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Outline

= D3 basics
« scale
« colormap
* axis
= D3 shapes & layouts
« SVG shapes
* line
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Review

- HTML
- CSS
- SVG

= JavaScript
* Manipulate the HTML DOM

HTML

s)s1s
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What is D37 '\3 Data-Driven Documents

It is an open-source JavaScript library developed by Mike Bostock to create
custom interactive data visualizations in the web browser using SVG, HTML

and CSS.
= Official website: d3js.org
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What is D3?

Features

Data-driven: read data from a number of formats (csv, json, xml...).

DOM Manipulation: D3 allows you to manipulate the Document Object
Model (DOM) based on your data.

Data Driven Elements: It empowers your data to dynamically generate
elements and apply styles to the elements, be it a table, a graph or any
other HTML element and/or group of elements.

Interaction and Animation
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Examples of data visualizations generated by D3

Lorem ipsum
incididunt
dolor sit

~—— amet
tempor ——

consectetur
eiusmod

do

adipisicing
sed

elit

» Easl
» Functionseguence
Interpolate «
- T e p—— S Sinacmie
S— * Paral
o Ay . animate « Scheduler
« Sequence
Sl  Transition
;;3 « Transitioner
"~ data-e « TransitionEvent
« Tween

« DinySprite

« LineSprite
tlare display == » Recisprite
« TextSprite

flex-e » DragForce
« GravityForce
o IForce
' « NBogyForce
PRYSICS i « Particle

qiery-e » Simulation
scala-e * Spri

util- » SpringFarce



THE OHIO STATE UNIVERSITY

Why/When choose D37

Web environment

Focuses on data visualization (mostly 2D visualization)

Support for animation and interaction

Community support % Fork 233k - ¢ Star 104k~

Note: for spatial data / scientific visualization / large scale data:

d3.js might not be a good choice.
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Goal

Create a bar chart to show the populations of cities

A B
1 name population London
2 London 8674000 ew Yok
3 New York 8406000 ‘ .
4 Sydney 4293000 Beiling
5  Paris 2244000 0 2000000 4000000 6000000 8000000  10.000,000 12,000,000
6  Beijing 11510000



THE OHIO STATE UNIVERSITY

Workflow

Create a bar chart to show the populations of cities

environment setup
load the CSV file

bind the data to visual elements (DOMs)

oA WIN =

A
name
London
New York
Sydney
Paris
Beijing

B
population
8674000
8406000
4293000
2244000
11510000

London O
New York N
Sydney |

Paris o

Beijing N

10
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Environment Setup

D3.js library
- Web server
Editor
= Web browser

1
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Environment Setup

D3.js library
* latest version: v7.8.1 (used for this lecture)
 https://d3js.org/

| 12
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Environment Setup

Web server

 for loading external data
* live server plugin provided by VScode
« simple http, node.js, etc. also works

* observable

| 13


https://observablehq.com/
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Environment Setup

Editor: VS code

Web browser: chrome

14
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Demo

| 15
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D3 - Data Loading

https://github.com/d3/d3-dsv/tree/v3.0.1

= d3.csv

= d3.json

note: the data loading function in d3.js changes in V4 and V5

= suggestion: use await to read the data

16
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Demo

| 17
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D3 - Map data to visual elements

D3 can map data to HTML/SVG elements.

We can construct the DOMs from data.

Spatial region

Color hue

+ O N A

visual channels and marks

data table

(html / svg elements)
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D3 - Selection (Manipulation of DOMs)

= D3 selection allow us to select DOM elements and manipulate them.
(changing style, modifying their attributes, etc.)

= Pattern

d3.select(element).function_name(key, value)

Name Behaviour Example
.style Update the style d3.selectAll('circle").style('fill', 'red')
.attr Update an attribute d3.selectAll('rect').attr('width', 10)

.classed Add/remove a class attribute d3.select('.item').classed('selected’, true)
.property Update an element's property  d3.selectAll("'.checkbox"').property('checked', false)
.text Update the text content d3.select('div.title").text('My new book"')

.html Change the html content d3.select('.legend') .html('<div class="block"></div><div>0 - 10</div>")

https://www.d3indepth.com/selections/ | 19
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D3 - Selection (Manipulation of DOMs)

D3 has two functions to make selections d3.select and d3.selectAll.

d3.select() selects the first matching element.

<svg>
<g id="group_ 1">

<circle cx="30" cy="30" r="7% /> ==———=—=- »
<circle cx="50" cy="75" r="7" /> :
<circle cx="80" cy="85" r="7" /> :
</g> '
I
<g id="group_ 2"> i
<circle cx="150" cy="75" r="7" /> :
<circle cx="110" cy="35" r="7" /> i
</g> :

</svg> : d3.select("circle").style("£fill", "red");
i
I
i

o o A e e e - o
o o
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D3 - Selection (Manipulation of DOMs)

d3.selectAll() selects all matching elements. Each function takes a single
argument which specifies the selector string.

<svg>
<g id="group 1">
<circle cx="30" cy="30" r="7" />
<circle cx="50" cy="75" r="7" />
<circle cx="80" cy="85" r="7" />
</g>

<g id="group 2">
<circle cx="150" cy="75" r="7" />
<circle cx="110" cy="35" r="7" />
</g>
</svg> d3.selectAll("circle").style("£fill", "red");

| 21
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D3 - Selection (Manipulation of DOMs)

selection.style(StyleName, value):

= Set the CSS style property to the specified value on the selected elements.

<svg>
<g id="group_1">
<circle cx="30" cy="30" r="7" /> =======-
<circle cx="50" cy="75" r="7" />
<circle cx="80" cy="85" r="7" />
</g>

*
1
]
1
1
1
1
]
<g id="group 2"> i
:giizi: zzfiig zyfgg ’lf; ;z : var selection 3 = d3.select("circle");
= i selection 3.style("stroke", "red");

) selection 3.style("stroke-width", "2px");
]
L

</g>
</svg>

| 22
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D3 - Selection (Manipulation of DOMs)

selection.attr(AttrName, value):

= Set the attribute to the specified value on the selected elements.

<svg>

<g id="group 1"> Attributes
<circle :::15:="30" cy="30" r="7" 1/>======== "
<circle [cx="50" cy="75" r="7" :/> '
<circle |cx="80" cy="85" r="7" /> !
</g> : : I
| ’ ‘
<g id="group 2"> : i
<circle jcx="150" cy="75" r="7" /> .
. 14 =" " =n " ="y ] " =
</g><°1r°le e S e i var selection 3 = d3.select("circle");
</8vg> i selection 3.attr("r", "20");
i “r” means radius
i
i
- ° Lo *‘ )
o o
- o, ©
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D3 - Selection (Manipulation of DOMs)

selection.remove():

= Remove the selected elements from the document.

<svg>
<g id="group_1">
<circle cx="30" cy="30" r="7" />
<circle cx="50" cy="75" r="7" />
<circle cx="80" cy="85" r="7" />
</g>

<g id="group_ 2">

<circle cx="150" cy="75" r="7" />

</g><Clrcle e var selection_ 5 = d3.select("#group_2");

</svg> selection 5.remove();
® ® ®
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D3 - Selection (Manipulation of DOMs)

Selection with functions

= we can pass a function to .style, .attr, .text, .html, etc.

= pattern

d3.selectAll(element)
.style('fill',function(d, i){
return value;

});

d3.selectAll("circle").attr("r", function(d,i){
return 1i+5;

)

( . ‘_ Cx7\3@\ Cy7.13®|. riw.sw.j -/ : -1 as

“_‘: Cxi.\sg.x Cy7.175|. r71.6\.: </ C
“_‘: CX*IL8@IL Cyf'LSSJ' r.il.7\,::_{_;““»y‘~

T:»‘;‘;idf”group_Z‘“:

<circle cx="150" cy="75" r="8"></circle>
<circle cx="110" cy="35" r="9"></circle>
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D3 - Data binding

= Data-driven programming
- Pattern

d3.select(container)
.selectAll(element-type)
.data(array)
.join(element-type);

= data(): specify the array of data to be joined

= join(): creates a correspondence between an array of data and a selection
of HTML or SVG elements.

26



THE OHIO STATE UNIVERSITY

D3 — Data binding
= bind data with HTML elements

let myData = [10, 20, 30, 40, 50];

d3.select('body"')
.selectAll('p")
.data(myData)
.join('p")
.text(function(d,i){
return 'index:' + i + ' value:' + d;

})

index:0 value: 10

index:1 value:20
index:2 value:30
index:3 value:40

index:4 value:50

27
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D3 - Data binding

= bind data with SVG shapes

let myData = [10, 20, 30, 40, 50];

//bind array data to svg circles r=t5" style="fill: steelblue;

d3.select('.chart') circle ‘ r="10" style="fill: steelblue;'
y selectAll( 'circle' ) ~ircle : ' " r="15" style="fill: steelblue;'
circle r="20" style="fill: steelblue;'

.data(myData) circle cx="500' " p=t25" style="fill: steelblue;’

«Joint ‘elrecle’ )

Jattrt qex' . Tunetion td, i) %
return 1 x 100 + 100;

})

<attr('cy', 590)

.attr('r', function (d) {
return 0.5 % d;

})
.style('fill', 'steelblue');
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D3 - Data binding

Goals:
= bind name with SVG texts
= bind population with SVG rectangles

 visual mark: line (SVG rects)
« visual channel: length/position (width and height of SVG rects)

A B
1 name population London
2 London 8674000 New York
3 New York 8406000 ‘ Sychey
4 Sydney 4293000 Paris
5  Paris 2244000 Beijing
6  Beijing 11510000 0 2,000,000 4,000,000 6,000,000 8,000,000 10,000,000 12,000,000

| 29
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Demo

| 30
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Questions

bar = svg X
.selectAll("rect") ’

.data(data) London NN
.join("rect") New York R
.attr("x", 80) y |Sydney |
attr("y" . .d, 1 "Paris B
| +x barheignts Beijing NN
.attr("width", d, i
d.population / 20000; Can we have a better solution to map

the data value to the length?

)

.attr("height", barHeight)
.style("fill", "steelblue")
.style("stroke", "white");

| 31
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D3 Scale

Scale functions:

- Take an input (usually a number, date or category)

- Return a value (e.g., coordinate, color, length, or a radius)

Map data value to visual channels (length, color, size, position).

item 1 10

item 2 20

item 3 30

item 4 40

0.1

0.2

0.3

0.4

40
30
20
10

0

item1

item?2 item3

position

item4

item1
item?2
item3

item4

length

32
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D3 Scale

Unemployment rate (%)

Foreign Direct Investment (FDI) of G20 members

China (People's Republic of)
170M $
143 %
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D3 Scale

= scales with continuous input and continuous output
= scales with continuous input and discrete output

= scales with discrete input and discrete output

| 34
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D3 Scale

= scales with continuous input and continuous output
« scaleLinear()
« scaleTime()

600 -

+ scalePow()

« scaleSqgrt() ]
-+ scaleLog() -

100+

| 35
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D3 Scale

= scaleLinear()
- domain: continuous interval (e.g., [0,100])

* range: continuous interval (e.g., [0,600])

 function: use a linear function y=mx+c to interpolate across the domain and range

dataS=N [0 1 73 AV o TS 6Py A 705 S 8 Tl O a0 -
linearScale = d3.scaleLinear()

* linearScale(0) =>0
.domain( [0, 10]) * linearScale(5) => 300
.range( [0, 600]); * linearScale(10) => 600

0 1 2 3 -+ 5 6 7 75 8 9 10

| 36
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D3 Scale

= scaleTime()
- domain: continuous interval of dates (e.g., [new Date(2016, 0O, 1), new Date(2023, 0, 1)])

* range: continuous interval (e.g., [0,600])

 function: use a linear function to interpolate across the domain and range

data = [ Date(2016, 0, 1), Date(2018, 3, 1),

Date(2020, 6, 1), Date(2022, 0, 1)]1;
timeScale = d3.scaleTime() * linearScale(5) => 300
.domain( [ Date (2016, 0, 1), Date (2023, 0, 1)]) * linearScale(10) => 600
.range( [0, 600]);

* linearScale(0) =>0

Fri Jan 01 2016 Sun Apr 01 2018 Wed Jul 01 2020  Sat Jan 01 2022

| 37
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D3 Scale

= scales with continuous input and discrete output

+ scaleQuantize()

 scaleQuantile() wmen | NG

- scaleThreshold()

« scaleBand()

/ [}
/
S (= + -
\ A
f
" v
M N =~ J
_8her - =R
Moo Park. : Pataskala
\ = \ N i T e N s S B L S L T > :
L ek \
= - . S\ -
1
% \ , i y :
Nad \! e L) = {r N o 1
. TSR 8 - ) # il T SRR [~
I ) idsbi =
N = F
S b I
\ L
P ! ~ 44 ')
! [ ¥
] 4 7
\\ U Tl %
L '

oo $6900-$29000
$29000-$51100
$51100-$63200
$63200-$85300
$85300-$100000
$100000-$115000 |
$115000-$130000
$130000+ .

T ==
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D3 Scale

= scaleQuantize()
- domain: continuous interval (e.g., [0,100])
* range: an array of discrete values (e.g., ['lightblue’, 'orange’, 'lightgreen’, 'pink’])

 function: segments the domain into k uniform segments (k is the # elements in range)

quantizeScale = d3.scaleQuantize()

o _ *0 < u < 25: lightblue
.domain( [0, 100])

*25 < u < 50: orange
*50 < u < 75: lightgreen
*75 < u < 100: pink

.range(['lightblue', 'orange', 'lightgreen', 'pink']);

| 39
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D3 Scale

= scaleQuantile()
« domain: an array of sorted continuous numbers (e.g., [0,1,2,3,14,30])

* range: an array of discrete values (e.g., ['lightblue’, 'orange'])

 function: given n elements in the domain set and k elements in the range set, it
segments the domain into k intervals such that the ith n/k elements in the domain set
are mapped to the ith element in the range set

myData = [0, 1, 2, 3, 14, 30];

quantileScale = d3.scaleQuantile() *n=6,k=2,n/k=3

.domain(myData) * the first 6/2 elements 0,1,2: lightblue
.range(['lightblue', 'orange'l); * the second 6/2 elements, 3,14,30: orange

| 40
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D3 Scale

= scaleThreshold()
- domain: an array of sorted continuous threshold numbers (e.g., [0,50,100])
* range: an array of discrete values (e.g., ['lightblue’, 'orange’, 'lightgreen’, 'pink’])
 function: sets the boundaries for the domain’s k segments

myData = d3.range(-10, 110, 2); e u < 10: #feebe?

thresholdScale = d3.scaleThreshold()
* 10 < u < 50: #fbb4b9

.domain([10, 50, 100])
.range( ['#feebe2', '#fbb4b9', '#f768al', '#ae@l7e'l]); *50<u<100: #f768a1l

*u>100: #aeOl7e

| 41
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D3 Scale

= scaleBand()

- domain: an array of discrete values (e.g., ['Jan', 'Feb', 'Mar']

* range: an interval of discrete values (e.g., [0,200])

« function: split the range into n bands (n: # elements in the domain)

- paddinglnner: the amount of padding between each band.

- paddingOuter: the amount of padding before the first band and after the last band

* Interactive demo

myData = ["one", "twc three
bandScale = d3.scaleBand()

.domain(myData)
.range( [0, 100])

paddinglnner = 0.1

paddinglnner = 0.5

42
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D3 Scale

= scales with discrete input and discrete output

= scaleOrdinal()
- domain: an array of discrete values (e.g., [[Jan’, 'Feb’, 'Mar']
* range: an array of discrete values (e.g., ['lightblue’, 'orange’, 'lightgreen’, 'pink’])

 function: maps discrete values in the domain to values in the range (1 to 1)

data = ['Jan', 'Feb', 'Mar', 'Apr', 'May', 'Jun', 'Jul', 'Aug', 'Sep', 'Oct', 'Nov', 'Dec'l];

ordinalScale = d3.scaleOrdinal()
.domain(data)
.range(['blue', 'orange', 'green', 'red']);

Jan Mar  Apr May Jul Aug  Sep Nov  Dec

| 43
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Draw the bars

ol AW N =

A B

name population
London 8674000
New York 8406000
Sydney 4293000
Paris 2244000
Beijing 11510000

X => map the population value

« from [0, 12000000] continuous
* to [0,200] continuous

« scaleLinear()

—

X

>

>

London _
New York _
Sydney T

Paris .
Beijing

y => map the name

« from [London, ..., Beijing] discrete
» to [0,150] continuous

» scaleBand()

44
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Demo

| 45
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D3 Color mapping

e

d3 color schemes: https://github.com/d3/d3-scale-chromatic/blob/main/README.md

color brewer 2.0:
http://colorbrewer2.org/tttype=sequential&scheme=BuGn&n=3

Categoryl0

i 0T H B

Pastell

Pastel2

46
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Continuous color schemes -
3
—
- Pattern B |
=
//continuous
let colorScale = d3.scaleSequential() = - s
.domain(data) //interval Cresi B
.interpolator(d3.interpolate + colorname) Greys B |
myData = d3.range(0, 100, 2);
sequentialColorScale = d3.scaleSequential()
.domain( [0, 100])
.interpolator(d3.interpolateRdY1Bu);
T JN

| 47
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Discrete color schemes

= Pattern

//categorical

let colorScale = d3.scaleOrdinal()
.domain(data) //array
.range(d3.scheme + colorname)

myData = d3.range(0, 100, 10);
colorScale = d3.scaleOrdinal()

.domain(myData)
.range(d3.schemeCategory10);

Category10 .
e [
£ B B BN

Pastell

Pastel2

m
% [ N
Tableaul0 . .

48
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D3 Color mapping

= Accessing color values
- d3.scheme<colorname>[k]
« for continuous color schemes, k should be less than 10

* you can use continuous color schemes in scaleOrdinal through this approach

d3.schemeBlues[9] d3.schemeSet3

(9) ['#f7fbff', '#deebf7', '#c6dbef', '#9ecael', (12) ['#8dd3c7', '#ffffb3', '#bebada', '#fb8072',

v '#6baed6', '#4292c6', '#2171b5', '#08519c', '#0830 v '#80b1d3', '#fdb462', '#b3de69', '#fccdes', '#d9d9
6b' ] d9', '#bc80bd', '#ccebc5', '#ffed6f']

ngf7fhFF" : "#8dd3c7"
"#deebf7"
"#c6dbef"
"#9ecael"
""#6baed6"
"#4292c6"
"#2171b5"
"#08519c"
"#08306b"
: 9
» [[Prototypell: Array(0)

0

1: “#ffffb3"
2: "#bebada"
3: "#fb8072"
4: "#80bld3"
5: "#fdb462"
6: "#b3de69"
7: "#fccde5"
8: "#d9d9d9"
9
1
1

@
1 1E
2
Tit
4:
Sk
6:
7:
8:

: "#bc80bd"
0: "#ccebch"
1: "#ffedof"
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Demo

| 50
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D3 Axis

= Create an axis:

 an SVG element as a container

* a D3 scale function linearScale = d3.scalelLinear()

.domain( [0, 100])
.range( [0, 600]);

 create an axis generator function

- call the axis generator function
axis = d3.axisBottom(linearScale);

d3.select('.chart')
.call(axis);

1
0 10 20 30 40 50 60 70 80 90 100

| 51
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Demo

| 52



THE OHIO STATE UNIVERSITY

D3 Axis - Orientation

 d3.axisTop(scale)

linearScale = d3.scalelLinear()
0 10 20 30 40 50 60 70 80 90 100 .domain( [0, 100])
.range( [0, 400]);

 d3.axisBottom(scale)
axisLeft = d3.axislLeft(linearScale);

I I I I I I I I I I

0 10 20 30 40 50 60 70 80 90 100 axisRight = d3.axisRight(linearScale);
. axisTop = d3.axisTop(linearScale);
» d3.axisLeft(scale) axisBottom = d3.axisBottom(linearScale);

10
.select('#left').call(axisLeft);

.select('#right').call(axisRight);
* d3.aX|sR|ght(scale) ° .select('#top').call(axisTop);
.select('#bottom').call(axisBottom);

10
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D3 Axis — Number of ticks

0.0 05 10
axis(d3.scaleLinear())
.ticks(2)
.render()

0!0 Of2 OT4 0?6 018 1 TO
axis(d3.scaleLinear())
.ticks(5)
.render()

I 1 1 I I 1 I I I I 1
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
axis(d3.scaleLinear())
.ticks(10)
.render()
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D3 Axis — Tick format

I T T T T T T T T T 1
+0.0 +0.1 +0.2 +0.3 +0.4 +0.5 +0.6 +0.7 +0.8 +0.9 +1.0

axis(d3.scaleLinear())
.ticks(10, "+f") // Implicit precision of one.
.render()

I T T T T T T T T T T T T T T T T T T T 1
+0.00 +0.05 +0.10 +0.15 +0.20 +0.25 +0.30 +0.35 +0.40 +0.45 +0.50 +0.55 +0.60 +0.65 +0.70 +0.75 +0.80 +0.85 +0.90 +0.95 +1.00

axis(d3.scaleLinear())
.ticks(15, "+f") // Implicit precision of two.
.render()

I T T T T T T T T T 1
$0.00 $0.10 $0.20 $0.30 $0.40 $0.50 $0.60 $0.70 $0.80 $0.90 $1.00

axis(d3.scaleLinear())
.ticks(10, "$.2f") // Explicit precision of two.
.render()
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Summary — Bar chart example

= Prepare the data

 load CSV file
London
[ Mapp”']g New York
. S

- create the scale function ydney

Paris

= Rendering Beiling
Y Create SVG element 0 2,000,000 4,000,000 6,000,000 8,000,000 10,000,000 12,000,000

* join data with SVG rect and text

* render the axis
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