
Welcome to the Seminar on Visualiza3on 
and Graphics with Processing  

This is CS 50. 



Part I: the building blocks 





Genome Visualiza3on Project 

•  From Harvard Pfister Lab 
hIp://gvi.seas.harvard.edu/sites/all/files/mizbee.pdf : 



MSR Academic Vis Project 

•  hIp://academic.research.microsoO.com/
VisualExplorer.aspx#450662  



Visualizing the Internet 

 hIp://www.codingthewheel.com/archives/visualizing‐the‐internet  



Stanford Munzer Graphics Lab 

hIp://graphics.stanford.edu/videos/h3/  



GeXng Started 

Every program has two func3ons: 
•  Setup – here you create a window for your 
draw, call func3ons to load your data sets 

•  Draw – preIy much everything related to 
what will be displayed inside the empty 
window you’ve created at setup 



Hello, World! In … Processing 
void setup(){ 
size(400, 400); 

smooth(); 

} 

void draw(){ 

if(mousePressed){ 

fill(0); 

}  
else { 

fill(255); 

} 

Ellipse(mouseX, mouseY, 80, 80); 

} 





Draw ‐ primi3ves 

•  Upper leO corner of screen has coordinates 
(0,0), y axis orienta3on: down 

•  The following are func3ons for crea3ng 
geometric primi3ves. Note that for “filling” 
with color (the fill func3on), the color selected 
remains the same for all future calls inside 
draw unless you call fill again to change the 
color. Fill takes either (r,g,b) in 0 to 255 range 
for each channel, or the color in hex format. 



Basic Shapes 

•  point(200, 120); 
•  line(x1,y1,x2,y2); 
•  triangle(x1,y1,x2,y2,x3,y3); 
•  rect(x,y, width, height); //x,y top leO corner 
•  ellipse(x,y, width, height); 
•  arc(x,y, width, height, start, stop); //start, stop 
in radians; arc can be used for pacman!  



Drawing order 

•  The *last* line represen3ng a func3on call to 
draw a geometric shape represents the shape 
drawn on top of all previous shapes.  

•  Simply: read your code from boIom to top – 
the last element is the one on top of the 
collage of geometric shapes you’ve drawn. 



Radians() and Stroke() 

•  Useful func3on: call radians(x) and it will 
convert the value x in degrees to radians. Very 
useful in drawing arcs. 

•  Stroke is the outline of a shape. You can 
disable it with noStroke(). You can change the 
width of the contour line by using 
strokeWeight(x pt value); 

•  Smooth() is used to reduce aliasing. Can be 
disabled with noSmooth(); 



Aliasing and An3‐Aliasing (Smooth) 

hIp://en.wikipedia.org/wiki/Aliasing 



Fill, Stroke, Background 

•  If drawing in grayscale, these func3ons take only 
1 parameter, 0 to 255 which represents degree of 
white (0 is black, 255 white). 

•  Fill can be disabled with noFill(). Then the color 
inside the drawn shape is the color of the 
background or of the shape in a more distal 
plane. 

•  Alpha value = transparency (0 as transparent, 255 
as opaque). Op3onal fourth parameter to fill and 
stroke.  



Custom Shapes 

•  Bound defini3on of a custom shape with 
beginShape(); 

… 

endShape(); 

Inside you can have as many ver3ces as you 
need: 
vertex(x,y); 



Variables, logic, loops, comments 

•  Simple: variables are defined just as in C; same 
for loops, branching, and comments. The 
syntax is preserved. 

•  Also, arrays are declared as: 
int[] a = new int[10];  



Console 

•  Use println(“ …”); for debugging – this works 
just like prinp() in C and you can use it to print 
to the console. 

•  Example 



Setup() 

•  Setup only gets called once 
•  You can use it to load your datasets, or open 
textures, or simply set the fill color, window 
size, aliasing or an3‐aliasing, etc. proper3es 
for the draw. 



Mouse Variables 

•  Useful for drawing con3nuously: you have 
current mouseX, mouseY, but also the mouse 
posi3ons at the previous frame, specifically 
pmouseX, pmouseY. These are directly accessible 
to you through Processing. 

•  Example 
void draw(){ 
line(mouseX, mouseY, pmouseX, pmouseY); 
} 



Mouse Variables 

•  mousePressed is of type bool 
•  Returns true whenever a mousebuIon is 
clicked 

if(mousePressed) 

 if(mouseBuIon == LEFT) 

   … 



Keyboard interac3on 

if(keyPressed) 
 if((key == ‘a’) || (key == ‘z’)) 

   …//code for zoom for example 

//for arrow keys 

if(keyPressed && key == CODED) 

 if(keyCode == LEFT) 

   ….//leOarrow pressed 



Media Export 

•  Can export a frame using: 
saveFrame(“output.png”); 
Can export to PDF: 
//top of code: 
import processing.pdf.* 
In setup: 
size(x, y, PDF, “output.PDF”); 
In draw  ‐ at the end of draw, before} 
exit(); 



Media Import 

At top of code (declare global): 
Pimage img; 

•  In setup: 
img = loadImage(“foo.jpg”); //or png, gif 

In draw: 

image(img, 0,0); 



Bounds of circles/rectangles 

•  Useful for crea3ng buIons and for interac3on 
with the visualiza3on 

•  dist(x,y,x2,y2) represents the Euclidean 
distance between the two points 

•  Example 



Text 
//Global: 
PFont font; 

//In Setup: 

font = loadFont(“foo.vlw”); 

//In Draw(): 

textFont(font); 

textAlign(CENTER); 

textSize(14); 

fill(0); 

text(“LOLCAT”, x, y); 



2D Anima3on 

•  You can check if a shape is off‐screen by 
comparing its coordinates with the width and 
height you give to the window in setup() call 
to size(width, height). Thus you can 
implement “bouncing” off walls. 

•  Any anima3on implementa3on would be 
inside draw(). 

•  Example 



Random 

•  You can draw randomly, for instance in the 
pacman example we could randomly display 
an edible item:  

float randomX = random(0, mouseX); 

float randomY = random(0, mouseY); 

fill(100, 100, 100);  

ellipse(randomX, randomY, 5, 5); 



Timers 

int 3mer = millis(); 

if(3me1 > 3mer) 

 //do foo1 

Circular mo3on example 



Geometric Transforma3ons 

translate(x,y); //integers 

rotate(angle); //in radians 

scale(ra3o); //float 



Geometric transforma3ons 

If you are using more than 1 geometric 
transform, you need to precede the 
transforma3ons by pushMatrix() and end the 
stream of transforma3ons with popMatrix() 
These are always used in pairs and allow you to 
limit the effect of the transforma3ons within the 
bounds of the push and pop (within those two 
you must also call the func3ons to draw the 
objects you want the transforms to apply to). 



Example 

 pushMatrix(); 
 translate(mouseX, mouseY); 

 rect(0,0,30, 30); 

 popMatrix();//effect of translate ends here 



3D and OpenGL (intro) 

import processing.opengl.*; 

void setup() 
{ 
 size(880, 440, OPENGL); 
 noStroke();   
 fill(255);   
} 



3D and OpenGL (intro) 

Coordinate system: posi3ve z axis points into the 
screen (away from you);  

Ligh3ng – ambient, direc3onal, point (advanced) 

Camera – points toward center of screen. The 
camera() func3on offers control over camera 
loca3on, orienta3on (i,j,k), and camera target. 



3D Intro 

•  Examples! 



Part II: More advanced applica3ons 

•  Example 1: geXng data from a table 
Table yourTable; //global 
//in setup(): 
yourTable = new Table(“C:\...”); 
int rowCount = yourTable.getRowCount(); 
//in draw: 
for(int row = 0; i < rowCount; i++) 
{   

 float x=yourTable.getFloat(row, 1); 
 float y = yourTable.getFloat(row,2); 

} 



Example 1: US Map 

table.getFloat (row, column) works well for a TSV 
data input file (TSV = Tab Separated Value); this 
means every two data points on a row are 
separated by a tab. 
You can replace the getFloat part with whatever 
data type you are using. 
To add a file (ie, table.tsv) to your code folder, 
click on Sketch ‐> Add file 
DEMO  



Example 1 

•  You will need to download the library for 
dealing with Tables: 

hIp://benfry.com/wri3ng/map/Table.pde 

Then Sketch‐>Add File‐>Table.pde 

You will see the .pde (Processing source file) in a 
different tab 



Outcome 



Example 2: WordMap 

•  The actual implementa3on of the wordmap is 
done in the treemap library: 

hIp://benfry.com/wri3ng/treemap/library.zip 
Follow instruc3ons in Chaper 7 of Visualizing 
Data, add user interac3on using the building 
blocks taught in part 1. 
For a test dataset, use Twain’s Following the 
Equator from: 
hIp://benfry.com/wri3ng/treemap/equator.txt  



Outcome 



DEMO 

•  See treemap.pde 
•  For you – enhance the visualiza3on by adding 
user interac3on – highlight of words, 
rela3onships between words and chapters, 
etc. 



GeXng your own dataset 

•  For final project, either create a dataset of 
your own, in TSV format (like a tech demo 
project)  

•  OR 
•  Use a scrip3ng language such as Python 
combined with regular expressions 

•  For web scraping, use Python + library 
“Beau3ful Soup” (allows HTML tag parsing) 



GeXng your own dataset 

•  For crea3ng a dataset from a text file to create 
your TSV input file to Processing, please use: 

hIp://docs.python.org/library/re.html  

(regular expression library) 



Recommended references 

•  Install processing (download) from 
processing.org. In the processing folder you 
will find the folder “examples” 

•  Learning Processing, Daniel Shiffman, 
Morgan Kaufman (2008) 

•  Visualizing Data, Ben Fry, O'Reilly (2007)  
•  The laIer is highly recommended – walks 
you through full code of various large 
examples. Learning Processing is a good 
reference book. 

•  Processing.org/reference 



AOer CS50… 



Thank you! 


