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Announcements
Lab 6 (Mapbox) out, due Friday 

Project 3 due Friday 

Lecture on Thurs is Project 3 feedback session 

FAQs: 

1. Help, I can't get data into my Svelte project! See Ed #307. Sam will 
also walk through. 

2. How do I get a Svelte project into GitHub pages? See Ed #303. Sam 
will also walk through.
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Demo: Exporting your project 
into GitHub pages
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Demo: Getting data into your 
Svelte Project
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What's your status for Project 3? 
What are your roadblocks?
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How do people create visualizations?

Chart Typology 
Pick from a stock of templates 
Easy-to-use but limited expressiveness 
Prohibits novel designs, new data types

Component Architecture 
Permits more combinatorial possibilities 
Novel views require new operators, 
which requires software engineering



7

Chart Typologies 
Excel, Google Charts 

Visual Analysis Grammars 
VizQL, ggplot2, Vega-Lite 

Visualization Grammars 
Protovis, D3.js, Vega 

Component Architectures 
Prefuse, Flare, Improvise, VTK 

Graphics APIs 
Canvas, OpenGL, Processing, SVG

Ea
se

 o
f u

se
Expressiveness
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https://processing.org/

User needs to draw individual shapes
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Data State Model 
[Chi 98]
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Prefuse & Flare
Operator-based toolkits for visualization design 
Vis = (Input Data -> Visual Objects) + Operators

Heer, Jeffrey, Stuart K. Card, and James A. Landay. "Prefuse: a toolkit for interactive information visualization." 2005

Users can define their own 
layouts, etc.
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[M]ost charting packages channel user requests 
into a rigid array of chart types. To atone for this 
lack of flexibility, they offer a kit of post-creation 
editing tools to return the image to what the 
user originally envisioned. They give the user 
an impression of having explored data rather 
than the experience. 

Leland Wilkinson 
The Grammar of Graphics, 1999
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Chart Typologies 
Excel, Google Charts 
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Protovis, D3.js, Vega 

Component Architectures 
Prefuse, Flare, Improvise, VTK 

Graphics APIs 
Canvas, OpenGL, Processing, SVG
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ggplot(diamonds, aes(x=price, fill=cut)) 
+ geom_bar(position="dodge")

https://ggplot2.tidyverse.org/reference/position_dodge.html
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What's going well for you in the course? 
What could be improved?
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Anonymous answers



Do you have any feedback for Sam + the 
course staff?
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Anonymous answers
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Visualization Grammar
Data Input data to visualize

Transforms Group, aggregate, layout

Scales Map data values to visual values

Guides Axes & legends

Marks Data-representative graphics

Area Rect Symbol Image

Line Text Rule Arc
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Protovis (D3 predecessor)

Bostock, Michael, and Jeffrey Heer. "Protovis: A graphical toolkit for visualization." 2009
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Marks



data λ
visible λ
left λ
bottom λ
width λ
height λ
fillStyle λ
strokeStyle λ
lineWidth λ
... λ

λ : D → RMARK



data
visible true 
left λ: index * 25
bottom 0
width 20
height λ: datum * 80
fillStyle blue
strokeStyle black
lineWidth 1.5
... ...

1 1.2 1.7 1.5 0.7
λ : D → RRECT



1 1.2 1.7 1.5 0.7
λ : D → RRECT

data
visible true 
left 0 * 25
bottom 0
width 20
height 1 * 80
fillStyle blue
strokeStyle black
lineWidth 1.5
... ...



1 1.2 1.7 1.5 0.7
λ : D → RRECT

data
visible true 
left 1 * 25
bottom 0
width 20
height 1.2 * 80
fillStyle blue
strokeStyle black
lineWidth 1.5
... ...



1 1.2 1.7 1.5 0.7
λ : D → RRECT

data
visible true 
left 2 * 25
bottom 0
width 20
height 1.7 * 80
fillStyle blue
strokeStyle black
lineWidth 1.5
... ...



1 1.2 1.7 1.5 0.7
λ : D → RRECT

data
visible true 
left 3 * 25
bottom 0
width 20
height 1.5 * 80
fillStyle blue
strokeStyle black
lineWidth 1.5
... ...



1 1.2 1.7 1.5 0.7
λ : D → RRECT

data
visible true 
left 4 * 25
bottom 0
width 20
height 0.7 * 80
fillStyle blue
strokeStyle black
lineWidth 1.5
... ...



1 1.2 1.7 1.5 0.7
λ : D → RRECT

data
visible true 
left λ: index * 25
bottom 0
width 20
height λ: datum * 80
fillStyle blue
strokeStyle black
lineWidth 1.5
... ...



var vis = new pv.Panel(); 
vis.add(pv.Bar) 

  .data([1, 1.2, 1.7, 1.5, 0.7]) 

  .visible(true) 

  .left((d) => this.index * 25); 

  .bottom(0) 

  .width(20) 

  .height((d) => d * 80) 

  .fillStyle(“blue”) 

  .strokeStyle(“black”) 



vis.add(pv.Rule).data([0,-10,-20,-30]) 
   .top((d) => 300 - 2*d - 

0.5).left(200).right(150) 
   .lineWidth(1).strokeStyle("#ccc") 
   .anchor("right").add(pv.Label) 
     .font("italic 10px Georgia") 
     .text((d) => 

d+"°").textBaseline("center"); 

vis.add(pv.Line).data(napoleon.temp) 
   .left(lon).top(tmp) .strokeStyle("#0") 
  .add(pv.Label) 
    .top((d) => 5 + tmp(d)) 
    .text((d) => d.temp+"° 

"+d.date.substr(0,6)) 
    .textBaseline("top").font("italic 10px 

Georgia");
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var army = pv.nest(napoleon.army, "dir", 
"group“); 
var vis = new pv.Panel(); 

var lines = vis.add(pv.Panel).data(army); 
lines.add(pv.Line) 
  .data(() => army[this.idx]) 
  .left(lon).top(lat).size((d) => d.size/

8000) 
  .strokeStyle(() => color[army[paneIndex]

[0].dir]); 

vis.add(pv.Label).data(napoleon.cities) 
  .left(lon).top(lat) 
  .text((d) => d.city).font("italic 10px 

Georgia") 
  .textAlign("center").textBaseline("middle

");

Create axes manually
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d3.js: Data-Driven Documents

M Bostock, V Ogievetsky, J Heer. D³ data-driven documents. 2011
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Protovis 

Specialized mark types 
 ✅ Streamlined design 
 - Limits expressiveness 
 - More overhead (slower) 
 - Harder to debug 
 - Self-contained model 

Specify a scene (nouns) 
 ✅ Quick for static vis 
 - Delayed evaluation 
 - Animation, interaction are 
more cumbersome

D3 

Bind data to DOM 
 ✅ Exposes SVG/CSS/… 
 ✅ Less overhead (faster) 
 ✅ Debug in browser 
 ✅ Use with other tools 

Transform a scene (verbs) 
 - More complex model 
 ✅ Immediate evaluation 
 ✅ Dynamic data, anim, and 
interaction natural
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Bind one <circle> for every 
element in cars.

If <circle> doesn't exist, create. 
If <circle> exists, update.  
If data doesn't exist, remove <circle>.



D3 Modules

56

Data Parsing / Formatting (JSON, CSV, …)

Shape Helpers (arcs, curves, areas, symbols, …)

Scale Transforms (linear, log, ordinal, …)

Color Spaces (RGB, HSL, LAB, …)

Animated Transitions (tweening, easing, …)

Geographic Mapping (projections, clipping, …)

Layout Algorithms (stack, pie, force, trees, …)

Interactive Behaviors (brush, zoom, drag, …)
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