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World Greenhouse Gas Emissions in 2005
Total: 44,153 MICO2 [
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Brief overview of current tools

Template Editors  Shelf Configuration Interactive Authoring Custom Code

Data lllustrator

.attr("id", d => (d.leafUid = DOM.uid("leaf")).id)
Lattr("r", d = d.r)
.attr("fill-opacity", 0.7)
.attr("fill", d => color(d.data.group));
leaf.append("clipPath")
L ra .attr("id", d => (d.clipUid = DOM.uid("clip")).id)
y .append("use")
attr(" ref", d => d.leafUid !_
L] L] L] - )
{ )chartblocks iVisDesigner I N\
| t .attr("clip-path", d => d.clipUid) ! y
") -
p O e s a r .data(d => d.data.name.split(/(?=[A- (
‘ .enter().append("tspan")
.attr("x", 0)
.attr("y", (d, i, nodes) => "${i -
.text(d = d);
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Interactive authoring - Data Mapping
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Lyra [A. Satyanarayan, J. Heer, 2014]
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Interactive authoring - Expressive Glyphs
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File Edit View Help
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Interactive authoring - Partition & Repetition

PEERS

Ordered By | Data Source Orde v

SHAPE POSITION
X 7389
Y 2549
SIZE

Width 8.0
Height 18.5

Area 1477

STYLE
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Width 5
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Horizontal | Off v
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Data Illlustrator [Z. Liu et al., 2018]




Inking are underexplored

Layout and L
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Charticulator = Chart + Articulator

e “Articulate” as Layout
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Existing approaches for specifying layouts

e Layouts as special data transforms

Data

» Layout Transform

Implications:

g

Graphics

data attributes layout attributes

Hard to switch layout once graphics has been created
Difficult to combine layout transforms

e Most other approaches focus on specific visualizations
Graph, tree, word cloud, etc.
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Compose complex layouts using partial specifications

i |

Design individual marks Combine marks into a Glyph
e.g., e.g.,
Map data to width & height Put the star at the center

Layout the glyphs

e.g.,
Stack the glyphs along a custom curve

* Design inspired by Best Bookshelf [Tanyoung Kim]
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Compose complex layouts using partial specifications

20139 » | | x | x |¥| x| x 44‘?‘

20141 x W)‘ I
X :

20150 | [ [l d « | [ =] =

Design individual marks Combine marks into a Glyph porelT T e | ]
1 |*|*
e.g., e.g.,

Map data to width & height Put the star at the center -

2017-“: x| |x X

Layout the glyphs
e.g.,

Group the glyphs by “Year”,

within each year, stack horizontally
* Design inspired by Best Bookshelf [Tanyoung Kim]



Compose complex layouts using partial specifications

2013+ * | » | x | x| ¥ | X [ x| x| x| %
20144 * x | x| x x | x
X .
2015 ¥ x| x| x| x x | %
Design individual marks Combine marks into a Glyph el | Ll
e.g., e.g.,
Map-datato-width-&height Put the star at the center
2017- x | x x x
Layout the glyphs
e.g.,

Group the glyphs by “Year”,

within each year, stack horizontally
* Design inspired by Best Bookshelf [Tanyoung Kim]
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Compose complex layouts using partial specifications
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Coordinate Systems

| 1 I I I I I I I 1
2009 2010 201 2012 2013 2014 2015 2016

Cartesian Coordinates

Polar Coordinates
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Coordinate Systems
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Character Co-occurrence in Les Miserables
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Implementation

e Problem: there is no direct way of computing the layout given a set of
partial specifications

e Our solution: constraint-based layout algorithm
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Constraint-based layout algorithm

Partial Layout Specification

A

Snap

G1

G2

G3

G4

Stack Horizontally

Mathematical Constraints

A.X2 = B.x1

Gl.x, + Gap = G2.Xx,
G2.x, + Gap = G3.Xx,
G3.x, + Gap = G4.x,

18



Constraint solver

e Sparse conjugate gradient algorithm

min || Az — b||* + \||z — zo||?
g Constraints Keep the current

positions

Implemented using Eigen®, compiled into WebAssembly for performance

* Eigen:
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https://github.com/donghaoren/lscg-solver
http://eigen.tuxfamily.org/index.php?title=Main_Page
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Creating reusable templates

e Constraint-based layout specification generates reusable designs
* Adapt to different canvas sizes

e Adapt to new (compatible) datasets

Export
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Filter & Grouping & Multiple Glyphs

e Support composite charts

85

80

754

704

65

60

55

50

45

Life Expectancy vs. Fertility Rate

—— I -

/' /

Europe & Central Asia
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Nested Visualizations

e Support small multiples

Seattle Boston

United States, 1950s

~§--I‘/

Data Source: Global Historical Climatology Network-Daily Database (doi:10.1175/JTECH-D-11-00103.1) Data Source: Project Tycho (https://www.tycho.pitt.edu/)




Nested Visualizations

e Use chart templates as marks

Boston Weather, 2019
& M '
Jan= _Feh G Mar Rpr
S
> Export & Reuse R a8 RRLEPY UL
Jan = s > N2 N~
May = Jun = Jul _= ' Rug
N . N v ¥ &
e, pueS “es .‘“s“ ”o,, "\\’.
‘Il". f
“ .
Sep = Oct Nov Dec
. 5
Create a single instance

24



232 VIS

*3® 2018

Boston Weather, 2015
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Deployment

e Available online:

e Open Source (MIT license):
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https://charticulator.com/
https://github.com/Microsoft/charticulator
https://github.com/Microsoft/charticulator

27

Deployment

e Number of users per day (average: 108)

400 -
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Wed 19 Fri21 Sep 23 Tue 25 Thu 27 Sat29 October Wed 03 Fri05 Oct07 Tue 09 Thu11 Sat13 Mon 15 Wed 17 Fri19 Oct21 Tue 23 Thu 25




Future directions

e [ncorporate multi-modal interactions
Pen & touch
Speech

e Support more sophisticated layout techniques, e.g.,
Edge bundling
Treemap
Force-directed layout algorithm
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Thanks! Questions?

Q 2

Donghao Ren Bongshin Lee Matthew Brehmer

University of California, Microsoft Research Microsoft Research

Santa Barbara

e Links to Charticulator

Nathan Evans

Microsoft Research

Kate Lytvynets

Microsoft Research

David Tittsworth

Microsoft Research

Chris Trevino

Microsoft Research
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https://charticulator.com/
https://github.com/Microsoft/charticulator

