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Formalizing Visualizations

“Transformation of the symbolic into the geometric”
IMcCormick et al. 1987]

,  Visual Program
¢ - ggplot2, Matplotlib,
V Excel, Vega-Lite
Table A set of geometric objects
: A — barx

':‘ ______ ? ______ B — bar.height ir"k;é;(;(‘:‘{"h':'{)"'i
o4 > | bar(x=2, h=4) |
R R ' bar(x=3, h=9) !
3 ------ o " bar(x=4, h=16)
KNS a5, n-25)
5: 25 | oo




Visualization in Practice

Visual program alone is often insufficient.

¢ > Visual Program
Table A set of geometric objects
XiAiB!C ? ' bar(x=1, h=1, color=A)
1:1:4: 3| " bar(x=1, h=4, color=B)
(2123132 > | bar(x=1, h=3, color=C) .
3159 { - bar(x=2, h=2, color=A) |
436 1 |

gbv expects a certain shape
of the input table

Expects 3 columns that map to
bar.x, bar.height, bar.color




Visualization in Practice

Data Adapter
/ P

Pr

/ Visual Program

Py

r —— 1T ——— V

gather(
I,

X
[A,B,CJ)

>

-

-

(1) turn A,B,C into the Key column
(2) move values in A,B,C columns

(Gather

into the Val column /

X — bar.x
Val = bar.height
Key —bar.color

----------------

Data adapter prepares th
input table to match the sha

expected by ¢y,

" ba

i bar(x h=4,
bar(x=1, h=3, color=C)
: bar(x=2, h=2, color= )

il




Visualization Challenges

1. Users need to master both data prep
libraries and visualization libraries.

e @R

/ Python, R, ... / ggplot2, \lega-Lite, matplotlib ...
Gr Gy
' ——— 1T —— 'V
2. Reshaping and aggregation of da@ o | |
requires deep data transformation 3. Change of visualization designs requires
frequent change of data adapters.

\ insight. [Feng et al. 2018] /




Visualization Challenges [Gatto 2015]

Data Adapter Visual Program

— T/ —

2. Limited Software

K led
1. Diverse data shapes nowledge

in practice 3. Limited knowledge about
/\ visualization concepts

/ Visualization Synthesis \

(1) handle diverse data shapes

(2) expressive ¢ and ¢y,

(3) user specification requires little
K visualization concepts /

Gatto, Malu AC. "Making research useful: Current challenges and good practices in data visualization." (2015).

[



How to specify visualization? Q
N

—

stackoverflow

How would you explain intent of this
visualization?

Net Cash Flow
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|
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¢, Net Cash Flow Sum

-20,000

Partial visualization

A subset of geometric objects of the
final visualization




Visualization by Example
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Visualization by Example

/ i pamal
C

7 — T’ _> |4

10



Visualization by Example

/ j Vpamal
¢ C

(Vis a set of
Synthesize geometric objects)

Given 1, V,,..;.1 » Synthesize qST, ¢y, such that (A1) 2

pamal

11



Visualization by Exa

2. Potentially large input taba

I~

3. Weak Specification:

“C” instead of “="

color

e.g. 3000 x 10 j
\/ /
T

___________________________

/o’_X

___________________________

_________________

__________________________

Requirement:

PP T )2V,

_________________________

12

__________________

Val — bar he/ght bar(x=1, h=1, color=A)
L_ff_e_V_ —bar.color i par(x=1, h=4, color=B)
» | bar(x=1, h=3, color=C)

‘bar(x=2, h=2, color=A)




Visualization synthesis

partial
'bar(x=1, h=1, color=A)
bar(x=1, h=4, color=B),
I C
X  AiB:C —
EREEREEN CbT ¢V
EREREREN , fZ" , ‘/
352 1.
413161
Requirement:

_________________________

13



Visualization synthesis

Step 1: decompile visualization
s.t, ¢V( ketch) partial

Tsketch VPC”” tial
X Key val ipar(x=1, h=1, color=A):

=1
A / Dar(x=1, h=4, color=B);

X AiIB:C,| Va/ — barhe/ght
¢ T ' Key —bar. color

Requirement:

¢V(¢7{ )2V amal |

_________________________

14



Visualization synthesis

Step 1: decompile visualization
s.t, ¢V( ketch) partial

Step 2: Synthesize data adapter

s.t., T, C T
shetch ¢T( ) Tsketch Vpa’” tial

X: Key Val fbar(x , h=1, color:A)f

Y .
Af’/ 1iA T ‘bar(x=1, h=4, color=B):
by Vg e

----------------

xiAiBic| | ig=X : \/a/—»barhe/ght

114 3 ] key=[A,B,C)) . Key —bar.color .

(2:2:8:2 | —— 4 Z / [ ‘/
.3.1.0.02 .1 ]

41316 ! 1

Key: push the containment requirement from
visualization to data adapter.

Requirement:

§b V(¢7( T)) D amal

_________________________

15



Step 1: Decompile Visualization
>

partial

Tsketch /
T > T, > V Requirement:

¢V( sketch ) partial

What data generates

bar(x=1, h=1, color=A) What mapping pamal

bar(x=1, h=4, color=B) generates V. amal

8 color Sketch

5 Ha C1 — barx V c1 c2 [c3

Wb e ¢V C2 — barheight — === o
> 4 1 5 A ; 1
C3 —bar.color S
1! B} 4
, :
———7p  (other alternatives ...)
0 | | |

Key: formalize visualization as mappings
(and leave the challenges for tables)

10



Step 2: Data Adapter Synthesis

ketch
/ S

,/V

T .

Requirement: (1) 2 T

C1i C2 i C3

..................

T/

sketch

17

Py

C1 — bar.x
C2 — bar.height
C3 —bar.color

>

1, color=A)
4, color=B)

partial

C

v



Step 2: Data Adapter Synthesis Y,

partial
sketch
4 -
xTals. N\ ¥ ¢r by
| XA LB 1. C | : : /
AT [ XiKey val T > T — V
2020802 [1iA]
3i5i2i 1] | 11 B 14
41316 1

Requ:rement p(T)2T

ske tc

filter(T, A > 0) x

Holes “[ ]” are uninstantiated

parameters of the partial program fiterM, A==1) «» o

X X! Key. i Val _
LA

1. B_i 4.

/ fllter(T,D) / gather(T, key=C, val=__) / ;ig

Start - — . gather(T, key=], val=[) > gather(T, key=A, val=_) /

\ gather(T, key=X, val=[A, B, C])]

gather(T, key=X, val=[ ) — gather(T, key=X, val=[A, B])x

spread(T, id=_], key=[_], val=[_]) \

gather(T, key=X, val=[A]) X

18 [Wang PLDI17, Feng PLDI17, Feng PLDI18]



Step 2: Data Adapter Synthesis T, . Voartial
¥ C C
/xiAisfc - \ ~¥ Or / Py
AT X iKeyval I > 7" — 'V
21203 0.2 | Tv AT
|3 02 1] 1: B !4
413161 1
\Requirement: oA T)27T,,, m/ /For any predicate, we ha\R Contradicts: \
X:A:B:C X'A'B
ERERERE) ERNE) ZZiZIIZ;Z}E;ZgI
or(T) S |2i2i8:iz2 RS Z 2208de.
/ fiter(T, ) ¢
Stat gather(T, key=|_|, val=[_) /
Forward reasoning
------ Given T and partial ¢,

spread(T, id=_], key=[_], val

!vhat’s the property of the output ng(T)?/

19 [Wang PLDI17, Feng PLDI18]



.........................

___________________________

__________________________

413 6 1

-

Requirement: ¢p( 1) 2

................

/

Stat gather(T, key=__], val=[_)

spread(T, id=_], key=[_], val=[_])

fiter(T, ) 9¢

gather(T, key=C, val=[_)) X

11 B —
cl:c2:c3 \
T Tsketch = | 1A
sketcl 1:B 14
CiA: B
Thus, fa:e- > =coo e cT;
\ 1:1: 4 Tin

partial

..................

------------------

------------------

------------------

_—

N
\_

Backward reasoning:

Given property ¢p(1T) 2 T,,,,.,, and partial ¢,
what’s the property of 77

/

20



Step 2: Data Adapter Synthesis

V.
Tsketch partial
¥ C C
/ : : : \ W¢T o ¢V
X A:B_. C._ ! : /
(1111 4: 3] [XiKey:val T > T i V
212812 |1iA:f
| 3i5.:i2: 1. | 11 B 4
4036 1

Contribution: Bidirectional reasoning
Tsker@ Inductively defined for all operators in &'

V

/ fitter(T, [) ) 4 / gather(T, key=C, val=L) $¢

— gather(T, key=_ ], val=[)) > gather(T, key=A, vaI=D>x

\ gather(T, key=X, val=[A, B, C]) J

gather(T, key=X, val=_) — gather(T, key=X, val=[A, B])

\Requirement: O T)2

Start

spread(T, id=_J, key=[_], val=[_))

X

gather(T, key=X, val=[A))

21



Visualization by Example

color
6 =2
¢V(¢]{ 1)) 2 pamal
Potentially multiple
(D7, Py) pair.s. can satisfy Vpar o T
the specification. s .
bar(x=1, h=1, color=A)
¢ \/ bar(x=1, h=4, color=B)
s R e
T gather( | va _______ g
D T g - | X iKeyVal X = barx
XIAIBIC] §oioex PSR el barheight! [paret het, coloroA)
TS key=IABC): it | KBy —barcolor | par(x=1, h=4, color=8)
B I N IS R »  bar(x=1, h=3, color=C)
R T L R 8 11513 ‘bar(x=2, h=2, color=A)
4 13:6 ;1 A2l A

22



Experiment: Viser

Question 1 (Performance):
Can fast can Viser solve practical visualization problems?

Question 2 (Usability):
How many geometric objects does the user need to demonstrate”

« Data Adapter (R tidyverse library) * 83 benchmarks from
« filter, join, gather, spread, mutate, * Stack Overflow
unite, separate, select . Exw\grials
e Visual Program (\/ega_Lite) e Evalu Input table size \
e Line. Bar. Scatter Area « g0l Ranges from 4x3 to 3686x9,
! ! ’ average size 100x10
« Stacked charts, Faceted chart, * Pa

Layered chart fro Program Complexity

1-4 statements,
On average 20 decisions to

make for each program




20M

Experiment :jj::jr. 5

Product5

Partial visualization size = 4

(i.e., 4 random geometric objects from the full visualization)
83

TO A Frmmeey -+ Solves 70 out of 83
L benchmarks

60 -

50 26 benchmarks with in 1 seconds

49 benchmarks with in 10 seconds
40 -

30 -

20 A

# of solved benchmarks

10 -

10 60 120 300 600
Time (s)
24



Performance Experiment

Partial visualization size = 4

/ Baseline Viser-M \

a variation of Viser without

83

7 —— Viser 4/
---- Viser-M

30 -

# of solved benchmarks

20 -

10 -

bidirectional pruning

. [Feng PLDI18] /

Solves 17 more
benchmarks

A

Unsolved benchmarks

Large i

nput table & complex

transformations

A

10 60 120 300
Time (s)

25

600

/\

Look ahead
Multi-modal synthesis




Usability Experiment

Product3 color
10
» Product4
Product5 5

. 888

> E"'.!l.'!'

OOOO OOOO OOOO

Partial Visualization Size
1 2

# solved benchmarks

4

Difficult tasks often
involves custom filtering

Look ahead
Negative examples,
Interactive refinement

20

Can solve a lot benchmarks with a
small number of examples.

2

Increasing size of V

partial’ makes

expected solutions rank higher




|sualizations
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Visualization by Example Contribution 1

Define and formalize the
visualization synthesis problem

_ Contribution 2
Contribution 3 .
. . Compositional synthesis

Input i /n'OUT vV
/ Vpartial
¢ C

Bldlr.eC’[IOﬂa{ analysis for of visualizations
pruning partial programs

Given 1, V., ,....1 » Synthesize ¢, ¢, such that (1)) 2

28

More questions?

Talk to: Chenglong Wang

clwang@cs.washington.edu
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