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Visualization =

Human



visualization
The purpose of computing is insight,

not numbers.

piCtu res [Card, Mackinlay, Shneiderman]
[Richard Wesley Hamming]
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[Neale et al., BMC Genome Biology, 2014]
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UpSet - Visualizing Intersecting Sets Choose Dataset Load Data About UpSet UpSet for R
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THE BANANA CHART REDESIGNED: UPSET
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THE BANANA CHART REDESIGNED: UPSET
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THE BANANA CHART REDESIGNED: UPSET

Oryza sativa
40,612 / 27,049

L0
biog

10400 Wy
dopigely

EJEUILLNDE ESN|

Sorghum bicolor
34,496 / 27,397

Brachypodium distachyon
25,532 /21,368 ﬂm

EAES BZ

BUBI|BY] SIS
eia)|Ajoep xuaoyd

W
w
0
-
-
H
=
|3
=
24
w
0
-
<
o
-

Phoenix dactylifera
28,889 /19,027

Rightmost species Is most different

Arabidopsis thaliana
27,169 /21,950




UPSET

The canonical way to show set data with > 3 sets
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THE VISUALIZATION SPECTRUM
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Static charts, manually created Bespoke interactive visualization systems
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Part 1: Making “static” charts a bit
smarter

REST OF THIS TALK

Part 2: Loon - an example of a
bespoke system for a high stakes
application

Subtext: It you're looking for
collaborations anywhere along the
spectrum, reach outl!




TECHNICAL CONTRIBUTIONS

Kiran Gadhave, Zach Cutler

@ Data Scientist & Physicist ¢ Astronomer Sec lected ?g:::.a to match to cat :
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[Information Visualization 2021, EuroVis 2022, EuroVis 2024]
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What are Modalities”?
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INTERACTIVE VISUALIZATION:
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— T Player 12 Q Y o
[ M
D Use regular expressions
_ D Filter rows containing missing
values
s Current_league 1B Y e

-d

BE... ES... FR.. GB... GR... ITA.. NL... PR.. RU... TU...
. Filter O missing value rows

I" Current_club 1P QY o

D Use regular expressions
Filter rows containing missing

values

128 Y

CF w
- Filter O missing value rows

<'» Position

12 B Y o

«s Foot



INTERACTIVE VISUALIZATION:

LineUp Soccer Stats [

imited Expressivity

ome operations are
ifficult

e.g., conditional queries..

ot reusable

Agg... Rank Sele... 1" Player «»Current...
12 BY e
O

1 O Dmitri Poloz " RUS-Pre...

2 O Emiliano Rigoni " RUS-Pre...

3 [0 Sebastian Driussi | RUS - Pre...

4 [ Aleksandr Kokorin | RUS - Pre...

5 ([ Anton Zabolotnyi " RUS-Pre...

6 O Quincy Promes | RUS - Pre...

7 O PedroRocha | RUS - Pre...

8 [ Lorenzo Melgarejo " | RUS - Pre...

9 [0 Zelimkhan Bakaev " RUS-Pre...
10 O  Luiz Adriano | RUS - Pre...
11 O ZéLuis " RUS-Pre...
12 O Ahmed Musa " RUS-Pre...
13 O Fedor Chalov | RUS - Pre...
14 [  Timur Zhamaletdinov || RUS - Pre...
15 O Wanderson " RUS-Pre...
16 O Jodozinho | RUS - Pre...
17 O  Andreilvan | RUS - Pre...
18 [ Ricardo Laborde " RUS -Pre...
19 [ Magomed-Shapi Suleyr Q RUS - Pre...
20 [ Fedor Smolov | RUS - Pre...
21 O IvanIgnatjev " RUS-Pre...
22 [ AlanKasaev " RUS-Pre...
23 [ Jefferson Farfan " RUS -Pre...
24 [O Arshak Koryan | RUS - Pre...
25 [ Eder | RUS - Pre...
26 0O A | RUS - Pre...
27 [O Gokdeniz Karadeniz | RUS - Pre...
28 [ Rifat Zhemaletdinov | RUS - Pre...
29 [ Sardar Azmoun | RUS - Pre...
30 O LéoJabd " RUS -Pre...
31 O Bernard Berisha | RUS - Pre...
32 [0 Magomed Mitrishev |~ RUS - Pre...
33 O Odise Roshi " RUS-Pre...
34 [ Khalid Kadyrov | RUS - Pre...
35 ([ Bekim Balaj | RUS - Pre...
36 [J Ablaye Mbengue " RUS-Pre...
37 1 Zaur Sadaev " RUS - Pre...

need to redo analysis when
ata changes

Not reproducible

L INainan -1
CF w

1"Current...

Zenit St. Peters ] W
Zenit St. Peters ] W
Zenit St. Peters [} CF
Zenit St. Peters [Jj CF
Zenit St. Peters ] CF
Spartak Mosco\ ] W
Spartak Mosco\ ] W
Spartak Mosco [l W
Spartak 2 Mosc 1] W
Spartak Mosco\ [Jlj CF

Spartak Mosco [} CF
CSKA Moscow . CF
CSKA Moscow . CF
CSKA Moscow . CF
FK Krasnodar [ W
FK Krasnodar
FK Krasnodar
FK Krasnodar
FK Krasnodar
FK Krasnodar
FK Krasnodar [JJj CF
Lokomotiv Mos« [if] W
Lokomotiv Mos« [ W
Lokomotiv Mos ] W
Lokomotiv Mos: ] CF
Lokomotiv Mos: ] CF

Rubin Kazan [ w
Rubin Kazan [ w
Rubin Kazan ] CF

Akhmat Grozny [} W
Akhmat Grozny [} W
Akhmat Grozny [} W
Akhmat Grozny [} W
Akhmat Grozny [} W
Akhmat Grozny [ CF
Akhmat Grozny . CF
Akhmat Groznv Il CF

«» Position

«sFoot

—ll . al). e

both left

B right
B both
B both
B right

M riaht

# Age

right 0.00 38.00

# Height

160.00

210.00 0.00

i
|
'Ille!nl

i !

:::Goals “::Games
ltem (W  Overview
: -—-...- Showing 1,177 of 1,177 items
61.0 0.00
B | .
- -—-_ Column Summaries
HE | Player LS
- M
D Use regular expressions
_ D Filter rows containing missing
- values
s Current_league 1B Y e

|
- E— e

« FR.. GB.. GR... ITA.. NL... PR... RU... TU...
. Filter O missing value rows

I" Current_club 1P QY o

D Use regular expressions
Filter rows containing missing

values

128 Y

CF w
- Filter O missing value rows

<'» Position

12 B Y o

«s Foot




CODE:

1 # Keep this cell
S 2 avy_df = pd.read_csv('./avalanches.csv')

3

Flexible and pOWQl‘fUl ¢ # Remove NaN conrdintes
5 avy_df = avy_dflavy_df['Coordinates']==avy_df['Coordinates']]
6
7 # Split into latitude & longitude

° ° 8 avy df[['lat', 'lon']l] = avy_df['Coordinates'].str.split(',"', expand=True)
ou basically can do anythin 9

10 # Remove values outside of Utah bounds
11 avy_df = avy_df[ (36 < avy_df['lat'].astype('float')) & (avy_df['lat'].astype('float') < 42)]
12 avy_df = avy_df[(-114 < avy_df['lon'].astype('float')) & (avy_df['lon'].astype('float') < -108)]
13

Re usa b I e 14 # Keep columns we need
15 avy_df = avy_df[['Date', 'Region', 'Trigger', 'lat', 'lon'l]
16 avy_df.head()

it your data changes, re-run
Reproducible

everything is documentea



CODE / SCRIPTING:

1 # Keep this cell
I ¥ h d 2 avy_df = pd.read_csv('./avalanches.csv')
3
t s a r 4 # Remove NaN coordinates
5 avy_df = avy_dflavy_df['Coordinates']==avy_df['Coordinates']]
6
° ° ° ° 7 # Split into latitude & longitude
req u I res eXte n S IVe tra I n I n 9 8 avy_df[['lat', '"lon']] = avy_df['Coordinates'].str.split(',', expand=True)
9
10 # Remove values outside of Utah bounds
o o 11 avy_df = avy _df[ (36 < avy_df['lat'].astype('float')) & (avy_df['lat']l.astype('float') < 42)]
rea d I n 9 d O Cu m e ntatl O n 12 avy_df = avy_df[(-114 < avy_df['lon'].astype('float')) & (avy_df['lon'].astype('float') < -108)]
13
14 # Keep columns we need
15 avy_df = avy_df[['Date', 'Region', 'Trigger', 'lat', 'lon'l]
16 avy_df.head()

not discoverable

It’s time consuming

even simple things require effort
Some operations are difficult

e.g., labeling data points



COMPUTATIONAL NOTEBOOKS: A MIDDLE GROUND?

—_ Jupyter 07-hypothesis-testing (unsaved changes) @ Logout
© Observable Explore 0 Demo ¥ Fork m Fle  Edit View Insert Cell  Kernel  Widgets  Help Not Trusted | Python3 O
+ == @@ B 44 ¥ MRun B C » Markdown s
d3js.org
D; S QO N NN 1-example.docx (1 page) ¢ 0
Bring your data to life. + \
By @ Mike Bostock 7 Q- - — ~» nctior o "/ 5l v| Addins ~ F M]v QQ O} [Tj Q, Search Calculated z
©) 1-example.Rmd - P-value = sum of area in two tails= 2[1 — D(lz])]
Published Aug 6, 2019 Listed in d3-random g ARE Q| @ Knit ~ ~ ‘0 ~#Run v | = Viridis Demo zceurve
1 --- The code below demonstrates two color palettes in the viridis package. Each plot displays a
eg e . ETIVIIE R " contour map of the Maunga Whau volcano in Auckland, New Zealand. 3. Two-tailed test
RandOm PrObablllty PIOtS ; tltle{_‘ . XLP{d;S Demot Viridis colors H, contains the inequality #
output: mL_documen image(volcano, col = viridis(200)) ' i
What do the normal quantile plots and histograms look like for D3’s various random -~ !
, 0
number generators? Let’s see! 5 T T
6- *  {r include = FALSE} B Calculated z, —z
i 7 library(viridis = . .
Uniform g y( ) Figure 8.4 Determination of the P-value for a z test
= *]
uniformData = » Float64Array(1000) [0.8364988573005558, 0.5923236613754859, 0.4144779646837171, ©.9507874319661804 9 o source: Devore, pp.329
. w
uniformData = Float64Array.from({length: 1000}, d3.randomUniform()) 29 Th? Fo‘_je below demorlStr‘ates tW(? CO’lOf:' pal?tFe§ in the “ i '
[viridis](https://github.com/sjmgarnier/viridis) package. Each plot - Slide Type Slide  +
. . o
displays a contour map of the Maunga Whau volcano in Auckland, New
14— ™~ H 9 I
Zealand. o What to do for smaller sample sizes? Student's t-test
1Ll
12 - ## Viridi 1 g When n is small, the Central Limit Theorem can no longer be used. In this case, if the samples are drawn from an approximately normal distribution, then the
12— Lriais colors 0.0 0.2 0.4 0.6 0.8 1.0 correct distribution to use is called the Student's t distribution with v = n — 1 degrees of freedom. The probability density function (pdf) for the student's t
13 distribution is not pretty (Google it!) but it is built into scipy, so we can compare the student's t-test to the normal distribution.
14- " {r} B
1.0- oo o 15 1image(volcano, col = viridis(200)) In [16]: Slide Type - :
16 “° Magma colors
image(volcano, col = viridis(200, option = "A")) 1 # there is some trouble with this package for some python versions
17 2 # 1if it doesn't work, don't worry about it
o8- 18 - ## Magma colors 3 from ipywidgets import interact
19 :
— & 5 samp mean = 0
0.5— 20 - {r} ¥ » - 6 samp std dev = 1
21 1image(volcano, col = viridis(200, option = "A")) ~ 1
22~ pac 8 x = sc.linspace(samp mean-4*samp std_dev,samp mean+4*samp std dev,1000);
322 [ Viridis Demo 2 R Markdowtih - 9 def compare distributions(sample size):
0.4- : i R S 10 pdfl = norm.pdf(x, loc=samp mean, scale=samp std dev/sc.sqrt(sample size))
Console R Markdown » = [ 11 pdf2 = t.pdf(x,df=sample size-1,loc=samp mean, scale=samp std dev/sc.sqrt(sample size))
. - SO—— ) ; 12 plt.plot(x, pdfl, linewidth=2, color='k',label='normal distribution pdf')
e e - - 3 13 plt.plot(x, pdf2, linewidth=2, color='r',label='t distribution pdf')
0.2- > render("1l-example.Rmd", output_format = "word_document™) P 14 plt.xlim(x.min(),x.max())
15 plt.ylim(0,2)
g 16 plt.legend()
00— 0 O 17 plt.show()
— 18
19 interact(compare distributions,sample size=(2,20,1))
T —
0.2~ sample_size @ 5
200 -
= normal distribution pdf
0.4- | 1 | | | | | | | | 1 i ZI =t distribution pdf
-3.0 -2.5 -2.0 -1.5 -1.0 -0.5 +0.0 +0.5 +1.0 +1.5 +2.0 425 4+3.0 175 -
qgnorm(uniformData) 150 -
35— 125 -
30—
100 -
25—
20- 0.75 -
15 =
0.50 -
10~
5= 0.25 -
O_
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 0.00 - .
-4 -3 -2 -1 0 1 2 3 4

Observable R Markdown Jupyter Notebooks



COMPUTATIONAL NOTEBOOKS: A MIDDLE GROUND?

[6] selection = alt.selection_interval()

chart = alt.Chart(cars_df).mark_point().encode(
x="Horsepower:Q",
y="Weight_in_1lbs:Q",
color=alt.condition(
selection, "Origin:N", alt.value("gray")

Y I v Cars Dataset Analysis
esS. Documentation
) Code

Here we will see the relationship between weight of the car and horsepower.
) .properties(
® ® ® ® ® width=300,
height=300
) .add_params (

selection
)

0
=
Q

But visualizations are a dead end

nnnnn

Visualizations

Weight_in_Ibs

s § 853888888 A

can't “use” interaction in code

e.g., changing a label, or filtering S RRARA

a value



PERSISTENT AND REUSABLE INTERACTIONS IN

COMPUTATIONAL NOTEBOOKS

“ @ [Jx e Bo ?_ R E] Reset Trrack Delete datasets
fo Trrack BZ Summary
- # Date Place Trigger Weak Layer Depth_inches ;Aspect Elevation_feet Root
‘ > Rename column ;Weak Lay...
2338 3-23-2023 Dry Creek Natural 8 Change column 'Trigger' data type West 8000 Rename column :Trigger to...
— , Drop column Comment... n
955 1-19-2014 Whitney Basin Snowmobiler W Drop column 'Trigger East 10500 Don't need this column for thi..
Updated column 'Depth_i...
1028 2-21-2014 Chalk Creek Natural (€ Rename column 'Trigger’ Northeast 10600 Updated column 'Depth_i...
_ . . %Jpcfaged coI_umnH'Dtleptq_i...
1024 2-17-2014 Upper Weber Canyon Natural =t Sort by Trigger ascending Northeast 10400 é;‘l;:g erzngél;frg: .g;;i"r.oam
998 2-12-2014 Upper Weber Canyon Natural =¥ Sortby Trigger descending Northeast 10400 Soft {descending) byt
Droo column Coordinates k
938 1-14-2014 Upper Weber Canyon Explosive 41 Pinto left East 10300 . . _
selector = alt.selection_interval("selector", encodings=["x"]) B ™ v &
1299 1-26-2016 Currant Creek Peak Snowmobiler K Pin to right Southwest 9500
scatterplot = alt.Chart().mark_point().encode(x="Elevation_feet:Q", y="Depth_inches:Q")
1044 2-28-2014 Chalk Creek Natural Northeast 10600 chart = alt.Chart().mark_bar().encode(
x=alt.X("Month:0").sort([10]),
2348 3-30-2023 Bunnels Natural Northeast 10800 y=“count( L
1977 4-6-2021 Blue lce Natural | Hide Trigger column Northeast 10400 opacity=alt.condit 1on(sele§tor, .alt .value(1l), alt.value(0.3))
) .add_params(selector).properties(width=400)
3 of 2392 row(s) selected ows per page 10 < 1-10 of 2,392 . : :
perpag PR.PersistChart(chart | scatterplot, data=df_outlier_removed, df_name="df_with_season")
© ¢ [ 8 09 YA YA 8 Reset Trrack Delete datasets
"\ # current_df D) é.\' ‘/ removed_nulls_df D& {ﬁ]) 'I:: no_coordinates_df (& {ﬁ];' '( finaldf OD&SF W)
600 - Select a category (@) 160 -
Avalanche Season o=
— $o Trrack = Summary
. o=
Avalanche Season . o @ @ Middie
140 @ No Assignment
500 - @ Start
° 120 - Qo
A Jupyter Plugin Root
2 @ 100 Add new category 'Avalan...
L .
g Middle g Add new option 'Start' to ...
= § Add new option 'Middle' t...
: -
3 - End 60 Add new option 'End' to c...
https://vdl.sci.utah.edu/persist/ setected Month (19 0 12)
) ° ° ° | .
. NO Aatignient Assign Avalanche Season...
20 Selected Month (1 to 3)
. -_-_'_ . a2 Assign Avalanche Season...
2 = = " v N ? @ 0 2000 4000 6000 8000 10,000 Selected Month (4 to 6)
pip install persist ext o e
— Dataframes:
|< # df_with_season [ é)
l: # df_with_season [ é,)l

Demo Notebook: https://tinyurl.com/5db/nynn



https://tinyurl.com/5db7nynn

DATASET EXAMPLE: HISTORICAL AVALANCHES IN UTAH

Avalanches are a major hazard
in Utah

Utah Avalanche Center collects data
about avalanches, including where
it occurred (location, elevation),
how it occurred, how big it was,
etcC.




What's the pandas code...

YOU'RE DOING DATA
ANALYSIS IN PYTHON

e ...to change the order of columns?
e ...todrop acolumn?

e ...to change the label of a column?

Nothing here is hard, but it's annoying,.




[4] :

PERSIST MAKES THIS EASY

PR.PersistTable(avalanches, df _name="avalanches")

#

A

Sa
Sa
Sa
Sa
Sa
Sa
Sa
Sa
Sa
Sa

© 00 N O o B W BN

-
o

‘Region

t Lake
t Lake
t Lake
t Lake
t Lake
t Lake
t Lake
t Lake
t Lake
t Lake

(’ avalanches [ é)

Month
11
11
11
11
11
11
11
12
12
12

Reset Trrack Delete datasets

Day

11
11
11
11
10
12

10

Year
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012

Rows per page

“Trigger

Snowboarder

Skier
Skier
Skier
Skier
Skier
Skier
Skier
Skier
Skier

1-10 of 2,392

‘Weak Layer

New Snow/Old Show
New Snow/Old Snow
Facets

New Snow

Facets

New Snow/Old Snow
Facets

Facets

Facets

Facets

}o Trrack

® Root

Summary




Have you ever plotted something
and wished you could just “fix”
things as you spot them?

WHAT IS THIS TALK
ABOUT?

Utah’s Elevation Range

How deep (big) the avalanche was

Elevation where the avalanche occurred




PERSIST MAKES THIS EASY

[6]: PR.plot.scatterplot(avalanches, "Elevation_feet:Q", "Vertical _inches:Q", df_name="avalanches") ¢+ B M Vv & FP B
¢ [Jx — Reset Trrack Delete d
O+ eset Trrack Delete datasets
180,000 - o
o Trrack BZ Summary
o
160,000 -
140,000 - @® Root
120,000 -
i o
-;-=é1oo,ooo-
-—I o
©
O
£ 80,000
S
o
60,000 -
. o
i o
40,000 - x
20,000 -
o
o o .
O o) O O
o o
O &I | | | | | | | | |
0 4,000 8,000 12,000 16,000 20,000 24,000 28,000

Elevation feet



50 WHAT'S SPECIAL HERE?

Lots of vis tools support these operations
Most cdata wrangling happens INn code: it's just more powerful

Opportunity: bring interactive operations to code!

Persist works INSIDE your Jupyter Notebook



GAPS BETWEEN CODE AND INTERACTIVE OUTPUTS™

Semantic Gap Temporal Gap Layout Gap

| = W ) W = W W SRR AT

© selection = alt.selection_interval() O selection = alt.selection_interval() © selection = alt.selection_interval()
alt.Chart(cars_df).mark_point().encode( alt.Chart(cars_df).mark_point().encode( # khart = ﬁlt.-Cha"t(Cars_df)-Tark_POi"t()-e"COdE(
x="Miles_per_Gallon:Q", x="Miles_per_Gallon:Q", # x="M1FeS_p§l‘_Gau°:=0 ’
y="Weight_in_1bs:Q", y="Weight_in_1bs:Q", # y= Welght_ln_lPS{Q ’
color=alt.condition( color=alt.condition( 8 color=ai\1t.c.ond1.t.30r.|(. —
selection, "Origin:N", alt.value("gray") selection, "Origin:N", alt.value("gray") : ?e e e 0 il
) 5 )y # ) prope;'ties(
) .properties( ) .properties( B Sttt
LR WicHE o0 # height=300
height=300 height=300 # ) .add_params (
) .add_params ( ) .add_params ( # selection
selection selection # )
) )
. chart = alt.Chart(cars_df).mark_point().encode(
selection = 777 = ssoo} Origin | *** x="Miles_per_Gallon:Q",
E 5,000 ©) Europe y="Weight_in_1bs:Q",
| = 5,500 ‘ Origin | Japan color=alt.condition
5.000- _© O Europe 4,500 j () USA ?election, "Origin:N", alt.value("gray")
| Japan 4,000 - 4
4,500 - () USA | ) .properties(
o 3500 width=300,
4000 g height=300
| ' 3,000 I
, 3500 ; = ) .add_params (
) S 2,500 selection
& 3,000 § )
1:"' 2,000
%2500 ,
= $ ‘ 1,500
2,000 chart
1,000-
1,500 .
500 3 5,500 Origin
b B () Europe
o T _ I 5,000 %
500 - 0 5 10 15 20 25 30 35 40 45 50 %0 8o © Japan
Miles_per_Gallon 4,500 1‘§~ O USA
0 | — 9

Information only flows from Changes made to code are preservead |
Changes in code are messy

code to visualization Changes made to vis are lost
*[Wu, Hellerstein, Satyanarayan, UIST 2020]



THESIS: BRIDGING BETWEEN CODE
AND INTERACTIVE VIS IS

Fasy handofts are important!




[HE

APPROACH



Traclk events in interactive
visualizations

PRINCIPLE Map them to data frame operations

Operations then applied to data
frame




HOW IT WORKS

Code to create chart

df = pd.read_csv('cars.csv')

selection

: Initial plot &

Rem
selections

ove

Interactive Visualization

~ Assign

Category v4

Engine
@ NA

poInts

Select 3 <

Engine
@ NA

— O O V4 O V4
PersistChart(scatterplot(df)) t @ O @ O @ O

Provenance

o - -
— g > g - . Carw- N

| ' § » g " g ama o oo . o T R S . Len . Lama- o o - > - g - i e e oy g e C Lon . Lorama Ts e e oy ai e - b Lo R — o e DAL o - o Ean DA D R P P - o o posBa g e e oo - e - D T a—-— " . Ry asha <.> g e 4o — e oo e - - Y — e o e — " . e Sashas
. = z = > > = = = 4 B = v - = = = = = = 4 ¢4 = = e 7 - = = =4 & = - = / - = =473 = = AR — =57 2 = | - DRt — \ - DR 0d; -—

' df1 © Select 3 points

,~ df2 T Remove selections
df3 © Select 2 points

C‘) Assign category v4
‘ to selection

i df4

O Select 3 points ! i 43 df4

| t S 8 27 rows x 8 columns

| df5




OPERATIONS

| Selection

¢ Edit column names, edit cells
=l Sort rows/columns

Jx Drop columns

V7 Filter (in/out) items

E] Label items

o+ Categorize items

= Change data types



PERSIST WORKFLOW



import altair as alt

from vega_datasets import data
import persist_ext as PR

cars_df = data.cars() # Load cars dataset

brush = alt.selection_interval() # Create a 2d brush

# create scatterplot and link to brush
scatterplot = alt.Chart(cars_df).mark_point().encode(
Standard / x="M1les_per_Gallon:Q",
Vega-Altair Chart y="Weight_in_1bs:Q",
color=alt.condition(brush, alt.value("steelblue"), alt.value('"gray"))
) .add_params (
brush

)

////,, PR.PersistChart(scatterplot)

Call to Persist with Chart as Parameter



import altair as alt B ™ v & F i
from vega_datasets import data
import persist_ext as PR

cars_df = data.cars() # Load cars dataset

brush = alt.selection_interval() # Create a 2d brush

# create scatterplot and link to brush
scatterplot = alt.Chart(cars_df).mark_point().encode(
x="Miles_per_Gallon:Q",
y="Weight_in_Llbs:Q",
color=alt.condition(brush, alt.value("steelblue"), alt.value('"gray"))
) .add_params (
brush

)

PR.PersistChart(scatterplot)

Persist Toolbar

k—v © o < [ o+ 0o JTARAYA

Reset Trrack Delete datasets

5,500+ @)
oo, Oteny fo Trrack  BZ Summary ~— Provenance History
4,500 - O ngmmem
o o Root
Vega-Altair Chart —_ .« Akl ooy oateciory "o
£ 3.000° Add new option 'Heav...
§2'5°°- Add new option 'Medi...
= 2000- | G of Add new option ‘Light'...
1,500 ' Selected Miles_per_G...
1,000~ Assign Weight Cls (He...
— Selected Miles_per_G...
. I N I N SN N A N Assign Weight Cls (Me...
L T ® Selected Miles_per_G...
Miles per Gallon
Dataframes:

Dataframe name ( # persist_df 2 © é)

Dataframe Manager —

( # persist_df_2 @ & O Assign Weight Cls (Lig...




import altair as alt B ™ v &

from vega_datasets import data
import persist_ext as PR

cars_df = data.cars() # Load cars dataset

brush = alt.selection_interval() # Create a 2d brush

# create scatterplot and link to brush
scatterplot = alt.Chart(cars_df).mark_point().encode(
x="Miles_per_Gallon:Q",
y="Weight_in_1lbs:Q",
color=alt.condition(brush, alt.value("steelblue"), alt.value('"gray"))
) .add_params (
brush

)

PR.PersistChart(scatterplot)

Filtering Labelling
" “

o c @,’ U" 85’ 88 ?_ R 3 Reset Trrack Delete datasets

Categorization

5,500+
. g’:ﬂx's fo Trrack BZ Summary
Medium
4,500 - () No Assignment
o Root
P Add new category 'We...
€ 3000 Add new option 'Heav...
§2-5°°- Add new option 'Medi...
> 2000 0 D & Add new option 'Light'...
1,500 Selected Miles_per_G...
1,000 Assign Weight Cls (He...
00 Selected Miles_per_G...
. Assign Weight Cls (Me...
0 5 W 15 2 2 3 3B 40 45 50 ® Selected Miles_per_G...
Miles per Gallon —
Dataframes:

patarrame name ( , pEfSiSt_df_Z @ é)

( # persist_df_2 @ & O Assign Weight Cls (Lig...




import altair as alt B ™ v &

from vega_datasets import data
import persist_ext as PR

cars_df = data.cars() # Load cars dataset

brush = alt.selection_interval() # Create a 2d brush

# create scatterplot and link to brush
scatterplot = alt.Chart(cars_df).mark_point().encode(
x="M1iles_per_Gallon:Q",
y="Weight_in_Llbs:Q",
color=alt.condition(brush, alt.value("steelblue"), alt.value('"gray"))
) .add_params (
brush

)

PR.PersistChart(scatterplot)

Branches and Choosing a State in .

@ []u 8? Reset Trrack Delete datasets
provenance support non-linear -
/ . d d . h I 5:000_ go:?er:,::m fo Trrack BZ Summary
analysis, addressing the layout gap - Q
| No Assignment
o Root
P Add new category 'We...
€ 3000 . Add new option 'Heauv...
§2'500- BranChlng \/ Add new option 'Medi...
= 2000- o Add new option 'Light'...
1,500 Selected Miles_per_G...
1,000~ Assign Weight Cls (He...

Selected Miles_per_G...

50:— ACtlve State _\ Assign Weight Cls (Me...

0 5 10 15 ZIO 215 3l0 315 4l0 415 50' Selected Miles_per—G“.
© Assign Weight Cls (Lig...

Miles per Gallon

Dataframes:
1( & persist df 2 é)l

s : Y
L & persist_df_2 [ = )




import altair as alt B ™ v &

from vega_datasets import data
import persist_ext as PR

cars_df = data.cars() # Load cars dataset

brush = alt.selection _interval() # Create a 2d brush

# create scatterplot and link to brush
scatterplot = alt.Chart(cars_df).mark_point().encode(
x="M1iles_per_Gallon:Q",
y="Weight_in_Llbs:Q",
color=alt.condition(brush, alt.value("steelblue"), alt.value('"gray"))
) .add_params (
brush

)

PR.PersistChart(scatterplot)

Branches and Choosing a State in

© c? @ []x 8? Reset Trrack Delete datasets
provenance support non-linear -
o i }o Trrack 3= Summary
. " 5,000 - (U Heavy o=
NO Assignment
analysis, addressing the layout gap o .
H Root
P Add new category 'We...
£ 30007 Add new option 'Heav...
§2-5°°- Add new option '‘Medi...
> 2000 G  ‘> , Add new option 'Light'...
1,500~ > 6 Selected Miles_per_G...
1,000~ S Accion\Waiaht Cle (Ua
o ACtIVQ State Dataframes:
’ 0 é 1'o 115 2'0 2‘5 3'o 3‘5 4'0 4‘5 50' ( # persist_df 2 D é;)l
Miles per Gallon

Selected Miles_per_G...
Assign Weight Cls (Me...
Selected Miles_per_G...
( # persist_df_ 2 © &) Assign Weight Cls (Lig...

-0




Persist re-runs the interactions in the output,
addressing the temporal gap

[50]: PR.plot.scatterplot(avalanches_1, "Elevation_feet:Q", "Vertical _inches:Q", df_name="avalanches_ 2")

L’f I]x EE Reset Trrack Delete datasets

180,000 - o
$o Trrack = Summary
0=
o
160,000 -
140,000 - ® Root
120/000- Dataframes:
(’ avalanches_2 [C é,)
.‘é’ o
G 100.000-
-—I o
©
kS
£ 80,000-
>
o
60,000 -
o
o
40,000 -
20,000 -
o
o o o
O o) O O
o o
0 & | | | | | | | | | |
0 4000 8000 12,000 16,000 20,000 24,000 28,000

Elevation_feet



Persist applies interactions to data frames that can be accessed in code,
addressing the semantic gap

\ L'/ Dx gE Reset Trrack Delete datasets
180,000 - Q o=
}o Trrack  g= Summary
o
160,000 -
140,000 - Root
Selected Elevation_feet (10252 t...
120,000 - Clear selections
4 o
£ 100,000 - Dataframes:
2 , ( # avalanches_1 D) &)
§I avalanches_1 |(J =
£ 80,000-
5 N
o
60,000 -
. o
b o
40,000 - %
20,000 -
o
o o -
O (o) O O
0 & | | | | oI | | | o | | |
0 4,000 8,000 12,000 16,000 20,000 24,000 28,000
Elevation_feet
(’ avalanches_1 [ é)
[
Man|pUIated 7~ A avalanches_1.describe()
o
data fra me acce ssed |n Month Day Year Vertical_inches Elevation_feet
d count 2392.0 2392.0 2392.0 2392.0 2392.0
Co e mediril 4.400 194 10. 199590 LU I10./7 /71 /99 QIU4.500040 IJOL/.101004L
count: 239279 std 4.181266 8.655544 4.45139 7308.701685 1508.71831

min 1.0 1.0 2004.0 120.0 953.150095



VISUALIZATION OPTIONS

“ @ 1B 8 5o ?_ ?-}- @ Reset Trrack Delete datasets
© ¢ [ 8 ao AYARA YA 8 Reset Trrack Delete datasets
fo Trrack  §Z Summary
600 Select a category (@) 160 Avalanche Season o=
Aval he S @ Middle xho Trrack o= Summary - # Date Place Trigger Weak Layer Depth_inches ;Aspect Elevation_feet Root
valanche season 0 @™
140 @ No Assignment = > Rename column ;Weak Lay...
] X h | "Tri 'datat .
500 ® Start 2338 3-23-2023 Dry Creek Natural Change column 'Trigger' data type West 8000 Rename column :Trigger to...
, Drop column Comment...
120+ am 955 1-19-2014 Whitney Basin Snowmobiler W Drop column 'Trigger' East 10500 Bor't needi ths cotumn for thi. M
400 Start Root Updated column 'Depth_i...
) i - (€ Rename column 'Trigger' ' .
3 100 - 1 1028 2-21-2014 Chalk Creek Natural Northeast 10600 Updated column 'Depth_i...
2 . Add new category 'Avalan... Updated column ‘Depth ..
. put 1 H Inisned removing n values from...
g 200 Middle F " Add new option 'Start' to ... 1024  2-17-2014 Upper Weber Canyon Natural =T Sortby Trigger ascending Northeast 10400 Changed colurmn 'Dépt... 0
~ |
= s H 1 H 1 = . . H 1
‘g‘ §- Add new Optlon Mlddle L... 998 2-12-2014 Upper Weber Canyon Natural =4 Sort by Trigger descending Northeast 10400 Sort (descending) by ‘Dep...
. Drop column Coordinates
3 End 60 Add 'End’
(3] new option 'End’ to c... . .
200 P 938 1-14-2014 Upper Weber Canyon Explosive 41 Pinto left East 10300 Selected 1 point
40 Selected Month (10 to 12) & P to riah Selected 2 points
No Assianment o 1299 1-26-2016 Currant Creek Peak Snowmobiler In to right Southwest 9500 ;
o0 9 Assign Avalanche Season... Selected 3 points
i Drop column ;Region
20 Se'ected Month (1 to 3) 1044 2-28-2014 Chalk Creek Natural Northeast 10600 P ) 9 )
Drop column Width_inches
0 . . Assign Avalanche Season... 2348 3-30-2023 Bunnels Natural Northeast 10800 Drop column Vertical inch...
| | | || | ] 1] ] |
o - N . N ©® - w © 0 2,000 4,000 6,000 8,000 10,000 12,000 . . Dataframes:
Month Elevation feet Selected Month (4 to 6) 1977 4-6-2021 Blue Ice Natural ® Hide Trigger column Northeast 10400 (# currentdf O S)
Dataframes: 3 of 2392 row(s) selected ows per page 10 * 1-10 of 2,392 > Dl
/ .
(_ # df_with_season 0 é;)

( # df_with_season [ é,}

'( # current_df [0 é:‘ ‘/ removed_nulls_df & 4 @\‘ ': no_coordinates_df () (4 \ﬂ]) '\ final_df D& F @\‘

B e

An Interactive Data Table

Arbitrary Vega-Altair Charts



VEGA-ALTAIR

Persist works with most Vega-Altair charts
"Listens” to native operations (selections)
Updates Vega charts:

Use original chart spec when possible (e.g., filters)

Update spec when necessary (categories, labels)



EXAMPLE CHARTS

“ e L‘f Ux 85_’ gg ?_ R @ Reset Trrack Delete datasets

%o Trrack 9= Summary S @ Uu 89 88 V_ R = Reset Trrack Delete datasets
% Po
00 0
R 8 3
: .".I. O 0o Im- —
s> ©5 ’ Root e o o o Total Records o Trrack B3I Summary
2 RO %,O Selected Worldwide_Gros... 90 150
g ' 80 - ’ .
= Dataframes: T -
£ ( # persist_df_1 D é) g 70 100 ROOt
Q
s .+« o0 |
O Removed selected items £ s0- Selected 1 point across M...
] .
€ ° O O Selected 2 points across ...
. 50 .
§ o O 0 Selected 3 points across ...
1 I I I 40_‘ .
RN AR §| . B - O o Removed selected items
g 3 Selected 1 point across M...
g o O O o Records in Selection .
20- 0 . O » Selected 2 points across ...
. o Ol o - ‘
(Frereedi T D) 10 | 0) Selected 3 points across ...
o O O 0O 0O o o
0 || 1 1 | | | 1] 1] 1
10 20 30 40 50 60 7.0 80 9.0 100 Dataframes:
IMDB_Rating (binned) an (: & persist_df 3 @ é:)
800 Major Genre
A Z (I 5% Reset Trrack Delete datasets 3 o W Black Comedy
S B Comeady
Q » r
220 %- 400 B Drama
1 Movies Eras - -
. gy e Trrack B Summary §
B 90s O
180 M 2000s 200 -
. Root
g 1 Add new category 'Movie... - : i Ly Ly L o 1 Ly :?}
g 120 Add new option '80s' to c... - 3 £ E % jé g 3 E g
2 10- Add new option '90s' to c... g p N 2 e @
3 oo Add new option '2000s' t... 5 2 g 25_’
60 Selected Release_Date (1... &
. . Major Genre
. Assign Movies Eras (80s)...
Selected Release_Date (1...

Assign Movies Eras (90s)...
Selected Release_Date (2...
Release_Date Assign Movies Eras (200...

R EEEEEREEEEEEEREREEEREEEEEER:
- - - T - B - - - - - o o S 289 988 88 8 g

Y™ Y= Y= ym = ym ym ym ym oy oy oy oy oy oy oy oy oy oy

' # persist_ df 3 é:ﬁ'

Dataframes:
( # persist_df_4 O é,)l

( # persist_df_4 D 1’:)




EVALUATION: IN-LAB STUDY

I]] STUDY DESIGN
PANDAS CODING PERSIST EXTENSION
WE RECRUITED ELEVEN PARTICIPANTS FOR THE STUDY. PARTICIPANTS ALL HAD ANDA TEXT
PRIOR EXPERIENCE WITH PYTHON AND PANDAS.
- [ | i| IMPORT PANDAS AS PD [ | i| IMPORT PERSIST_EXT AS PR /
"\ | THE ORDER OF CONDITIONS WAS RAN- \ DF = PDREAD_CSV(..) o PDReAD, COUL. )
FULL FACTORIAL DESIGN DOMLY ASSIGNED. O 4_,] PR PLOT.SCATTERPLOT(.)
2 DATASETS x 2 CONDITIONS x FOR EACH CONDITION, DATASETS Q“\‘ [ ZJ DF = DF.DROP(°AGE”) O SELECT2 VALUES
WERE RANDOMLY ASSIGNED. PAR- ‘ DF = DF RENAME(
\__ | TICIPANTS NEVER SAW THE SAME COLUMNS={ JOB': ‘PROFESSION’3 S-c - REMOVE 2 VALUES
DATASET TWICE ) .: : ‘B SELECT 2 VALUES
DF.LOC[I, ‘T0B’] = ‘PRINCIPAL’ °

— STUDY METRICS -

— DATASETS -

. ; -
7%) &? w } } VIDEO GAMES AVALANCHES

SUBJECTIVE PERFORMANCE TIME ERROR REPRODUCIBILITY
O
N 6%
- @)

N\




IN-LAB STUDY

— TASKS -
PARTICIPANTS MADE THE FOLLOWING CHANGES TO A DATASET

NAME AGE JOB NAME AGE  PROFESSION AGE AGE
| |
JILL TEACHER JILL 24 TEACHER oy — o
ANN 42\ | ENGINEER ANN 42 | ENGINEER “z” "
|

REMOVE COLUMNS RENAME COLUMNS CHANGE DATA TYPE

NAME AGE JOB o o ® Bl
| ® o
STEVE 32 PLUMBER ® SMALL
JILL 2% | PRINCIPAL °o_° o_ o
.. ® ¢ ® ® ° ® ®
o
ANN 142 ENGINEER o‘ . . e
o. ° o © )
o

EDIT VALUES FILTER DATA ADD CATEGORICAL

AL 1 a A



3x
RESULIS times faster

with Persist

07, 11/17

notebooks using Persist

tasks correctly using Persist, were reproducible

compared to 85% for Pandas
only //11 using pandas

were




THE VISUALIZATION SPECTRUM
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Code-generated charts Bespoke interactive visualization systems



THE VISUALIZATION SPECTRUM
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Challenges:

Cancer is heterogeneous

MOTIVATION: IMPROVE
CANCER TREATMENT

Many treatment options exist
Goal:

Ildentify effective treatment option
for individuals through time-series
microscopy
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Tracking Cell Over Time
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Tracking Cell Over Time
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Cell and Track Attributes

Average Mass
—  (Growth Rate
Track Length

Current Mass
Shape Factor
Density
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Cell and Track Attributes
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Want to see good representative
examples.

WHY EXEMPLARS?

Tricky to do given the scale
of the data.
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When to use exemplars?

Rich contextual data that
cannot be summarized
Dataset is sufficiently large




50, WHAT'S BETTER?



Do you have unique and complex
data (not a table)?

WHAT SPEAKS FOR - [ your analysis a recurring workflow?
BESPOKE SYSTEMS

Do you have that you
need to “review”?

Do you need more than what's in
matplotlib or ggplot?

Probably go with a bespoke system
Next decision: buy vs build
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