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Designing Visualizations can be Tedious
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Designing Visualizations can be Tedious
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Designing Visualizations can be Tedious

Site Transform SUM(Yield)

Transformed
Data

Data Fields

Site SUM(Yield)
University Farm 653
Waseca 962

Morris /08
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Designing Visualizations can be Tedious...
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...and requires design expertise.
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Automated Visualization Design

Systems that use design guidelines to support users create

good visualizations. \

humans and machines
work together

different metrics and
only inferable goals



Automated Visualization Design

Systems that use design guidelines to support users create good visualizations.

Presentation Tool

Incomplete Graphical C
L S . — > Visualization
Specification . Design
synthesize render
APT SAGE BOZ ShowMe VizDeck SeeDB Voyager (2)

Mackinlay  Mittal etal. Casner Mackinlay et al. Key et al. Vartak et al.  Wongsuphasawat et al.



What is Draco?

A formal model that represents
visualizations as sets of logical facts
and design guidelines as a
collection of hard and soft
constraints over these facts.

Reusable and
Extensible
Knowledge Base

Automated
Reasoning
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Outline

Modeling Visualization Design
Applying Visualization Design

Learning Visualization Design
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Modeling Visualization Design in Draco
Visualizations = Logical Facts

Design Knowledge — Constraints
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Visualizations = Logical Facts

data = barley
mark = bar
channel =x
Crookston . .
Duluth- fle‘d — yleld
Grand Rapids- enCOdihg1 — type — COntiHUOUS
Morris -
University Farm- aggregate = Sum
Waseca ‘ v 7ero — T

0 200 400 600 800 1,000
Yield

channel =y
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Design Knowledge = Constraints

1. Domain of Attributes

“The mark of a chart should be one of bar, line, area or point.”

mark € {bar, line, area, point}
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Design Knowledge = Constraints

1. Domain of Attributes

mark € {bar, line, area, point}

channel € {x,y, color, text, opacity, shape}
field € {site, variety, yield, year, age}

type € {categorical, continuous}
aggregate € {sum, count, mean, median}
zeroe { L, T}

bin € N
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Design Knowledge = Constraints

2. Integrity Constraints

"Only continuous fields can be aggregated”

¥

Ve € Encodings : e.aggregate = e.type = continuous
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Design Knowledge = Constraints

2. Integrity Constraints

Ve € Encodings : e.aggregate = e.type = continuous
(de € Encodings : e.channel = shape) = mark = point
mark = bar = Je € Encodings : (e.channel = x Vv e.channel =y)
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Design Knowledge = Constraints

3. Preferences

University Farrg

Cost it soft const
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Design Knowledge = Constraints

3. Preferences

"Prefer to include zero for continuous fields.”

Crookston- Crookston-
Duluth- Duluth-
Grand Rapids- Grand Rapids-

Morris - Morris -

University Farrg University Farm-

Waseca-

600 700 800 900 1,000 0 200

¥

5Ve € Encodings : e.type = continuous = e.zero =T
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Cost if soft constraint is violated

N
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Visualizations = Logical Facts

Design Knowledge — Constraints

1. Domain of Attributes

2. Integrity Constraints

3. Preterences (Soft Constraints)
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Source of Rules: CompassQL

o @ idlL Voyager 2

&< C @ https://vega.github.io/voyager/

Recommendation Engine for [
Voyager & Voyager 2
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Outline

Applying Visualization Design
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Automated Visualization Design

Verifying Designs Visualization

Recommendation

Autocomplete Comparing Visualization Models

Enumerating Design Space

Constrain Models
Synthesis
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Automated Visualization Design

Veritying Designs Visualization

Recommendation

Autocomplete Comparing Visualization Models

Enumerating Design Space

Constrain Models
Synthesis
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In Draco, we tormulate

Automated Visualization Design

as finding the model that optimally
completes the constraints
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"l want a visualization that
shows site and yield from
the barley dataset.”

data = barley A

Je : e.tield = site A +

Je : e.tield = yield

1. Domain of
Attributes

2. Integrity
Constraints

3. Preferences

-

Clingo solver
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data = barley

mark = tick

encoding1 = «

encoding2 = <

channel = x \
field  =yield >
type = quantitative
_zero =T )

(channel =y
field  =site .

type = categorical
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data = barley A 0
Je - ¢ field = vield 0 10 20 30 40 50 60 70
N y Yield
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data = barley A T I
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data = barley A T
Je - e field = vield 0 10 20 30 40 50 60 70
N y Yield

data = barley A
Je : e.field = yield A e. bin

Number of Records
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Yield (binned)
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data = barley A 1 0
Je - e field = vield 0 10 20 30 40 50 60 70
N y Yield

data = barley A
Je : e.field = yield A e. bin

7
©
T
O
3}
@
o
e
o
T
)
o
£
3
<

10 20 30 40 50 60 70

not e € Encoding 40
Yield (binned)
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Je : e.continuous = T = Je € Encoding : e.aggregate Adding count prevents overlap
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data = barley A
Je : e.field = yield

data = barley A
de : e.tield = yield A

Je : e.tield = site

data = barley A
Je : e.tield = yield A

Je : e.field = site A
mark = bar

QY 0
0O 10 20 30 40 50 60 70
Yield
Crookston - [ T T
Duluth - I I"I'I"
@ Grand Rapids - I I A
Z Morris - NI
University Farm - I LTI
Waseca - IITIN T ]
0 10 20 30 40 50 60 70
Yield
Crookston
Duluth
o Grand Rapids
\ Morris

University Farm

Waseca

|
0 10 20 30 40 50
Mean of Yield

29



1 mark = tick

' 2 mark !'= bar |

. S mark = bar = de € Encoding : e.aggregate

data — bar‘ey A\ Crookston
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Grand Rapids
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Example: Draco CQL

CompassQL
~20 lines of code per rule

+ Scoring logic

-

Draco-CQL
/0 Hard Constraints
110 Soft Constraints
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Example: Draco CQL

CompassQL
~20 lines ot code per rule

+ Scoring logic

-

Draco-CQL
/0 Hard Constraints
110 Soft Constraints
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Example: Draco CQL

CompassQL
~20 lines ot code per rule

+ Scoring logic

-

Draco-CQL
/0 Hard Constraints
110 Soft Constraints
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Example: Draco CQL

CompassQL
~20 lines ot code per rule

+ Scoring logic

-

Draco-CQL
/0 Hard Constraints
110 Soft Constraints

How to

weight rules?
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Classical Al
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Outline

Learning Visualization Design
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Learning Visualization Design in Draco

Features

Violations of
Soft Constraints

Vi, Voy ey V]

v; : the number of

violations of rule i.

Training Data

Pairs of Ranked
Visualizations

Learning Algorithm

Learning to Rank
with Linear SVM

L
L = — Z max (0,1 — inT(Xil — Xi2))
=
+alwll,
w* = arg miny, L
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Violations of Soft Constraints as Features

Crookston Crookston
Duluth Duluth
Grand Rapids Grand Rapids

Morris Morris

University Farm University Farm

Waseca

0 200 400 600 800 1,000 600 700 800 900 1,000
Yield Yield

Violates:

wVe € Encodings :
e.type = continuous =
e.zero=1

Can express non-linear relationships even though the learning system is linear
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Learning Design Knowledge

Feature Vector
positive example

w is the weight

vector of the
luy, Uy, .o 1y soft constraints

200 400 600 800 1,000
Yield

arg max Z w; (u; — v,)
1€0...k

Feature Vector
negative example

Vi, Voy ooy V]

600 700 800 900 1,000
Yield

v; : the number of

violations of constraint i
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Example: Draco-Learn
Draco-CQL

(no task awareness)

Value 1 |egls

ql

Task

inaction

Summary 1 ]z

q1l




Example: Draco-Learn

Draco-CQL

(no task awareness)
_|_

2 User Studies of

Task-Vis Correlation
[Kim et al. 2018, Saket et al. 201 8]

Draco-Learn

(task-aware)

ignore weights

1.100 Vis Pairs

Q6% Test

Accuracy
(65% for Draco-CQL)
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Example: Draco-Learn
Draco-CQL

(no task awareness)
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Future Directions
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Future Directions
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Future Directions

import altair as alt

# load a simple dataset as a pandas DataFrame
from vega datasets import data
cars = data.cars()

alt.Chart(cars).mark_point().encode(
x='Horsepower',
y='Miles_per_Gallon',
color='0Origin',

).interactive()

c
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808 & 4 gb& .08 o 8 o ‘
o BoBtPge8, o , 897

0 20 40 60 80 100 120 140 160 180 200 220 240
Horsepower

Export as SVG Export as PNG View Source Open in Vega Editor

https://altair-viz.github.io/

Automated Design for Interactive
Dashboards

Integration in Plotting APls

4.4



Future Directions

o o 4. Draco Editor

mfe— Automated Design for Interactive

editor

= examples ==+ options » run single oot i g
7 | "spec" : a S o a r S
data("cars.json"). "$schema" :

string "https://vega.github.io/schema/vega-
num_rows (142). lite/v2.json"

v "data" : {
fieldtype(horsepower,number). "url" : string "data/cars.json"
cardinality(horsepower,94). v "format" : {

"type" : string "json"
fieldtype(acceleration,number).

cardinality(acceleration,96). }
"mark" : string "point"

O O NOOULLE WN -

[
e

= ¥ "encoding" : {
encoding(e@). I,

:— not field(e®,acceleration). type string "quantitative
"field" : string "acceleration"

e A ntegration in Plotting APIs

"type" string "quantitative"

[ I S~ A ST =Y
No uh WwWN

horsepower

"field" : string "horsepower"
v "scale" : {

"zero" : bool true
10 15
acceleration

"cost" : int 12

¥ "violations" : [
0 string "violation(encoding,e0)"
string "violation(encoding,el)" ’ ’
"violation(encoding_field,e0)"
string "violation(encoding field,el)"

string "violation(c_c_point,_placeholder)"
string "violation(type_qg,e0)"

ring "violation(type_g,el)"
: string "violation(continuous_x,e0)"

string "violation(continuous_y,el)"

R Evaluate impact of new perceptual models

uwdata.github.io/draco-editor



Draco Meetup

Thursday 13:00 at Shaan

meet at 12:50 at the revolving doors




Draco

™ Extensible and Adaptive Knowledge
Base of Visualization Design

m-l Automated Visualization Degig N Tool Draco: Formalizing Visualization Design Knowledge

as Constraints

Formal Reasoning
S h a re d Re S O u rce 'I:O r Vi S CO m m u n ity ([;:;c;nizj;‘ocr(r)rlllzlcftzzr:z\]/cv;):;;‘fc)r;li':ztesenting design knowledge about effective visualization

Acce ‘ e rate K n OW ‘ e d g e Tra n Sfe r You can use Draco to find effective visualization designs in Vega-Lite. Draco's constraints are implemented in

based on Answer Set Programming (ASP) and solved with the Clingo constraint solver. Draco can learn
weights for the recommendation system directly from the results of graphical perception experiments.

™ Learn Visualization Design

JavaScript Module

Dominik Moritz @domoritz et al.

uwdata.github.io/draco

@ywdata




