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Grammar of Graphics

Data Input data source to visualize.
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Grammar of Graphics
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Grammar of Graphics

Data
Transform

Mark
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Scale

Guides

Input data source to visualize.
Filter, aggregation, binning, etc.
Data-representative graphics.

Mapping between data and mark properties.
Functions that map data values to visual values.

Axes & legends that visualize scales.

ANE=F

Bar

Text

Tick

Point/Symbol

Line

Rule

Rect



Grammar of Graphics for Customized Designs
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Grammar of Graphics for Customized Designs

—~ |
¥ Data-Driven Documents

Ofter fine-grained control for
composing interactive graphics.




Grammar of Graphics for Customized Designs

Y2 Data-Driven Documents

Ofter fine-grained control for
composing interactive graphics.

But require verbose specifications
and technical expertise.




Grammar of Graphics for Exploration
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Grammar of Graphics for Exploration

g8pP Lot e e e

Facilitate rapid exploration
with concise specifications
by omitting low-level details.
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Grammar of Graphics for Exploration

Facilitate rapid exploration
with concise specifications
by omitting low-level details.

Infer sensible defaults and
allow customization
by overriding defaults.




Grammar of Graphics for Exploration

Facilitate rapid exploration
with concise specifications
by omitting low-level details.

Infer sensible defaults and
allow customization
by overriding defaults.

But limited support for interactions.




Vega-Lite's Mission

Facilitate exploratory data analysis
with an expressive yet concise language
to specify interactive multi-view graphics



Vega-Lite: a Grammar of Graphics
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Vega-Lite: a Grammar of Multi-View Graphics

Scatterplot Matrix Concatenated & Layered View Faceted View
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Vega-Lite: a Grammar of Interactive Multi-View Graphics
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Vega-Lite: a Grammar of Interactive Multi-View Graphics
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Vega-Lite: a Grammar of Interactive Graphics

The Design of Vega-Lite
Single View Specification
Layered and Multi-view Composition

Interactions with Selections

Using Vega-Lite

Programming with Vega-Lite

igher-level Tools and Recommendations
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Vega-Lite: a Grammar of Interactive Graphics

Single View Specification

13



Specifying Single Views



Specifying Single Views
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Specifying Single Views

Abstract Data ——  Visual Representation



Specifying Single Views

Abstract Data
Weather Data for Seattle
date temperature precipitation weather
1/1 10.6 10.9 "rain"
1/2 11.7 0.8 "drizzle"
1/3 12.2 10.2 "rain"

Visual Representation

15



Specifying Single Views

Abstract Data —_— Visual Representation

Weather Data for Seattle Strip Plot of Temperature

date temperature precipitation weather
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temperature

1/3 12.2 10.2 ‘rain”




Strip Plot = (Tick with x=field)

Tick Mark
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Strip Plot = (Tick with x=field)

Tick Mark

—

Temperature
as x-position
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data url: "weather-seattle.json"

temperature



Strip Plot = (Tick with x=field)

Tick Mark

—

Temperature
as x-position
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data url: "weather-seattle.json"
mark: "tick" temperature




Strip Plot = (Tick with x=field)

Tick Mark

—

Temperature
as X-position
(Quantitative)

data url: "weather-seattle.json"
mark: "tick"
encoding
X
field: "temperature"
type: "quantitative"
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Strip Plot = (Tick with

Tick Mark

—

Temperature
as x-position
(Quantitative)

data url: "weather-seattle.json"
mark: "tick"
encoding
X
field: "temperature"
type: "quantitative"

x=field)

| | | | |
0 10 20 30 40

temperature

Vega-Lite is portable JSON specification



Strip Plot = (Tick with x=field)

data url: "weather-seattle.json"
mark: "tick"
encoding
X
field: "temperature"
type: "quantitative"
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temperature



Strip Plot: Default Scales and Axes

data url: "weather-seattle.json"
mark: "tick"
encoding
X
field: "temperature"
type: "quantitative"
scale: {type: "linear", domain: [0, 8],

axis: (title: "temp', grid: true R
I I ! '
0 10 20 30

temperature



Strip Plot

data url: "weather-seattle.json"
mark: "tick"
encoding
X
field: "temperature"
type: "quantitative"
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temperature



Strip Plot

data: ‘url: "weather-seattle.json" How many days?
mark: "tick"
encoding

X

field: "temperature"
type: "quantitative"
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Histogram
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Histogram = (Bar with x=binned field, y=count)
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Histogram = (Bar with x=binned field, y=count)

data
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Histogram = (Bar with x=binned field, y=count)

data url: "weather—-seattle.json"
mark: "tick"
encoding
X
bin: true
field: "temperature"
type: "quantitative"
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Histogram = (Bar with x=binned field, y=count)

data url: "weather—-seattle.json"
mark: "tick"
encoding
X
bin: true
field: "temperature"
type: "quantitative"



Histogram = (Bar with x=binned field, y=count)

data: {url: "weather-seattle.json" 4004 —
mark: "tick"
encoding 3507
X
bin: true —

field: "temperature"
type: "quantitative"

y
aggregate: "count”

type: "quantitative"
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Histogram = (Bar with x=binned field, y=count)

data: {url: "weather-seattle.json" 4004 —
mark: "tick"
encoding 3507
X
bin: true 300 S

field: "temperature"
type: "quantitative"

y
aggregate: "count”

type: "quantitative"
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Histogram = (Bar with x=binned field, y=count)

data: {url: "weather-seattle.json" 400-
mark: "bar 350 —
encoding
X
bin: true

field: "temperature"
type: "quantitative"

y
aggregate: "count"

type: "quantitative"
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Histogram = (Bar with x=binned field, y=count)

data: {url: "weather-seattle.json" 400-
mark: "bar 350 —
encoding
X
bin: true

field: "temperature"
type: "quantitative"

y
aggregate: "count"

type: "quantitative"

Number of Records
—t —t N N w
o (@) o (@) ] o
o o () () o

| | | | |

o)
o
|

o
5

o (o) o (o) o O o 0O o

BIN(temperature)



Sensible Defaults for Binning

Channel determines guide and bin parameters
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Sensible Defaults for Binning

Channel determines guide and bin parameters
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Sensible Defaults for Binning

Channel determines guide and bin parameters

Position

Quantitative axis
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BIN(temperature)



Sensible Defaults for Binning

Channel determines guide and bin parameters

Position

Quantitative axis

More bins
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Sensible Defaults for Binning

Channel determines guide and bin parameters

Color/Opacity/Shape Position

_.egend with range labels Quantitative axis
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Histogram

data url: "weather—-seattle.json"

mark: "bar"

encoding
X
bin: true
field: "temperature"

type: "quantitative"

y
aggregate: "count"

type: "quantitative"
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Histogram + Color

{
: 400
data: {url: "weather-seattle.json"}, weather
mark: "bar", 350 — B drizzle
encod:{'Lng: { B fog
X: .
: 300 —
bin: true, g M rain
field: "temperature", 9 550 - W snow
type: "quantitative" 2 B sun
! ‘B 200 -
y: 1 >
aggregate: "count", 2 1504
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’ < 100+
color: {
field: "weather", 50 -
type: "nominal"
} 0
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Histogram + Color

data url: "weather-seattle.json"
mark: "bar"
encoding
X
bin: true
field: "temperature"
type: "quantitative"

y
aggregate: "count"
type: "quantitative"
color

field: "weather"
type: "nominal"

"'scale"
"domain": ["sun",K6 "fog",K6 "drizzle"
"rain", "snow"
"range" "#e7bab2",6 "#c7c7c7", "#aec7e8"

"#1f77b4" , "#9467hd"
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BIN(temperature)
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Histogram + Color = Stacked Histogram

data

mark
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X

y

o0

url: "weather-seattle.json"
Ilba r.II
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bin: true
field: "temperature"
type: "quantitative"

aggregate: "count"
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type: "nominal"
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Stacked Histogram: Sensible Defaults

no stack stack (default)
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Stacked Histogram: Sensible Defaults

Channel (color) + Mark (bar) automatically enables stacking: a layout transform.

no stack stack (default)
400 -
00 weather 400 weather
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Stacked Histogram: Sensible Defaults

Channel (color) + Mark (bar) automatically enables stacking: a layout transform.

no stack = overlap stack (default)
350 sun 350 - sun
fog fog
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Histogram + Color = Stacked Histogram

400 -
data: <url: "weather-seattle.json" weather
mark: "bar" 350 - sun
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Histogram + Color = Stacked Histogram
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Histogram + Color = Stacked Histogram

data url: "weather—-seattle.json"
mark: "bar"

encoding
X: 1bin: true, field: "temperature", type: "quantitative"
y: 1aggregate: "count" type: "quantitative"
color field: "weather" type: "nominal"
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Histogram + Column = Trellis Histogram

Number of Records

data url: "weather—-seattle.json"
mark: "bar"

encoding
X: 1bin: true, field: "temperature", type: "quantitative"
y: 1aggregate: "count" type: "quantitative"
co lumn field: "weather" type: "nominal"
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Vega-Lite: a Grammar of Interactive Graphics

Layered and Multi-view Composition

39



View Composition Operators
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View Composition Operators

facet row: C




View Composition Operators

ayer: | , ] :

facet row: C
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View Composition Operators

facet row: C
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View Composition Operators
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facet row: C
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Monthly Precipitation

data url: "weather-seattle.json
mark: "bar"
encoding

X

timeUnit: "month"
field: "date"
type: "quantitative"

y
aggregate: "mean"

field: "precipitation"
type: "quantitative"
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6 o 8 2 ® 5 =2 3 o K o o
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MONTH(date)
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Monthly Precipitation

data url: "weather—-seattle.json"
mark: "bar"

encoding
X
timeUnit: "month"
field: "date"

type: "quantitative"

y
aggregate: "mean"

field: "precipitation"
type: "quantitative"
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MONTH(date)
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Monthly Precipitation

data url

"weather—seattle. json

mark: "bar"

encoding
X
timeUn
field

type

y

it: "month"
"date"
"quantitative"

aggregate: "mean"

field
type

"precipitation”
"quantitative"

-
©
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Feb
Mar
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MONTH(date)
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Layering

data url: "weather—-seattle.json"
mark: "bar"
encoding
X
timeUnit: "month"
field: "date"
type: "quantitative"
y
aggregate: "mean"
field: "precipitation"
type: "quantitative"
§ 322853388338

MONTH(date)
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Layering

data
layer
mark
enco
X

url: "weather—-seattle.json"

Ilba r.II
ding
timeUnit: "month"
field: "date"
type: "quantitative"
aggregate: "mean"
field: "precipitation"
type: "quantitative"

§ 322853383 :%3

MONTH(date)
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Layering

data url: "weather—-seattle.json"
layer

mark: "rule"
encoding
y
aggregate: "mean"
field: "precipitation"
type: "quantitative"

© 3.5
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Concat

data url: "weather-seattle.json
mark: "bar"

encoding
X
timeUnit: "month"
field: "date"

type: "quantitative"

y
aggregate: "mean"

field: "precipitation"
type: "quantitative"

-
©
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Concat

data: <url: "weather—-seattle.json"

mark: "bar"
encoding
X
timeUnit: "month"
field: "date"

type: "quantitative"

y
aggregate: '"mean"

field: "precipitation"
type: "quantitative"

Jan

Feb

= ° <

(o)
3

MONTH(date)

o
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w

Oct

Nov
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Concat

data: <url: "weather—-seattle.json"

mark Ilbarll
encoding
X

timeUnit: "month"
field: "date"
type: "quantitative"

y
aggregate: '"mean"
field: "precipitation”
type: "quantitative"
MONTH(date)
data: ‘url: "weather-seattle.json" 22:
mark Ilbarll 24-
encoding o]
X :d'_? 204
timeUnit: "month" £ 18-
field: "date" @ 16
type: "quantitative" 51;_
% -
Yy ﬁ 10+
aggregate: "mean" = 2
field: "temperature" 4
type: "quantitative" 5
§382853558:2:3
MONTH(date)
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Concat

| vconcat
data url: "weather—-seattle.json"
mark: "“bar"
encoding
X
timeUnit: "month"
field: "date"

type: "quantitative"

y
aggregate: '"mean"

field: "precipitation
type: "quantitative"

MONTH(date)

data url: "weather-seattle.json" 26 -
mark: "bar" 24 ]
encoding 22
X ggo_
timeUnit: "month" ® 187
field: "date" élj:
type quantitative g 12-
y 310-
8
aggregate: '"mean" = 6
field: "temperature" :
type: "quantitative" 0
S
MONTH(date)
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Concat

vconcat
data url: "weather—-seattle.json"
mark: "“bar"
encoding
X
timeUnit: "month"
field: "date"

type: "quantitative"

y
aggregate: '"mean"

field: "precipitation
type: "quantitative"

MONTH(date)

data url: "weather-seattle.json" 26 -
mark: "bar" 24 ]
encoding 22
X ggo_
timeUnit: "month" ® 187
field: "date" élj:
type quantitative g 12-

y 310-

8

aggregate: '"mean" = 6
field: "temperature" :

0

c Q0 = = > c = Q B > O
S © E‘“ & &8 3 35 3 2 O° o o©
MONTH(date)

type: "quantitative"



Repeat

data url: "weather-seattle.json
mark: "bar"

encoding
X
timeUnit: "month"
field: "date"

type: "quantitative"

y
aggregate: "mean"

field: "precipitation"
type: "quantitative"
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Repeat

repeat
co lumn "precipitation", "temperature", "wind"

spec
data url: "weather-seattle.json"
mark: "bar"

encoding
X
timeUnit: "month"
field: "date"

type: "quantitative"

aggregate: "mean"
field repeat: "column"
type: "quantitative"

25

MEAN(wind)
c = =~ Db
o o (4] o

o
o
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Repeat

repeat
column: ["precipitation", "temperature", "wind"

spec
data url: "weather-seattle.json"
mark: "bar"

encoding
X
timeUnit: "month"
field: "date"

type: "quantitative"

aggregate: "mean"
field repeat: "column"
type: "quantitative"

25

MEAN(wind)
c = =~ Db
o o (4] o

o
o
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Repeat

repeat
column: ["precipitation", "temperature", "wind"

spec
data url: "weather-seattle.json"
mark: "bar"

encoding
X
timeUnit: "month"
field: "date"

type: "quantitative"

aggregate: "mean"
field: {repeat: "column"
type: "quantitative"

25

MEAN(wind)
c = =~ Db
o o (4] o

o
o
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Concat

{

repeat: {
column: ["precipitation", "temperature", "wind"]
&
spec: 1
data: {url: "weather-seattle.json";,
mark: "bar",
encoding:
X: 1
timeUnit: "month",
field: "date",
type: "quantitative"
y: 1
aggregate: "mean",
field: {repeat: "column"},
type: "quantitative"
}
s
}

25

MEAN(wind)
c = =~ Db
o o (6] o

o
(=}
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Repeat

repeat

co lumn
"temperature"
"precipitation”
IIWindII

row
"Wind"
"precipitation”
"temperature"

spec

3
y

9
8
74
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24
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temp_max

precipitation

wind
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wind
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1
30 40
precipitation
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wind

0 10 20 30 40
temp_max
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Repeat: SPLOM

? E o
repeat £ : a £
column N
"temperature" of
"precipitation” IR % 6 @ & 5t % @
. . . wind precipitation temp_max
wind - o0-
" hind -z
"precipitation" E5] S0 o 52
"temperature" A3 i

0 10 20 30 40 50 60
precipitation
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wind
e
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(4]
1
wind
wind

o

wind precipitation
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Composition
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Repeat LayRepeat
Layer
Layer
Facet

Hierarchical View Composition

Repeat
Prec, Temp, Wind

Facet Repeat
Weather Temp, Prec, Wind
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HConcat

Hierarchical View Composition

HConcat

Repeat
Prec, Temp, Wind

Facet Repeat

Layer
Weather Temp, Prec, Wind

33383854
MONTH{date)
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VConcat

Hierarchical View Composition

VConcat

HConcat

Repeat
Prec, Temp, Wind

Facet Repeat

Layer
Weather Temp, Prec, Wind
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Layer + Repeat
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Vega-Lite: a Grammar of Interactive Graphics

Interactions with Selections -> We'll discuss this next lecture!
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Vega-Lite: a Grammar of Interactive Graphics

Using Vega-Lite

Programming with Vega-Lite

igher-level Tools and Recommendations
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Vega-Lite: a Grammar of Interactive Graphics

Programming with Vega-Lite
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Using Vega-Lite



Using Vega-Lite

Compile to Vega and
use Vega's runtime
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(Web-based/Server, Canvas/SVGQG)
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Declarative
JSON Syntax
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Using Vega-Lite

Compile to Vega and
use Vega's runtime

Declarative
JSON Syntax

Retarget to different renderers
(Web-based/Server, Canvas/SVGQG)

Support streaming data

Serve as file format

Bindings for different languages

75



Altair

Contents :: Installation »

Declarative Visualization in Python

Altair is a declarative statistical visualization library for Python, based on Vega-L.ite.

With Altair, you can spend more time understanding your data and its meaning. Altair's API is simple, friendly and consistent and built on top of the powerful Vega-
Lite visualization grammar. This elegant simplicity produces beautiful and effective visualizations with a minimal amount of code.

Altair: Vega-Lite in Python

Led by Brian Granger and Jake VanderPlas.




Histogram in Altair

data url: "weather-seattle.json
mark: "bar"
encoding
X
bin: true
field: "Temperature"
type: "quantitative"

y
aggregate: "count"

type: "quantitative"

Number of Records

Te} o le} o Te} o Te} o 0
! ~— ~— Al Al (¢p)] (¢p)]

o
<t

Temperature

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

Histogram in Altair

data url: "weather—-seattle.json"
mark: "bar"
encoding
X
bin: true
field: "Temperature"
type: "quantitative"

y
aggregate: "count"

type: "quantitative"

altair-viz.github.io


http://altair-viz.github.io

Histogram in Altair

data: <url: "weather-seattle.json" from altair import Chart, expr
mark: "bar"
encoding
X
bin: true
field: "Temperature"
type: "quantitative"

y
aggregate: "count"

type: "quantitative"

altair-viz.github.io


http://altair-viz.github.io

Histogram in Altair

| data: {url: "weather-seattle.json" from altair import Chart, expr
mark: "bar"
encoding
X
bin: true
field: "Temperature"
type: "quantitative"

y
aggregate: "count"

type: "quantitative"

altair-viz.github.io


http://altair-viz.github.io

Histogram in Altair

| data: {url: "weather-seattle.json" from altair import Chart, expr
mark: "bar"
encoding data_weather = expr.DataFrame('data/weather-
X seattle.json')
bin: true
field: "Temperature" Chart(data_weather)

type: "quantitative"

y
aggregate: "count"

type: "quantitative"

altair-viz.github.io


http://altair-viz.github.io

Histogram in Altair

data: <url: "weather-seattle.json" from altair import Chart, expr
| mark: "bar"
encoding data_weather = expr.DataFrame('data/weather-
X seattle.json')
bin: true
field: "Temperature" Chart(data_weather)
type: "quantitative" I
y

aggregate: "count"
type: "quantitative"

altair-viz.github.io


http://altair-viz.github.io

Histogram in Altair

data: <url: "weather-seattle.json" from altair import Chart, expr
| mark: "bar"
encoding data_weather = expr.DataFrame('data/weather-
X seattle.json')
bin: true
field: "Temperature" Chart(data_weather)
type: "quantitative" | .mark_bar()
y

aggregate: "count"
type: "quantitative"

altair-viz.github.io


http://altair-viz.github.io

Histogram in Altair

data: <url: "weather-seattle.json" from altair import Chart, expr
mark: "bar"
encoding data_weather = expr.DataFrame('data/weather-
X seattle.json')
bin: true
field: "Temperature" Chart(data_weather)
type: "quantitative" .mark_bar()
y

aggregate: "count"
type: "quantitative"

altair-viz.github.io


http://altair-viz.github.io

Histogram in Altair

data: <url: "weather-seattle.json" from altair import Chart, expr
mark: "bar"
encoding data_weather = expr.DataFrame('data/weather-
X seattle.json')
bin: true
field: "Temperature" Chart(data_weather)
type: "quantitative" .mark_bar()
.encode (
y x=X(bin=True, field='Temperature'),
aggregate: "count" y=Y(aggregate="'count"')
type: "quantitative" )

altair-viz.github.io


http://altair-viz.github.io

Histogram in Altair

data: <url: "weather-seattle.json" from altair import Chart, expr
mark: "bar"
encoding data_weather = expr.DataFrame('data/weather-
X seattle.json')
bin: true
field: "Temperature" Chart(data_weather)
type: "quantitative" .mark_bar()
.encode (
y x=X(bin=True, field='Temperature'),
aggregate: "count" y=Y(aggregate="'count"')
type: "quantitative" )

Altair's APl is automatically generated
from the Vega-Lite JSON schema.

altair-viz.github.io


http://altair-viz.github.io

“It 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/
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http://altair-viz.github.io

“We 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.
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Vega-Lite: a Grammar of Interactive Graphics

igher-level Tools and Recommendations
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Voyager

Augment manual specification with recommendation
to promote breadth & reduce tedium in exploration.

Use Vega-Lite to recommend data and visual encodings.

https://github.com/vega/voyager
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https://github.com/vega/voyager
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Voyager

Augment manual specification with recommendation
to promote breadth & reduce tedium in exploration

Use Vega-Lite to recommend data and visual encodings.

https://github.com/vega/voyager
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Data 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 can serve as a

declarative format for describing and creating data visualizations. Vega-Lite specifications

Mark can be compiled to a lower-level, more detailed Vega specifications and rendered using
Vega’s compiler.
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We have one row for each day from January 1st, 2012 to December 31st, 2015.

This documentation describes the JSON specification language and how to use Vega-Lite

Aggregate visualizations in a web application.
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8 "timeUnit": "month", o 70+
9 "axis": {"title": "Month of the year"} E 60 —
10 1, 8 504
11> "y { E 40-
12 "field": "*", Z 30 —
13 "type": "quantitative", 20
14 "aggregate"”: "count" 10 4
15 1, 0
16 ~ "color": { Pt bl
17 "field": "weather", § § g <<:5. § § _3>; % 8 § 8 2
18 "type": "nominal", S 8 = - < oE> §3) aE> aE>
19 ~ "scale": { Y § ©C 3 3
20 "domain": ["sun","fog","drizzle","rain","snow"], n < 0
21 "range": ["#e7ba52","#c7c7c7","#aec7e8","#1f77b4" ,"#9467bd"] Month of the year
22 },
23 ~ "legend": {
24 "title": "Weather type"
25 }
26 }
27 }
28 }
29
Vega compiled from Vega-Lite (read-only) v Edit Vega spec
1+ {
2 "width": 1,
3 "height": 1,

Online Editor vega.github.io/editor

11 ~ {
12 "type": "filter",
13 "test": "datum[\"date\"] !== null & & !isNaN(datum[\"date\"])"
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Vega-Lite — A High-Level Visualization Grammar
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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,
filtering, sorting, and visual transformations including stacking and faceting.

Read our introduction article on Medium, check out the documentation and take a look at our example gallery.

Example

This is a Vega-Lite specification to create a bar chart that shows the average temperature in Seattle for each month.

{
"$schema": "https://vega.github.io/schema/vega-lite/v2.json",
"data": {"url": "data/seattle-temps.csv"},
"mark": "bar”,
"encoding": {
"x": {

"timeUnit": "month",

"field": "date”,

"type": "temporal"

. vega.github.io/vega-lite

Open in Vega Editor }




