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Section 1: Programming Principles
 
 
 
Chapter 1: Introduction to Programming
by Mike Taperell and Roberto Vormittag
This chapter introduces you to the idea of computer art and to Java, the programming language that Processing is based upon. You’ll also see an example of how Processing can be used to create a simple graphic
Computer Graphics
From the earliest cave paintings, artists were never slow to take advantage of the opportunities new technology offered and this has resulted in a steady progression— both in technique and visual appeal—that can be seen to have matured as the centuries progressed. This evolution exists both in the materials and techniques used as well as in the imaginative way that subjects of paintings can be portrayed.
The advent of computers and computing have provided such a raft of new tools and possibilities that art has exploded onto our screens, impacting all walks of life and touching everyone. Works of art, once displayed only in museums and churches, now present themselves everywhere from the displays on our mobile phones to the ever present advertisements that populate our media. Looking back from their privileged viewpoint a hundred years hence, our progeny will surely identify the years of the computer explosion as the dawn of a new era in exciting and accessible art.
Computers have, through the use of specialised software programs, created the possibility to make adjustments to images that totally transform both the look and the composition of a picture. However, as this book will show, it is in the use of computer programs that excite and produce some of the most unusual and stimulating work that modern technology excels. There is, after all, something rather wonderful about watching a computer produce shapes and colours on the screen as you watch, knowing that this particular work is unique to that occasion and is being produced just for you! This is all the better, of course, when the set of instructions is one that you produced and crafted yourself.
A computer program is simply a list of instructions that the computer takes, processes and which results in a particular output. In a way, it's like writing a shopping list where you enter the items required and the order in which they must be purchased as you walk around the store. The computer, in this case you, then performs the task and at the end there is a result, in this case a basket full of shopping. Specifying these instructions makes you the computer programmer and although each instruction may be simple, the combined effect can produce amazing results. You, the programmer and artist, produce the list of instructions you wish the machine to perform and, at the press of a key, your program runs and output appears on the screen.
Using simple computer code it is possible to construct an endless variety of shapes in millions of colours, all of which can be arranged, moved and overlaid to form either a composition, some form of pattern or a representation of an object existing in the real world. Using the Processing environment upon which this book is based, it is also possible to easily and quickly make changes to the structure of the program which, when run again, will produce a different result. As you will see later, the changes to the program may be small, but the end-product can be totally different from that produced earlier, a procedure that is notoriously laborious using traditional art methods. The really exciting part is that, by experimenting, you can create unexpected and amazing graphical works
The Java Programming Language
A computer program is simply a set of instructions, written in a programming language, that tells the computer what to do. The Processing language, which essentially tells the computer how to display graphics, is based on a programming language called Java. Just as you don’t have to know how a car works to be able to drive one, you also don’t need to know how a computer works to write a computer program. However if you do know the basics of combustion engines, transmission systems, braking systems, and tyre grip physics, it will make you a better—and safer—driver. The same applies to programming. So let’s start by looking at what is going on under the bonnet of our PC when we run a computer program.
The Computer
For all their wonderful multimedia capabilities of modern day, computers are, at their heart, nothing more than number crunching machines. Inside every PC is the single most important piece of hardware – the microprocessor, also known as the Central Processing Unit, or CPU. The CPU is responsible for executing program instructions and manipulating data. However there is one catch: CPUs understand only binary numbers (sequences of zeroes and ones). Program instructions and data expressed in binary format are commonly known as machine code.
On the same circuit board where the CPU is located, you will find a bunch of silicon chips which make up your PC’s Random Access Memory (RAM). It is in the RAM that the machine code is stored for the CPU to fetch and execute. What happens is this: whenever you ask your operating system for example Windows, to run a program, say, by double clicking on the program’s icon, the operating system reads the relevant file(s) from disk and loads the program into RAM. Once in memory, the operating system can start feeding the machine code to the CPU for execution. The combination of a specific operating system version running on a particular type of hardware is often referred to as a platform.
You now know (almost) everything a programmer needs to know about computer architecture. To write a computer program in machine code that the CPU understands would be a colossal task, even for the geekiest among geeks, because binary numbers don’t mean much to humans. Instead, we like to communicate concepts through words and sentences. So we have a problem: computers and people ‘speak’ two completely different languages.
Translation and Compilers
If you need to communicate with a person who only understands Japanese, and you don’t know the first thing about the Japanese language, what do you do? You hire a translator, of course. And that’s exactly the solution that computer scientists came up with to solve the computer-human language mismatch: they created programming languages based on symbols that people understand (called high-level programming languages), and then use software to translate these ‘human-friendly’ program files (the source code) into machine code for the CPU to execute. The translation process from source code to machine code is called compilation. There are two categories of software that perform compilation: source code compilers and source code interpreters.
A compiler translates the source code into binary before the program is run (known as compile-time), storing the resulting machine code on disk as an executable program. When the operating system loads a compiled program into RAM for execution, the CPU can execute it straight away without any delays since it is already in binary format. Compiled programs use the CPU speed to the full; they are said to be high-performing programs. The issue with compiled programs is that they aren’t portable - for example a program compiled to run on Windows will not run on a Mac without modification.
An interpreter performs source code compilation during execution of the program (at what is called runtime). When you request the execution of an interpreted program, the operating system loads the interpreter in RAM, which, in turn, loads the program source code as-is and then compiles one instruction at a time into machine code on-the-fly before it is passed to the CPU for execution. The resulting machine code is never stored on disk, so every time an interpreted program is executed the compilation has to be performed all over again. This makes them portable but adds extra processing required by the on-the-fly compilation of the source code into machine code at runtime, making them potentially slower than compiled programs
Java takes a different approach: it uses both a compiler and an interpreter. Java source code is firstly processed by a compiler, but the result of the compilation is not machine code as with traditional (native) compilers; the Java compiler produces something called bytecode. Bytecode is the closest you can get to machine code, while still maintaining platform-neutrality. Unlike machine code, bytecode cannot be executed as-is; an interpreter is still required to run the compiled Java program. The Java interpreter is usually known as the Java Virtual Machine, or JVM. Because the bytecode is already pretty close to machine code, the JVM can perform the on-the-fly compilation from bytecode to machine code very quickly—much faster compared to purely interpreted languages.
As the bytecode is platform-neutral, compiled Java programs are entirely portable; you can run your compiled Java program on any platform for which there is a JVM implementation, without changing a single line of code. The JVM runtime execution of bytecode performs to levels close to that of machine code-compiled programs. Java manages to combine portability with high performance. That’s quite an achievement.
Java and Processing
Java comes with a large collection of ready-made software components providing a wide range of functionality that you can incorporate into your programs straight out-of-the-box. In computing parlance, such a collection of reusable software components is called a software library. And the way you access the functionality provided by a software library is by means of its Application Programming Interface (API).
An API is essentially a well-documented set of component interfaces organized in a structured way. The range of functionality provided by the Java libraries is staggering. It covers the storage of data (collections); utilities to manipulate text; mathematical operations; program input and output; network programming; security; database connectivity; graphical user interfaces; two-dimensional graphics; and a lot more. This rich set of libraries makes a programming language more appealing as it allows programmers to produce complex software faster, with less code and more quality. 
The Processing development environment, used for computer art, is built using Java. The programming language used in Processing is Java, although Processing provides an extended graphics API and a simplified programming model that gets you started with graphic programming very quickly, whilst, at the same time allowing you to use more advanced techniques as you gain more experience.
To conclude this introduction, it is worth taking a look at a very simple Processing program. You need not understand the detail at this point, but it gives a small view of what a Processing program looks like. It draws the St. George’s Cross, in the form of the national flag of England. The output from the program is shown in Figure 1
/** St George's Cross - a very simple Processing program.*/
 
// Call required Processing API functions
// define sketch window size of 350 by 210 pixels
size(350, 210);
 
// Calculate and set variables, not that the number represents
// the number of pixels, these are the dots on a computer screen
int flagDimension = 70;
  
// The flag width will be 70*5=350
int flagWide = flagDimension * 5;
  
// The flag height will be 70* 3 pixels =210
int flagHeight = flagDimension * 3;
  
// The width of the cross will be 210/5 = 42 pixels
int crossWidth = flagHeight / 5;
 
// Set window background to white
// 255 is the integer value for white
background(255);
 
// Set stroke weight for the cross, this gives a width of 42
strokeWeight(crossWidth);
 
// set stroke colour to red
stroke(255, 0, 0);
 
// draw the cross
line(0, flagHeight/2, flagWide, flagHeight/2);
line(flagWide/2, 0, flagWide/2, flagHeight);
[image: OEBPS/images/image0001.png] 
Figure 1: Drawing of the St George’s Cross
 
Chapter 2: Algorithms
by Alex Harris, Samir Rabab and Stewart Edwards
An algorithm is a description of some process that a computer executes using a programming language. To implement a computer program you need to design an algorithm. This chapter enables you to do this. It is one of the most important chapters in the book as everything else that follows depends on it
What is an Algorithm?
An obvious point to start the chapter with is; what is an algorithm? This might sound like a simple question for some of you but it never hurts to cover the basics so that everyone ends up at the same point. Algorithm sounds like a scary word but it is actually something really quite simple. It is just a set of instructions that can be put together to perform a task. An algorithm is something that you use already in everyday life without even thinking about it. To take a basic example, imagine the steps needed for getting out of bed
Algorithm for getting up in the morning
Think ‘I need to get up’
Throw back the covers
Grudgingly take one foot and place it on the floor
Heave yourself up
Place second foot on floor
Rub eyes
Stand up
 
So there you are up out of bed, algorithm done, understood and comprehended. It really is that easy. Let’s try another one. You decide that before going for your daily run, you will write an algorithm for it. Give it a try then compare it to our version below
Algorithm for going for a run
Put on running clothes and shoes
Open door.
Go out of door
Close door
Start jogging to warm up
Start running
Cool down
End run
 
Let’s now try an algorithm more closely related to what you would do with a computer. Computers love algorithms. And every algorithm that you will ever write does exactly what you have already done: it lists the sequences of events that need to take place to make something happen. Computers follow instructions exactly, so it is important that they are told precisely what to do, otherwise they can do unexpected and strange things. Computers do not think like we do, they can only follow orders. This is where algorithms have their power - you can use them to visualise what a computer will do
Let’s think about something you probably do without thinking, using a computer application such as playing a game on the computer. Any game will do, we’ll use a game of pool:
Algorithm for playing pool on the computer
Sit at computer
Turn computer on
Log in to my desktop
Click pool game icon
Start playing pool and have fun
Stop when I win/lose
 
Grab a pen and paper and write an algorithm for your favourite computer game or application, it will help you understand the concepts more clearly.
This concept can also be translated to writing a Processing program. Imagine you want to draw a line on the screen. You could delve straight into the programming but it would help to first write an algorithm to help visualise the process.
Algorithm to visualise programming a straight line
Open Processing tool
Write code to draw a straight line on the screen
Run the code to draw the line
Look at the line with great satisfaction
 
A bit abstract maybe but all need to do now is exactly the same thing, but in more detail by expanding on the steps needed to write the code: simply listing out the sequence of things that the computer needs to do to draw the line.
Algorithm for actually drawing the line
Pick a point on the screen
Pick a second point on the screen
Draw a line between these two points
The output of our algorithm can be seen in Figure 2. 
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Figure 2: A Line Drawn using an Algorithm
So there you have it. You now know that an algorithm is simply an ordered list that helps you do something. You know that computers do things through using programs, and algorithms are just descriptions of these programs - lists of instructions if you like - and you now know how to write your own algorithms. Easy isn’t it? Next we will look at some more complex algorithms.
Parts of an Algorithm
The algorithms we’ve shown so far have been intentionally simple and not included any repetition or decision-making. It is vital that we use a finite number of steps in our algorithm. Thus, the aim is for our algorithm to terminate when the last step has been executed. A well designed algorithm is always guaranteed to terminate.
Think of it as describing the most basics steps needed to accomplish something in minute detail, for example, how to cook a joint of lamb. Imagine trying to tell a robot how to cook lamb. It isn’t sufficient to tell the robot to watch the lamb, because that’s exactly what it would do, watch it burn on the stove. You would need to tell it when to intervene, in this case when the lamb is sufficiently cooked
As you will see however, having a finite number of steps (although a step in the right direction) does not necessarily guarantee the termination of our algorithm. Let’s re-consider the ‘running’ algorithm:
Algorithm for going for a run
Put on running clothes and shoes
Open door
Go out of door
Close door
Start jogging to warm up
Start running
Cool down
End run
 
It seems straight forward enough; it is, under normal circumstances. But, what would happen if you encounter a problem along the way, say in step 2. The door does not open, it is jammed or locked and the key is nowhere to be found. Suddenly, the task of getting out of the door (step 3) does not seem that straight forward.
For a human, this might present a setback, and cause a delay in the time taken to get to the final step within the algorithm. A deviation will become inevitable while we make the necessary arrangements that will help us overcome ‘the door problem’, making a phone call to the locksmith for instance. A computer on the other hand, faced with such an algorithm, where one of its steps cannot be successfully executed will crash and throw out an error message along with some technical jargon, which is its way of saying ‘bad algorithm’.
To overcome this shortfall in our algorithm, we need to introduce a mechanism that allows the algorithm to make ‘decisions’ along the way to indicate the correct path to follow based on a given set of circumstances.
Algorithms usually incorporate some, or all, of the following features
Sequence
Decision
Repetition
 
Sequence
The order in which the steps appear within our algorithm can be extremely important. If we further divide step 2 of our algorithm ‘Open door’ into three separate steps:
Unlock door
Turn handle
Pull handle to open door
 
We can safely claim that executing step 3 before step 1 makes a large difference to the success of the algorithm. However, the order we put on our running clothes may be less important (putting your shoes on before your t-shirt makes little difference to the end result)
Decision
Decisions help us to find alternative routes based on a given condition, i.e. what to do in the situation where the door does not open, or equally as bad, if it does not close behind you. Do you cancel your run, find another solution, or ignore the problem? Any of those may be acceptable, or unacceptable, to you
Repetition
You can think of step 6 ‘Start running’ as a continuous repetition of the same action, namely that you keep running until it is time for step 7 ‘Cool down’. This is an example of repetition. Repetition almost always must include a decision, namely when to stop repeating
Going back to our running algorithm, consider the following enhancement:
Algorithm for going on a run (with repetition and decision making)
Put on running clothes and shoes
Open door
If door can be opened, open door
Else cancel run
Go out of door
Close door
Choose direction
If raining turn left into the undercover running complex
Else turn right into the park
Start jogging to warm up
Start running
Keep running for 30 minutes
Cool down
End run
 
You will see that we’ve enhanced the algorithm by adding in some repetition (how long to keep running for) and some decision making:
When to stop running
Which direction to take depending on the weather
What to do if we can’t open the door
 
As you can see, decisions can be used to enable us to recover from problems that could occur (door not opening, for example) during the execution of our algorithm. However, we can also use decisions to aid us in controlling and selecting the most optimum route for our algorithm to follow, so that our end goal can be achieved in the most efficient way possible.
When making decisions in algorithms it will be your job as a programmer to pick the solution that represents the best alternative, taking into account the various factors that surround your particular project.
This introduction to algorithms underpins all computer programs and being able to understand and write them will form the basis of every computer program you write.
 
Chapter 3: Introduction to Processing
by Charlie Beddoes, John Wilson and Sheep Dalton
This chapter will introduce you to the Processing: a Java-based system for computer graphic art. You will see how Processing has a number of instructions that allow you to draw simple graphical objects such as lines and learn how to use the Processing Integrated Development Environment
The Processing Environment
The Processing environment has been designed specifically for artists to create pieces of computational art as easily as possible; this is reflected by the simplicity of the program interface. However, this simplicity does not equal poor output. It is possible to create very complex pieces using this program even if you haven’t ever written code before using Processing, without months of programming to achieve it. 
We will take a closer look at the main components of the Processing environment as a way of familiarising yourself before you really get your teeth in to it. This type of environment is referred to as an IDE (Integrated Development Environment) known in Processing as the PDE (Processing Development Environment). In the following descriptions it is important to know that Processing refers to the created graphic as a sketch and the code written to create it as sketch code
To install Processing head over to the Processing website (processing.org) and download it for your operating system (Windows, Mac, Linux etc), unzip the file you downloaded and run the processing application. When you open the program you should be met with a window similar to the one shown in Figure 3
Note that the screenshots were taken whilst Processing 4 was in beta version so there may be minor differences in how it looks and button location 
This screen is made up of six main components, shown in Figure 3, which briefly are:
Toolbar - the basic functions for handling the sketch code and running it
Tabs - one tab per piece of sketch code
Text Editor - the editor where you can write and see your code
Line Numbers – the line numbers for your code with current line highlighted
Message Area - where Processing displays messages to you
Console - where any text output (including error messages) is displayed
Console/Error Tabs – Buttons to switch between the Console and Errors tabs
[image: OEBPS/images/image0003.png]Figure 3: The Processing Environment
The toolbar itself probably bears some additional explanation in case the functions are not obvious. Note that that the top menu may differ on your computer due to the operating system you use (the one shown in the example was produced on a Windows 7 machine). However, it is simply a standard window menu, so the one you see should be similar to the standard one you are used to
The buttons are shown in Figure 4 and briefly explained as:
Run - allows you to compile your code and execute it
Stop - allows you to stop a sketch from running
Debug – starts the debugger for debugging your sketch code. We won’t cover debugging here as it is a large topic
Mode - allows you to change the ‘mode’ that your sketch will run in. The default option given is Java and that is the mode we will use until we introduce modes much later in the book. Other modes can be added such as JavaScript and Android
The top menu contains a series of useful actions that you may use. We won’t provide a full explanation of every menu option, there is a full description on the Processing website if you need it, but we will briefly describe each one:
File. This contains a series of commands that open and file Processing sketches. This command set is also used for printing and for setting preferences such as the maximum amount of memory available.
Edit. This contains a series of commands that manipulate source code, for example cutting chunks of text.
Sketch. This part of the Processing environment is concerned with running sketches and importing libraries.
Debug. This contains actions used when debugging sketch code.
Tools. This contains a variety of tools that you will only use infrequently unless you become a hardcore user.
Help. This contains a series of help facilities. 
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Figure 4: Processing Environment Toolbar
Your First Sketch
Let’s now use the Processing environment with a real example by creating our first running sketch. We will start by writing one line of what programmers called ‘code’ or ‘source code’.
Start Processing and in the white text editor type the following line on its own.
println("hello world!"); 
Now press the ‘run’ button. Assuming you have typed it in exactly as you see it above you should now notice that a small window appears and the message:
Hello world!
printed in white on the black background beneath the text area, similar to Figure 5. Quit the window that was just created - this is known as the display window and is where the graphics you will create are displayed. Currently it is blank because all we did was output some text. Congratulations. You have made your first sketch. Most programmers call this the hello world moment. If you can get this to appear on the screen then it shows everything is working correctly.
[image: OEBPS/images/image0005.png]
Figure 5: Hello World!
You can now save this sketch using the File > Save menu option. Call it something like hello_world. This will save a file called hello_world.pde. Processing uses the .pde extensions to show that the file relates to a Processing sketch file
Let us go through the sketch and see what you have just done. It began with the command, or procedure, or message (they are currently synonymous) called println. This is short for PRINT LINE, and reaches far, far back into the dawn of computing. Many years ago computers were attached to teletype printers, a sort of computer-controlled electric typewriter. For example, the hot line between America and the USSR during the Cold War was a teletype (literally far-type): a set of wires connecting two teletype machines. Typing the letter H at one end would cause the letter H to be printed on the corresponding remote machine. By typing this way, two people, or presidents perhaps, could have a conversation. Once you had written your message you would press the return button to send it.
Later, during the development of the computer, someone had the idea of hooking up a computer to a teletype machine and then programming it to send text to the printer. This concept, while wildly primitive, does sit at the heart of all programming languages. Being able to print line or println a message to yourself is one of the last ditch ways you can check to see how a program is working. So you can see that for most programmers, once they figure out how to do the println then they can be sure that everything works as it should.
After the command comes a rounded bracket in which ‘arguments’ are contained, which are given to the preceding command. So in this case the argument is “Hello world!”, some text that we want to print. Old-fashioned quotes are used to show that this is text and not, for example, a number. Finally, the line ends with a semicolon. Some languages assume that the entire line is the line of code. Processing takes the semi colon as the end of line marker and missing this will produce an error
Processing will attempt to alert you to errors in your code with a meaningful error message. Missing a semicolon will produce an error stating that you are “Missing a semicolon”. You can click on the Errors tab at the bottom for a more descriptive version of the error. As you can see in 6 the tab shows the error, the tab on which it is located (as you can have multiple sketches open at a time) and the line on which it occurred. Of course we only have 1 line, but if you had 1000 it would be very useful! Multiple errors can be displayed here if you have more than one error
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Figure 6: Error Console Showing Missing Semicolon Error
The ‘missing semicolon’ error is an easy one to spot and fix. Some errors may not be so easy and require more effort for you to work out where the issue lies. As an example, try changing one of the speech marks (“) to an apostrophe (‘)
println('Hello World!");
This will generate an error of ‘Invalid Character Constant’ which is much less obvious. However, as Figure 7 shows, it does tell you on which line the error occurs, and you will have to read over that line of code to work out what the error is and how to fix it. You can try this yourself
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Figure 7: Error Console Showing Invalid Character Constant Error
If you would like a bit of practice at studying errors, try spotting the errors in the following lines of code. The Processing Error console tab might help you if you copy these into a Processing window
println("Hello World!");
println("Hello World!")
println("Hello World!");
println("Hello World!');
println"Hello World!");
Your Second Sketch
Let’s move on to something a bit more interesting. Type the following code into the text window in Processing and press the run button. Don’t worry about understanding it all at this point
println("hello world");
size(640,580);
rect(72,72,405,505 );
ellipseMode(CORNER);
ellipse( 135,135,108,99 );
ellipse( 306,135,108,99);
triangle(279,270,324,358,234,358);
arc(153,405,270,83,0,PI);
If Processing complains, don’t worry, as it is hard to write a long list of code without making a typing error. It can be hard to understand what is going wrong so if Processing does complain then make sure that the code is copied down exactly as it is shown here in the book. If you are sure there are no errors on one line then check the line before or after. Generally, make sure that every command ends with a ‘;’ semicolon (this is the most common mistake that people make).
When you run this code you should see the display window being created. Congratulations! This window should show a picture of a face resembling the picture in Figure 8. The face is drawn on what Processing calls a ‘canvas’ which is essentially the area you can draw on inside the display window
So what happened? We will briefly take you through the lines you just typed. The first line of the code is the familiar println of ‘hello world’ left over from the first sketch. As you have already seen with algorithms, the code starts from the top of the list and works its way down the list.
The next line, size() tells Processing how big a window it should be creating. You generally call size() once and only once; the arguments to size() are the dimensions in pixels (a dot on the screen) you will ultimately use. If you make the values large (1000000, 100000) then you will get a window bigger than the screen
[image: OEBPS/images/image0008.png] 
Figure 8: Picture of a Face
The next few lines draw the face - rectangle for the face, ellipses for the eyes, triangle for the nose and an arc for the mouth. 
Now let’s save the sketch and change the sketch name by using the Save option. Press the Save button; a File Dialog window will open, offering you the option of renaming the sketch. Let’s rename the sketch by changing the highlighted name to HelloWorld and clicking on the Save button. Once this has been done, the Processing window should reflect the new name of the sketch along the top bar of the application and above the editing frame.
That is your first Processing sketch written and saved. For fun try replacing the arc line with:
arc(153,405,270,83,PI,10);
and rerun the sketch to get a different facial expression. Have you noticed that all you did was play with the numbers? Why not carry on playing with changing some other numbers?
 
Chapter 4: Programming Basics
by Alex Harris, Bryan Clifton, Daniel Bergmann, Mike Richards and Sheep Dalton
This chapter will introduce you to the basic programming concepts needed to create a Processing sketch. It will introduce you to a number of very important programming concepts such as comments, variables, assignment statements and operators.
Variables
Computer programs need places to store information – these places are called variables (because their value may change during the execution of the program). Variables can be likened to pigeon holes in an internal snail mail system, where each employee or department (or whatever) has a pigeon hole in which mail is placed. Essentially the pigeon hole represents the variable. This is where important information is stored. Before you can use a variable, you must declare it. This is usually done at the top of a program code. Here is an example of a simple variable declaration:
int numberOfWheels;
The first word, int, tells Processing that the variable will hold an integer (whole number) value. Processing is an example of a typed language—that is variables may belong to one of a number of different types such as an integer (don’t worry if this seems to be a lot to take in right now, we will return to types below).
The second word numberOfWheels is the name we have chosen for the variable. And that’s it! You can now use the variable numberOfWheels in your sketch code.
Processing allows you to be extremely creative with variable names, so take advantage of that flexibility to choose appropriate names for the ones in your sketches; whilst it is very tempting to call variables a, b or temp; these names aren’t terribly meaningful when you come back to your code many months later. We will give you some guidance below.
One question that might have occurred to you is, what is the value of numberOfWheels now we have declared it? The answer is that we can’t be sure; although Processing can access our new variable, it has not been given an initial value. If you try to run the following sketch:
int numberOfWheels;
println(numberOfWheels);
which will display the value of the variable numberOfWheels you will see a warning in the message area of the Processing window along the lines of:
The local variable numberOfWheels may not have been initialized
To avoid this error, it is good practice to initialise a variable at the same time as declaring it. As the name suggests, initialisation sets a starting value for the variable, doing this is a great help when debugging a program—you can track the values of variables from the moment they are created and check that their values are always what you expected. Initialisation is extremely simple, the declaration can be rewritten as shown below to use initialisation:
int numberOfWheels = 4;
If you rewrite the simple sketch above with this declaration and initialisation, then run it, you should see the number 4 appear in the text area of the Processing window. The act of setting a variable to a value is known as ‘assigning’, so variables must be initialised by assigning a value to them before they can be used by using the = sign (known as an operator, we will cover these in a moment)
So, how do we name variables? Processing is a 'case sensitive' language meaning that it treats upper and lower case letters as different characters. So if you declare the variables myname, myName, Myname, MyName and MYNAME you create five different variables.Most Processing programmers use so-called ‘camel case’ when naming variables. Camel-case is a method of naming where individual words are joined without spaces, the first letter is in lowercase with the first letter of the subsequent words are capitalised; so a variable used to store the number of wheels on a toy car could be named numberOfWheels.
Processing does have some simple rules for naming variables:
Variable names may only contain letters, numbers, hyphens ( - ) and the underscore character ( _ );
You cannot use any of the reserved keywords as a variable name, for example int. In addition to these strict rules it is recommended that you don’t give variables the same name as any of your functions or objects to avoid confusion (do not worry about what objects and functions are at this stage, we come back to them later)
 
Finally, although Processing is case sensitive and allows you to create two variables with near identical names such as myName and MyName, we strongly recommend that you do not do this as it will inevitably lead to confusion.
As we mentioned before, variables in Processing belong to one of several types. Processing is a so-called typed language which means it treats different forms of data in different ways—called types. Although types can make life ever-so-slightly more difficult for programmers they do prevent problems when programs are run by preventing the programmer from using inappropriate operations, for example trying to divide a piece of text by 2
In this section we will introduce you to the most common types used in Processing and then show you how data can be transformed from one type to another. By the end of this section you should be able to select an appropriate type for your data and use these variables in small sketches.
There are two broad categories of types; the simplest types are known as primitive types whilst more complex types of information are not unsurprisingly known as complex types. Processing’s primitive types are shown below
Integer
Whole number values (including negative numbers) in the range -2147483648 to 2147483647
Example: int numberOfWheels = 4;
Float
Decimal values (including negative numbers) in the range -3.40282347E+38 to 3.40282347E+38
Example: float maximumPrice = 12249.99;
Character
Individual alphanumeric and symbolic characters in the Unicode character range
Example: char shirtSize = ‘L’; (don’t forget to use the single quotes)
Boolean
Logical values with only 2 permitted values; true and false
Example: boolean isFamousArtist = true;
Colour
Colour values expressed in terms of Red, Green and Blue components. Values must be given in triplets of red, green and blue—in that order. Each component has a minimum value of 0 and a maximum value of 255.
Example: color canvasColour = (255,0,255); (sets canvasColour to magenta). Note the American spelling of color
If you're unfamiliar with colour values, a quick explanation is needed. Every possible colour can be produced by combining different brightnesses of the three primary colours red, green and blue (usually abbreviated to R, G and B). If one of the three primaries is completely absent then it is given the value 0, the maximum intensity for one of the primaries is given the value 255.
Fortunately, you don't need to work out these values for yourself. Processing includes a Color Selector window which can be opened from the Tools menu in the Processing system. Use the mouse pointer to find the colour you want to use, the corresponding RGB value is given in the three boxes R, G and B.
Other Types of Declaration
Variables get their name because they can assume different values at different times and places in a program. However, sometimes you will need to refer to a value you don’t want to be changed, known as a constant. The declaration of a constant is very similar the same as that for a variable except for the addition of the keyword final and, by convention, the variable name is written in uppercase to show it is a constant. For example:
final int DAYS_IN_A_WEEK = 7;
Any attempt to overwrite the value will now result in an error message. Processing has a number of pre-defined mathematical constants such as PI, HALF_PI and TWO_PI representing Pi values. You cannot initialise or change the values of these three constants—which is fortunate when you think about it as mathematics wouldn’t be the same without it!
Try running the following code and see what happens (you should get an error message)
final int DAYS_IN_A_WEEK = 7;
DAYS_IN_A_WEEK = 8; // nobody wants that!
Operators
We frequently use operators in programming and have already met some of them. Others we know
from daily life such as addition (+), subtraction (-) and division (/). There are a number of different operators and they fall into distinct categories. We’ll go through each of the categories here along with the operators in them.
Operators work by taking values, known as arguments, and applying them to the variable on the left-hand side of the line (known as an operation)
Assignment Operator
We have already met the assignment (=) operator, although we haven’t fully explained what it does. An assignment statement takes a value or the result of a calculation and assigns it to a variable. The assignment operator is the = (equals) symbol and takes the general form of
variable = value;
An example we have already used is the assignment
int numberOfWheels = 4;
The assignment operator here is assigning the number 4 to the variable numberOfWheels. Any time the variable is used it will contain the number 4 unless you change the assignment by, for example, assigning another value.
int numberOfWheels = 4;
numberOfWheels = 5; // put the spare wheel in
println(numberOfWheels);
If you run the above code you will see that Processing displays the number 5 because we altered the assignment for the variable. Notice that we only use the type int once. You only declare a variable once, by declaring its type and name, but you can assign it as often as you want. You can also assign variables to each other, for example
int numberOfWheels = 4;
int numberOfTyres = numberOfWheels;
println(numberOfTyres);
This assigns the value of numberOfWheels (which is 4) to the variable numberOfTyres, which is now also 4. When working with primitive types this simply copies the value (in this case 4) into the other variable - changing the original has no effect
int numberOfWheels = 4;
int numberOfTyres = numberOfWheels;
numberOfWheels = 3;
println(numberOfTyres);
Running the code above will still display the numberOfTyres as 4 despite changing the numberOfWheels, all we did was copy the value, the 2 variables are otherwise unconnected;
Mathematical operators
The mathematical operators are perhaps the most familiar as we often see them in daily life
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Table 1: Basic mathematical operators
As you can see, the multiplication (*) operator uses a slightly different symbol from the more familiar x and the modulo operator uses the usual percentage (%) sign which is not used for percentages. Notice that in some examples you are using the same variable in both the assignment and the operation. For example x = x + 1 is taking the current value of x, adding 1 and re-assigning it back to x
int x = 0;
x = x +1;
Here the value of x at the end is 1 - you took the value of x (0), added 1 (to make 1) and re-assigned that value to x. You can try some of the examples from Table 1 by first declaring variables x and y, for example
int x = 0;
int y = 10;
x = x + 1;
println(x);
Be careful not to divide by zero as that will cause an error (dividing by zero results in an infinity answer and Processing doesn’t know how to deal with infinity!)
The modulo operator (%) is used to provide the remainder from division. This can be especially useful to examine whether a number is exactly divisible by another as this would give a remainder, or modulo, of 0, for example to determine if a number is an even number
int x = 10;
println(x % 2); // the remainder of 10 / 2 is zero so x is an even number
 
x = 3;
println(x % 2); // the remainder of 3 / 2 is 1, so x is an odd number
Shorthand Operators
In addition to these common operators, shorthand operators have similar functions to those above but allow you to write less code when you want to change the current value of the variable. The available operators are shown in Table 2
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Table 2: Shorthand Operators
The increment and decrement operators (++ and -- respectively) are slightly unusual in that we only provide a variable name and the operator. The operator either increases or decreases the value of the variable by 1 and so:
int x = 0;
x ++;
would result in x being 1. Likewise if we set x as 1 and then used x-- then x would be set to 0.
Though the increment and decrement functions are useful the fact that they only adjust the value by 1 can be a drawback. The other shorthand notations allow us to adjust a variable by any given amount. We can apply this with addition, subtraction, multiplication and division by using +=, -=, *= or /= respectively. If we wanted to add 5 to the variable counter then we can achieve this by using 
int x = 0;
x += 5; // x is now 5
Relational Operators
Relational operators are used for comparing values or, more commonly, the values of variables. Relational operators work by comparing the left-hand value to the right-hand value and outputting a boolean result (either true or false as mentioned earlier). The available operators are shown in Table 3
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Table 3: Relational Operators
One point worth mentioning is that the = symbol is only used for assigning values, as we’ve already seen. If we are to compare the contents of two variables then we use == for equality, so 5==5 would equal true whereas 5 = 5 would not make sense
Try experimenting with these with different values of x. For example
int x = 5;
println(x < 10);
will result in the boolean value true being printed to the screen. Relational operators are commonly used in conjunction with conditional structures which we will meet later and, based on the result, evaluate what to do next. 
Logical operators
Logical operators are those that work on boolean values, which we have seen are always either true or false. These will return true or false values based on the Boolean values of the two input variables. The operators are shown in Table 4
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Table 4: Logical Operators
Try some examples of these and see what values you get. Can you predict whether they are true or false? For example try:
boolean hungry = true;
boolean thirsty = false;
println(hungry && thirsty);
Binary operators
Binary, or bitwise, operators are an advanced topic and provide operators such as binary and (&), 
binary or (|) along with shift operators such as bit-shift right (>>) and left (<<). These functions aren’t used that often and deal with a lower level of detail which we won’t cover here but will be covered later in the book.
Precedence and brackets
Though the examples we have used so far have been relatively simple, we can develop long sequences of operators and the computer will evaluate them in accordance with its own rules of precedence. A seemingly ambiguous sequence such as 5*2+3 which could result in either 
(5 * 2) + 3 which equals 13
5 * (2 + 3) which equals 25
In reality, Processing uses its own rules, which is to do multiplication before addition, so the answer is 13 but this isn’t obvious to the author, or reader, unless you understand the rules of precedence.
These rules can be hard to remember the exact order in which they are applied but a good rule of thumb is to always use brackets to determine which parts you want to be evaluated first as everything within round brackets, (), is evaluated first. Even if you understand these rules, (5 * 2) + 3 is much easier to read than 5*2+3 even though the result is the same. If you actually meant the result to be 25 you would
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