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Foreword

At MIT, the full-time graduate studio that I administer attracts a uniquely gifted lot:
people who have a fundamental balance issue in the way they approach the computer as
an expressive medium. On the one hand, they don’t want the programming code to get
in the way of their designs or artistic desires; on the other hand, without hesitation they
write sophisticated computer codes to discover new visual pathways. The two sides of their
minds are in continual conflict. The conclusion is simple for them. Do both.
Hybrids that can fluidly cross the chasm between technology and the arts are
mutations in the academic system. Traditionally, universities create technology students
or art students—but never mix the two sides of the equation in the same person. During
the 1990s the mutants that managed to defy this norm would either seek me out, or else
I would reach out to find them myself. Bringing these unique people together was my
primary passion, and that’s how I came into contact with Casey Reas and Ben Fry.
It is said that the greatest compliment to a teacher is when the student surpasses the
teacher. This corner was turned quickly after I began to work with them, and the finishing
blow came when Ben and Casey created Processing. They prominently elevated the call
for visual experimentation with their timely mastery of the Internet to engage at first
tens, hundreds, and then tens of thousands of hybrids all over the world. Wherever I might
travel, young technology artists are always talking about Processing and ask me to pass on
their thanks to Casey and Ben.
So it is here that I express my thanks to you, Ben and Casey. On behalf of all of the
people who follow where Processing might take the field of computational art and design,
I wish you more sleepless nights in the relentless pursuit of perfecting the bridge that
connects the art-mind with the computer-mind. All of us look to you to lead the way for
when art on the computer becomes simply, art—without the icky technology connotations.
We’re all counting on you to take us there. Please?

John Maeda
Allen Professor of Media Arts and Sciences
MIT Media Laboratory
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Preface

This book was written as an introduction to the ideas of computer programming within
the context of the visual arts. It targets an audience of computer-savvy individuals who
are interested in creating interactive and visual work through writing software but have
little or no prior experience. We’re tremendously excited about the potential of software
as a medium for communication and expression, and we hope this book will open the
potential to a wide audience.
The Processing book is the result of six years of software development and teaching
experience. The ideas presented have been continually tested in the classrooms,
computer labs, and basements of universities, art and design schools, and arts
institutions. The authors have taught related courses at the University of California–
Los Angeles, the Interaction Design Institute Ivrea, Harvard University, and Carnegie
Mellon University and have given numerous workshops and lectures on this topic at
conferences and institutions around the globe. The contents of this book have been
continually improved through the generous feedback of students and fellow educators.
The refined curriculum is presented here in book form with the intention of distributing
the results of this endeavor to a larger and more diverse community.

Contents
Four types of content are featured in these pages. The majority of the book is divided into
tutorial units discussing specific elements of software and how they relate to the arts
(pp. 17–153, 173–259, 279–375, 395–499). These units introduce the syntax and concepts
of software such as variables, functions, and object-oriented programming. They cover
topics such as photography and drawing in relation to software. These units feature
many short, prototypical example programs with related images and explanation. More
advanced professional projects from diverse domains including animation, performance,
and typography are discussed in interviews with their creators (pp. 155, 261, 377, 501).
The extensions sections (p. 519) present concise introductions to further domains of
exploration including computer vision, sound, and electronics. The appendixes (p. 661)
provide reference tables and more involved explanations of technical topics. The related
media section (p. 693) is a list of references to additional material on related topics. The
technical terms used in the book are defined in the glossary (p. 699).
This book is full of example programs written using the Processing programming
language developed by the authors. Processing is a free, open source programming
language and environment used by students, artists, designers, architects, researchers,
and hobbyists for learning, prototyping, and production. Processing is developed
by artists and designers as an alternative to proprietary software tools in the same
domain. The project integrates a programming language, development environment,

xxi

and teaching methodology into a unified structure for learning and exploration.
The software allows people to make a smooth transition from beginner to advanced
programmer, and the Processing language is a good basis for future learning. The
technical aspects of the language and the deeper programming concepts introduced
in this text translate well to other programming languages, particularly those used
frequently within the arts.
Most of the examples presented in this book have a minimal visual style. This
represents not a limitation of the Processing software, but rather a conscious decision
by the authors to make the code for each example as brief and clear as possible. We hope
the stark quality of the examples gives additional incentive to the reader to extend the
programs to her or his own visual language.

How to read this book
This book can be read front to back or in a self-directed order. There are two tables of
contents (p. vii, ix) that order the book in different ways. In addition to reading the
book from front to back, following each category (e.g., Input, Shape, Structure) from
beginning to end is a logical way to move through the text. Previous knowledge and
areas of interest can define the order of exploration. For example, it’s possible to read all
of the units about images and skip those about math, or vice versa. You will find that
many later units require knowledge of concepts discussed in earlier units. If you find
unfamiliar code and ideas, it may be necessary to read earlier units before proceeding.
Understanding this book requires more than reading the words. It is also essential
to run, modify, and interact with the programs found within. Just as it’s not possible
to learn to cook without cooking, it’s not possible to learn how to program without
programming. Many of the examples can be fully understood only in motion or in
response to the mouse and keyboard. The Processing software and all of the code
presented in this book can be downloaded and run for future exploration. Processing
can be downloaded from www.processing.org/download and the examples from
www.processing.org/learning.
The code, diagrams, and images convey essential content to augment the text.
Because this book was written for visually oriented people, it’s assumed that diagrams
and images will be read with as much care as the text. Typographic and visual
conventions are used to assist reading. Code elements within the text are presented
in a monospaced font for differentiation. Each code example is numbered sequentially
to make it easy to reference. The numbers appear in the right margin at the first
line of each example. The number “15-02” refers to the 2nd example in the 15th unit
(p. 128). Unfortunately, sometimes a code example wraps to the next page. When the
abbreviation “cont.” appears as a part of the code number, this signifies the code is
continued from the previous page. Many of the code examples run differently when
the variable values are changed. When numbers appear to the left of an image (p. 200),
these numbers were used to produce that image. In examples where the mouse position
is important, thin lines are used to imply the mouse position at the time the image was
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made (code 23-02, p. 206). In some examples, only the horizontal position of the mouse is
important and a single vertical line is used to show the position (code 23-03, p. 206).

Casey’s introduction
I started playing with computers as a child. I played games and wrote simple programs
in BASIC and Logo on my family’s Apple IIe machine. I spent years exploring and testing
it, but I preferred drawing, and my interest in computers dissipated. As a design student
at the University of Cincinnati in the early 1990s, I started to use Adobe’s Photoshop
and Illustrator programs during my first year, but I wasn’t permitted to use them in my
design studio classes until the third year. I spent the first two years of my education
training my eyes and hands to construct composition and meaning through visual form.
I focused my energy on drawing icons and letters with pencils and painting them with
Plaka, a matte black paint. This was intensely physical work. I often produced hundreds
of paper sketches while working toward a single refined image. I later focused my
efforts on the design of printed materials including books, magazines, and information
graphics. In this work I used software as a tool during an intermediate stage between
concept and the final result on paper.
Over time, I shifted from producing printed media to software. When the
multimedia CD-ROM industry emerged, I worked in that area to integrate my interests
in sound, video, image, and information design. With the rise of the Internet in the
mid-1990s, I focused on building large, database-integrated websites. As I shifted my
work from paper to screen, static grids and information hierarchies evolved into kinetic,
modular systems with variable resolutions and compositions. The time and energy
once spent devoted to details of materials and static composition shifted to details of
motion and response. I focused on building real-time processes to generate form, define
behavior, and mediate interactions. To pursue these interests at a more advanced level, I
realized I would need to learn to program computers. After a childhood of playing with
computers and years of working with them professionally, I started down a new path.
In 1997 I met John Maeda and was introduced to the experimental software work of
his students in the Aesthetics and Computation Group at MIT. They created a new type
of work by fusing traditional arts knowledge with ideas from computer science. My new
direction emerged as I experienced this work, and in 1998 I started learning to program
computers in earnest. I began graduate studies at MIT the following year. My time there
was personally transforming as I shifted from a consumer of software to a producer. I
expanded my views of technology in relation to culture and the history of art.
While a graduate student at the MIT Media Lab, I was introduced to a culture of
individuals who combined skills from more than one field of study. The knowledge in
common was computing technology, and people had backgrounds in other disciplines
including architecture, art, mathematics, design, and music. At that time, few software
environments afforded both a sophisticated programming language and the ability
to created refined graphics, so my predecessors and colleagues at MIT built their own
software to meet their unique needs. The building of these software tools and their use
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to develop projects led to the emergence of a unique culture that synthesized knowledge
from visual culture with knowledge from computer science. The desire to make this
information accessible to people outside of technical fields and institutions has been my
motivation for dedicating the last six years to developing Processing. I hope this book
will act as a catalyst to increase software literacy within the arts.

Ben’s introduction
Like lots of people who wind up in similar careers, I’ve always been interested in
taking things apart to understand how they work. This began with disassembling and
comparing the contents of household electronics, looking for similar components. Once I
ran out of telephones and radios, I moved to software. The computer provided an endless
range of questions, like having an infinite number of telephones. With a burnt yellow
binder that described “IBM BASIC by Microsoft,” my father introduced me to the “for”
loop and I gradually taught myself programming—mostly by staring at others’ code,
sometimes modifying it to make it do something else. Over time it became easier to
write code from scratch.
I had a separate interest in graphic design, and I was curious about typography and
layout and composition. A family friend ran a design firm, and I thought that seemed
like the most interesting job on earth. I later applied to design school, thinking of
studying user interface design or creating “interactive multimedia CD-ROMs,” the only
possibilities I could see for intersecting my two interests. Attending design school was
significant for me, because it provided thinking and creative skills that could be applied
to other areas, including my interest in software.
In 1997, during my final year of undergraduate school, John Maeda gave a lecture
at our program. It was overwhelming for several of us, including one friend who sat
mumbling “Whoa, slow down...” as we watched from the back of the room. In the
presentation I finally saw the intersection between design and computation that I
couldn’t figure out before. It was a different perspective than building tools, which
sounded mundane, or building interfaces, which also left something to be desired. A
year later I was lucky to have the opportunity to join Professor Maeda at MIT.
Pedagogy was a persistent theme during my six years working with John at the
Media Laboratory. Casey, other students, and I contributed to the Design By Numbers
project, which taught us a great deal about teaching computation to designers and
gave us a lot of feedback on what people wanted. Casey and I began to see a similarity
between this feature set and what we did in our own work at the “sketching” stage,
and we started to discuss how we might connect the two in what would later be called
Processing.
We wanted Processing to include lots of code that could be viewed, modified, and
tested—reflecting the way in which I learned programming. But more important has
been the community that has formed around the project, who are eager to share code
with one another and help answer each other’s questions. In a similar manner, the code
for Processing itself is available, which for me has a lot to do with repaying the favor of a
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previous generation of developers who shared their code and answered my questions.
One of my personal goals for this project is to facilitate designers’ taking control
of their own tools. It’s been more than twenty years since desktop publishing helped
reinvent design in the mid-1980s, and we’re overdue for more innovations. As designers
have become fed up with available tools, coding and scripting has begun to fill the
widening gap between what’s in the designer’s mind and the capability of the software
they’ve purchased. While most users of Processing will apply it to their own work, I hope
that it will also enable others to create new design tools that come not from corporations
or computer scientists, but from designers themselves.
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Processing relates software concepts to principles of visual form, motion, and
interaction. It integrates a programming language, development environment,
and teaching methodology into a unified system. Processing was created to teach
fundamentals of computer programming within a visual context, to serve as a software
sketchbook, and to be used as a production tool for specific contexts. Students, artists,
design professionals, and researchers use it for learning, prototyping, and production.
The Processing language is a text programming language specifically designed to
generate and modify images. Processing strives to achieve a balance between clarity and
advanced features. Beginners can write their own programs after only a few minutes
of instruction, but more advanced users can employ and write libraries with additional
functions. Many computer graphics and interaction techniques can be discussed,
including vector/raster drawing, image processing, color models, mouse and keyboard
events, network communication, and object-oriented programming. Libraries easily
extend Processing’s ability to generate sound, send/receive data in diverse formats, and
to import/export 2D and 3D file formats.

Software
A group of beliefs about the software medium combine to set the conceptual foundation
for Processing and inform decisions related to designing the software and environment.
Software is a unique medium with unique qualities
Concepts and emotions that are not possible to express in other media may be expressed
in this medium. Software requires its own terminology and discourse and should not
be evaluated in relation to prior media such as film, photography, and painting. History
shows that technologies such as oil paint, cameras, and film have changed artistic
practice and discourse, and while we do not claim that new technologies improve art,
we do feel they enable different forms of communication and expression. Software holds
a unique position among artistic media because of its ability to produce dynamic form,
process gestures, define behavior, simulate natural systems, and integrate various media
including sound, image, and text.
Every programming language is a distinct material
As with any medium, different materials are appropriate for different tasks. When
designing a chair, a designer decides to use steel, wood or other materials based on
the intended use and on personal ideas and tastes. This scenario transfers to writing
software. The abstract animator and programmer Larry Cuba describes his experience
this way: “Each of my films has been made on a different system using a different
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programming language. A programming language gives you the power to express some
ideas, while limiting your abilities to express others.”1 There are many programming
languages available to choose from, and some are more appropriate than others
depending on the project goals. The Processing language utilizes a common computer
programming syntax that makes it easy for people to extend the knowledge gained
through its use to many diverse programming languages.
Sketching is necessary for the development of ideas
It is necessary to sketch in a medium related to the final medium so the sketch can
approximate the outcome. Painters may construct elaborate drawings and sketches
before executing the final work. Architects traditionally work first in cardboard and
wood to better understand their forms in space. Musicians often work with a piano
before scoring a more complex composition. To sketch electronic media, it’s important
to work with electronic materials. Just as each programming language is a distinct
material, some are better for sketching than others, and artists working in software
need environments for working through their ideas before writing final code. Processing
is built to act as a software sketchbook, making it easy to explore and refine many
different ideas within a short period of time.
Programming is not just for engineers
Many people think programming is only for people who are good at math and other
technical disciplines. One reason programming remains within the domain of this
type of personality is that the technically minded people usually create programming
languages. It is possible to create different kinds of programming languages and
environments that engage people with visual and spatial minds. Alternative languages
such as Processing expand the programming space to people who think differently.
An early alternative language was Logo, designed in the late 1960s by Seymour Papert
as a language concept for children. Logo made it possible for children to program
many different media, including a robotic turtle and graphic images on screen. A more
contemporary example is the Max programming environment developed by Miller
Puckette in the 1980s. Max is different from typical languages; its programs are created
by connecting boxes that represent the program code, rather than lines of text. It has
generated enthusiasm from thousands of musicians and visual artists who use it as a
base for creating audio and visual software. The same way graphical user interfaces
opened up computing for millions of people, alternative programming environments
will continue to enable new generations of artists and designers to work directly with
software. We hope Processing will encourage many artists and designers to tackle
software and that it will stimulate interest in other programming environments built
for the arts.
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Literacy
Processing does not present a radical departure from the current culture of
programming. It repositions programming in a way that is accessible to people who are
interested in programming but who may be intimidated by or uninterested in the type
of programming taught in computer science departments. The computer originated as a
tool for fast calculations and has evolved into a medium for expression.
The idea of general software literacy has been discussed since the early 1970s.
In 1974, Ted Nelson wrote about the minicomputers of the time in Computer Lib /
Dream Machines. He explained “the more you know about computers . . . the better
your imagination can flow between the technicalities, can slide the parts together,
can discern the shapes of what you would have these things do.”2 In his book, Nelson
discusses potential futures for the computer as a media tool and clearly outlines ideas
for hypertexts (linked text, which set the foundation for the Web) and hypergrams
(interactive drawings). Developments at Xerox PARC led to the Dynabook, a prototype
for today’s personal computers. The Dynabook vision included more than hardware.
A programming language was written to enable, for example, children to write
storytelling and drawing programs and musicians to write composition programs. In
this vision there was no distinction between a computer user and a programmer.
Thirty years after these optimistic ideas, we find ourselves in a different place. A
technical and cultural revolution did occur through the introduction of the personal
computer and the Internet to a wider audience, but people are overwhelmingly using
the software tools created by professional programmers rather than making their own.
This situation is described clearly by John Maeda in his book Creative Code: “To use a
tool on a computer, you need do little more than point and click; to create a tool, you
must understand the arcane art of computer programming.”3 The negative aspects of
this situation are the constraints imposed by software tools. As a result of being easy to
use, these tools obscure some of the computer’s potential. To fully explore the computer
as an artistic material, it’s important to understand this “arcane art of computer
programming.”
Processing strives to make it possible and advantageous for people within the visual
arts to learn how to build their own tools—to become software literate. Alan Kay, a
pioneer at Xerox PARC and Apple, explains what literacy means in relation to software:
The ability to “read” a medium means you can access materials and tools created by others. The ability to “write”
in a medium means you can generate materials and tools for others. You must have both to be literate. In print
writing, the tools you generate are rhetorical; they demonstrate and convince. In computer writing, the tools you
generate are processes; they simulate and decide.4

Making processes that simulate and decide requires programming.
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Open
The open source software movement is having a major impact on our culture and
economy through initiatives such as Linux, but it is having a smaller influence on
the culture surrounding software for the arts. There are scattered small projects,
but companies such as Adobe and Microsoft dominate software production and
therefore control the future of software tools used within the arts. As a group, artists
and designers traditionally lack the technical skills to support independent software
initiatives. Processing strives to apply the spirit of open source software innovation to
the domain of the arts. Our goal is to provide an alternative to available proprietary
software and to improve the skills of the arts community to stimulate interest in related
initiatives. Our goal is to make Processing easy to extend and adapt and to make it
available to as many people as possible.
Processing probably would not exist without its ties to open source software. Using
existing open source projects as guidance, and for important software components, has
allowed the project to develop in a smaller amount of time and without a large team of
programmers. Individuals are more likely to donate their time to an open source project,
and therefore the software evolves without a budget. These factors allow the software to
be distributed without cost, which enables access to people who cannot afford the high
prices of commercial software. The Processing source code allows people to learn from
its construction and to learn by extending it with their own code.
People are encouraged to publish the code for programs they’ve written in
Processing. The same way the “view source” function in Web browsers encouraged the
rapid proliferation of website-creation skills, access to others’ Processing code enables
members of the community to learn from each other so that the skills of the community
increase as a whole. A good example involves writing software for tracking objects in a
video image, thus allowing people to interact directly with the software through their
bodies, rather than through a mouse or keyboard. The original submitted code worked
well but was limited to tracking only the brightest object in the frame. Karsten Schmidt
(a k a toxi), a more experienced programmer, used this code as a foundation for writing
more general code that could track multiple colored objects at the same time. Using this
improved tracking code as infrastructure enabled Laura Hernandez Andrade, a graduate
student at UCLA, to build Talking Colors, an interactive installation that superimposes
emotive text about the colors people are wearing on top of their projected image.
Sharing and improving code enables people to learn from one another and to build
projects that would be too complex to accomplish without assistance.

Education
Processing makes it possible to introduce software concepts in the context of the arts
and also to open arts concepts to a more technical audience. Because the Processing
syntax is derived from widely used programming languages, it’s a good base for future
learning. Skills learned with Processing enable people to learn other programming
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languages suitable for different contexts including Web authoring, networking,
electronics, and computer graphics.
There are many established curricula for computer science, but by comparison
there have been very few classes that strive to integrate media arts knowledge with
core concepts of computation. Using classes initiated by John Maeda as a model,
hybrid courses based on Processing are being created. Processing has proved useful
for short workshops ranging from one day to a few weeks. Because the environment
is so minimal, students are able to begin programming after only a few minutes of
instruction. The Processing syntax, similar to other common languages, is already
familiar to many people, and so students with more experience can begin writing
advanced syntax almost immediately.
In a one-week workshop at Hongik University in Seoul during the summer of 2003,
the students were a mix of design and computer science majors, and both groups worked
toward synthesis. Some of the work produced was more visually sophisticated and some
more technically advanced, but it was all evaluated with the same criteria. Students like
Soo-jeong Lee entered the workshop without any previous programming experience;
while she found the material challenging, she was able to learn the basic principles and
apply them to her vision. During critiques, her strong visual skills set an example for the
students from more technical backgrounds. Students such as Tai-kyung Kim from the
computer science department quickly understood how to use the Processing software,
but he was encouraged by the visuals in other students’ work to increase his aesthetic
sensibility. His work with kinetic typography is a good example of a synthesis between
his technical skills and emerging design sensitivity.
Processing is also used to teach longer introductory classes for undergraduates
and for topical graduate-level classes. It has been used at small art schools, private
colleges, and public universities. At UCLA, for example, it is used to teach a foundation
class in digital media to second-year undergraduates and has been introduced to the
graduate students as a platform for explorations into more advanced domains. In the
undergraduate Introduction to Interactivity class, students read and discuss the topic
of interaction and make many examples of interactive systems using the Processing
language. Each week new topics such as kinetic art and the role of fantasy in video
games are introduced. The students learn new programming skills, and they produce an
example of work addressing a topic. For one of their projects, the students read Sherry
Turkle’s “Video Games and Computer Holding Power”5 and were given the assignment to
write a short game or event exploring their personal desire for escape or transformation.
Leon Hong created an elegant flying simulation in which the player floats above a body
of water and moves toward distant island. Muskan Srivastava wrote a game in which the
objective was to consume an entire table of desserts within ten seconds.
Teaching basic programming techniques while simultaneously introducing
basic theory allows the students to explore their ideas directly and to develop a deep
understanding and intuition about interactivity and digital media. In the graduatelevel Interactive Environments course at UCLA, Processing is used as a platform for
experimentation with computer vision. Using sample code, each student has one week
to develop software that uses the body as an input via images from a video camera.
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Zai Chang developed a provocative installation called White Noise where participants’
bodies are projected as a dense series of colored particles. The shadow of each person
is displayed with a different color, and when they overlap, the particles exchange,
thus appearing to transfer matter and infect each other with their unique essence.
Reading information from a camera is an extremely simple action within the Processing
environment, and this facility fosters quick and direct exploration within courses that
might otherwise require weeks of programming tutorials to lead up to a similar project.

Network
Processing takes advantage of the strengths of Web-based communities, and this has
allowed the project to grow in unexpected ways. Thousands of students, educators,
and practitioners across five continents are involved in using the software. The project
website serves as the communication hub, but contributors are found remotely in cities
around the world. Typical Web applications such as bulletin boards host discussions
between people in remote locations about features, bugs, and related events.
Processing programs are easily exported to the Web, which supports networked
collaboration and individuals sharing their work. Many talented people have been
learning rapidly and publishing their work, thus inspiring others. Websites such
as Jared Tarbell’s Complexification.net and Robert Hodgin’s Flight404.com present
explorations into form, motion, and interaction created in Processing. Tarbell creates
images from known algorithms such as Henon Phase diagrams and invents his own
algorithms for image creation, such as those from Substrate, which are reminiscent of
urban patterns (p. 157). On sharing his code from his website, Tarbell writes, “Opening
one’s code is a beneficial practice for both the programmer and the community. I
appreciate modifications and extensions of these algorithms.”6 Hodgin is a self-trained
programmer who uses Processing to explore the software medium. It has allowed him
to move deeper into the topic of simulating natural forms and motion than he could
in other programming environments, while still providing the ability to upload his
software to the Internet. His highly trafficked website documents these explorations by
displaying the running software as well as providing supplemental text, images, and
movies. Websites such as those developed by Jared and Robert are popular destinations
for younger artists and designers and other interested individuals. By publishing their
work on the Web in this manner they gain recognition within the community.
Many classes taught using Processing publish the complete curriculum on the Web,
and students publish their software assignments and source code for others to learn
from. The websites for Daniel Shiffman’s classes at New York University, for example,
include online tutorials and links to the students’ work. The tutorials for his Procedural
Painting course cover topics including modular programming, image processing, and 3D
graphics by combining text with running software examples. Each student maintains
a web page containing all of their software and source code created for the class. These
pages provide a straightforward way to review performance and allow easy access to the
other members of the class.
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The Processing website, www.processing.org, is a place for people to discuss their
projects and share advice. The Processing Discourse section of the website, an online
bulletin board, has thousands of members, with a subset actively commenting on each
others’ work and helping with technical questions. For example, a recent post focused
on a problem with code to simulate springs. Over the course of a few days, messages
were posted discussing the details of Euler integration in comparison to the RungeKutta method. While this may sound like an arcane discussion, the differences between
the two methods can be the reason a project works well or fails. This thread and many
others like it are becoming concise Internet resources for students interested in detailed
topics.

Context
The Processing approach to programming blends into established methods. The core
language and additional libraries make use of Java, which also has elements identical to
the C programming language. This heritage allows Processing to make use of decades of
programming language refinements and makes it understandable to many people who
are already familiar with writing software.
Processing is unique in its emphasis and in the tactical decisions it embodies with
respect to its context within design and the arts. Processing makes it easy to write
software for drawing, animation, and reacting to the environment, and programs
are easily extended to integrate with additional media types including audio, video,
and electronics. Modified versions of the Processing environment have been built
by community members to enable programs to run on mobile phones (p. 617) and to
program microcontrollers (p. 633).
The network of people and schools using the software continues to grow. In the
five years since the origin on the idea for the software, it has evolved organically
through presentations, workshops, classes, and discussions around the globe. We plan to
continually improve the software and foster its growth, with the hope that the practice
of programming will reveal its potential as the foundation for a more dynamic media.

Notes
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Noah Wardrip-Fruin and Nick Montfort (MIT Press, 2003), p. 306.
3. John Maeda, Creative Code (Thames & Hudson, 2004), p. 113.
4. Alan Kay, “User Interface: A Personal View,” in The Art of Human-Computer Interface Design,
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Lines

Processing
File Edit Sketch Tools Help

Menu
Toolbar

Lines

Tabs

void setup() {
size(100, 100);

Display window

noLoop();
}
void draw() {
diagonals(40, 90);
diagonals(60, 62);
diagonals(20, 40);

Text editor

}
void diagonals(int x, int y) {
line(x, y, x+20, y-40);
line(x+10, y, x+30, y-40);
line(x+20, y, x+40, y-40);
}

Message area

Console

Processing Development Environment (PDE)
Use the PDE to create programs. Write the code in the text editor and use
the buttons in the toolbar to run, save, and export the code.

Using Processing

Download, Install
The Processing software can be downloaded from the Processing website. Using a
Web browser, navigate to www.processing.org/download and click on the link for your
computer’s operating system. The Processing software is available for Linux, Macintosh,
and Windows. The most up-to-date installation instructions for your operating system
are linked from this page.

Environment
The Processing Development Environment (PDE) consists of a simple text editor for
writing code, a message area, a text console, tabs for managing files, a toolbar with
buttons for common actions, and a series of menus. When programs are run, they open
in a new window called the display window.
Pieces of software written using Processing are called sketches. These sketches are
written in the text editor. It has features for cutting/pasting and for searching/replacing
text. The message area gives feedback while saving and exporting and also displays
errors. The console displays text output by Processing programs including complete error
messages and text output from programs with the print() and println() functions.
The toolbar buttons allow you to run and stop programs, create a new sketch, open, save,
and export.
Run

Compiles the code, opens a display window, and runs the program inside.

Stop

Terminates a running program, but does not close the display window.

New

Creates a new sketch.

Open

Provides a menu with options to open files from the sketchbook, open an example,
or open a sketch from anywhere on your computer or network.

Save

Saves the current sketch to its current location. If you want to give the sketch a different
name, select “Save As” from the File menu.

Export

Exports the current sketch as a Java applet embedded in an HTML file. The folder
containing the files is opened. Click on the index.html file to load the software in the
computer’s default Web browser.

The menus provide the same functionality as the toolbar in addition to actions for file
management and opening reference materials.
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File

Commands to manage and export files

Edit

Controls for the text editor (Undo, Redo, Cut, Copy, Paste, Find, Replace, etc.)

Sketch

Commands to run and stop programs and to add media files and code libraries.

Tools

Tools to assist in using Processing (automated code formatting, creating fonts, etc.)

Help

Reference files for the environment and language

All Processing projects are called sketches. Each sketch has its own folder. The main
program file for each sketch has the same name as the folder and is found inside.
For example, if the sketch is named Sketch_123, the folder for the sketch will be called
Sketch_123 and the main file will be called Sketch_123.pde. The PDE file extension stands
for the Processing Development Environment.
A sketch folder sometimes contains other folders for media files and code libraries.
When a font or image is added to a sketch by selecting “Add File” from the Sketch menu,
a data folder is created. You can also add files to your Processing sketch by dragging
them into the text editor. Image and sound files dragged into the application window
will automatically be added to the current sketch’s data folder. All images, fonts, sounds,
and other data files loaded in the sketch must be in this folder. Sketches are stored in
the Processing folder, which will be in different places on your computer or network
depending on whether you use PC, Mac, or Linux and on how the preferences are set.
To locate this folder, select the “Preferences” option from the File menu (or from the
Processing menu on the Mac) and look for the “Sketchbook location.”
It is possible to have multiple files in a single sketch. These can be Processing text
files (with the extension .pde) or Java files (with the extension .java). To create a new file,
click on the arrow button to the right of the file tabs. This button enables you to create,
delete, and rename the files that comprise the current sketch. You can write functions
and classes in new PDE files and you can write any Java code in files with the JAVA
extension. Working with multiple files makes it easier to reuse code and to separate
programs into small subprograms. This is discussed in more detail in Structure 4 (p. 395).

Export
The export feature packages a sketch to run within a Web browser. When code is
exported from Processing it is converted into Java code and then compiled as a Java
applet. When a project is exported, a series of files are written to a folder named applet
that is created within the sketch folder. All files from the sketch folder are exported into
a single Java Archive (JAR) file with the same name as the sketch. For example, if the
sketch is named Sketch_123, the exported file will be called Sketch_123.jar. The applet
folder contains the following:
index.html

HTML file with the applet embedded and a link to the source code and the Processing
homepage. Double-click this file to open it in the default Web browser.

Sketch_123.jar

Java Archive containing all necessary files for the sketch to run. Includes the Processing
core classes, those written for the sketch, and all included media files from the data
folder such as images, fonts, and sounds.
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Sketch_123.java

The JAVA file generated by the preprocessor from the PDE file. This is the actual file that
is compiled into the applet by the Java compiler used in Processing.

Sketch_123.pde

The original program file. It is linked from the index.html file.

loading.gif

An image file displayed while the program is loading in a Web browser.

Every time a sketch is exported, the contents of the applet folder are deleted and the files
are written from scratch. Any changes previously made to the index.html file are lost.
Media files not needed for the applet should be deleted from the data folder before it is
exported to keep the file size small. For example, if there are unused images in the data
folder, they will be added to the JAR file, thus needlessly increasing its size.
In addition to exporting Java applets for the Web, Processing can also export
Java applications for the Linux, Macintosh, and Windows platforms. When “Export
Application” is selected from the File menu, folders will be created for each of the
operating systems specified in the Preferences. Each folder contains the application, the
source code for the sketch, and all required libraries for a specific platform.
Additional and updated information about the Processing environment is available
at www.processing.org/reference/environment or by selecting the “Environment” item
from the Help menu of the Processing application.

Example walk-through
A Processing program can be be as short as one line of code and as long as thousands of
lines. This scalability is one of the most important aspects of the language. The following
example walk-through presents the modest goal of animating a sequence of diagonal
lines as a means to explore some of the basic components of the Processing language. If
you are new to programming, some of the terminology and symbols in this section will
be unfamiliar. This walk-through is a condensed overview of the entire book, utilizing
ideas and techniques that are covered in detail later. Try running these programs inside
the Processing application to better understand what the code is doing.
Processing was designed to make it easy to draw graphic elements such as lines,
ellipses, and curves in the display window. These shapes are positioned with numbers
that define their coordinates. The position of a line is defined by four numbers, two for
each endpoint. The parameters used inside the line() function determine the position
where the line appears. The origin of the coordinate system is in the upper-left corner,
and numbers increase right and down. Coordinates and drawing different shapes are
discussed on pages 23–30.
line(10,
line(20,
line(30,
line(40,
line(50,
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80,
80,
80,
80,
80,

30,
40,
50,
60,
70,

40);
40);
40);
40);
40);

// Left line
// Middle line
// Right line

0-01

Structure 1: Code Elements
This unit introduces the most basic elements and vocabulary for writing software.

Syntax introduced:
// (comment), /* */ (multiline comment)
; (statement terminator), “,” (comma)
print(), println()

Creating software is an act of writing. Before starting to write code, it’s important to
acknowledge the difference between writing a computer program and writing an Email
or an essay. Writing in a human language allows the author to utilize the ambiguity
of words and to have great flexibility in constructing phrases. These techniques allow
multiple interpretations of a single text and give each author a unique voice. Each
computer program also reveals the style of its author, but there is far less room for
ambiguity. While people can interpret vague meanings and can usually disregard poor
grammar, computers cannot. Some of the linguistic details of writing code are discussed
here to prevent early frustration. If you keep these details in mind as you begin to
program, they will gradually become habitual. This unit presents variations of a simple
program that sets the size and background color of the display window, demonstrating
some of the most basic elements of writing code with Processing.

Comments
Comments are ignored by the computer but are important for people. They let you write
notes to yourself and to others who read your programs. Because programs use symbols
and arcane notation to describe complex procedures, it is often difficult to remember
how individual parts of a program work. Good comments serve as reminders when you
revisit a program and explain your thoughts to others reading the code. Commented
sections appear with a different color than the rest of the code. This program explains
how comments work:
//
//
//
//

Two forward slashes are used to denote a comment.
All text on the same line is a part of the comment.
There must be no spaces between the slashes. For example,
the code "/ /" is not a comment and will cause an error

// If you want to have a comment that is many
// lines long, you may prefer to use the syntax for a
// multiline comment
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/*
A forward slash followed by an asterisk allows the
comment to continue until the opposite

1-01
cont.

*/
// All letters and symbols that are not comments are translated
// by the compiler. Because the following lines are not comments,
// they are run and draw a display window of 200 x 200 pixels
size(200, 200);
background(102);

Functions
Functions allow you to draw shapes, set colors, calculate numbers, and to execute
many other types of actions. A function’s name is usually a lowercase word followed
by parentheses. The comma-separated elements between the parentheses are called
parameters, and they affect the way the function works. Some functions have no
parameters and others have many. This program demonstrates the size() and
background() functions.
// The size function has two parameters. The first sets the width
// of the display window and the second sets the height
size(200, 200);
// This version of the background function has one parameter.
// It sets the gray value for the background of the display window
// in the range of 0 (black) to 255 (white)
background(102);

Expressions, Statements
Using an analogy to human languages, a software expression is like a phrase. Software
expressions are often combinations of operators such as +, *, and / that operate on the
values to their left and right. A software expression can be as basic as a single number or
can be a long combination of elements. An expression always has a value, determined by
evaluating its contents.
Expression
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Value

5

5

122.3+3.1

125.4

((3+2)*-10) + 1

-49
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Comment

// Create a 300 x 400 window
size(300, 400);
background(0);

Function

Statement terminator
Statement

Parameter

Anatomy of a program
Every program is composed of different language elements. These elements work together to describe
the intentions of the programmer so they can be interpreted by a computer. The anatomy of a more
complicated program is on page 176.

Expressions can also compare two values with operators such as > (greater than) and <
(less than). These comparisons are evaluated as true or false.
Expression

Value

6 > 3

true

54 < 50

false

A set of expressions together create a statement, the programming equivalent
of a sentence. It’s a complete unit that ends with the statement terminator, the
programming equivalent of a period. In the Processing language, the statement
terminator is a semicolon.
Just as there are different types of sentences, there are different types of statements.
A statement can define a variable, assign a variable, run a function, or construct an
object. Each will be explained in more detail later, but examples are shown here:
size(200, 200);
int x;
x = 102;
background(x);

//
//
//
//

Runs the size() function
Declares a new variable x
Assigns the value 102 to the variable x
Runs the background() function

Omitting the semicolon at the end of a statement, a very common mistake, will result in
an error message, and the program will not run.
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Case sensitivity
In written English, some words are capitalized and others are not. Proper nouns like Ohio
and John and the first letter of every sentence are capitalized, while most other words
are lowercase. In many programming languages, some parts of the language must be
capitalized and others must be lowercase. Processing differentiates between uppercase
and lowercase characters; therefore, writing “Size” when you mean to write “size” creates
an error. You must be rigorous in adhering to the capitalization rules.
size(200, 200);
Background(102);
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// ERROR! The B in "background" is capitalized

Whitespace
In many programming languages, including Processing, there can be an arbitrary
amount of space between the elements of a program. Unlike the rigorous syntax of
statement terminators, spacing does not matter. The following two lines of code are a
standard way of writing a program:
size(200, 200);
background(102);

1-05

However, the whitespace between the code elements can be set to any arbitrary amount
and the program will run exactly the same way:
size

1-06

(

200,
200)
background
;

;
(

102)

Console
When software runs, the computer performs operations at a rate too fast to perceive
with human eyes. Because it is important to understand what is happening inside the
machine, the functions print() and println() can be used to display data while a
program is running. These functions don’t send pages to a printer, but instead write text
to the console (pp. 8, 9). The console can be used to display a variable, confirm an event,
or check incoming data from an external device. Such uses might not seem clear now,
but they will reveal themselves over the course of this book. Like comments, print()
and println() can clarify the intentions and execution of computer programs.
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// To print text to the screen, place the desired output in quotes
println("Processing..."); // Prints "Processing..." to the console
// To print the value of a variable, rather than its name,
// don’t put the name of the variable in quotes
int x = 20;
println(x); // Prints "20" to the console
// While println() moves to the next line after the text
// is output, print() does not
print("10");
println("20"); // Prints "1020" to the console
println("30"); // Prints "30" to the console
// The "+" operator can be used for combining multiple text
// elements into one line
int x2 = 20;
int y2 = 80;
println(x2 + " : " + y2); // Prints "20 : 80" to the message window

Exercises
1. Write comments in the text area explaining a piece of software you
would like to write.
2. Write a program to make a 640 * 480 pixel display window with a black
background.
3. Use print() and println() to write some text to the console.
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