Supporting Data Journalism
through Compilers for Visual Inputs
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Data Journalism

What does

journalism have to Aren’t compilers for transformin Vwhat does ihis
do with compilation? P J even mean

programs, not charts?

Compilers

Visual Inputs
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Data Journalism



The Most Detailed Map of Cancer-
Causing Industrial Air Pollution in the U.S.

Al Shaw and Lylla Younes
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How America Reached One Million Covid Deaths

Jeremy White, Amy Harmon, Danielle Ivory, Lauren
Leatherby, Albert Sun, Sarah Alimukhtar



The Washington Post

Will global warming make temperature less deadly?

Harry Stevens



Data Journalism

Telling stories with data



Data Journalism

(Lots and lots of)

Programming



Data Journalism
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Data Journalism
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How can we design and build

programming tools

to support the working practices of

data journalists:



How can we design and build

programming tools

to support the working practices of

data journalists:



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

. .
--------

___________________________________________________

of video observation with

Data

Social QR Earth and e
Journalists

Scientists Climate Scientists

| il

I,
!




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

- .
-------

"""""""""""""""""" """""""""""

of video observation with

Data l_ Social ~- Earth and
Scientists <V (Climate Scientists —

~ Journalists




. A s s A A A A A

Apply to new datasets

......

''''''
. o, =
¢ op

L‘ Data .....
Journalists

=N
T




Reverse engineering was as time-
consuming as developing the
visualization from scratch.
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After selecting a design, they
still had to reproduce the
visualization in code.



Visual Inputs
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const x = d3.scalelLinear()
.domain(d3.extent(cars, d => d["weight (1b)"1))
.range([marginLeft, width - marginRight]);

const svg = d3.create(”svg")

.attr("width", width)

.attr("height", height)

.attr("viewBox", [0, 0, width, height])
(

.attr("style", "max-width: 100%; height: auto;");

svg.append(“g")
.attr("transform", " translate(9,${height — marginBottom}) )
.call(d3.axisBottom(x).tickSizeOQuter(0));

svg.append(“g")

.selectAll()

.data(dodge(cars, {radius: radius * 2 + padding}))

.join("circle")
attr("ex", d => d.x)
.attr("cy", d => height — marginBottom - radius — padding — d.y)
.attr("r", radius)

.append("title")
.text(d => d.data.name);
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Visual Inputs "VWVWWWYWWWWWYWWVV - Programs

DR

const x = d3.scalelLinear()
.domain(d3.extent(cars, d => d["weight (1b)"1))
.range([marginLeft, width - marginRightl);

const svg = d3.create(“svg")

.attr("width", width)

.attr("height", height)

.attr("viewBox", [@, 0, width, height])
(

.attr("style", "max—-width: 100%; height: auto;");

svg.append(“g")
.attr("transform", "translate(9,${height — marginBottom}) )
.call(d3.axisBottom(x).tickSizeOuter(0));

svg.append(“g")
.selectAll()
.data(dodge(cars, {radius: radius * 2 + padding}))
.join("circle")
attr("ex", d => d.x)
.attr("cy", d => height - marginBottom - radius - padding — d.y)
.attr("r", radius)
A .append("title")

.text(d => d.data.name);

Could this be a compilers problem?



Maybe?

Could this be a compilers problem?
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How do we compile from a visual form
to a textual symbolic representation’

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

(module
(type (;0;) (func (param 132 132) (result 132)))

(func (;0;) (type 0) (param 132 132) (result 132)
get_local 1

use wasm_bindgen::prelude: :x get_local @
132 .add)
, (table (;0;) 1 1 anyfunc)

#[wasm_bindgen] (memory (;0;) 17)

pub N add(a: u32, bh: u32) -S> { (global (;0;) 132 (132.const 1049118))
(global (;1;) 132 (132.const 1049118))

a + b (export "memory" (memory 0))

¥ (export " _indirect function_table" (table 0))
(export " _heap_base" (global 0))
(export " __data_end" (global 1))
(export "add" (func 0))
(data (132.const 1049096) "invalid malloc request"))

Code Generator

l\------------.-------!.




How do we compile from a visual form
to a textual symbolic representation’

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

(module
(type (;0;) (func (param 132 132) (result 132)))
(func (;0;) (type 0) (param 132 132) (result 132)
get_local 1
get_local ©
132.add)
(table (;0;) 1 1 anyfunc)
(memory (;0;) 17)
(global (;0;) 132 (132.const 1049118))
(global (;1;) 132 (132.const 1049118))
(export "memory" (memory 0))
(export " _indirect function_table" (table 0))
(export " _heap_base" (global 0))
(export " __data_end" (global 1))
(export "add" (func 0))
(data (132.const 1049096) "invalid malloc request"))

Code Generator

l\------------.-------!.




How do we compile from a visual form
to a textual symbolic representation’

(module
(type (;0;) (func (param 132 132) (result 132)))
(func (;0;) (type 0) (param 132 132) (result 132)
get_local 1
get_local ©
132 .add)
(table (;0;) 1 1 anyfunc)
(memory (;0;) 17)
hlobal (;0;) 132 (132.const 1049118))
ylobal (;1;) 132 (132.const 1049118))

Recover (or infer) semantic [0 2 7 oo e

o o oxport " 1ndilrect function_table" (table 0))
lnformatl()n fI'Om the export "__heap_base" (global 9))
export " _data_end" (global 1))
. export "add" (func 0))
Vlsual form that we Call data (132.const 1049096) "invalid malloc request"))

-....................;.

represent symbolically.

................ Code Generator




How do we compile from a visual form
to a textual symbolic representation’

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

Map interactions with the (module - |
. . (type (;0;) (func (param 132.132? (result 132?))
VlSllal fOl”m J[O program EdltS (f;gf{:_iéggi itype ©) (param 132 132) (result 132)
get_local ©
132.add)

(table (;0;) 1 1 anyfunc)

(memory (;0;) 17)

(global (;0;) 132 (132.const 1049118))

(global (;1;) 132 (132.const 1049118))

(export "memory" (memory 0))

(export " _indirect function_table" (table 0))
(export " _heap_base" (global 0))

(export " __data_end" (global 1))

(export "add" (func 0))

(data (132.const 1049096) "invalid malloc request"))

l\------------.-------!.
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Parser

Recover (or infer) semantic
information from the
visual form that we can
represent symbolically.
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Map interactions with the
visual form to program edits.
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A compiler from SVG subtrees to data visualizations
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Least Vaccinated U.S. Counties Have Something in Common: Trump Voters

Danielle Ivory, Lauren Leatherby and Robert Gebeloff
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https://www.nytimes.com/by/robert-gebeloff
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______ A user identifies a visualization
they want to use as a visual input.

States with larger Trump vote shares are likely to have more ... and have a smaller share of residents already vaccinated
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States with larger Trump vote shares are likely to have more .. and have a smaller share of residents already vaccinated
adults who are vaccine hesitant ... than states with larger Biden vote shares.
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JavaScript program using
Observable’s Plot library:.

const plot = Plot.plot({
color: {
type: "categorical",
range: ["#C67371", "#ccc", "#709DDE"”, #A7B9D3", "#C23734"]
}
marks: [
Plot.dot(data, {
X ¢ u??n,
y: u??n’
fill: "?2?2",
fillOpacity: 1,
stroke: "??",
strokeOpacity: 1,
strokewidth: 1
¥,
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States with larger Trump vote shares are likely to have more ... and have a smaller share of residents already vaccinated
adults who are vaccine hesitant ... than states with larger Biden vote shares.
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const plot = Plot.plot({
color: {

type: "categorical",

range: ["#C67371", "#ccc",

t
marks: [
Plot.dot(data, {
x: 1290,
y: u29m,
fill: #2727,
fillOpacity: 1,
stroke: "??",
strokeOpacity: 1,
strokewidth: 1
),

"#709DDE", #A7B9D3", "#C23734"1]
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from the C: and Prevention and reflects vaccina

produce a new visualization.
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<svg viewBox="0 0 493.5 450" width="493.5" height="450">

[t all starts with a walk.

Visit each node
in the svg subtree.

-
N

20—
ceee

aria—-label="dot">

<circle cx="366" cy="349" r="7" f111="#C67371" fill-opacity=".8" stroke="#C67371" />

<circle cx="140" cy="167" r="7" fill="#A7B9D3" fill-opacity=".8" stroke="#A7B9D3" />

<clrcle cx="121" cy="119" r="7" fi11ll="#709DDE" fill-opacity=".8" stroke="#709DDE" />

aria—-label="x—-axis tick label” fill="none" stroke="currentColor”>

<text y="0.7l1lem” transform="translate(56, 420)" stroke="currentColor”>10</text>

<text y="0.7l1lem” transform="translate(56, 420)" stroke="currentColor”>20</text>

n------------.-------.:



[t all starts with a walk.

<svg viewBox="0 0 493.5 450" width="493.5" height="450">

re Visit each node
aria-label="dot"> AN :
-~ in the svg subtree.

<circle cx="366" cy="349" r="7" f111="#C67371" fill-opacity=".8" stroke="#C67371" />

<circle cx="140" cy="167" r="7" fill="#A7B9D3" fill-opacity=".8" stroke="#A7B9D3" />

<clrcle cx="121" cy="119" r="7" fi11ll="#709DDE" fill-opacity=".8" stroke="#709DDE" />

aria—-label="x—-axis tick label” fill="none" stroke="currentColor”>

<text y="0.7l1lem” transform="translate(56, 420)" stroke="currentColor”>10</text>

<text y="0.7l1lem” transform="translate(56, 420)" stroke="currentColor”>20</text>

n------------.-------.:



[t all starts with a walk.

<svg viewBox="0 0 493.5 450" width="493.5" height="450">

— <g aria-label="dot">

Visit each node

 <circle cx="366" cy="349" r="7" fill="#C67371" fill-opacity=".8" stroke="#C67371" /> ,
in the svg subtree.

pal

ceee

— <clrcle cx="140" cy="167" r="7" f111="#A7B9D3" fill-opacity=".8" stroke="#A7B9D3" />

— <circle cx="121" cy="119" r="7" f1l11="#709DDE" fill-opacity=".8" stroke="#709DDE" />

— <g aria-label="x-axis tick label” fill="none"” stroke="currentColor”>

— <text y="0.71lem” transform="translate(56, 420)" stroke="currentColor”>10</text>

n------------.-------.:

— <text y="0.7l1lem” transform="translate(56, 420)" stroke="currentColor”>20</text>




Read geometric and presentational attributes
off of each DOM node and its computed styles.

n =
--------------------

<clrcle cx="366" cy="349" r="7" f111="#C67371" fill-opacity=".8" stroke="#C67371" />

fi1ll > "#C67371"

fill-opacity > 0.8

stroke > "#C67371"

Styles Computed stroke—-opacity » 1

=
Ssassssssssssgunsnnnnd
)

» stroke—opacity 1 stroke-width > 2px
» stroke—-width 2PX



Store collected attributes in attribute sets.

------
------
. LS

.

»
M .
--------------------

’, “’
. H .

.

P "ttammant®

ox: { CREED . CEED . CEED . CEED .-

cy: { CEED. CEED . CEED . CEED -

r: A h

Fill: ¢ D, CEERITTTD G -
fill-opacity: {(EEEERTIERNCNY }

stroke: { CRTEREETD  CETERIETD  CEIERITE . -
stroke—opacity: { (EITsOrlEi s }

stroke-width: { (EELlCRICEY }

H
ECLCICTT T FETPTTEY



Apply a set of predicate functions associated
with a visualization type.

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

N =
"Tammun®

ox: {CEED .. sar Chart
CVy. { ; ons } hasMarkType("rect”)

T { } hasConsistentGeomAttr(“width")

f1ll: {, Is hasXScaleType(“discrete”)
fill-opacity: {EEEERTIELTNIAN

stroke: {,... I3

stroke—opacity: { [EELLES TR 1

stroke-width: { (ESTLCRECIIIrY

n------------.-------.:



Compute the ratio of predicates returning
true for each visualization type.

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

. .
-------

Bar Chart (0/3 predicates) Strip Plot (2/3 predicates)
hasMarkType(“rect”) ¥ hasMarkType(“circle”)
hasConsistentGeomAttr(“width”) X hasConsistentGeomAttr(“r")
hasXScaleType(“width”) X hasSiblingsWithConsistentCyAttr X

"""" Scatterplot (2/2 predicates) Bubble Chart (1/2 predicates)
hasMarkType(“circle”) V/ hasMarkType(“circle”) V/ ........

hasConsistentGeomAttr(”r") E hasDivergentGeomAttr(“r") X



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

Merge the inferred visualization type with the
attribute sets to produce the intermediate

representation (IR).

Scatterplot (2/2 predicates)

fill: { BRI G YAVAEN ,.. |
PR EIANANEN Lll-Opacity > 0.8 B

stroke > "#C67371" 1.

stroke—opacity: { [ Si@ael e elelzlenims =2 di |

stroke—-width: { FSigael=Eihlehual =2 iopa |

stroke: {

type

f1ll:

fi1ll
stro
stro
STro

: "Scatterplot”,
r: [71,

[0.81],

ke: ["#C67371", "#ccc'",
ke—opacity: [11,

ke—width:

[uszu]

[ "#C67371", "#ccc", "#709DDE" ],
—opaclty:

"#709DDE" T,

n------------.-------.:
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States with larger Trump vote shares are likely to have more
adults who are vaccine hesitant ...

Wyo.
30%
estimated hesitant . ND.
Miss.
ldaho
Mont ()

Ohio |4 Okla.
Mich @ ® ®
20% - Kan. ()

Ky.
sc. ©
Ore. Va TO
. exas
o,
N.Y. Pa. @
Md. Utah
Ocait
10% Hawaii Minn.
awaii
Vi, Conn.
®9
Mass.
~<+— MORE VOTES FOR BIDEN MORE VOTES FOR TRUMP —»

The frontend of the

... and have a smaller share of residents already vaccinated
than states with larger Biden vote shares.

60%
of residents given
at least one shot

N.H.

Conn. Maine

Mass.
@ N.M.
Vt.
Calif. N.J. Pa. P
Neb. gD
40% Md. N.Y ® ..
® Va. Mich @ [ ) Ky.

" : e ©
Hawal Ore. g Utah ‘

Ohio
® Oka. @
Nev Tecxzxs O@ AroK Way
Ga. O OOO Wyo.

20%

~+— MORE VOTES FOR BIDEN MORE VOTES FOR TRUMP —»

Source: Estimates of vaccine hesitancy by state come from the Department of Health and Human Services,
Office of the Assistant Secretary for Planning and Evaluation. Data on the share of state residents who have
been vaccinated comes from the Centers for Disease Control and Prevention and reflects vaccinations

through April 16. Election data is from Edison Research.

Input Visualization

type:

f1ll:

[0 [
el

N

compiler

"Scatterplot”,
r: [71,
["#C67371", "#ccc", "#709DDE" ],

fill-opacity: [0.81],

stroke:

["#C67371", "#ccc", "#/709DDE"],

stroke—opacity: [11],
stroke—width: ["2px"]
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Intermediate Representation
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The backend of the '“"'" compiler

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

const plot = Plot.plot({
color: {
type: "categorical",
range: ["#C67371", "#ccc", "#709DDE"]

{ a
type: "Scatterplot”, marks: |
re (71, Plot.dot(data, {
fill: ["#C67371", "#ccc", “#709DDE"], Xzt
fill—opaCity: [@-8], W ¥i11:.ufl)7n

stroke: ["#C67371", "#ccc", "#709DDE"],
stroke—opacity: [11],
stroke—width: [“2px"]

fillOpacity: 1,
stroke: "7?7?",
strokeOpacity: 1,
strokewidth: 1
Py =
e e
P P

Intermediate Representation Partial Program



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

Start with the IR and an empty program,
signified by an evaluation hole.

e E Insertion point for
L et ss s s generated code

{ "${EVAL HOLE}
type: "Scatterplot”,
r. [71,
fi1ll: ["#C67371", "#ccc", "#709DDE"],
fill-opacity: [0.81,
stroke: ["#C67371", "#ccc", "#709DDE"],
stroke—-opacity: [11],
stroke—width: [“2px"]

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

Intermediate Representation Partial Program



Apply a set of rewrite rules to transform key-
value pairs in the IR into program fragments.

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

{ S “${EVAL HOLE}"

EYDE: HSCatterplolh, o m— |
stroke: ["#C67371", "#ccc", "#709DDE"],
stroke—opacity: [11],

r: [71], , é
evalType
stroke—-width: [“2px"] "Plot.dot

f111: ["#C67371", "#ccc", "#709DDE"],
fill-opacity: [0.81],
} % x: "${P
y: u${|:)

Intermediate Representation

(data, 1
ROGRAM_HOLE}+",
ROGRAM_HOLE}+",

_HOLE?}

Partial Program

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



Apply a set of rewrite rules to transform key-
value pairs in the IR into program fragments.

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

. .
--------

{ —— \Plot.dot(data, {
type: “Scatterplot”, § x: “${PROGRAM HOLEZ}",
T [7]’0 ............................................................................................................................................................................... E y: ”$‘{PQOGRAM_HOLE}”,
f111l: ["#C67371", "#ccc", "#709DDE"], ${EVAL_HOLE}

il opmesey: 061, ¥

stroke: ["#C67371", "#ccc", "#709DDE"],
stroke—opacity: [11],

stroke-width: ["2px"] % ‘Plot.dot(data, {
] § x: "${PROGRAM_HOLE}"
| y: “${PROGRAM_HOLE}", S
] 7 / ...........
ereeueeeseeer st n s annas o ${EVAL_HOLE} KSR -
)

Intermediate Representation Partial Program



Continue applying rewrites until we've read
all key-value pairs in the IR.

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

type: "Scatterplot”,

r: [71,

f111l: ["#C67371", "#ccc",
fill-opacity: [0.8],
stroke: ["#C67371",
stroke—opacity: [11],
stroke-width: [“2px"]

"#709DDE" 1, °

"#ccc", "#709DDE"T,

Intermediate Representation

N\

"Plot.dot(data, {
x: "${PROGRAM_ HOLE}",
v: “${PROGRAM_HOLE}",
r: 7/,
${EVAL HOLE}

)

Plot.dot(data, A

x: "${PROGRAM HOLE}",

y: “${PROGRAM_HOLE}",

r: 7/,

f11l: "${PROGRAM _HOLEZ}",
°${EVAL HOLE?}

)

Partial Program

l\------------.-------!.



Continue applying rewrites until we've read
all key-value pairs in the IR.

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

"Plot.dot(data, {

{
o ) x: “${PROGRAM_HOLE}",
B y: "${PROGRAM_HOLE}",
: ’ I I I I 1 I r. 7 I

f%llo [ #967371 ! #CCC ! #7®9DDE ], fill: ”${PROGRAM_HOLE}",
fill-opacity: [0.81], fi110pacity: 0.8
stroke: [ #Q67371 , "#ccc", "#709DDE"], stroke: “${PROGRAM HOLE}"
stroke—opacity: [1], S
stroke-width: [“2px"] crroxespacttyy L

! strokeWidth: “2px”

)

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

Intermediate Representation Partial Program



Input Visualization

States with larger Trump vote shares are likely to have more ... and have a smaller share of residents already
adults who are vaccine hesitant ... than states with larger Biden vote shares.
Wyo.
30% D ‘ B0% dents ai
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estimated hesitant Miss. [ ] at least one shot
[}
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® e
o [ ]
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Rewrite Rules and Codegen

evalGeomAttr

evalType

Attribute Sets

fi1ll > "#C67371"

fill-opacity > 0.8

Partial Program

const plot = Plot.plot({
color: {
type: "categorical",
range: ["#C67371", "#ccc", "#709DDE"]
¥
marks: [
Plot.dot(data, {
X S u??n'
y: u??n’
fill: “?2°?",
fillOpacity: 1,
stroke: "?7?",
strokeOpacity: 1,
strokewWidth: 1
¥,
1,
});

Intermediate Representation

type: "Scatterplot”,

r: [71,

fill: ["#C67371", "#ccc", "#709DDE"],
fill-opacity: [0.81,

stroke: ["#C67371", "#ccc", "#709DDE"],
stroke—opacity: [1],

stroke—-width: ["2px"]

Output Visualization

I I
180 190 200 210 220 230
flipper_length_mm -
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- Working Practice

Apply to new datasets

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



SIEIE]
oee

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

. .
--------

Reverse engineering was as time-
consuming as developing the
visualization from scratch.

......
''''''
. v =

* op

----------------------
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Automatically compile partial programs from examples

. .
ot ot = P o : Feed in any dataset
color: { .
type: "categorical", E
range: ["#C67371", "#ccc", "#709DDE"]
}l
marks: [

Plot.dot(data, {
x: 1290

y: 1277,

fill: “22",

fillOpacity: 1,
291

S Milliseconds [ o SErokeopaciiy: 1 S S

strokewWidth: 1
IO M
1
)i




Don't commit to a specific visual form before seeing your data in
it. A given visual form — say the pie chart or treemap — 1sn't “good”
or “bad” in an absolute sense, but it may or may not be appropriate
to your data and the specific question you want answered.

The only way to know whether a form is effective is if it
communicates: you must put your data in it and see.

Mike Bostock ¢ “10 Years of Open-Source Visualization”



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

Lexer
Parser

Recover (or infer) semantic
information from the
visual form that we can
represent symbolically.

[

e

Map interactions with the
visual form to program edits.

cartokit

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



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

cartokit

A direct manipulation programming
environment for interactive cartography

l\------------.-------!.
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Demo

States with larger Trump vote shares are likely to have more
adults who are vaccine hesitant ...

... and have a smaller share of residents already vaccinated
than states with larger Biden vote shares.

cartokit

Wyo.
o 60%
22tﬁ1ated hesitant Miss. ‘e 2{ I[g;g%ﬁ: gngtn
Idaho N.H.
Mgt. T(En)n. ®
E oo @
@ La. @ Ok.la. Mass. Conn. Maine
20% Mich. Kan. )
KO W.Va N.M.
sc. ® Vi it N.J. Pa.
Ore. Va. Texas o0 Neb. s.0 '
e NLY. Pa Ugh o & Mich. ° OO ® ‘ W
A anIif. Ore. Ohio Ugh OKla.
10% HéWéii . Minn. Nev. o ACr; W.Vi
\t. onn. e ® ® o Wyo
Mass. Miss Ala.
20%
~<+— MORE VOTES FOR BIDEN MORE VOTES FOR TRUMP —» ~+— MORE VOTES FOR BIDEN MORE VOTES FOR TRUMP —>
source: Estimates of vaccine hesitancy by state come fro 1e Department of Health and Human Services
Office of the Assistant Secretary for Planning and Evaluation. Data on the st ( dents who |
been vaccinated comes from the Centers for Disease Control and Prevention and refl ir n
wrough April Election data is from Edison Research.
® [ ]
The Washington Post cartokit
Will global warming make temperature less deadly? A reproduction of the map in cartokit. P B
¢ . .
Harry Stevens :

.
-------

Can we author programs through direct manipulation of their outputs?



cartokit

A user uploads their geospatial
data to cartokit.

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

l\------------.-------!.



cartokit

cartokit renders and displays
_____________________ the data while simultaneously
1. generating a program.

-....................;.



cartokit
A user styles the map via direct

manipulation while cartokit
1 recompiles a matching program.

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

Bassssmsssssgenaannnd



cartokit
A user can copy, modity, and

deploy the compiled program as
1. desired.
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cartokit

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

3.

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

Map property controls in the Ul to an intermediate representation.

const 1r = {

center: [-106.1086, 37.7531],

zoom: 4,
basemap: {

url: “https://tiles.stadiamaps.com/styl..”,
provider: “Stadia Maps”,

Fy
layers: [
{
type: "F111",
style: {
fill: {

color: "#8638eb",

opaclty: 0.75,
F
stroke: A

color: "#ffffff",

width: 1,
opaclty: 0.5,

Bassssmsssssgenaannnd



When a user alters a property in the Ul, dispatch an update to the IR.

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

. .
--------

Fill Layer Choropleth Layer

Bassssmsssssgenaannnd



When a user alters a property in the Ul, dispatch an update to the IR.

Fill Layer Choropleth Layer

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

_______________________________ - d 1 S p atc h |_ 3 y o I'U p d ate

const ir = { -~ const ir = {
center: [-106.1086, 37.75311, : center: [-106.1086, 37.7531],
zoom: 4, § zoom: 4,
basemap: { : basemap: {
url: “https://tiles.stadiamaps.com/styl..”, : url: “https://tiles.stadiamaps.com/styl..”,
provider: “Stadia Maps”, § provider: “Stadia Maps”,
o : ¥
layers: [ : layers: [
{ § {
- type: “Fill”, = & type: “Choropleth”,
style: { : style: {
fill: { § fill: A
— color: "#8638eb", F o+ attribute: “years 2020 _2039",
opacity: 0.75, + scale: "Quantile”,
I, + count: 8,
stroke: A + scheme: d3.schemeBuPu,
color: "#ffffff", P+ thresholds: [-210.21, -23.03, ..1,
width: 1, § opacity: 0.75,
opacity: 0.5, : b
F, : stroke: {
}, § color: "#ffffff",
T, : width: 1,
1, : opacity: 0.5,
¥ ¥,
b,
by
1,



Begin code generation, starting with dependencies.

const ir = L COdegeﬂImpOItS
A B center: [-106.1086, 37.75311,

zoom: &,
basemap: {
url: “https://tiles.stadiamaps.com/styl..”,
provider: “Stadia Maps”,
Fy
layers: [
{
type: "Choropleth”,
style: A
fill: A
attribute: “years 2020 _2039",
scale: "Quantile”,
count: 8,
scheme: d3.schemeBuPu, ${codegenFileImports(ir)’
thresholds: [-210.21, -23.03, ..], ${codegenFns(ir, transformTable)}?
opaclity: 0.75, ${codegenMap({ map, 1r, uploadTable, transformTable })}
L
stroke: {
color: "#ffffff", g,
width: 1, S0
opacity: 0.5, o

l\------------.-------!.



Pass execution to codegen functions to produce
program fragments for distinct parts of the IR.

const 1]:_ _ { ............................................... Codegenlmports
A B center: [-106.1086, 37.75311,

zoom: &,

basemap: {
url: “https://tiles.stadiamaps.com/styl..”,
provider: “Stadia Maps”,

iéyers: [ "import mapboxgl from “mapbox—-gl”;
{ ${traosformTable.size > 0
type: “Choropleth”, ? ;%mport * as turf from "“@Eturf/turf”’;
style: A : ; , ,
Fi11: ${CodegenF11eImports(1r)}
attribute: “years 2020 2039" ${codegenFns(ir, trapsformTable)} \
scale: “Quantile”, ${codegenMap({ map, 1ir, uploadTable, transformTable })}
count: 8,
scheme: d3.schemeBuPu,
thresholds: [-210.21, -23.03, ..1,
opaclty: 0.75,
F
stroke: o d FileT t d F degenM
color: "#ffffff", coaegenri11e1mports coaegenrns coaegenivap o
width: 1, S0
opacity: 0.5, S
F
Fy
F
1,



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

const 1r
center:

zoom:
basemap: {

Pass execution to codegen functions to produce
program fragments for distinct parts of the IR.

= A
[-106.1086, 37.75311,
o

url: "https://tiles.stadiamaps.com/styl..”,
provider: "“Stadia Maps”,

Ly

layers: [
{

type: “Choropleth”,

style: A
fill: A
attribute: “years 2020 _2039",
scale: "Quantile”,
count: 8,
scheme: d3.schemeBuPu,
thresholds: [-210.21, -23.03, ..1,
opaclty: 0.75,
ry
stroke: {
color: "#ffffff",
width: 1,
opaclity: 0.5,
1
y

codegenF1leImports codegenMap

codegenImports

“import mapboxgl from “mapbox—-gl”;
${transformTable.size > 0
? '‘1mport * as turf from “@turf/turf”’;
. 1 II}
${codegenFileImports(ir)?}
${codegenFns(ir, transformTable)}
${codegenMap({ map, 1r, uploadTable, transformTable })}

"const map = new mapboxgl.Map({
contalner: “map”,
style: "${ir.basemap.urlt”,
center: [${ir.center[@]}, ${ir.center[1]1}],
zoom: ${map.getZoom()}
) ;

map.on(’load’, ${isLoadSync ? ’‘async ' R0 => A
${Object.values(ir.layers).reduce((p, layer) => {

return p.concat(”\n\n"” + codegenSource(layer, uploadTable));

},IIII)}



Pass execution to codegen functions to produce
program fragments for distinct parts of the IR.

const 1r = A
center: [-106.1086, 37.75311],
zoom: 4,
basemap: {
url: “https://tiles.stadiamaps.com/styl..”,
provider: “Stadila Maps”,

}’ s CodegenFileImportS
layers: [ ;

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

{
type: "Choropleth”, E
style: { 5
fill: {
b e, (CRE D
scale: "Quantile”,
count: 8, :

scheme: d3.schemeBuPu,

thresholds: [-210.21, —23.03, .1, § B codegenStroke
opacity: 0.75, g §

% : ; codegenlLayer

stroke: { ; | :
color: "#FFffff", 5 = . :
width: 1, codegenMap - codegenFill
opacity: ©.5, OSSR 000

¥, S codegenSource

o
o



Each codegen function produces its own program
fragment, with callers deciding insertion points.

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

. .
-------

</>

codegenFileImports

</> </> </>

codegenImports codegenTransforms

</>

S codegenStroke
</>
</>

codegenMap W codegenFill .
</> :/“ '.i:
:.--- COdegenSOurCe E:: ----------- E-------l;

codegenlLayer
</>




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

The program fragments are assembled into an output JavaScript program.

(® mapbox

import mapboxgl from “mapbox-gl”;

import waPoTemperatureRegions from “./wapo-..";

mapboxgl.accessToken = “pk.eyJ6fh2gsd6g289d..”;

const map = new Map({
contalner: “map”,

style: "https://tiles.stadiamaps.com/styl..”,

center: [-106.1086, 37.75311,
zoom: 4
)

map.on(”load”, () => {
map.addSource(”wapo—-temperature—-regions”, {
type: "geojson”,
data: waPoTemperatureRegions,
F);

map.addLayer ({
1d: “wapo—temperature-regions”,
source: "wapo—-temperature-regions”,

type: “f1l1l1",
paint: o
“fill-color”: [
”Step” ’
[“get”, "years_ 2020 _2039"1],
]
¥
),

r);

codegenImports

</>

</>

codegenFileImports

</>

</>

codegenMap

</>

codegenTransforms

</>

codegenlLayer

codegenSource

</>

codegenStroke

codegenfFi1ll

</>

</>

l\------------.-------!.



The program fragments are assembled into an output JavaScript program.

(® mapbox Leaflet ff

P ~1mport mapboxgl from “mapbox-gl”; import L from “leaflet”;
S . : 1mport waPoTemperatureRegions from “./wapo-.."; import waPoTemperatureRegions from “./wapo-..";
- mapboxgl.accessToken = “pk.eyJ6fh2gsd6g289d..”; const map = L.map(“"map")

.setView([-106.1086, 37.75311, 4);
const map = new Map({

contalner: “map”, L.t1lelLayer(
style: “"https://tiles.stadiamaps.com/styl..”, "https://tiles.stadiamaps.com/tiles/alida..”,
center: [-106.1086, 37.75311, o {
zoom: &4 T Cﬂft()l(lt IR - maxZoom: 20,
) attribution:
5 : : '&copy; <a href="https://stadiamaps...”',
map.on(“load”, () => { E E § }
map.addSource(“wapo—temperature-regions”, { E § § ) .addTo(map) ;
type: "geojson”, ; ; ;
data: waPoTemperatureRegions, § § | L.geoJSON(waPoTemperatureRegions, {

style: (feature) => {
const attr =
feature.properties[”years_ 2020 _2039"];

W
AV
N
‘\va

a

r); \‘ \

map.addLayer ({
1d: "wapo—-temperature-regions”,

source: "wapo—temperature-regions”, | 1if (attr < —-23.03) A g,
type: “fill", 5 return { S
paint: { Mq fillColor: "#762a83", ___________
"fi1ll-color”: [ = p fillOpacity: 0.75,
"step”, color: “#FFFFFF", RN
[“get”, "years_ 2020 _2039"1, weight: 0.5,
" I
] } else 1f (attr < 9.42) {
¥
F); I3

1) 1) . addTo(map) :



Direct Manipulation
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Code Generation

</>

codegenFileImports

</>

- codegenlLayer :
</> .
</>

codegenMap

snnnne® ©

" codegenSource

</>
codegenStroke

</>

codegenFill

const ir = {
center:
zoom: 4,
basemap: {
url:
provider:

layers: [

type: “Fill",
style: {
fill: {

color: "#8638e5",

opacity: 0.75,
¥
stroke: {

color: "#ffffff",

width: 1,
opacity: 0.5,
}I

"Stadia Maps”,

Ul controls — Intermediate Representation

[-106.1086, 37.75311,
const ir = {
center: [-106.1086, 37.75311],
zoom: 4,
" . 1 1 " basemap: {
https ://tiles. Stadlamaps : Com/Stylm ! url: “https://tiles.stadiamaps.com/styl.”,

provider: “Stadia Maps”,

layers: [
{
= type: [FFI11,
style: {
fill: {

= color: "#8638e5",
opacity: 0.75,

'
stroke: {

color: "#ffffff",
width: 1,
opacity: 0.5,
i
I
+
1,

JavaScript Program

import mapboxgl from “mapbox—gl”;
import waPoTemperatureRegions from “./wapo-..";

mapboxgl.accessToken = “pk.eyJ6fh2gsd6g289d..";

const map = new Map({
container: “map”,
style: “https://tiles.stadiamaps.com/styl..”,
center: [-106.1086, 37.75311,

zoom: 4

});

map.on(“load”, () => {
map.addSource(“wapo—temperature-regions”, {
type: "geojson”,
data: waPoTemperatureRegions,
1),

map.addLayer({
id: “wapo-temperature-regions”,
source: "wapo-temperature-regions”,
type: “fill”,
paint: {
“fill-color”: [
ngte p//’
[“get”, "years_2020_2039"1,
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.
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.
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.
.
const ir = { .
center: [-106.1086, 37.7531], .
zoom: 4, "
basemap: { .
url: “https://tiles.stadiamaps.com/styl.”, .
i . uStadia Maps” .
provider: “Stadia Maps”, .
.
.. .
layers: [ .
.
+ type: “Choropleth”, .
style: { .
Fill: { H
+ attribute: "years_2020_2039", M
+ scale: “Quantile”, .
+ count: 8, M
+ scheme: d3.schemeBuPu, :
+ thresholds: [-210.21, -23.03, ..], =
opacity: 0.75, :
+ -
stroke: { .
color: "#FFFFFf, .
width: 1, .
opacity: 0.5, M
.
y :
.
.
] T .
.
y :
" L]
.
.
.
.
.
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Sketch visualizations in design software . o Explore a wide design space without code

=
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After selecting a design, they
still had to reproduce the
visualization in code.

----------
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Sketch visualizations in design software

- Working Practice
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import mapb
import canc

mapboxgl.e
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contair
style:
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zoom:
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Explore a wide design space without code

cartokit

L]
3
‘e

PN

um
.
.®

o*

sumEy
Y A - e,

g
0

.
EE NS EEEE NN EEE NN NSNS EEEEEEEESEEEEEEEEEEEEEEEEEnnnssnndEssssssssuEEmEnEEn

M N N NN NN NSNS NS NN NN NSNS NN NS NSNS NN NN NN NN NSNS NN NS NN NSNS NN NS NSNS NSNS NS NSNS NS NSNS NSNS NSNS NSNS E SN NSNS NSNS NSNS NSNS NS NSNS NSNS NSNS EEEEEE



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

Lexer
Parser

Recover (or infer) semantic
information from the
visual form that we can
represent symbolically.

[

e

Map interactions with the
visual form to program edits.

cartokit
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Lexer
Parser

Recover (or infer) semantic
information from the
visual form that we can
represent symbolically.

Rl=la]
CCCeD

Map interactions with the

visual form to program edits.

cartokit
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Lln eWO rk “London Underground Tube Map” - Harry Beck



Shaded Relief

“Walensee und Seeztal” - Eduard Imhof



[
Pe rsp eCtlve “Wrangell Mountains Shaded Relief Map” - Tomn Patterson
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Color Palettes
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Visual Hierarchy



Examples Outputs

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

. u
---------

Many, Many (Many) Hours of Painstaking Work
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Examples Outputs
Many, Many (Many) Hours of Painstaking Work
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Visual Inputs

Many, Many (Many) Hours of Painstaking Work

Programs

import * as d3 from “d3";

const context =
canvas.getContext(”2d");

regionsGeo.features
.forEach((feature) => {
context.beginPath();
path(feature);

const ¢ =

color(
props.years_2080_2099
);
F);

import mapboxgl from "mapbox-gl”;
import cancerRegions from “./canc-..";

mapboxgl.accessToken = "pk.eyJ6fth2..";

const map = new Map({
container: “map”,
style: "https://tiles.stadiamaps..”,
center: [-106.1086, 37.75311,
zoom: 4,
F);

map.on(“load”, () => {
map.addSource(”cancer-regions”, {
type: “geojson”,
data: cancerRegions,

¥);

r);

o
4
g
.

import * as Plot from "@obs..”;

const plot = Plot.plot({ oo froseee- :

y: { grid: true },
marks: [
Plot.line(covidDeaths,
Plot.binX(
{ Ve mgum" },
{ x: "date" 1},
)
),
Plot.ruleY([O])

)



Visual Inputs

Programs

import * as d3 from "“d3";

const context =
canvas.getContext(”2d");

regionsGeo.features
.forEach((feature) => {
context.beginPath();
path(feature);

const ¢ =

color(
props.years_2080_2099
)
r);

import mapboxgl from “mapbox—-gl”;
import cancerRegions from “./canc-..";

mapboxgl.accessToken = "pk.eyJ6fth2..";

const map = new Map({
contailner: “map”,
style: "https://tiles.stadiamaps..”,
center: [-106.1086, 37.75311,

zoom: 4,

¥);

map.on(”load”, () => {
map.addSource(”cancer-regions”, {
type: “geojson”,
data: cancerRegions,
)
)

import * as Plot from "(obs..”;

const plot = Plot.plot({
y: { grid: true %,
marks: [
Plot.line(covidDeaths,
Plot.binX(
{ V' mgum” }’
{ x: "date” 1},
)
)
Plot.ruleY([O1)

+);
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Fixed Entities

import mapboxgl from “mapbox—gl”;
import cancerRegions from “./canc-..";

mapboxgl.accessToken = “pk.eyJé6fh2..";

const map = new Map({
container: “map”,
style: "https://tiles.stadiamaps..”,
center: [-106.1086, 37.75311,
zoom: 4,
)

map.on(“load”, () => {
map.addSource(”cancer-regions”, {
type: "“geojson”,
data: cancerRegions,

)

)

Consy d3 frOm "4
CanVasonteXt = ’
. -get OnteXt(UQ ,
: 5£§Geo'feat ’
congghg(feagfei
Pt FeqrgdinPath ),
Const . _ ’ I
coJOr(‘
), ),props.years\298@ 209
- %



Live Objects

import mapboxgl from “mapbox—gl”;
import cancerRegions from “./canc—..";

mapboxgl.accessToken = “pk.eyJé6fh2..";

const map = new Map({
container: “map”,
style: "https://tiles.stadiamaps..”,
center: [-106.1086, 37.75311,
zoom: &,
r);

map.on(“load”, () => {
map.addSource(”cancer-regions”, {
type: "“geojson”,
data: cancerRegions,

r);

)

COnSt 3 from //0,3”
S. =
1 7
OOITESG 0. eaty 7
eqy =>
path(7°eaturgel)npath() ‘
COnSt _ !
colOr(\
Pro
. ) ; DS.years 2080
V4 - \289



Live Objects

import mapboxgl from “mapbox—gl”;
import cancerRegions from “./canc—..";

mapboxgl.accessToken = “pk.eyJé6fh2..";

const map = new Map({
container: “map”,
style: "https://tiles.stadiamaps..”,
center: [-106.1086, 37.75311,
zoom: &,
r);

map.on(“load”, () => {
map.addSource(”cancer-regions”, {
type: "“geojson”,
data: cancerRegions,

r);

)

COnSt 3 from //0,3”
Cany,, 'TEXt <
S. =
1 "
OOITESG 0. eaty 7
Confec)?t((featjes)
egj =>
path(7°eaturgel)npath() ‘
COnSt _ !
colOr(\
Pro
V4 - \289
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O gifhub .com/parkerziegler/reviz O glthub.com/parkerziegler/cartokit
@ observablehqg.com/@parkerziegler/hello-reviz alpha.cartokit.dev
................ Get in touch!
 Parker Ziegler /| @parker_ziegler peziegler@cs.berkeley.edu Strange Loop

Ph.D. Student, UC Berkeley parkie—doo.sh St. Louis, MO - September 21, 2023
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