(subset=["'culmen_length_mm', 'culmen_depth_mm', df.groupby('study name') ['body mass (g)'].median()
2 'flipper_length_mm', 'body_mass_g'l)
study name
KeyError: ['culmen_length_mm', 'culmen_depth_mm', 'flipper_length_mm', PALO708 3900.0
'body_mass_g'] PAL0809 4200.0

PALQ910 4000.0
Name: body mass (g), dtype: float64
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Confusing Notebook

df.columns

import pandas as pd Index(['study name', 'sample number', 'species', 'region', ...,
'flipper length (mm)', 'culmen length (mm)', 'body mass (g)'l,

df = pd.read_csv('penguins_lter.csv') dtype='object')

study sample species culmen length body mass df = df.rename(columns={ : Eg;men_leng’lcr.]_r:]rg 'C:JI ‘culmen l?ngth (mm)*,
name number (mm) @) y_mass_g': 'body mass (g)'})
o PALO708 1 Adelie .. 391 3750.0 species island culmenlength (mm) ... body mass (g) sex
1 PALO708 1T Gentoo .. 46.1 4500.0 O Chinstrap  Dream 509 . 3550.0 MALE
1 Gentoo  Biscoe 473 . 4725.0 NaN
342 PALO910 151 Adelie ... 36.0 3700.0
343 PALO910 152 Adelie .. 41.5 4000.0 341 Gentoo  Biscoe 499 .. 5400.0 MALE
343 Chinstrap  Dream 470 .. 37000 FEMALE

df = df.dropna(subset=['culmen_length_mm', 'culmen_depth_mm',

'flipper_length_mm', 'body mass_g'l]l)
PR e i g df [ 'body mass (g)']l.max()

KeyError Traceback (most recent call last) 6300.0
Input In [6], in ()
————> 1 df = df.dropna(subset=["'culmen_length_mm', 'culmen_depth_mm', df.groupby('study name') ['body mass (g)'].median()
2 'flipper_length_mm', 'body_mass_g'l)
study name
KeyError: ['culmen_length_mm', 'culmen_depth_mm', 'flipper_length_mm', PALO708 3900.0

PAL0O809 4200.0
PALQ910 4000.0
Name: body mass (g), dtype: float64

'body_mass_g"']

Why is this an error?

David Koop ATPESC 2022 Northern Illinois University 16




Confusing Notebook

df.columns

import pandas as pd Index(['study name', 'sample number', 'species', 'region', ...,
'flipper length (mm)', 'culmen length (mm)', 'body mass (g)'l,

df = pd.read_csv('penguins_lter.csv') dtype='object')

study sample species culmen length body mass df = df.rename(columns={ : Eg;men_leng’lcr.]_r:]rg 'C:JI ‘culmen l?ngth (mm)*,
name number (mm) @) y_mass_g': 'body mass (g)'})
o PALO708 1 Adelie .. 391 3750.0 species island culmenlength (mm) ... body mass (g) sex
1 PALO708 1T Gentoo .. 46.1 4500.0 O Chinstrap  Dream 509 . 3550.0 MALE
1 Gentoo  Biscoe 473 . 4725.0 NaN
342 PALO910 151 Adelie ... 36.0 3700.0
343 PALO910 152 Adelie .. 41.5 4000.0 341 Gentoo  Biscoe 499 .. 5400.0 MALE
343 Chinstrap  Dream 470 .. 37000 FEMALE

df = df.dropna(subset=['culmen_length_mm', 'culmen_depth_mm',

'flipper_length_mm', 'body mass_g'l]l)
Hed SRR i g df [ 'body mass (g)']l.max()

KeyError Traceback (most recent call last) 6300.0
Input In [6], in () , _
————> 1 df = df.dropna(subset=['culmen_length_mm', 'culmen_depth_mm', roup Wh|Ch df doeS thlS refer tO?
2 'flipper_length_mm', 'body_mass_g'l)
study name
KeyError: ['culmen_length_mm', 'culmen_depth_mm', 'flipper_length_mm', PALO708 3900.0
'body_mass_g'] PAL0809 4200.0

PALQ910 4000.0
Name: body mass (g), dtype: float64
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Confusing Notebook

df.columns

import pandas as pd Index(['study name', 'sample number', 'species', 'region', ...,
'flipper length (mm)', 'culmen length (mm)', 'body mass (g)'l,

pd.read_csv('penguins_lter.csv') dtype='object')
df.rename(columns={'culmen_length_mm': 'culmen length (mm)"',

study sample . culmen length body mass : CLT ,
name number  SPECies (mm) @) body_mass_g': 'body mass (g)'})
o PALO708 1 Adelie .. 391 3750.0 species island culmenlength (mm) ... body mass (g) sex
1 PALO708 1T Gentoo .. 46.1 4500.0 O Chinstrap  Dream 509 . 3550.0 MALE
1 Gentoo  Biscoe 473 .. 4725.0 NaN
342 PALO910 151 Adelie .. 36.0 3700.0
343 PALO910 152 Adelie .. 415 4000.0 341 Gentoo  Biscoe 499 . 5400.0 MALE
343 Chinstrap  Dream 470 37000 FEMALE
df.dropna(subset=['culmen_length_mm', 'culmen_depth_mm',
'flipper_length_mm', 'body mass g'l)
PP ’ J 2 df [ 'body mass (g)']l.max()
KeyError Traceback (most recent call last) 6300.0
Input In [6], in () : .
————> 1 df = df.dropna(subset=['culmen_length_mm', 'culmen_depth_mm', roup Wh|Ch df doeS th|S refer tO?
2 'flipper_length_mm', 'body_mass_g'l)
study name
KeyError: ['culmen_length_mm', 'culmen_depth_mm', 'flipper_length_mm', PALO708 3900.0
'body_mass_g'] PAL0809 4200.0

PALQ910 4000.0
Name: body mass (g), dtype: float64
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Notebook Potholes

* |f you redefine or mutate a variable,

another cell may break
e [he order of cell execution ma

* |f you forget to run an ed
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Improving Notebook Output and Links Between Cells

® Improve Reuse
- Remove ambiguities
- Enhance recall

e Improve Display

David Koop ATPESC 2022 Northern Illinois University 18



Remove Ambiguities and Preserve Recal

: impor n
o dfp: ;dl.)ie:?iic:\sr(Pguardian—toplOO—female—ZO19.csv') In [3]: | df = df[df.Age >= 31]
out[5]: Name Rank Position Age on 1 Dec 2019 Nationality Out[3]: Name Rank Position Age Nationality
0 Sam Kerr 1 Forward 26  Australia 2 Megan Rapinoe 3 Midfielder 34 USA
99 Ludmila 100 Forward o5 Brazil 96  Claudia Neto 97 Midfielder 31  Portugal
100 rows x 5 columns 19 rows x 5 columns
In [6]: df = df.rename(columns={'Age on 1 Dec 2019': 'Age'}) In [7]: df = df[df.Age <= 24]
out[6]: Name Rank Position Age Nationality Out[7]: Name Rank Position Age Nationality
0 Sam Kerr 1 Forward 26  Australia 3 Ada Hegerberg 4 Forward 24 Norway

99 Ludmila 100 Forward 25 Brazil 98 Lena Oberdorf 99 Midfielder 17 Germany
25 rows x 5 columns

100 rows x 5 columns

I%I Northern Illinois University 19
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Remove Ambiguities and Preserve Recal

In [d51f8eab]: import pandas as pd

df = pd.read csv('guardian-topl00-female-2019.csv')
df: Name Rank Position Age on 1 Dec 2019 Nationality

0 Sam Kerr 1 Forward 26 Australia

99 Ludmila 100 Forward 25 Brazil

100 rows x 5 columns

In [full]: df

df: Name Rank Position Age Nationality
0 Sam Kerr 1 Forward 26 Australia
99 Ludmila 100 Forward 25 Brazil

100 rows x 5 columns

David Koop

df .rename(columns={ 'Age on 1 Dec 2019':

'Age ' })

ATPESC 2022

In [over30]: df = df$full[dfSfull.Age >= 31]

df: Name Rank Position Age Nationality

2 Megan Rapinoe 3 Midfielder 34 USA

96 Claudia Neto

19 rows x 5 columns

97 Midfielder 31 Portugal

In [under25]: df = dfs$full[df$Sfull.Age <= 24]

df: Name Rank Position Age Nationality
3 Ada Hegerberg 4 Forward 24 Norway
98 Lena Oberdorf 99 Midfielder 17  Germany

25 rows x 5 columns

[dataflownb.qithub.io]

Northern Illinois University 20


http://dataflownb.github.io

Improve Output Representations

{'setosa': ( sepal_length sepal width petal _length petal width

13 4.3 3.0 1.1 0.1,
<IPython.core.display.Image object>),

'versicolor': sepal_ length sepal width petal length petal width
99 5.7 2.8 4.1 1.3

67 5.8 2.7 4.1 1.0,
<IPython.core.display.Image object>),

'virginica': sepal _length sepal width petal length petal width
104 6.5 3.0 2.2

121 5.6 2.8 2.0

116 6.5 3.0 1.8,
<IPython.core.display.Image object>)}

David Koop ATPESC 2022
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Improve Output Representations

v { # len=3
'setosa': » (<pandas.core.frame.DataFrame>, <IPython.core.display.Image>),
'versicolor': v ( # len=2
0: » <pandas.core.frame.DataFrame>,
1: » <IPython.core.display.Image>
) »

'virginica': v ( # len=2

0: v
sepal_length sepal_width petal_length petal_width
104 6.5 3.0 5.8 2.2
121 5.6 2.8 4.9 2.0
116 6.5 3.0 5.5 1.8

[dataflownb.qithub.io]

David Koop ATPESC 2022 Northern Illinois University = 22


http://dataflownb.github.io

dataflownb.qgithub.io

o Computational notebooks facilitate efficient exploration because users can
guickly inspect and reuse intermediate outputs

* |t |s Important to show interactive output that summarizes while providing
the ability to dig into details

* [t s Important to be able to recall and reuse past outputs during and after
analysis without re-running or re-writing code

e JupyterLab and IPython extensions to improve notebooks
- Recall and reuse of past outputs (dfnotebook-extension + dftkernel)
- Qutput display (ipycollections)

e New version of dfnotebook-extension to be released soon

David Koop ATPESC 2022 Northern Illinois University 23


http://dataflownb.github.io

Visualization Landscape
*Aops: Wil ParaView \islt

e Domain-Specific Apps: VM D \ APOR
e APIs: VIK, ITK

e Also... Data Analysis Tools/Libraries
- JavaScript: D3, Observable Plot
- R: ggplot
- Python: matplotlib, altair, bokenh, ...
- Matlab
- GNUPIot

David Koop ATPESC 2022 Northern Illinois University 24



The Python Visualization Landscape

graph-tool
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B catashader /

Sovoome T Emm T /
— e N .

— Matplotlib yellowbrick

— ,,'
’// \ / '¢" ’ \ \

y mpld3 e
/, oythreejs /- ggpy scikit-plot
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[J. VanderPlas, adapted by N. Rougier]
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https://speakerdeck.com/jakevdp/pythons-visualization-landscape-pycon-2017
https://github.com/rougier/python-visualization-landscape

The Python Visualization Landscape

graph-tool

\

t lot

onting |

B catashader /

Soroure T o /
— S M —

— Matplotlib yellowbrick

— ,,'
’,/’ \ / ,'/ ’ \ \

y mpld3 e
/, oythreejs /- 99py scikit-plot
Vis - d3js ‘

ipyleaflet

N

.
vincen
N/ e 1

pyga PyQTGraph

[J. VanderPlas, adapted by N. Rougier]

oot B GL ma VS

/ T~ + ipyparaview
galry .
GR Framework + holoviews
mayavi

+ ...
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https://github.com/rougier/python-visualization-landscape

Examples

e Examine airfoil data on Cooley
* | 0gin 1o:;

- Jupvyter.alct.anl.gov
e Click on "Login Cooley"

e Copy .ipynb files from Track 4 Examples dir to your SHOME:
/arand/projects/ATPESC2022/EXAMPLES/track-4-visualization

e ...Or use upload button to upload the two airfoil notebooks
- airfoll-flow.ipynb
- airfoll-line-plots.ipynb

e Once uploaded, click on the flow notebook to start

David Koop ATPESC 2022 Northern Illinois University 26



http://jupyter.alcf.anl.gov
http:///grand/projects/ATPESC2022/EXAMPLES/track-4-visualization

matplotlio

e Strengths:
- Designed like Matlab
- Many rendering backends Histogram of 1Q: 1= 100, 0'= 15
- Can reproduce almost any plot |
- Proven, well-tested

® \\leaknesses:
- APl Is Imperative .
- Not originally designed for the web 000 =8 : A
- Dated styles

Probability density

[J. VanderPlas]
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https://speakerdeck.com/jakevdp/pythons-visualization-landscape-pycon-2017?slide=48

Anatomy of a Figure

Figure

Axes . : Ana\y :of a figure :
. 'tltle' r | Ngl?tkk Title — ilele

@ Legend
Minor tick
l
@
Major tick label Grid
Line
7 O (line plot)
— o i e
— - (o) O |
= S o | O o O |
Q °c | 9 0° "o o~ .
2 = o © (@) O O OQ ~ 0
%% 0, 2 f 0 2P
: O i
Y axis label o o) . ©@ 0 Markers
| | scatter plot
© o o | © (s¢ plot)
- | | o &
] e QDT o
- N\ o—— rigure Line ™
—_— ¢ - - Axes (line plot) i |
- i
i T T T | T T T | T T T

0 T T
x a ° e 0 0.25).75 1 1.25 1.50 2 2.25 2.50 2.75 3 3.25 3.50 3.75 4

s label
Minor tick label

Made with https://matplotlib.org
X axis label
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Altair

e Declarative Visualization
- Specify what instead of how
- Separate specification from execution 35t
e Based on Vegalite which is browser-based
e Strengths:

site

B Crookston

" Duluth

B Grand Rapids

" Morris

B University Farm
Waseca

Sum of yield
N
S

N
o
o

- Declarative visualization 150
- Web technologies 1
e \\Neaknesses: SZ_. IRERRREN]
- Moving data between Python and JS : c P f R %
- Sometimes longer specifications ] w ;
variety
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Data ltems Become Visual Marks

e Marks are the basic graphical elements in a visualization
o \Marks classified by dimensionality:
(® Points (® Lines (® Areas

° e 0’ ///\/\ @5

e AlSO can have surfaces, volumes

e [hink of marks as a mathematical definition, or Iif familiar with tools like Adobe
llustrator or Inkscape, the path & point definitions

o Altair: area, bar, circle, geoshape, image, line, point, rect, rule, square, text, tick
- Also compound marks: boxplot, errorband, errorbar

[T. Munzner, E. Maguire (ill.)]
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Encode Attributes via Visual Channels

® Position ® Color
2 Horizontal = Vertical 2 Both
— I -] /77

> Tilt

| /o

2> Length > Area 2> Volume

—— o000 vwN

[T. Munzner, E. Maguire (ill.)]
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Examples

e Examine airfoil data on Cooley
* | 0gin 1o:;

- Jupvyter.alct.anl.gov
e Click on "Login Cooley"

e Copy .ipynb files from Track 4 Examples dir to your SHOME:
/arand/projects/ATPESC2022/EXAMPLES/track-4-visualization

e ...Or use upload button to upload the two airfoil notebooks
- airfoll-flow.ipynb
- airfoll-line-plots.ipynb

e Once uploaded, click on the flow notebook to start
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http://jupyter.alcf.anl.gov
http:///grand/projects/ATPESC2022/EXAMPLES/track-4-visualization

Questions?

plt.imshow(twod_data_array, cmap=cmap, extent=[-2.5,2.5,-2.5,2.5])
plt.clim(-1.0, 0.5); # for p

plt.title('MFEM Simulation of Potential Flow Around an Airfoil'); -10-
plt.ylabel('Height of domain');

plt.xlabel('Length of domain');

cb = plt.colorbar(extend="'both');
cb.set_label('Pressure', rotation=270, labelpad=24)

I
n
o

|

max, min, mean

30 -
MFEM Simulation of Potential Flow Around an Airfolil s
5.
50 ~
1 i —o o —60 | | | | | | | | | | | |
. 0 5 10 15 20 25 30 35 40 45 50 55 60
= step
g X [ [
3 0.2 3 chart = alt.Chart(df).encode(x="'step"')
5 0
2 3
i s area = chart.mark_area(opacity=0.4).encode(y="max', y2='min')
line = chart.mark_line(color='blue').encode(y="max")
-1 line2 = chart.mark_line(color="'orange').encode(y="mean')
line3 = chart.mark_line(color='red').encode(y="min"')

area + line + line2 + line3

-2 -1 0 1 2
Length of domain
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