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63 ctx. 1ineTo(100,250) ; oo ]

64 ctx.arcTo(100,200,50,200,50) ; & Title x +

65 ctx.stroke();

66 C @ localhost:63342/DataVizWithJavaScriptBook/Char.. v+ W = \ 4 @
67 ctx.beginPath();

68 ctx.arc(275,150,5@,1.57,3.14, fal{ .
69 ctx. lineTo(275,15@) ; Fk‘ ﬂ Console » 81 1 .
7@ ct. fill(); -

71

72 ctx.globalAlpha = @.75; [m ® tOp

73

74 ctx.beginPath(); © Uncaught examples—canvas.html:7@
75 ctx.arc(175,75,49,9,6.28, false) ; ReferenceError: ct is not defined
Z0 ctx.clip(); at examples-canvas.html:7@

78 const image = new Image(10@,100)| >

79 image.onload = function{) {

80 ctx.drawImage{this, 125, 25,

81 }

82 image.src = "images/plute.jpg";

83

84 </script>

85 </html>
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d3-zoom

D3.jsv5

d3-selection-multi d3-brush

| modules
d3-cam16 d3-transition  ———~
d3-geo-polygon d3-hsv d3-force
\ -
d3-geo-projection )
d3-interpolate 2
\ d3-scale-chromatic E =
d3-geo % E
O paded / 3
=
d3-time-format £ 3
d3-tie ==
d3-contour (7 () Hasno dependencies
d3-shape  ~—— d3-sankey Has dependencies




Chapter 2: Technical Fundamentals
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Chapter 3: Quick Start

-
select()

6

2

>

®0® /g rite X\D Helder
& |® localhost:63342/DataVizWithJavaScriptBook/C... @&, 1’.‘r| (Y =
[ ] | Elements Console » L 4
See results in console log. e
[ @ | top v | Fiter Custom levels ¥

let numbers = [6, 2, 5, 7, 8]:
undefined

let selection =
d3.select("#section").selectAll{"p").data(num
bersl;

undefined
selection.text(d == d};

I {_groups: Array(l), _parents: Array(l), _e
nter: Array(l}, _exit: Arrayi(l)}

let newSelection = selection.enter();
undefined

newSelection.append("p").text(d ==d);

I {_groups: Array(l}, _parents: Array(1)}




[ NN / B Title x\D Helder

C | @ localhost:63342/DatavizWith.. @ Yr| M & ® \

o Item1:6
e Jtem2:2

e [tem3:5
e [tem4: 7/

e [tem 5: 9
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Chapter 4: Data Binding
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Initial data
[1,2,3,4,5]

datum: 1,1:0
datum: 2,1:1
datum: 3,1:2
datum: 4,1:3
datum: 5,1:4

key function: index
update: [2,4,6]
enter: [2,4,6]

updated: 2.,j:0
updated: 4,j:1
updated: 6,j:2
datum: 4, 1:3
datum: 5, 1i:4
appended: 2.j:5
appended: 4,j:6
appended: 6,:7

Rey function: datum
update: [2,4,6]
enter: [2,4,6]

datum: 1,1:0
updated: 2,:0
datum: 3,1:2
updated: 4,j:1
datum: 5,1:4
appended: 6,):2




| ONE | TWO | THREE | FOUR |

| ONE | TWO | THREE | FOUR |




Data

update

DOM




array

Data DOM

update

enter

join
selection.data(array)

Data DOM

n selection

DOM DOM

<div>0</div>

<div>n</div>

<div>e</div>

enter update
selection.enter().append("div") selection.text(d=>d)




Data DOM

<div>0</div>
array <div>n</div> selection
<div>e</div>
Data  DOM DOM

<div>t</div>

<div>w</div>

<div>0</div>

join update
selection.data(array) selection.text(d=>d)

L hr -




array selection

Data DOM

' <div>
0" | <div>
join enter merge & update
selection.data(array) selection2 = selection.enter().append("div") selection2.merge(selection)

selection2.text(d=>d)




Data DOM

“ <div>f</div>
<div>0</div>
aray selection
H <div>u</div>
<div>re/div>

Data  DOM DOM DOM

<div>0</div>

<div>n</div>

<div-e</div>

<div>r</div>

join: selection.data(array) exit: selection.exit().remove() update: selection.text(d=>d)
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D]
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v (6) [{},

»0: {id:
»1: {id:
> 2: {id:
» 3: {id:
> 4: {id:
»5: {id:
length:

» __proto__:

Elements

Q w B @ Y @ :

Console Sources  » 1 i X

v | ® | Filter Customle 1hidden %%
2-load-data.html:68

-ty {ebr ks L}y {}]

"p3", name:
"'pa", name:
"p5", name:
"'p6", name:
p7", name:
"p8", name:

Array(@)

"Earth", diameterkm: 12756, semiMajo..
"Mars", diameterKm: 6794, semiMajorAx.
"Jupiter", diameterKm: 142984, semiM..
"Saturn", diameterkm: 120536, semiMa..
"Uranus", diameterKm: 51118, yearOfD..
"Neptune", diameterKm: 49492, yearOf..




The largest moons of Jupiter
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The largest moons of Jupiter
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The largest moons of Neptune
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The largest moons of Uranus
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The largest moons of Mars
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The largest moons of Saturn
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Chapter 5: Manipulating Data and
Formatting

rain.csv: header + 408 lines

01,1984,259.3
02,1984,32.5
03,1984,54
04,1984,96.8
05,1984,113
06,1984,0.1

10,2017,149.4
11,2017,159.8
12,2017,151.3

Month,Year,Rain_mm [

data

: Array(408)

{Month: "01",
{Month: "02",
{Month: "03",

{Month: "04",
» {Month: "05",
{Month: "06",
{Month: "10",

{Month: "ii",
{Month: "12",

Year:
Year:
Year:
Year:
Year:
Year:

Year:
Year:
Year:

"1984",
"1984'",
"1984",
"1984",
"1984",
"1984",

II2017I| ,
II2017I| ,
lI2017l| ,

Rain_mm: "259.3"},
Rain_mm: "32.5"
Rain_mm: "54"

Rain_mm: "96.8" },

}
}
}
Rain_mm: "113" },
Iy
}
}
}

1

1

Rain_mm: "0.1" |,
Rain_mm: "149.4"f,
Rain_mm: "159.8"
Rain_mm: "151.3"

1

d3.csv('rain.csv').then(function(data) { ... });

data: Array(408)

{Month: "01", Year: "1984", Rain_mm: "259.3"},
{Month: "02", Year: "1984", Rain_mm: "32.5" },
{Month: "03", Year: "1984", Rain_mm: "54" },
{Month: "04", Year: "1984", Rain_mm: "96.8" },

{Month: "10", Year: "2017", Rain_mm: "149.4"},
{Month: "11", Year: "2017", Rain_mm: "159.8"},

{Month: "12", Year: "2017", Rain_mm: "151.3"}

d3.nest()

.keyid => +d.Month)

key(d => +d.Year)
.rollup(d => +d[0].Rain_mm)
.entries(data);

nested: Array(12)

{key:

4" values: [

{key: "1984", value: 259.3},
{key: "1985", value: 190.1},
{key: "1986", value: 250.7},

{key: "2016", value: 175.9},
{key: "2017", value: 454}

1h

{key:

{ke{;
{key:
{key:

"', values: [...]},

h10“, values: [...]},

"1, values: [...]},
"12", values: [...]}




1985 2017

3 <td> <td>
nested: Array(12) td td
L 3 <{d> <id>
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w

{key: "1", values: [ —
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Rainfall in Sdio Paulo, Brazil (in mm) from 1984 to 2017

2000 | 2001 | 2002 | 2003 | 2004 | 2005
a3 [P 48 3172 a5 321 38
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source: inmet.gov.br
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d3.randomLogNormal(1,.4)

d3. randomlrmeaII(50

‘|‘W|||I||nm..............______ o __......||II|||““

d3.randomBates(4)

‘||||I|

d3. randomExponentlaI 1/40)




Chapter 6: Scales, Axes, and Colors
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domain([0,1000])
0 250

0 100 200 500
range([100,500])

domain([0,1000])

0 100 400 500
range([500,100])
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Chapter 7: Shape and Layout Generators

ASAY

f I
f /
! .
/ !
! |
/ /
/ f
! /
/ |
! f
! f
! /
/ |
/ f
/ f
/ /
! I
/ .
! f
/ {
! !
/ /
/ /
! .
/ /
/ /
/ /
! .
/ I
i /
! |
! f
J I
/ f
! f
! f
/ !
/ /
! .
J \ f
! \, |
! N, |
! h f
/ \ i
! % |
! \ |
/ , |
! N, |
/ N !




400,50

800,250

200,400

600,500

0.60




100,000

® Africa - *
+ Asia B
Europe * 25 zh
30,000 ®  North America F " +
 Oceania +: + "
= 20,000 A South America 5
= Ll il W
a + *
S 10000 * ot 4'1.
- L
8 ‘.‘ + nha¥® b
™
2 .. -t ' *hy # e
= 3,000 . kb k04 4,
—_ * + ", - L
5 2000 . o * e =
= . o @ ¥ +
. -
+* [ ]
1,000 . .
° +
e o é .. .'
. . ¥
° « °® °
[ ]
300 .
0.40 0.45 0.50 0.35 0.60 0.65 0.70 0.75 0.80 0.85 0.90 095
Human Development Index (HDI)
> % ¢ = A
d3.symbolCircle d3.symbolCross d3.symbolDiamond d3.symbolSquare d3.symbolStar d3.symbolTriangle d3.symbolWye
0.60 4
0.55 *
0.50 o
0.45+
0.40
0.35 4
0.30 +
0.25 4
0.20
0.15
0.10




d3.curvelinear

S

d3.curveStep

A

d3.curveBasis

h\*___//'

d3.curveCardinal
\ A
=
d3.curveCatmullRom
/-h\
o

d3.curveMonotoneX

d3.curvelinear(losed

L]

d3.curveStepAfter

_ d3.curveCardinalClosed

[ >

d3.curvelatmullRomClosed

d3.curveMonotoneY

/NS

d3.curveNatural

d3.curveStepBefore

d3.curveBasisOpen

.-
\ L]
iy
-

d3.curveCardinalOpen

-

d3.curveCatmullRomOpen

d3.curveBundle




/ S / AN

d3.curveCardinal : tension =0 d3.curveCatmullRom : alpha = 0 d3.curveBundle: beta=0
~ .
\ / \ / .
/ Z —
- /,/ -
tension = 0.25 alpha =0.25 beta=0.25
L ]
\ P -
. /II---__ -
: - / .
tension = 0.5 alpha=0.5 beta=035
[ ]
~ e
—
/ " g / -
tension = 0.75 alpha=0.75 beta=0.75

[ ]

N

tension=1 alpha=1 beta=1




0.60 4




0.70
0.65 —
0.60
0.55
0.50
0.45 —
0.40
0.35
0.30
0.25 -
0.20
0.15 4
0.10

0.05 -

0.00 T

060

0.55 e
0.50 x \
0.45 - Y
0.40
0.35
0,30
0.25 /
0.20 /
0.15 /

oio

nos /,

0.00 T T T T

Dateset 1 N —

Dataset 2
Dataset 3




stackOrderNone

stackOrderAscending

stackOrderDescending

stackOrderinsideQut

stackOrderReverse




L stackOffsetNone

stackOffsetExpand (positive values only)

stackOffsetDiverging

|

el

stackOffsetSilhouette




Population growth (1950 to 2000)

350,000

300,000 —|

o
1350 1350

M Brazil ™ Argentina © Colombia

Pary

1570 1580 1550 2000

(hile Venezuela | Fcuador ™ Bolivia MM Uruguay M Paraguay M Guianas




Population growth (1950 to 2000)

100%

1350 1360

M Brazil ™ Argentina © Colombia

Pery

1570 1580 1550 2000

Chile Venezuela | Ecuador ™9 Bolivia MM Uruguay M Paraguay M Guianas
















Chapter 8: Animation and Interactivity
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Chapter 9: Visualizing Hierarchical Data
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Chapter 10: Visualizing Flows and Networks
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undirected and directed and undirected and cyclic directed
acyclic (tree) acyclic (DAG) with one loop with one cycle
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Tick: 1 of 50 Tick: 3 of 50 Tick: 6 of 50 Tick: 11 0f 50 Tick: 21 of 50

* .o': ...

d3.forceManyBody() Position-based forces d3.forceRadial()
Nodes are attracted towards
a position in polar or o\‘ T .
Cartesian coordinates o e
Nude—nriginated )
Attraction/repulsion x,y
inall directions d3 fOfCEX( d3 fOfCEY

Repulsion Attraction radius
(defwtty L T '
d3.forceLink(edges) d3.forceCenter()
Link-directed attraction/repulsion Force equally applied to all nodes

towards a common center d3 fOI'CECO"Ide
Gz@ o\‘ Prevents overlapping by forcing a @/’ »._‘_:
Attraction 5 minimum distance for eachnode %

(default) % \O

Repulsion
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d3. ForceManyBody()
.strength(—30§

00 o
0 0 © ® ©
(:) (:) (:) D F (i) 0
®© 0 o ® ®
B e C 8 ooA
d3. ForceManyBody() d3. ForceManyBody()
.strength(+30¥ .strength(d => func(d))

Fixed radius (for all nodes)

d3.forceCollide(15)
d3.forceCollide().radius(15)

r =d => d.value

Variable radius (per node)

d3.forceCollide(d => d.value)
d3.forceCollide().radius(d => d.value)




C B A C B OA
d3.forceY().y(100) d3.forceX().x(100)
© ok »0 0 0w
® _ ©®
o ° o O

d3.forceRadial().radius(100)

d3.forceRadial((d,i) =>
i=0?20:1%2==07?150 : 75)
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Same strength for all nodes

d3.forceLink(edges)
.strength(.Oi%

Variable strength per node

d3.forceLink(edges)
.strength(d => d.index/200)

S o %
o & B
% o o

d3.forceCenter().x(50).y(50)

Neod.
_~oa

Te.0l@”

d3.forceY().y(50)
d3.forceX() .x(50)







Current alpha: 0.0009999999939999966
O
alphaMin: 0.oo1
O
alphaTarget: o
O
alphaDecay: 0.02276277904418933

O

velocityDecay: 0.4

L

Forces:

I# ManyBody 30
i« Collide

[ Link

¢ (enter o .0
1 Xo

1 Ya

(1 Show link lines

Automatic simulation
Start ~ Stop

Static simulation
Tich  Reset




= sim.alphaDecay()
. (1 - Math.pow(sim.alphaMin() - sim.alphaTarget(), 1/iterations))

smapha) 1 e \
“simalphaMin() e

o sim.alphaTarget()

005

] 10 w0 i 40 50 60 70 8o a0 100

iterations (ticks)
Math.log(sim.alphaMin() - sim.alphaTarget()) / Math.log(1-sim.alphaDecay())







Chapter 11: Visualizing Geographical Data
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Mars using d3.geoOrthographic() Stars, planets and the ecliptic using d3.geoStereographic()













Point

[lon, lat]

LineString

\—/T

~/

[ Point1, Paintz, ...]
[ [lon, lat],[lon, lat] ]

Polygon

k;
[ [ Pointa, Point2, Point3, ..., PointN, Paint1], ..., [...] ]
[[[lon, lat]....[lon, lat] 1..... [ [lon, lat]....[lon, lat] 1]




MultiPoint

oo
O
o0 ® )
o
°
[ Point, ..., Point ]

[ [lon, lat], ..., [lon, lat] ]

MultiLineString

X

[ LineString, ..., LineString ]
[ [ [ton, lat],[lon, lat] 1. .., [ [lon, lat],[lon, lat] ] ]

['[[[lon, lat]

MultiPolygon

=
» OF

\ 4

[ Polygon, ..., Polygon |

\l.

[lon,1at] 17.... [] ]




topojson.merge(data, geometries)




const objects = data.objects[ ‘africa’]

topojson.mesh(data, objects)

J

<o

filter = (a,b) =>a===b filter = (a,b) =>a!==b

topojson.mesh(data, objects, filter)

neighbors = [
0:

Ui &£ W N =
L] LI L] L L]

[1,3],
[0,2,5],
[1],
[0,4,5],
3],
[1,3]




&

topojson.neighbors(data, geometries)

Graticules Parallels Meridians
d3.geoGraticule() d3.geoGraticule().step([0,10]) d3.geoGraticule().step([10,0])

«~——— Major graticule N
S 1= d3.geoGraticule()

= Minor graticule

Minor and major graticules Graticules + Prime inélidiﬂn and equator
d3.geoGraticule() d3.geoGraticule()
extentMinor([ [-180,60],[180,-60]]) stepMinor([0,0]).stepMajor([180,90])




~—y

Minor and major steps

d3.geoGraticule()
stepMinor([5,5])
stepMajor([20,20])
.extentMinor([ [-60,40], [60,0]])

Tropics and polar circles

d3.geoGraticule()
.extentMinor([ [-180,23.6],[180,-23.6]])
.extentMajor([[-180,66.6],[180,-66.6]])
stepMinor([0,23.5]) // tropics
stepMajor([0,66.5]) // polar circles

Outline of the graticule
d3.geoGraticule()

extent([[-90,-70].[90,70]])
.outline()

Outline of the projection
{type: "Sphere'}




Arctic Circle North of the tropics Western hemisphere Northern hemisphere
d3.geoCircle() \ d3.geoCircle() d3.geoCircle().center([90,0]) d3.geoCircle()
center([0,90]) _ center([0,90]) center([0,90])
radius(23.5) radius(66.5) —

South of the tropics

D

d3.geoCircle() Antarctic Circle
Day/night hemisphere at December solstice 6:00GMT ~ .center([0,-90])  Outline, background, clipping d3.geoCircle()
d3.geoCircle().center([-90,23.5]) radius(66.5) {type: "Sphere'} center([0,-90]).radius(23.5)
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Cylindrical projection

standard

parallels ™\ 42
NP

Conic projection

AR 1 iecinGreat circle 24 Za_z_ 16" LR
(shortest path)

Rhumb line
(constant bearing path) Gnomonic azimuthal projection

Great circle
(shortest path)

s

pat\\)

Mercator cylindrical projection Orthographic projection




Azimuthal
projections

Polar

rotate([0,90,0]) Equidistant Equal area Conformal (clipped)
d3.geoAzimuthalEquidistant()  d3.geoAzimuthalEqualArea() d3.geoStereographic()

@D

[

Equatorial

(default)

. Plate carrée

Cylindrical -67
projections % @@FVE
’ SRR T Equidistant
: d3.geokquirectangular()

Tangent
Equatorial ‘ l v
projection Conformal (clipped) 3 I::t ::el;r[?:?g;
d3.geoMercator() ! : 90,
{ Transverse
| “ Mercator

= e

parallel(0) / :

Gall Peters 45°

. \' oo ! Secant projection:
i boe
Py Equal area HE

e o o @
o o oo

oo o o

/: (default for
" 3.geolylindricalEqualArea() Poriciiiiioc ot oot equal area 38.58°)




Equidistant
d3.geolonicEquidistant()

Default projection is secant
parallels([0,60])

Secant

parallels([n,m])

Equal area
d3.geoConicEqualArea()
Default projection is secant
parallels([0,60])

Conic
projections

Conformal (clipped)
d3.geoConicConformal()

A ' 4
Default projection is tangent h’ ‘
parallels([30,30]) @

Tangent
parallels([n,n])

@

. HRE o
d3.geoAlbers() d3.geoAlbersUsa()
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d3.geoOrthographic() d3.geoOrthographic()
rotate([0,90,0])

d3.geoOrthographic()
rotate([-80,-30,20])

d3.geoPolyhedralWaterman()

4 x d3.geoPeirceQuincuncial()




projection.center([78,22]) projection.center([78,22])
scale(750)

| prdection.cehfer([78,22])' projection.center([78,22])

scale(750) scale(750)
.angle(20) .angle(20)

translate([480 - 200,250])




projection
fitextent([ [0,0],[900,500]], object)

projection-fitSize([900,500], object)

projection fitHeight(500, object)

projectionfitWidth(900, object)

object = object = object=
{ type: "Sphere" } { type: "MultiPolygon" { type: "MultiPolygon"
coords: [..oftaly..] } coords: [..ofCuba..] }

Longitude
lambda A
(yaw) o ' .
Projection rotation using
Euler angles
Tilt L:E;‘”ge projection.rotate([ A, ¢, Y])
gamma y (pitch)

(roll)




Norotation:  projection.rotate([0,0,0])

Pitch: projection.rotate([0,-30,0])

X

.\\

Combined: projection.rotate([-150,-30,-30])

Yaw: projection.rotate([-150,0,0])

— ‘/ ¢
Roll: projection.rotate([0,0,-30])
| /--
| | |

Southpole: projection.rotate([0,0,-30])




projection.clipAngle() ,projectibn.clipExtént() .
- Smallcircle clipping ~ Viewport clipping RN

Projected map with no clipping With SVG clipping applied to the map




In the Mercator conformal projection the projected distance from London

SFO-LHR (LHR) to San Francisco (SFO) is longer than to Los Angeles (LAX)
969 px

geoPath.measure(d)
returns the projected length of the line in pixels

LAX-LHR: 8,769 km SFO-LHR: 8,626 km
or 1.3749 radians or 1.3524 radians

SFO-LHR d3.geolength(d) or
b7 d3.geoDistance(p1,p2)
returns the circular length of the arc in radians

In the Azimuthal equidistant projection the projected distance from London
(LHR) to San Francisco (SFO) is shorter than London to Los Angeles (LAX)

In the Mercator projection Greenland is 15x larger geoPath.area(d) In the cylindrical equal area projection Greenland appears
than the Democratic Republic of the Congo returns projected area, smaller than the Democratic Republic of the Congo
Greenland in pixels? e p
d3.geoArea(d)
returns spherical area
in radians (steradians)

DR. Congo: 2,335,484 km2
or 0.0575 steradians

Greenland: 2,146,343 km? [
or 0.0529 steradians = B e s s |




Planar coordinates

geoPath.centroid(object)  [xy]
geoPath.bounds(object)  [[minXminY],[maxX maxY]]

Spherical coordinates

E.,,

N

d3.geoCentroid(object)  [lon,at]
d3.geoBounds(object)  [[minLon, minLat], [maxLon,maxLat]]
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