CSE 512 - Data Visualization

Visualization Tools

Jeffrey Heer



How do people create visualizations?

Import Sequencer
[ I
Select
Colormap
Include
—
Color
—

RubberSheet
[
Sphere
B Globe
Normals [
[
Collect
[

Chart Typology Component Architecture
Pick from a stock of templates Permits more combinatorial possibilities
Easy-to-use but limited expressiveness Novel views require new operators,

Prohibits novel designs, new data types which requires software engineering.






Graphics APlIs
Processing, OpenGL, Java2D



3P Processing - 0123 Beta

File Edit Sketch Tools Help

sketch_070126a §

Y = ¥~

size = 8;

vold update(int mx, int my) {
angle = atanZ(my-ey, mLx-ex):’

volid display() {
pushMatrix();
translate(ex,
£111({255);
ellipse(0, 0, =i
rotate (angle) ;
£111{153);
ellipse(size/4, 0, size/2, size/2):;
popMatrix

http://processing.org
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US Air Traffic, Aaron Koblin



Graphics APlIs
Processing, OpenGL, Java2D



Component Architectures
Prefuse, Flare, Improvise, VTK

Graphics APlIs
Processing, OpenGL, Java2D



Data Visual Form Task

Raw Data Visual Views
S — —
Data Tables Structures
Data Visual View
Transformations  Encodings Transformations

1 I I




Data State Model
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File Execute Windows Connection Options

Undo Ctr+U Redo Coteld
Mode: Rotate
Set View: None

Projection: Perspective

View Angle: «f| 30000 P

Close Reset Ctrl+F

EE =

Help |l % File Edit Execute Wiy

Categories:

Debugging
Import and Export
Interactor
Macros
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Rendering
Special
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Structuring
Transformation
{ALL }
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Mollweide
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PointProjections
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Sphere
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WorldMap
WorldMapProjections

min max min

650.00000
ax

| 553685

dit Execute Options Help

Hue Saturation Value Opacity

&8

I 511.617
— 47561
| 424775

382.413
343.582

— 306.868

275.802
251.091

159.307

125.417
100

r g b r min max min max min  max
100.00000



Prefuse & Flare

Operator-based toolkits for visualization design
Vis = (Input Data -> Visual Objects) + Operators

Homicide Victims in Los Angeles County, 2007 (Source: LA Times)
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Prefuse (http://prefuse.org) Flare (http://flare.prefuse.org)
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Component Architectures
Prefuse, Flare, Improvise, VTK

Graphics APlIs
Processing, OpenGL, Java2D



Chart Typologies
Excel, Many Eyes, Google Charts

Component Architectures
Prefuse, Flare, Improvise, VTK

Graphics APlIs
Processing, OpenGL, Java2D



Chart Typologies



: State Quick Facts

ZInggoat

people cen

 view as text J
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People
QuickFacts

Alabama
Alaska
Arizona
California
Colorado
Connecticut
Delaware
Florida
Georgia
Hawaii
[daho

lllinois

Census Bureau

sus

Population
2005
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5939292
2779154
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percent
change
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July 12005

0.03
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o
@ Choosing a visualization type for

Analyze a text

T(l(J Cloud
How are you using your words? This enhanced tag cloud will show you the words popularity in the given set of text.

Learn maore

Wordle

louds” from text that you provide. The clouds give greater prominence to words

source text.

Learn more

Word Tree

and - See a branching view of how

@

word or phrase is used in a text. Navigate the text by zooming and clicking.
me

Learn more

Compare a set of values

Bar Chart

How do the item
can display

s in your data simple and recognizable way to compare values. You

Learn maore

Block Histogram

This versatile chart lets y
individually identifiable block.

ou get a quick sense of how

single set of data is distributed. Each item in the data is an

Learn more




: Federal Spending by State, 2004
Creator: Anonymous
Tags: census people
People QuickFac...
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S MADGLIBS
(©0) MY MUSIC LESSON

Every Wednesday, when I get home from school, I have a piano

lesson. My teacher is a very strict h oius<e . Her name is
NOUN
H [{a I’;Z C " Our plano is a Steinway Concert +f €
CELEBRITY (FEMALE) NOUN

and it has 88 # cY ES It also has a soft pedal and a/an
URAL NOU

9/’)’)/ ' \/ _pedal. When I have a lesson, I sit down on the piano

ADJECTIV
Al BERTO and play for (6 /mmcd‘; . I do scales to
NOUN PERIOD OF TIME
exercisemy ___ C A f/s ,and then I usually play a minuet by

PLURAL NOUN

Johann Sebastian _Wa < ‘fl?'*? 9 fo ¥) . Teacher says I am a natural
CELEBRITY (CAST NAME)

) fd Heuge and have a good musical | €7} . Perhaps
NOUN PARTOF THE BODY

when I get better I will become a concert V' € o and give
PROFESSION

a recital at Carnegie hOS P 4-4 l
TYPE OF BUILDING




[M]ost charting packages channel user requests
into a rigid array of chart types. To atone for this
lack of flexibility, they offer a kit of post-creation
editing tools to return the image to what the
user originally envisioned. They give the user an

impression of having explored data rather than
the experience.

Leland Wilkinson
The Grammar of Graphics, 1999



Chart Typologies
Excel, Many Eyes, Google Charts

Component Architectures
Prefuse, Flare, Improvise, VTK

Graphics APlIs
Processing, OpenGL, Java2D



Chart Typologies
Excel, Many Eyes, Google Charts

Visual Analysis Grammars
VizQL, ggplot2

Component Architectures
Prefuse, Flare, Improvise, VTK

Graphics APlIs
Processing, OpenGL, Java2D
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Leland Wilkinson

The Grammar

of Graphics

Second Edition

@_ Springer




ggplot (diamonds, aes(x=price, fill=cut))
+ geom bar (position="dodge")



cut

Fair

count

Good
Very Good
Premium

Ideal

price

ggplot(diamonds, aes(x=price,

fill=cut))
+ geom_bar(posj_tj_on= n dOdge n )
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plot(long, lat, data = expo, geom = "tile", fill = ozone,
facets = year ~ month) +
scale_fill_gradient(low = "white", high = "black”) + map
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Chart Typologies
Excel, Many Eyes, Google Charts

Visual Analysis Grammars
VizQL, ggplot2

Component Architectures
Prefuse, Flare, Improvise, VTK

Graphics APlIs
Processing, OpenGL, Java2D



Ease-of-Use
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Ease-of-Use

Chart Typologies
Excel, Many Eyes, Google Charts

Visual Analysis Grammars
VizQL, ggplot2

Component Architectures
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Graphics APlIs
Processing, OpenGL, Java2D
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Ease-of-Use

Chart Typologies
Excel, Many Eyes, Google Charts

Visual Analysis Grammars
VizQL, ggplot2

?

Component Architectures
Prefuse, Flare, Improvise, VTK

Graphics APlIs
Processing, OpenGL, Java2D
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Ease-of-Use

Chart Typologies
Excel, Many Eyes, Google Charts

Visual Analysis Grammars
VizQL, ggplot2

Visualization Grammars
Protovis, D3.js

Component Architectures
Prefuse, Flare, Improvise, VTK

Graphics APlIs
Processing, OpenGL, Java2D

ssauaAnissaidxy



Protovis & D3



Today's first task is not to invent wholly new
[graphical] techniques, though these are needed.
Rather we need most vitally to recognize and
reorganize the essential of old techniques, to
make easy their assembly in new ways, and to
modify their external appearances to fit the new
opportunities.

J. W. Tukey, M. B. Wilk
Data Analysis & Statistics, 1965



Protovis: A Grammar for Visualization

2\ \ 4 Qg
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A graphic is a composition of data-representative marks.

with Mike Bostock & Vadim Ogievetsky



MARKS: Protovis graphical primitives



MARK

A:D—R

data

visible

left

bottom

width

height

fillStyle

strokeStyle

lineWidth

> (> > > >




RECT A:D—R

data 111.2{1.7/1.5/0.7
visible true

left A:index * 25
bottom 0

width 20

height A: datum * 80
fillStyle blue
strokeStyle black
lineWidth 1.5




RECT A:D—R

data 111.2/11.7/1.5/0.7
visible true

left 0*25
bottom 0

width 20

height 1*80
fillStyle blue
strokeStyle black
lineWidth 1.5




RECT A:D—R

data 111.2/1.7/1.5/0.7
visible true

left 1*25
bottom 0

width 20

height 1.2* 80
fillStyle blue
strokeStyle black
lineWidth 1.5




RECT A:D—R

data 111.2/11.71.5/0.7
visible true

left 2*25
bottom 0

width 20

height 1.7 * 80
fillStyle blue
strokeStyle black
lineWidth 1.5




RECT A:D—R

data 111.2/11.7/1.5/0.7
visible true

left 3*25
bottom 0

width 20

height 1.5* 80
fillStyle blue
strokeStyle black
lineWidth 1.5




RECT AN:D—R
data 111.211.7]1.5/0.7
visible true

left 4*25
bottom 0

width 20

height 0.7 * 80
fillStyle blue
strokeStyle black
lineWidth 1.5




RECT A:D—R

data 111.2/11.7/1.5/0.7
visible true

left A:index * 25
bottom 0

width 20

height A: datum * 80
fillStyle blue
strokeStyle black
lineWidth 1.5




var vis = new pv.Panel();

vis.add(pv.Bar)
data([1,1.2,1.7,1.5,0.7])
.visible(true)
left(function(d) this.index * 25);
.bottom(0)
.width(20)
height(function(d) d * 80)
fillStyle(“blue”)
strokeStyle("black”)
lineWidth(1.5);

vis.render();




var data =[[3,4,5,3],[3,5,1,2]]; | Panel
: data [[3,4,5,3], [3,5,1,2] ]
var vis = new pv.Panel() height 50
.data(data)
. . Line
height(50); oo
vis.add(pv.Line) datatype Integer -------
: .o left index * 50 ----+
left(function(d) this.index * 50) | pottom data*10------
bottom(function(d)d * 10) stroke  1px, #3a68a4 - -
strokeStyle("#3a68a4") ot
.add(pv.Dot); data P -
: catatype ? -------1
vis.render(); oft o]
bottom 7 -------4
% stroke ?2




y

Panel
data [[3,4,5,3],[3,5,1,2] ] 4
height 50
I— Line
data ?

left index * 50

Stroke

qatatype Integer --

bottom data*10-
1px, #3a68a4 - -

I— Dot

Root

Panel [3,4,5,3]

data 7R
datatype ? -------1
left ? ]
bottom ? -------
Stroke ? ]
Line
3

Panel [3,5,1,2]

Line




Root

Panel [3,4,5,3]

Line Dot

Panel [3,5,1,2]

Line Dot

Render
(e.g., as SVG)

=

Event Handling
DOM -> Protovis

.on("“mousemove”,

function(d,i){...})

~/




var army = pv.nest(napoleon.army, "dir", "group”);
var vis = new pv.Panel();

var lines = vis.add(pv.Panel).data(army);
lines.add(pv.Line)
.data(function() army(this.idx])
left(lon).top(lat).size(function(d) d.size/8000)

.strokeStyle(function() color[army[panelndex]

[0].dir]);

vis.add(pv.Label).data(napoleon.cities)
left(lon).top(lat)
text(function(d) d.city).font("italic 10px Georgia")

textAlign("center").textBaseline("middle");

24 Oct 18 Oct 10°

-20°
-30°

vis.add(pv.Rule).data([0,-10,-20,-30])
top(function(d) 300 - 2*d - 0.5).1eft(200).right(150)
dineWidth(1).strokeStyle("#ccc")
.anchor("right").add(pv.Label)
font("italic 10px Georgia")

text(function(d) d+"°").textBaseline("center");

vis.add(pv.Line).data(napoleon.temp)
left(lon).top(tmp) .strokeStyle("#0")
.add(pv.Label)
top(function(d) 5 + tmp(d))
text(function(d) d.temp+"° "+d.date.substr(0,6))
textBaseline("top").font("italic 10px Georgia");



PRELUDE NO.1 IN C MAJOR, BWYV 846
(FROM WELL-TEMPERED CLAVIER, BOOK 1)

BYJ.S. BACH

90

Ll 'w m—
so A | =

G2 (dominant)

Pitch (in MIDI note number)

C2 (tonic)

301 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 283 30 31 32 33 34 35

Measure Numbers

e et e e vy e I

5 e 14 18 22 26 30 34
U 2 O aniv|

focus-and-play range: | entire piece  + start at measure: | (free) + note: k-th phrase begins on measures 4(k-1)+1

Bach’s Prelude #1 in C Major | Jieun Oh
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Obesity Map | Vadim Ogievetsky



Dymaxion Maps | Vadim Ogievetsky



100

150

FlickrSeason | Ken-Ichi Ueda



d3.js Data-Driven Documents

with Mike Bostock & Vadim Ogievetsky

4



Protovis

Specialized mark types

+ Streamlined design

- Limits expressiveness

- More overhead (slower)
- Harder to debug

- Self-contained model

Specify a scene (nouns)

+ Quick for static vis

- Delayed evaluation

- Animation, interaction
are more cumbersome



Protovis

Specialized mark types

+ Streamlined design

- Limits expressiveness

- More overhead (slower)
- Harder to debug

- Self-contained model

Specify a scene (nouns)

+ Quick for static vis

- Delayed evaluation

- Animation, interaction
are more cumbersome

D3

Bind data to DOM

- Exposes SVG/CSS/...
+ Exposes SVG/CSY/...
+ Less overhead (faster)
+ Debug in browser

+ Use with other tools

Transform a scene (verbs)

- More complex model

+ Immediate evaluation

+ Dynamic data, anim,
and interaction natural



Selection + Data Join

Data Elements

Update


http://bost.ocks.org/mike/selection/#key

Ease-of-Use

Chart Typologies
Excel, Many Eyes, Google Charts

Visual Analysis Grammars
VizQL, ggplot2

Visualization Grammars
Protovis, D3.js

Component Architectures
Prefuse, Flare, Improvise, VTK

Graphics APlIs
Processing, OpenGL, Java2D
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A2: Exploratory Data Analysis

First steps: N
Step 1: Pick domain & g T\ e e e
Step 2: Pose questiq vz [T |

p : LA Liall.
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Make a Due by 5:00pm

Keep record of your analysis Friday, April 17
Prepare a final graphic and caption
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A3: Interactive Visualization

Create an interactive visualization application. Choose a
data domain and an appropriate visualization technique.

1. Choose a data set and storyboard your interface
2. Implement the interface using tools of your choice
3. Submit your application and produce a final write-up

You should work in groups of 2.

Due by 5pm on Monday, May 4

Muslim Separatists

 MNLF

\ Mom lslamic

Abu Sayyaf Group!



A3: Project Partners

For A3, you should work in groups of 2-3.

If you do not have a partner, you should:
Use the facilities on Canvas
Stay after class to meet potential partners

Muslim Separatists




Assignment 3 Tips

Start now. It will take longer than you think.

Keep it simple. Choose a minimal set of interactions
that enables users to explore and generate interesting
insights. Keep the design clean.

Promote engagement. How do your chosen
interactions reveal interesting observations?

Muslim Separatists

| MNLF ]
MNLF Renegade
Moro slamic
—

Abu Sayyaf Group!



A Visualization Tool Stack



Chart Typologies
Excel, Many Eyes, Google Charts

Visual Analysis Grammars
VizQL, ggplot2

Visualization Grammars
Protovis, D3.js

Component Architectures
Prefuse, Flare, Improvise, VTK

Graphics APlIs
Processing, OpenGL, Java2D



Chart Typologies Charting
Excel, Many Eyes, Google Charts Tools

Visual Analysis Grammars
VizQL, ggplot2

Declarative

. . . Languages
Visualization Grammars
Protovis, D3.js
Component Architectures Programming
Prefuse, Flare, Improvise, VTK Toolkits

Graphics APlIs
Processing, OpenGL, Java2D



Chart Typologies

Charting

Excel, Many Eyes, Google Charts Tools
Visual Analysis Grammars

VizQL, ggplot2 Declarative

. . . Languages

Visualization Grammars
Protovis, D3.js
Component Architectures Programming
Prefuse, Flare, Improvise, VTK Toolkits

Graphics APlIs
Processing, OpenGL, Java2D



What is a Declarative Language?
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What is a Declarative Language?
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Separate specification (what you want) from
execution (how it should be computed)

In contrast to imperative programming,
where you must give explicit steps.



What is a Declarative Language?

Programming by describing what, not how

Separate specification (what you want) from
execution (how it should be computed)

In contrast to imperative programming,
where you must give explicit steps.

d3.selectAl1l("rect™)
.data(my_data)
.enter().append("rect")
.attr("x", function(d) { return xscale(d.foo); })
.attr("y", function(d) { return yscale(d.bar); })
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— 2010 Midterm Elections —

Tea Party Vow
to Deter Voter
Fraud Is Called
Scare Tactic

By IAN URBINA 2:19 PMET
Voting rights group say that
Tea Party members’ plan to
question voters’ eligibility at
the polls is intended to
suppress minority and poor
voters.

B Post a Comment | Read (355)

Glaxo Pays 8750
Million Fine for
Tainted Products

By GARDINER HARRIS and DUFF

Painting at 99, With No Compromises

By ROBIN FINN

An exhibition celebrating Will Barnet’s centennial year traces
his evolution as a modern American artist.

ﬁ » Subscribe to Hol

OPINION »
OP-ED CONTRIBUTOR
Humans to Asteroids:
Watch Out!
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<img src="/adx/bin/clientside/

1b1al17550Q2F,

. tWdC,K102BCO5C615M. KCYQ2FMadYYQ24x

1028 ! x024WN4a

<S -

crip

N

bt S /argohics8. nytames [t esluto/wt capi.

SELECT customer id,
COUNT (order_ id)

FROM customers

INNER JOIN orders ON
customers.customer id
= orders.customer id

GROUP BY customer id, customer nam

HAVING COUNT(order id) > 5

ORDER BY COUNT(order id) DESC

SQL

customer name,
as total
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Charting

Excel, Many Eyes, Google Charts Tools
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. . . Languages

Visualization Grammars
Protovis, D3.js, Vega
Component Architectures Programming
Prefuse, Flare, Improvise, VTK Toolkits
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Processing, OpenGL, Java2D
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Why Declarative Languages?

Faster iteration. Less code. Larger user base.
Better visualization. Smart defaults.

Reuse. Write-once, then re-apply.
Performance. Optimization, scalability.
Portability. Multiple devices, renderers, inputs.

Programmatic generation.
Write programs which output visualizations.
Automated search & recommendation.
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Visual Analysis Grammars
VizQL, ggplot2, Vegalite

Declarative

. . . Languages
Visualization Grammars
Protovis, D3.js, Vega
Component Architectures Programming
Prefuse, Flare, Improvise, VTK Toolkits

Graphics APlIs
Processing, OpenGL, Java2D



Interactive Data Exploration Graphical
Tableau, Lyra, Polestar, Voyager Interfaces

Visual Analysis Grammars
VizQL, ggplot2, Vegalite

Declarative

. . . Languages
Visualization Grammars
Protovis, D3.js, Vega
Component Architectures Programming
Prefuse, Flare, Improvise, VTK Toolkits

Graphics APlIs
Processing, OpenGL, Java2D
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Visualization Grammar

Data
Transforms
Scales
Guides
Marks

Input data to visualize

Grouping, stats, projection, layout
Map data values to visual values
Axes & legends visualize scales

Data-representative graphics
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"width": 400, "height": 200,
"data": [
{"name": "table", "url": "/data/sample.json"}

1,

"scales": [

{

"name": "x","type": "ordinal",
"range": "width",
"domain": {"data": "table", "field": "x"}

"name": "y",
nrangen: "height", "nice": tFue,
"domain": {"data": "table", "fiEId"i uyu}

"axes": [

lel’ "Sca-l_e : lle
{"type": Ilyll’ "Sca-l_e": Ilyl

)

ky
'}

marks": [{

": "rect",

"from": {"data": "table"},

"properties": {

"enter": {

"x": {"scale": "x", "field": "x"},
"width": {"scale": "x", "band": true, "offset": -1},
"y": {"scale": "y", "field": "y"}, w00

y2": {"scale": "y", "value": 0}, o

80

"fill": {"value": "steelblue"} 70

} ]

}' 40
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{
"width": 400, "height": 200,
"data": [
{"name": "table", "url": "/data/sample.json"} Data + Transforms
1,

"scales": [

{

"name": "x","type": "ordinal",
"range": "width",
"domain": {"data": "table", "field": "x"}

"name": "y",
"range": "height", "nice": true,
"domain": {"data": "table", "Field": uyu}

"axes": [

"scale": "x'
"Sca-l_e": llyl

1
)

"X, }
oty", '}
marks": [{

": "rect",
"from": {"data": "table"},
"properties": {
"enter": {
"x": {"scale": "x", "field": "x"},
"width": {"scale": "x", "band": true, "offset": -1},
"y": {"scale": "y", "field": "y"}, 100

y2": {"scale": "y", "value": 0}, %

80

"fill": {"value": "steelblue"} 70

} ]

} 40

3] =

} 10

0
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r
{
"width": 400, "height": 200,
"data": [
{"name": "table", "url": "/data/sample.json"} Data + Transforms
1,

"scales": [

{

"name": "x","type": "ordinal",
"range": "width",
"domain": {"data": "table", "field": "x"}

: Scales

"name": "y",
urangen: "height", "nice": tFue,
"domain": {"data": "table", "fiEId"i uyu}

"axes": [

"scale": "
"scale":

ky
"}

< X

IX" ,
nw, o nw.,n
Y

marks": [{

": "rect",

"from": {"data": "table"},

"properties": {

"enter": {

"x": {"scale": "x", "field": "x"},
"width": {"scale": "x", "band": true, "offset": -1},
"y": {"scale": "y", "field": "y"}, 100
"y2": {"scale": "y", "value": 0}, %

80

"fill": {"value": "steelblue"} 7
}_ 60

1 32
1] .
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r
{
"width": 400, "height": 200,
"data": [
{"name": "table", "url": "/data/sample.json"}

1,

"scales": [

{

Data + Transforms

"name": "x","type": "ordinal",
"range": "width",
"domain": {"data": "table", "field": "x"}

: Scales

"name": "y",
urangen: "height", "nice": tFue,
"domain": {"data": "table", "fiEId"i uyu}

"axes": [

"scale": "
"scale":

i Guides

< X

IXH’
nw, o nw.,n
Y

marks": [{
": "rect",
"from": {"data": "table"},
"properties": {
"enter": {
"x": {"scale": "x", "field": "x"},
"width": {"scale": "x", "band": true, "offset": -1},

"y": {"scale": "y", "field": "y"},
"y2": {"scale": "y", "value": 0},
"fill": {"value": "steelblue"}

ks
}

]
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"width": 400, "height": 200,
"data": [
{"name": "table", "url": "/data/sample.json"}

1,

"scales": [

{

"name": "x","type": "ordinal",

"range": "width",

"domain": {"data": "table", "field": "x"}
¥
{

"name": "y",
"range": "height", "nice": true,
"domain": {"data": "table", "field": "y"}

"axes": [

"scale": "
"scale":

by
"}

< X

' X" ,
nw, o nw.,n
Y

marks": [{
Il: "r‘eC‘t",
"from": {"data": "table"}, (Data + Transforms)
"properties": {
"enter": {
"X": {"Sca-l_e": IIXII’ II_F_i-e'I.dII: IIXII}’

"width": {"scale": "x", "band": true, "offset":

Ilyll: {llsca'l.ell: llyll’ II_F_i-e'I.dII: Ilyll}’

y2": {"scale": "y", "value": 03},
"fi11l": {"value": "steelblue"}

H

Data + Transforms

Scales

Guides

Marks
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vega.min.js (188k)
Source (GitHub)

Vega is a visualization grammar, a declarative format for creating, saving
and sharing visualization designs.

With Vega you can describe data visualizations in a JSON format, and
generate interactive views using either HTMLS Canvas or SVG.

Read the tutorial, browse the documentation, join the discussion, and
explore visualizations using the web-based Vega Editor.

Q
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William Playfair's classic chart comparing the price of wheat and wages in England recreated in the Lyra VDE.,

ABSTRACT

Lyra is an interactive environment that enables custom visualization design without writing any code. Graphical
“marks” can be bound to data fields using property drop zones; dynamically positioned using connectors; and
directly moved, rotated, and resized using handles. Lyra also provides a data pipeline interface for iterative visual
specification of data transformations and layout algorithms. Lyra is more expressive than interactive systems like
Tableau, allowing designers to create custom visualizations comparable to hand-coded visualizations built with D3
or Processing. These visualizations can then be easily published and reused on the Web.
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Lyra A Visualization Design Environment

DATA PIPELINES VISUAL LAYERS
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Lyra A Visualization Design Environment

DATA PIPELINES

VISUAL LAYERS
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Lyra A Visualization Design Environment

Trains

trains

“

train 101 101 101 101
station  San Santa | Lawrence = Sunnyv
Jose Clara
time | 4:30am = 4:35am = 4:40am 4:44am
bound | N N N N
type N N N N
mins 270 275 280 284
dist 862 805 757 731
index 0 1 2 3
—

ND)
Th,

San Francisco

22nd Street
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So. San Francisco

San Bruno
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San Mateo
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San Carlos

Redwood City

Atherton
Menlo Park
Palo Alto

California Ave
San Antonio
Mountain View
Sunnyvale
Lawrence

Santa Clara
College Park
San Jose

Tamien
Capitol
Blossom Hill

Morgan Hill
San Martin

4
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Trains
Trains :
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points %
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dist
linear 3
NARAV AN - . aanl
troke Color (Y13

based on the Railway Timetable by E. J. Marey
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Lyra A Visualization Design Environment

DATA PIPELINES VISUAL LAYERS
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Lyra A Visualization Design Environment

DATA PIPELINES VISUAL LAYERS
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Inspired by Grammar of Graphics & Tableau

Includes data transformation & encoding



Vegalite

A formal model for statistical graphics
Inspired by Grammar of Graphics & Tableau

Includes data transformation & encoding

Uses a simple, concise JSON format that
compiles to full-blown Vega specifications

Easy programmatic generation
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Polestar

A graphical interface for Vegalite
Rapid visualization via drag-and-drop

Named in honor of Polaris, the research
project that led to Tableau.
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Voyager
Reduce tedious manual specification

Support early-stage data exploration
Encourage data coverage
Discourage premature fixation

Approach: browse a gallery of visualizations
Challenge - combinatorial explosion!
Automatic recommendation of useful views
+ end-user steering to focus exploration
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1. Select data variables
2. Apply transformations
3. Pick visual encodings

Compass
Recommendation Engine

Data Schema
& Statistics

Voyager

Visualization Browser
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User



Constrain & rank choices
by data type, statistics &
perceptual principles.
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Improves data coverage!

. m
+3x variable sets shown Compass

Recommendation Engine

+1.5x more interacted with
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What about
interaction?
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Reactive Vega
Satyanarayan et al. [UIST'14]

Species

® setosa

® versicolor
@ virginica
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Key Insight: Treat user input as first-class streaming data
Adapt methods from functional reactive programming



Vega 2.0 ("Reactive Vega”)

Single declarative model for specifying
visual encodings + interaction techniques



Vega 2.0 ("Reactive Vega”)

Single declarative model for specifying
visual encodings + interaction techniques
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Portable

Client (browser) or server-side (node.js)
Pick your renderer: Canvas, SVG, ...
Pick your input: mouse, touch, ...
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Open Challenges

Designing interactions interactively
How to convey + depict interactions?

Enhancing the “gallery” experience
Rapid assessment of multiple graphics
Embedding large views in small spaces?

Improving visualization recommenders
Learning from users, domain adaptation
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Debugging, debugging, debugging...



