Mystique:
Deconstructing SVG Charts for Layout Reuse
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D3, InfoVis

VEGA-LITE  CONFIG

1

2 "$schema”: "https://vega.github.io/schema/vega-lite/v5.json",

3 “description”: "A scatterplot showing body mass and flipper lengths of
penguins.",

4 “data": {

5 "url": “data/penguins.json"

6 b

7 “mark": "point",

8 “encoding": {

9 "t {

10 “field": "Flipper Length (mm)",

1 uantitative",

12 “zero": false}

13

14

15 Body Mass (g)",

16 uantitative",

17 "scale": {"zero": false}

18

19 nominal"},

20 nominal"}

21 }

22}

23

EEEEEET

2011

6

Body Mass (g)

170180 190 200 210 220 230
Flipper Length (mm)

Vega-Lite, InfoVis 2017
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Re-purposing Visualizations is Still Challenging
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Decompose and Reuse Charts

EXAMPLE D3 DOT PLOT
3.8
40 32 3.4
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30 . 21 2.4
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GROUP 1 (dots)

T T T T T T T
MATH CSEE MENG COMM ANTH PHIL

DATA ENCODING MARKS
GROUP 2 (dot labels)

GROUP 1 (dots & labels)

e GPA| shape |0,

GROUP 2 (x-axis)

GROUP 3 (y-axis)

<text>
<text>
MENG  SCI 24 <text>
COMM HUM 32 <text>
ANTH HUM 38 <text>
PHIL HUM | 34 PHIL  HUM 34 | <text>
GPA L yPos [0.0, 4.0] GPA 5 yPos [0.0, 4.0]
0,,,,% xPos 0,,,,% xPos
College < shape GPA L text

College <> fill-color

Subject Colﬂe GPA shaE [deconID string | shape |deconID number | shape |deconID
MATH  scl 26 |<circe>| 38 MATH |<text> | 3 40 <text>| 15
CSEE  sal 21 |<circle> | 40 CSEE |<text> | 5 30 |<texts| 17
MENG  scl 24 |<cirde> | 42 MENG |<text> | 7 20 |<texts| 19
COMM HUM 32 |<rect> | 44 comMm| <text> | 9 10 |<text>| 21
ANTH HUM 38 |<rect>| 46 ANTH | <text> | 11 00 j<text>| 23
PHIL  HUM 34 |<rect> | 48 PHIL |<text> | 13 40 |<line>| 16
MATH sal 26 |<text> | 39 MATH | <tine> | 4 i’g <:!"e> ;g
CSEE sl 21 |<text> | @1 CSEE |<line> | 6 To zl:::z b
MENG  sCI 24 |<text>| 43 MENG | <line> | 8 00 l<ines| >4
COMM HUM 32 |<text> 45 COMM | <line> | 10
ANTH HUM 38 |<text> | 46 ANTH | <line> | 12 num = yPos
PHIL  HUM 34 |<text>| 49 PHIL | <line> | 14
Subject £ xPos  deconID < xPos ,
GPASs xPos  deconlD S yPos HARPER & AGRAWALA’'S DECONSTRUCTION
X-AXIS (DISCRETE) Y-AXIS (CONTINUOUS)

LABELS GROUP TICKS GROUP LABELS GROUP TICKS GROUP

Subject|shape |0,,,,  Subject|shape |0, number | shape number| shape
1 MATH |<text> | 1 MATH | <line> | 1 40 <text> 40 <line>
2 CSEE |<text> | 2 CSEE | <line>| 2 30 <text> 3.0 <I!ne>
3 MENG [<text> | 3 MENG | <line> | 3 fg <:ex:> 2-3 <:!"E>

, K <text> 1 <line>
4 COMM | <text> | 4 COMM| <line> | 4 ool <o 00 || <iines
5 ANTH [<text>| 5 ANTH | <line>| 5 . .
6 PHIL |<text>| 6 PHIL | <line>| 6 num = yPos [0.0, 4.0] num = yPos [0.0, 4.0]
T
num — text
0,2 xPos 0, xPos -
Subject > text
OUR DECONSTRUCTION

D3 Deconstructor,

TVCG 2018
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Limitations

EXAMPLE D3 DOT PLOT GROUP 1 (dots & labels) GROUP 2 (x-axis) GROUP 3 (y-axis)
Subject College GPA | shape |deconID string | shape |deconID number | shape|deconID - e -
3 MATH  scl 26 |<circle> | 38 MATH |<text> | 3 40 <text>| 15 e - e

CSEE sa 2.1 | <circle> 40 SEE |<text> | 5 30 <text>| 17

40 3.2 . MENG ST 24 |<circle> | 42 MENG | <text> | 7 20 |<texts| 19 - ~ B
COMM HUM 32 |<rect> | 44 COMM| <text> | 9 10 <text>| 21 P

30 . ANTH HUM 38 |<rect>| 46 ANTH |<text> | 11 00 [<text>| 23 e
PHIL  HUM 34 |<rect> | 48 PHIL |<text> | 13 40 |<line>| 16 GE -
MATH sa 26 |<text>| 39 MATH | <line> | 4 30 [dline>) 18
CSEE Ssal 21 |<texts | a1 CsEE [ <tine> | 6 20 <:!"e> 20
MENG SCI 24 |<text> | 43 MENG |<line> | 8 é'g Sine” ii
COMM HUM 32 |<text> | 45 COMM | <line> | 10 :

1.0 ANTH HUM 38 [<text>| 46 ANTH | <line> | 12 num 5 yPos @ *Hwﬂwwwwww,mwwwwww
PHIL  HUM 34 |<text>| 49 PHIL | <line> | 14 @ '”m"”mwm Fix || Recolor| W

i v o i BT B wweesomwmasorcowTucion @) pppitiitiig (@) ) O

DATA ENCODING MARKS X-AXIS (DISCRETE) Y-AXIS (CONTINUOUS) &% L.
GROUP 1 (dots) GROUP 2 (dot labels) LABELS GROUP TICKS GROUP LABELS GROUP TICKS GROUP @ WHWHHWWH‘HWWW
e GPA| shape |0,.. Subject|shape |0,  Subject|shape |0, number | shape number| shape i)
<text>| 1 MATH |<text> | 1 MATH | <line>| 1 40 f<text> 40 |<line>
<text>| 2 CSEE [<text> | 2 CSEE | <line> | 2 30 |<text> 30 |<line> Move
<text>| 3 MENG [<text>| 3 MENG | <line>| 3 2O <text> 20 |<line> Fe FEATURE 01
<text>| 4 comm | <text> | 4 comm| <line> | 4 9 <:ex‘> J,‘g <:!"e> o - 18% %
<text>| 5 ANTH [<text> | 5 ANTH | <line>| 5 00 <tex> ] <line> d e
<text>| 6 PHIL |<text>| 6 PHIL |<line>| 6 num = yPos [0.0,4.0] num = yPos [0.0, 4.0] e 50% 36% FEATURE 02 - FEATURE 05 —
GPA L5 yPos [0.0,4.0] GPA L5 yPos [0.0, 4.0] 0,2 xPos 0,2 xPos num = text “25% __ 4 25% o —
0,,,, > xPos 0,,,,% xPos Subject 1> text 5% biond 5%
College <5 sh GPA L 2%
ollege- shape - text OUR DECONSTRUCTION

College <> fill-color

D3 Deconstructor, TVCG 2018 ChartReuse, TVCG 2022

e D3 charts o PowerPoint infographics
e Basic chart types e Glyph-based bar charts
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Decompose and Reuse Charts
Our Aim

Deconstructing SVG charts to reuse layout

F2VIS 2023



Scope on SVG Charts for Layout Reuse

An Investigation into the Beagle Dataset

Mark Chart Percentage

Rectangle bar chart (histogram), grouped bar chart, stacked bar chart, diverg-  32.85%
ing bar chart (pyramid chart), Marimekko chart, heatmap, bullet
chart, treemap, waffle chart, waterfall chart, range chart, gantt
chart, matrix chart, cartogram, calendar chart

Line line graph, parallel coordinates, Kagi chart 30.51%
Pie pie chart, donut chart 16.50%
Circle scatter plot, bubble plot, dot plot, circle packing 14.96%
Others  geographic map, area chart, stream graph, chord chart, hexbin plot, 5.18%

Sankey diagram, Voronoi diagram, word cloud, sunburst chart,
boxplot, network diagram, contour plot, radial plot




Pipeline

pre- detect axis &
raw SVG processini pre-processed legend R axis & legend
example Q SVG example Q chart content
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Pipeline

verify axis &
axis & legend legend axis & legend
® ' chart content
chart content S
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Pipeline

axis & legend

chart content

axis & legend check data . deconstruct
layout components __compatibility axis &legend chart content

sample dataset generate layout components o
reuse steps

reuse steps :
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Pipeline

specify axis & legend
new _ mappings layout components
chart .

sample dataset
reuse steps

F2VIS 2023



Pipeline

axis & legend

chart content

specify B & sgeine check data . deconstruct
new mappings |ayout Components ) Compatlblllty axis & Iegend ) chart content
chart [ 4 sample dataset generate  |ayout components o
N reuse steps

reuse steps :

GREC-based Chart Decomposition and Guided Reuse

F2VIS 2023



Question

Question 1

Question 2

Question 4
Question 5
Question 6
Question 7

Question 8

rr 1~ T 1T 1T 1T 1
-40-20 0 20 40 60 80 100

|
|
Question 3 -

Percentage

Response

B Strongly disagree
Disagree
Neither agree nor disagree
Agree

B Strongly agree

——)

GREC-based
Chart Decomposition

Grouping: {...},
Relationships: {...},
Encodings: {...},
Constraints: {...}



Question

Question 1
Question 2
Question 3
Question 4
Question 5
Question 6
Question 7

Question 8

-40-20 0
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Percentage

Response
B Strongly disagree
[ Disagree
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B Strongly agree
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GREC-based
Chart Decomposition

Grouping: {...},
Relationships: {...},
Encodings: {...},
Constraints: {...}

Group 1

Group 2




Question

Question 1

Question 2

Question 3 -
Question 4 .
I

)

Question 5
Question 6

Question 7

Question 8

B B L N
-40-20 0 20 40 60 80 100
Percentage

Response
B Strongly disagree
[ Disagree
Neither agree nor disagree
[ Agree
B Strongly agree

——

GREC-based
Chart Decomposition

Grouping: {...},
Relationships: {...},
Encodings: {...},
Constraints: {...}

Group 1

Group 2

—Grid
Relationship
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Question

Question 1

Question 2

Question 3 -
Question 4 .
I

)

Question 5
Question 6

Question 7

Question 8

B B L N
-40-20 0 20 40 60 80 100
Percentage

Response
B Strongly disagree
[ Disagree
Neither agree nor disagree
[ Agree
B Strongly agree

GREC-based
Chart Decomposition

Grouping: {...},
Relationships: {...},
Encodings: {...},
Constraints: {...}

Group 1

Group 2

—_—

—Grid
Relationship

\ J

Width Encoded
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Question

Question 1

Question 2

Question 4

Question 5

Question 3 -

Question 6 I

Question 7

Question 8

. Response

B Strongly disagree
Disagree

- Neither agree nor disagree

Agree
- M Strongly agree

——
.

-40-20 0 20 40

Percentage

60 80 100

GREC-based
Chart Decomposition

Grouping: {...},
Relationships: {...},
Encodings: {...},
Constraints: {...}

Group 1

Stack
Relationship

Group 2 |
I

Stack
Relationship

—Grid
Relationship

| L

Alignment:Constraint

Width Encoded




Question

Question 1 | . Response {

Strongly disagree
Question 2 - u gy disag

Question 3 - - Biesi?r?;igree nor disagree Grouping: { o } 9
Agree ° °
Question 4 - | | S?ronglyagree GREC-baSGd RelathHShlps: {o ° o},
. — L —
Question 5 a
qwsins ] - Chart Decomposition Encodings: {...},

zuesgon ; COIlStl’ailltS : { coe }

rrr 1o 1T 1T 1T 1T 1
-40-20 0 20 40 60 80 100 }
Percentage

A bottom-up hierarchical clustering algorithm to capture the
semantic groups and relationships of rectangles.

e Distance function: estimate the spacial relationship between two
graphical objects

e Linkage function: merge graphical objects into higher-level groups




Question

. Response {

Question 2 B Strongly disagree

|
Question 3 - Neitora Grouping: { oo } )

Question 1

- Neither agree nor disagree
Question 4 - | | g?ronglyagree GREC-baSGd RelatiOHShipS: {o ° o},
Question 5 ——) e ——) Y
wosms - Chart Decomposition Encodings: {...},
prsin? Constraints: {...}
-40-20 0 20 40 60 80 100 }
Percentage




Question

. Response {

B Strongly disagree

|
- -3 Disagree Grouping: {...},

Question 1

Question 2

Question 3 Neither agree nor disagree

Quesion Bl s GREC-based Relationships: {...},

ooms 1 - Chart Decomposition Encodings: {...},

et o Constraints: {...}
Y e j

1 2 3 5 6 7 8
1 HS X X X VG X X
2 HS HS X X X
3 HS HS X X X X
4 X HS HS X X X
5 X X HS X X X
6 VG X X HS X
7 X X X HS HS
8 X X X X X HS




Question

Question 1

Question 2

Question 4

Question 5

Question 6 I

Question 7

Question 8

-40 -20

Question 3 -

0 20 40
Percentage

60

Response

B Strongly disagree
Disagree
Neither agree nor disagree
Agree

B Strongly agree

80 100

——

GREC-based
Chart Decomposition

Grouping: {...},
Relationships: {...},
Encodings: {...},
Constraints: {...}

1 2 3
1 HS X
2 HS HS
3 HS HS
4 X HS
5 X X HS
6 VG X X
7 X X X
8 X X X X

5 6
X VG
X X
X
HS
HS
X

HS

9 2 collections of HS:
C1=[1, 2, 3, 4, 5], C2=[6, 7, 8]

C1

C2




Question

Question 1

Question 2

Question 4

Question 5

Question 6 I

Question 7

Question 8

-40 -20

Question 3 -

0 20 40
Percentage

60

Response

B Strongly disagree
Disagree
Neither agree nor disagree
Agree

80 100

B Strongly agree

GREC-based
Chart Decomposition

Grouping: {...},
Relationships: {...},
Encodings: {...},
Constraints: {...}

1 2 3
1 HS X
2 HS HS
3 HS HS
4 X HS
5 X X HS
6 VG X X
7 X X X
8 X X X X

5 6
X VG
X X
X
HS
HS
X

HS

2 collections of HS:
C1=[1, 2, 3, 4, 5], C2=[6, 7, 8]

C1j

C1

C1

C2 VG

C2

Cc2

VG




Question

uestion Response
zues:ion ; -| . | | St.rongly disagree { .
Question 3 - - /l:eitr?er agree nor disagree Gl'Ollplllg: { X } )
Question 4 - | | S?ronglyagree GREC-baSGd RelatiOHShipS: {o ° o},
Question 5 ——) ven ——) A
qwsins ] = Chart Decomposition Encodings: {...},
et Constraints: {...}
-40-20 0 20 40 60 80 100 }
Percentage
= 4 C1=[1, 2,3, 4, 5], C2=[6, 7, 8] i ,
Kl - : C1y B | |
""" - c2 |
C2 c3
e 1 2 3 5 6 7 8
1 HS X X VG X X
2 HS HS X X X X o
3 HS HS X X X
c1 C2
4 X HS HS X X
C1 VG
5 X X HS X X
6 VG X X HS X c2 [ve
7 X X X HS HS
8 X X X X X HS
?



Question

uestion Response
zues:ion; -| . u St.rongly dsagree { G . { }

: it agree nor d rouping: ;...
Question 3 - - Neither agree nor disagree 9
Question 4 - | | ;\?rongly agree G REC-baSGd RelatiOHShipS: {o ° o},
Question 5 ——) e ——) Y
amsins [} - Chart Decomposition Encodings: {...},
et Constraints: {...}

-40-20 0 20 40 60 80 100 }
Percentage
1| b ) C1=[1, 2, 3, 4, 5], C2=[6, 7, 8] & ,
Kl - : C1y B | |
""" - c2 |
c2 c3 |
e 1 2 3 5 6 7 8
1 HS X X VG X X
2 HS HS X X X X o
3 HS HS X X X e @ VG
Cc1 C2
4 X HS HS X X
5 X X HS X X ¢ Ve @ HS @ HS
6 VG X X HS X ¢z [ VG
7 X X X X X HS HS 1 ‘ 2 3 4 ‘ 5 ‘ 6 ‘ 7 8 ‘
8 X X X X X X HS —— R — . R —
e



Question

. Response {

Question 1 |
: B Strongly disagree
Question 2 - isagree ° o
Question 3 - - Eeitr?er agree nor disagree Gl'Ouplllg . { X } )
Question 4 - | | Stgronglyagree GREC-baSGd RelatiOHShipS: {o ° o},
Question 5 ' g d A
quesions [} ] Chart Decomposition Encodings: {...},
s Constraints: {...}
-40-20 0 20 40 60 80 100 }
Percentage
Encodings: Channel Condition
fill rectangles in the chart content have different fill colors
area lowest-level spatial relationship is packing

width/height  lowest-level spatial relationship is grid or stack, and rectan-
gles have varying widths/heights

x/y lowest-level spatial relationship is a one-directional grid
without the gravity parameter

Constraints: e alignment constraint within a glyph (e.g., bullet charts)
e customized alignment of stacked rectangles in a grid relationship



Grouping: {...}, el B sy
i i . S Grou ree Agree
RElatlonShlpS. {o . -}, — GUIded Chart Reuse — g GGroSpT:our - Strongly agree
EnCOdingS: {. . .}, §7 Group Five -
Group Six -
Group SZven [ ]

Constraints: {...}

Inferring e Estimate the required #categorical_data and #quantitative_data
Data Schema: | jonerates a sample dataset for the given example

Your dataset should have at least 2 categorical and at least 1 quantitative columns. See Sample Data Import Data




Group One

Grouping: {...}, Group Two

Relationships: {...}, ——— Guided Chart Reuse | ee——

Group Three
Group Four

Age Group

Group Five

Encodings: {...}, Group Six

Constraints: {...}

Group Seven

Inferring e Estimate the required #categorical_data and #quantitative_data
Data Schema: | jonerates a sample dataset for the given example

Your dataset should have at least 2 categorical and at least 1 quantitative columns. See Sample Data Import Data
Generating e ordering: mapping groups to data from the highest level to the
Reuse Steps: lowest level => mapping rectangle marks to data => mapping

visual channels to data

e use Mascot.js (previously known as Atlas.js) as the underlying
library

group (Age Group) rect (Response) width (Percentage) fill (Response) align

H Strongly disagree
Disagree
Agree
Strongly agree



Evaluation

Quantitative Study - Dataset

We contribute a diverse SVG chart corpus of size 150 to develop and
evaluate our approach.

bespoke:
bullet chart 4
calender chart 4
cartogram =
cohort chart +

o = N W »

diverging bar chart

gantt chart-.

grouped bar chart

heatmap -

marimekko chart =

matrix chart -

range chart -

simple bar chart
small multiples 4
stacked bar chart o

superimposed views -
tower chart -
treemap-

waffle chart+ -

waterfall chart-
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Evaluation

Quantitative Study - Dataset

We contribute a diverse SVG chart corpus of size 150 to develop and

evaluate our approach. 20.45%
25% (22.08%) 71.72% 4.31%
_ 18.65% (20.22%) (20.73%)
bespoke 20% | (0%) 11.99%
bullet chart 14.91% (67%)

calender chart 4 (11.27%)

15%

cartogram =
cohort chart +

o = N W »

6.88% 6.78%

10% =
(0%) (4.39%)

diverging bar chart

gantt chart-.

grouped bar chart

319%  266% 2.46%

(2.46%).
4% (08%] T0-72%)

| |
GCSSD ANO 2011 KSCM TOP09 ODS  Usvit KDU-CSL Zeleni  Pirati  Svobodni Ostatni

5%

heatmap -

marimekko chart =

0% -~
matrix chart -

range chart -

- Life expectancy group
M below 60
Hl above 60

simple bar chart
small multiples -
stacked bar chart o

superimposed views -
tower chart -
treemap-

waffle chart+ -

waterfall chart-
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Evaluation

Quantitative Study - Statistical Results

. 86.67%, 85.33%, and 90.67% accuracy on the x-axis, y-axis,
and legend inference

. 96.19% (101/105) accuracy on the training set and 95.56%
(43/45) accuracy on the test set, for the layout decomposition




Evaluation

User Study - Overview

O0O0
% Z[[F&\ 12 remote participants

Afewtimespermonth- ¢ e e e @
= %
o
E, A few times per week-{ @ @

U N
S Afewtimesperyear{ e e o @
r
never-{ ®
D3js|{® e o o o

n

° Excel-® e o o e o

IE Figma- ®

D Others{® o o o |

- M strongly disagree

L Tableau-{ e o o o o o e g1 ror sagoe

Agree

5 Vega-Lite-{ @ @ W Srongy agree

ggplot2-{ @ e @

O P e s A S |
~40-20 0 20 40 60 80 100
Percentage

L1l

Interview + Likert scale questions

mmmmmm




Evaluation

User Study - Statistical Results

Task Completion and Time: Task  # Successes  Average Time (minutes)  Standard Deviation

1 11 2.87 1.62
2 11 4.35 247
3 11 2.86 2.40
4 10 4.96 2.20

5-point Likert scale (1: “Strongly Disagree” to 5:"Strongly Agree”):

« I felt that the system was an efficient way to author visualization designs. Mean: 3.92, Std: 1.04
. conveniently
I was able to conveniently accommodate the changes that I want to Mean: 4.58, Std: 0.49

achieve during my task with the system.

L | fe!t M and confident using the system after receiving the Mean: 4.25, Std: 1.01
basic training provided to me.



Evaluation
User Study - Feedback

Usability, Convenience, and Confidence

“Mystique gives a response after each step so I know whether I am on the right track, while in
Python I cannot imagine what chart I am getting when writing codes there.”

Not Clear Instructions and Insufficient flexibility

"It was hard to find what [the terms] meant exactly (top side, bottom side, height, etc.).”

“one improvement could be to allow more flexibility; for instance, currently there is no option
for selecting the color used in the chart.”



Research Opportunities

Reuse composite visualizations involving superimposition

juxtaposition, overloading, and nesting

Identify and adapt algorithmic layouts

Human-in-the-loop handling of chart deconstruction errors

Generalize to larger chart corpora composed with more shape types




B Strongly disagree
2y W Disagree
e 5 Agree
= W Strongly agree
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Online Demo:
https://mystique-vis.github.io/

~ Contact: cchen24@umd.edu



https://mystique-vis.github.io/
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