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Vega

Declarative Interactive Data Visualization

describes what the visualization should look like vs. how it should be computed.



Vega: Declarative Interactive Data Visualization

describes what the visualization should look like vs. how it should be computed.

Data Event Streams [mousedown, mouseup] > mousemove
Transforms Signals minX := min(downX, event.x)

Scales Scale Inversions minVal := xScale.invert(minX)
Guides Predicates p(t) := t.value € [minVal, maxVal]

Marks Production Rules  £i11 := p(t) > colorScale(t.category)

@ - gray

Declarative Interaction Design. Satyanarayan, Wongsuphasawat, Heer. UIST 2074
Reactive Vega. Satyanarayan, et al. InfoVis 2075



Vega: Maximize Expressivity and Performance

May 2006
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oceankidbilly

It Is both ridiculous and amazing that this can be
expressed in 593 lines (!) of purely declarative
spec: vega.github.io/vega-editor/in ...
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9:09 PM -1 Oct 2015

X

rﬂ Reply to @oceankidbilly

wlw Lynn Cherny @arnicas - 2 Oct 2015
“f’ @oceankidbilly sure... but no way do i want to hard code that for a specific case.
it’s tiny code in dc.js.




‘ oceankidbilly

It is both ridiculous and amazing that this can be
expressed in 593 lines (!) of purely declarative
Spec: vega.github.io/vega-editor/in ...

iETWEET ;[K:;S E ? e m x ﬂ {ﬂ

9:09 PM - 1 Oct 2015

X/ 4

ra Reply to @oceankidbilly

wlw Lynn Cherny @arnicas - 2 Oct 2015

@oceankidbilly sure... but no way do i want to hard code that for a specific case.
it’s tiny code in dc.js.

Time of Day Delay (min.) Distance (mi.)

1 T T
0 2 4 6 8 10 12 14 16 18 20 22 24 -60 -40 -20 0 20 40 60 80 100 120 140 0 200 400 600 800 1,000 1,200 1,400 1,600 1,800

Date

Jan 14 Jan 21 Jan 28 Feb 04 Feb 11 Feb 18 Feb 25 Mar 04 Mar 11 Mar 18

"width": 1000,
"height": 325,
"padding": "strict",

"data": [
{
"name": "flights",
"url": "data/flights-2k.json",
"format": {"type": "json", "parse": {"date": "date"}},
"transform": [
{"type": "formula", "field": "hour", "expr": "hours(datum.date)"},
{ N
"type": "formula",
"field": "day",
"expr": "datetime((month(datum.date)+1) + '/' + date(datum.date) + '/20f

"type": "bin",

"field": "hour",

"min": 0@,

"max": 24,

"step": 1,

"output": {"start": "bin_hour"}




oceankidbilly

It is both ridiculous and amazing that this can be
expressed in 593 lines (!) of purely declarative
Spec: vega.github.io/vega-editor/in ...

RETWEET LIKES s N o & f!ﬁ
] 13 R4 ]-] 2 B £

9:09 PM - 1 Oct 2015

X 4

na Reply to @oceankidbilly

wlw Lynn Cherny @arnicas - 2 Oct 2015

i
@oceankidbilly sure... but no way do i want to hard code that for a specific case.
it’s tiny code in dc.js.

Expressivity & performance are important.
But so is concise specification.

Rapid authoring critical for exploratory
visualization.

Small language vocabulary promotes
alternative designs and systematic
enumeration for higher-level applications.
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Vega-Lite

Grammar of Graphics + Grammar of Interaction

Concise, high-level Vega-Lite specifications > .
compiled to
Complete, low-level Vega specifications
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Single View: Unit Specification

{

"data": {"url": "data/weather.csv"},
"mark": "circle",
"encoding": {
IIXII: {
"field": "wind",
"type": "quantitative"
}
Ilyll: {
"field": "temp_max",
"type': "quantitative"
}
s

13



Single View: Unit Specification

Data

{

"data": {"url": "data/weather.csv"},
"mark": "circle",
"encoding": 1
IIXII: {
"field": "wind",
"type": "quantitative"
e
Ilyll: {
"field": "temp_max",
"type': "quantitative"
s
¥
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Single View: Unit Specification

Data

Mark

{

"data": {"url": "data/weather.csv"},
"mark": "circle",
"encoding": 1
IIXII: {
"field": "wind",
"type": "quantitative"
e
Ilyll: {
"field": "temp_max",
"type': "quantitative"
s
¥
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Single View: Unit Specification

Data

Mark

Encoding

{

"data": {"url": "data/weather.csv'"},
"mark": "circle",
"encoding": 1
IIXII: _{
"field": "wind",
"type": "quantitative"
Ilyll: {
"field": "temp_max",
"type': "quantitative"
s
5
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Single View: Unit Specification

Data
\ETE
Encoding

Transforms

{

"data": {"url": "data/weather.csv'"},
"transform": {
"filter": "datum. location
fir
"mark": "circle",
"encoding": A
IIXII: {
"field": "wind",
"type": "quantitative"
Fs
Ilyll: {
"field": "temp_max",
"type": "quantitative"
s
I3

'Seattle'"
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Single View: Unit Specification

{
"data": {"url": “data/weather.csv"},
Data "transform": {
"filter": "datum. location === 'Seattle'"
Mark Yy ,
. ::gﬁgg;in;ﬁ}rzle“' o Number of Records
Encoding TN,
"field": "wind", _
Transforms "type'": "quantitative", ‘E
"bin": true a
} S
Ilyll: { Z
"field": "temp_max", =
"type": "quantitative",
"bin'": true
}, :
"Size": { - Q)| ™ < To) © N~ (¢ 0) (o)} e
Ilfie'Ldll : II*II , BlN(wind)
‘aggregate': "count",
"type": "quantitative"
s

}



Single View: Unit Specification

{
"data": {"url": “data/weather.csv"},
Data "transform": {
"filter": "datum. location === 'Seattle'"
Mark Yy ,
. ::gﬁgg;ln;ﬁlrgle" ! o Number of Records
Encoding TN,
"field": "wind", _
Transforms "type": "quantitative", g
"bin": true a
(Scales + Guides) }, 5
Ilyll: { Z
"field": "temp_max", @
"type": "quantitative",
"bin'": true
}, :
"Size": { - Q)| ™ < To) © N~ (o0} (o)} 9
Ilfie'Ldll: II*II’ BlN(wind)
‘aggregate': "count",
"type": "quantitative"
s

}



Single View: Unit Specification

{
Data "encoding": {
IIXII: {
"field": "wind",
Mark "type": "quantitative",
. "bin": true
Encoding .
Ilyll: {
Transforms "field": "temp_max", %
"type": "quantitative", o
(Scales + Guides) ''bin": true =
y =
"size": =
Ilfieldll: II*II’
'aggregate”: "count",
"type": "quantitative",
"scale": {"zero": true},
"legend": {"title": "# of days"}
I3
s

— N MO & I ©O© M~ O O

BIN(wind)

# of days
« 0

20
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View Composition



View Composition

layer: [ ' ] -



View Composition

ayer: [ , ] = vconcat: [ , ] N




View Composition

ayer: | , ] _ vconcat:[, ] N C

repeat row: [A,B]




View Composition

ayer: | | ] _ vconcat: [ , ] N !

facet row: C

:

repeat row: [A,B]




View Composition
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Layering

{
"data": {"url": "data/weather-sea.csv"},
"mark": "bar",
"encoding": |
"x": {
"timeUnit": "month",
"field": "date", "type": "T"
i
Ilyll: {
"aggregate': "mean",
"field": "precipitation™, "type": "Q"
i
"color": {"value": "#77b2c7"}
s
I3

>
| -
©
- )
| -
o)
()]
L

April

May
June
July
August

MONTH(date)

September

November

December

28



Layering

{
"layer": [
{
I
{
"data": {"url": "data/weather-sea.csv"},
"mark": "line",
"encoding": A1
IIXII: {
“"timeUnit": "month",
Ilfie'Ldll: Ildatell’ Iltypell: IITII
Fr
Ilyll: {
"aggregate": "mean",
Ilfie'Ldll: "temp_maX"’ Il.typell: IIQII
¥
}
]
¥
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Layering

{
"layer": [

{

"resolve": {
IIyII: {
"scale": "independent"
s
s
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Vega-Lite

Arvind Satyanarayan @arvindsatya’

Grammar of Interaction
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Selection



Selection

an abstraction that defines points of interest, event processing,
and a predicate function for inclusion testing.

34



Vega-Lite Selections

{
"data": {"url": "data/cars.json"},
"mark": "circle",
"encoding": {
"x": {"field": "Horsepower", "type": "Q"},
"y": {"field": "Miles_per_Gallon", "type":
"color": {"field": "Origin", "type": "N"}
s
s

50 100 150
Horsepower

Selections define backing data points, event processing, and a predicate function.

35



Vega-Lite Selections: A Single Point

{
"data": {"url": "data/cars.json"},
"mark'": "circle", c
"select": { 3
"picked": {"type": "point"} :
+, o
"encoding": { =
"x": {"field": "Horsepower", "type": "Q"},
"y'": {"field": "Miles_per_Gallon", "type": "Q"},
"color": {"field": "Origin", "type": "N"}
} 50 100 150
} Horsepower

Selections define backing data points, event processing, and a predicate function.

Selection types provide defaults values for these three components.

37



Vega-Lite Selections: A Single Point

{
"data": {"url": "data/cars.json"},
"mark'": "circle",
"select": { _
"picked": {"type": "point"} 2
}r cl
"encoding": { g
IIXII: {Ilfie'l-dll: IIHorsepowerII’ Iltypell: IIQII}’ §
"y'": {"field": "Miles_per_Gallon", "type": "Q"}, Ig
"color": [
{Ilifll: Ilpickedll’ Ilfie'l-dll: Iloriginll’ Iltypell: IINII
{"value": "grey"}
] 100 150 200
} Horsepower
¥

Selections define backing data points, event processing, and a predicate function.

Selection types provide defaults values for these three components.

39



Vega-Lite Selections: Multiple Points

{
"data": {"url": "data/cars.json"},
"mark": "circle",
"select": { .
"picked": {"type": "list"} 2
}p GI
"encoding": { 8
IIXII: {Ilfie'l-dll: IIHorsepowerII’ Il.typell: IIQII}’ §
"y": {"field": "Miles_per_Gallon", "type": "Q"}, W
"color": |
{Ilifll: Ilpicked"’ Ilfie'l-dll: Ilorigin"’ Iltypell: IINII
1{"value": "grey"} 100 150 200
} ] Horsepower
s

Selections define backing data points, event processing, and a predicate function.

Selection types provide defaults values for these three components.

41



Vega-Lite Selections: Multiple Points

{
"data": {"url": "data/cars.json"},
"mark'": "circle",
"select": { _
"picked": {"type": "list", "on": "mouseover"} =
o S
"encoding": { g
IIXII: {Ilfie'l-dll: IIHorsepowerII’ Iltypell: IIQII}’ §
"y": {"field": "Miles_per_Gallon", "type": "Q"}, B
"color": |
{Ilifll: Ilpicked"’ Ilfie'l-dll: Ilorigin"’ Iltypell: IINII
{"value": "grey"}
] 100 150 200
} Horsepower
¥

Selections define backing data points, event processing, and a predicate function.

Selection types provide defaults values for these three components.

42



Vega-Lite Selections: Continuous Region

{
"data": {"url": "data/cars.json"},
"mark'": "circle",
"select": { _
"picked": {"type": "interval"} =
}p ol
"encoding": { g
"x": {"field": "Horsepower", "type": "Q"}, o
"y'": {"field": "Miles_per_Gallon", "type": "Q"}, kg
"color": |
{Ilifll: Ilpicked"’ Ilfie'l-dll: Ilorigin"’ Iltypell: IINII
{"value": "grey"}
] 100 150 200
} Horsepower
¥

Selections define backing data points, event processing, and a predicate function.

Selection types provide defaults values for these three components.

44



Selection Transforms

manipulate a selection's semantics (points of interest,
event processing, or predicate function).

45



Selection Transforms

manipulate a selection's semantics (points of interest, event processing, or predicate function).

toggle — when events occurs, toggles a point in/out of selection;
automatically instantiated for list selections.

translate — when events occur, offsets spatial properties/data values;
automatically instantiated for interval selections.

zoom — when events occur, applies a scale factor to selected points.
nearest — accelerates selection via voronoi tessellations.

project — modifies predicate to determine inclusion based on fields or channels.

46



Vega-Lite Selections: Multiple Points

{
"data": {"url": "data/cars.json"},
"mark'": "circle",
"select": { _
"picked": {"type": "list", "on": "mouseover"} =
| S
"encoding": { &
"x": {"field": "Horsepower", "type": "Q"}, o
"y": {"field": "Miles_per_Gallon", "type": "Q"}, B
"color": [
{Ilifll: Ilpicked"’ Ilfie'l-dll: Ilorigin"’ Iltypell: IINII
] {"value": "grey"} 100 150 200
} Horsepower
¥

Selection Transforms — manipulate a selection's semantics
(backing data points, event processing, or predicate function).

47



Vega-Lite Selections: Multiple Points

{
"data": {"url": "data/cars.json"},
"mark': "circle",
"select": {

"picked": { _
"type": "list", "on": "mouseover", =
"'nearest": true ©

I3 } %
"encoding": { =

IIXII: {Ilfieldll: IIHorsepowerll’ Iltypell: IIQII}’

"y'": {"field": "Miles_per_Gallon", "type": "Q"},

"color": |
{II if"e. ||picked|| ’ nfield": "Or‘igin" ’ "type" . UM H‘L(:(s)epov:::) 200
{"Value": ugreyu}

]

s
I3

Selection Transforms — manipulate a selection's semantics (event processing).

50



Vega-Lite Selections: Multiple Origins

{
"data": {"url": "data/cars.json"},
"mark": "circle",
"select": {

"picked": { _
"type": "list", "nearest": true, 2
"project": {"fields": ["Origin"]} S

¥ } %
"encoding": { =

"x": {"field": "Horsepower", "type": "Q"},

"y'": {"field": "Miles_per_Gallon", "type": "Q"},

"CO-l.OI"": [ 100 150 200
{Ilifll: Ilpickedll’ Ilfie'l-dll: Iloriginll’ Iltypell: IINII Horsepower
{"value": "grey"}

]

¥
¥

Selection Transforms — manipulate a selection's semantics (predicate function).

52



Vega-Lite Selections: Continuous Region

{
"data": {"url": "data/cars.json"},
"mark'": "circle",
"select": { _
"picked": {"type": "interval"} =
}p (EI
"encoding": { 2
"x": {"field": "Horsepower", "type": "Q"}, o
"y'": {"field": "Miles_per_Gallon", "type": "Q"}, kg
"color": |
{Ilifll: Ilpicked"’ Ilfie'l-dll: Ilorigin"’ Iltypell: IINII
{"value": "grey"}
] 50 100 150 200
} Horsepower

}
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Vega-Lite Selections: Continuous Region (X)

{
"data": {"url": "data/cars.json"},
"mark": "circle",
"select": { .
"picked": { S
"type": "interval", ©
"project": {"channels": ["x"1} %
s } =
"encoding": {
"x": {"field": "Horsepower", "type": "Q"},
"zoioi"fl?ld : "Miles_per_Gallon", "type": "Q"}, o 1 oo
. Hor wer
{Ilifll: Ilpicked"’ Ilfie'l-dll: Ilorigin"’ Iltypell: IINII osepo e
{"value": "grey"}
]
s

}
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Vega-Lite Selections: Continuous Region (Y)

{
"data": {"url": "data/cars.json"},
"mark": "circle",
"select": { .
"picked": { S
"type": "interval", ©
"project": {"channels": ["y"1} %
), :
"encoding": {
"x": {"field": "Horsepower", "type": "Q"},
"zoioi"fl?ld : "Miles_per_Gallon", "type": "Q"}, o o0 159 oo
. Hor wer
{Ilifll: Ilpicked"’ Ilfie'l-dll: Ilorigin"’ Iltypell: IINII osepo =
{"value": "grey"}
]
s

}
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Vega-Lite Selections

{
"data": {"url": "data/cars.json"},
"mark'": "circle",
"encoding": {
"X": {"fie1d": "Horsepower", ntypen: "Q"}, é
"y'": {"field": "Miles_per_Gallon", "type": "Q"}, &
"color": {"field": "Origin", "type": "N"} g
- :

50 100 150
Horsepower
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Vega-Lite Selections

{
"data": {"url": "data/cars.json"},
"mark'": "circle",
"select": {
"grid": A S
"type": "interval" &
) :
"encoding": { =
"x": {"field": "Horsepower", "type": "Q"},
"y'": {"field": "Miles_per_Gallon", "type": "Q"},
"color": {"field": "Origin", "type'": "N"}
} 50 100 150
} Horsepower
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Vega-Lite Selections can be initialized

{
"data": {"url": "data/cars.json"},
"mark'": "circle",
"select": {
"grid": { S
"type": "interval", &
"init": {"scales": true} g
I g
}, =
"encoding": {
"x": {"field": "Horsepower", "type": "Q"},
"y'": {"field": "Miles_per_Gallon", "type": "Q"},
"color": {"field": "Origin", "type": "N"} >0 Afo 150
} rsepower
¥

(1) Selection is populated with scale domains.

(2) Selection now drives scale domains.
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Vega-Lite Selections can be initialized

{
"data": {"url": "data/cars.json"},
"mark': "circle",
"select": |
"grid": {
"type": "interval", "zoom": true, c
"init": {"scales": true} s
} X
Fy o
"encoding": { =
||X|| . {
"field": "Horsepower", "type": "Q",
}; 50 100 150 200
"y" . { Horsepower
"field": "Miles_per_Gallon', "type": "Q",
}

"color": {"field": "Origin", "type": "N'" }

(1) Selection is populated with scale domains. (2) Selection now drives scale domains.

Y



Vega-Lite Layered CrossFilter

{
"data": {"url": "data/flights.json"},
"mark": "bar",
"encoding": A
IIXII: {Ilfieldll: Ilhourll’ Iltypell: IIQII’ Ilbinll: true}’
Ilyll: {Ilaggregatell: IlcountII’ Ilfie'l-dll: II*II’ Iltypell: IIQII}
I3
s

BIN(hour)




Vega-Lite Layered CrossFilter

{

"repeat": {"column": ["hour", "delay", "distance"]},
"SpeC": {
"data": {"url": "data/flights.json"},
"mark": "bar",
"encoding": A
"x": {"field": {"repeat": "column"}, "type": "Q", "bin": true},
Ilyll. {Ilaggregatell: IlcountII’ Ilfie'l-dll: II*II’ Iltypell: IIQII}

n
T
T
=]
Q
Q
o
—
o
e
[}
K]
E
=]
=

BIN(hour)

BIN(distance)
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Vega-Lite Layered CrossFilter
{

"repeat": {"column": ["hour", "delay", "distance"]},
"SpeC": {
"layers": [{

"data": {"url": "data/flights.json"},

Ilma rkll: Ilba rll’

"encoding": {

"x": {"field": {"repeat": "column"}, "type": "Q", "bin": true},

Ilyll: {Ilaggregatell: Ilcountll’ Ilfie'l-dll: II*II’ Iltypell: IIQII}

by o

"color": {"value": "goldenrod"}

(2]
T
T
=]
Q
Q
o
—
o
e
[}
K]
E
=]
4

BIN(hour) BIN(distance)
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Vega-Lite Layered CrossFilter
{

"repeat": {"column": ["hour", "delay", "distance"]},
"SpeC": {
"layers": [{

III’

(2]
T
T
=]
Q
Q
o
—
o
e
[}
K]
E
=]
4

BIN(hour)

BIN(distance)
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Vega-Lite Layered CrossFilter
{

"repeat": {"column": ["hour", "delay", "distance"]},
"SpeC": {
"layers": [{
"select": {
"region": {
"type": "interval', "project": {"channels":
s
}
P 4

III’

2]
T
T
o
(3]
]
@
[
o
T
o
Kol
E
3
=

o o
—

—

BIN(hour) BIN(delay)

[IIXII] }’

BIN(distance)
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Vega-Lite Layered CrossFilter

{
"repeat": {"column": ["hour", "delay", "distance"]},
"SpeC": {
"layers": [{
"select": {
"region": {
"type": "interval', "project": {"channels":
s
}
Foo 4
"transform": {"filterWith": "region"}
]
s

Number of Records

BIN(hour)

["X"]},

BIN(distance)

35 Lines
of JSON!

69



Origin
Europe
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USA
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50 100 20 30 40
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Vega-Lite: Systematically Enumerate Designs

L | Data Voyager X

& C © vega.github.io/voyager/

% datavoyager

M Bookmarks (0)

| Data Voyager

é

v@& datavoyager

Data Explore univariate summaries of each field Data

e Cars Start exploring data by examining each field and continue by selecting interesting data fields in data selector panel. = Cars
~ A Cylinders A Cylinders # COUNT A Name # COUNT @ - A Gylinders
~ A Name Number of Records @ - A Name
v A Origin 2 3 4 @ - A Origin

v 8 AUTO (Year)
~ # AUTO (Acceleration)

Cylinders

# AUTO (Displacement)
~ # AUTO (Horsepower)

v~ # AUTO (Miles per Gallon)
v # AUTO (Weight in Ibs)
# COUNT

N\ S osecacasann
4
© © 0 02 00 0o O

Reset

A Origin

About - Debug - Report an issue

50 100

150

Number of Records

# COUNT

50

100 150 200
Number of Records

250

amc ambassador brougham 8 - @ AUTO (Year)

amc ambassador dpl
amc ambassador sst
amc concord

amc concord d/l

amc concord dl

amc concord dl 6
amc gremlin

amc hornet

amc hornet sportabout (s...
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Voyager. Wongsuphasawat, Moritz, et al. Infol/is 2075,

CompassQL. Wongsuphasawat, Moritz, et al. HILDA 2076,

C' @ vega.github.io/voyager/
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Explore visualizations of # AUTO Acceleration
Here are some recommended visualizations of the fields you have selected
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Explore visualizations of # AUTO Acceleration + other fields
Here are some recommended visualizations of the fields you have selected
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An Ecosystem of Tools
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An Ecosystem of Tools

Led by Brian Granger and Jake VanderPlas.

Python APl automatically generated from the
Vega-Lite JSSON schema.

%/t is this type of 1:1:1 mapping between
thinking, code, and visualization that is my

favorite thing about [Altair]® — Dan Saber.

https://dansaber.wordpress.com/2016/10/02/a-dramatic-tour-through-pythons-
data-visualization-landscape-including-ggplot-and-altair/

Interest from other Python visualization

vendors (Matplotlib, Bokeh, Plotly) to make
their own Vega-Lite renderers.

%\Ve see this portion of the effort as much
bigger than Altair itself: the Vega and Vega-Lite
specifications are perhaps the best existing
candidates for a principled lingua franca of

data visualization® — Altair Team. 73



An Ecosystem of Tools

How can we automatically partition

interactive workloads between client and server?
Moritz et al. [EEE VIS Data Systems for Interactive Analysis Workshop 2015.

/

\Data bases

Visualization

PoleStar

Wikipedia Graph

What inference can we perform
over interactive visualization to

accelerate analysis and design? .
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Vega-Lite is a high-level visualization grammar. It provides a concise JSON syntax for supporting rapid
generation of visualizations to support analysis. Vega-Lite specifications can be compiled to Vega specifications.

Vega-Lite specifications describe visualizations as mappings from data to properties of

graphical marks (e.g., points or bars). It automatically produces visualization
components including axes, legends, and scales. It then determines properties of these

components based on a set of carefully designed rules. This approach allows Vega-Lite

specifications to be succinct and expressive, but also provide user control. As Vega-Lite is Try online

designed for analysis, it supports data transformations such as aggregation, binning, Prototy p e i n S u p p | e m e n ta ry

filtering, sorting, and visual transformations including stacking and faceting.

material, a release by the

vega.github.io/vega-lite ond of the year!
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