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Processing is a free, open-source, programming language based on the much larger Java language. It focusses on the visual output of computer programs, designed for non-programmers, and those more experienced, to create visual graphics and animation. Processing includes everything needed to create and view graphics including an IDE (Integrated Development Environment) that can be used to create programs and graphics. However, in this book we will use Visual Studio Code, a professional IDE that is used in industry for writing code to give you an authentic experience of programming.

As Java is not a visual language, it is often taught using text output like printing “Hello world!”. By using Processing, we can learn Java with interesting graphics, giving immediate visual responses to the code you write, which is much more exciting!

The book aims to teach the Java programming language to both non-programmers and experienced programmers alike, allowing those who have not worked on computer programs before to become competent in the language and anyone to create some visually stunning graphics and animation using Processing, regardless of prior experience. 

You will soon discover that there are no real rules to creating graphics in Processing and that minor changes can yield unexpected results. So, my best advice is, try stuff out, see what happens, have fun!
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​​C​​​hapter 1: Introduction to Java and Processing
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Java​ vs Processing

[image: ]


In this book you will be learning both Java and Processing. Java is a general-use programming language that has multiple applications and is widely used in industry, especially for enterprise-grade software and Android apps. Processing is a graphics programming language built on top of Java, allowing you to write Java code that creates visually interesting graphics, hopefully making your Java journey a lot more interesting that printing out text on a console. Java can be used without Processing, and Processing can be used in languages other than Java.

Processing makes a great learning tool for learning Java because you can actually see the results of your code. Plus, it’s fun. Now that we have that clear, let’s look at the Processing environment we will use to write our code and view the results.
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​​​​​​The Integrated Development Environment
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Processing empowers graphic artists, even absolute coding novices, to craft stunning computational art with breathtaking ease.

To write code, modern programmers use something called an IDE (Integrated Development Environment). In Processing, your artistic creations are called "sketches" which are visual computer programmes. The code that brings them to life is known as "sketch code" but we will just call this code.

We’ll walk through the process of getting started.

Step 1

First, you need to install Processing. Head over to the Processing website, https://processing.org, and download the Processing software for your system (Windows, Mac, Linux) and install it on your computer. 

Start Processing and have a look. It comes with its own IDE called the Processing Development Environment (PDE) as seen in Figure 1. 

Step 2

We will be using a professional IDE called Visual Studio Code, or VS Code, to give you an authentic programming experience. You need to have opened the PDE once before you do this, so open Processing that you installed in Step 1.

Head over to the Visual Studio Code website, https://code.visualstudio.com, and download Visual Studio Code for your computer, and install it.
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Figure 1: The Processing Environment

Step 3

One installed, you will need to add the Processing extension to be able to use Processing code in the IDE.

In VS Code, click the Selection menu in the bar at the top, then choose Extensions. In the extensions window that opens, search for ‘processing’.

There is more than one Processing extension, but we want the official one by the Processing Foundation, as shown in Figure 2.

Click the ‘install’ button to install the extension. VS Code may ask you if you trust the extension. As this is the official extension, you can click that you trust the publisher. This will install the extension which may take a few minutes.

[image: A screenshot of a computer
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Figure 2: VS Code Extensions window

Once installed, a Processing icon will appear on the left in VS Code, shown outlined in Figure 3.

Step 4

Clicking on the icon will open a section with Processing examples, and a sketchbook section. A sketchbook is what Processing calls a code editor for writing code. 

[image: A screen shot of a computer
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Figure 3: Processing icon
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Click on the icon near the top that looks like a piece of paper with a + at the bottom, as shown outlined in Figure 4, for creating a new sketchbook.
Figure 4: VS Code sketchbook addition

This will ask you what you want to call the sketchbook and where you want to save it. You can call it whatever you want – it makes sense to call it something you recognise in future. Create one called first_code, or similar, as seen in Figure 5.

[image: A screen shot of a computer
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Figure 5: Creating your first sketchbook

This will create a folder, called the same thing as the sketch name, in the folder you chose when you created it. In this case, it will create a file called first_code.pde in a folder called first_code. A window will open similar to that shown in Figure 6.

[image: A screenshot of a computer program
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Figure 6: Processing Code Editor

This window is where you will write and run your code. You can close the Welcome tab if you wish.

[image: A screenshot of a computer program
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Figure 7: Code Editing Tools

Understanding the Code Editor

While the editor’s functions might seem intuitive, let's take a closer look at each button for clarity:

	Tabs: Each tab contains a code editor for your code. You only need 1 for now.

	Run: Press this to bring your code to life! It compiles and runs your code.

	Stop: Need to hit the brakes? This button halts a running programme.

	Line numbers: Each line of code is given a line number

	Code editor: This is where you write your code


Note: The menu layout might vary slightly depending on your operating system (the example shown is from Windows 11 using dark mode). But fret not, it's likely similar to what you're used to seeing in other programs. 
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​​​​​​​​Your First Programme
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Let's create our first running programme! In the code editor, type this magical line:

circle(20, 20, 20);

Remember, every character matters, so copy it exactly! Now, hit the run button (it looks like a play symbol). If you typed it correctly, something amazing happens!

[image: ]

Figure 8: Hello world

A new window pops up, displaying a little circle. We’ll call this our ‘hello world’ circle as the first program people often write is to print out some text that says ‘hello world’. Close this window - it's called the display window, where your graphic creations will come to life.

Congratulations! You've just created your first programme, a moment cherished by programmers worldwide as the "hello world" milestone. Seeing this confirms everything is working perfectly!​ You can close this window now or press the ‘stop’ button.
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​​Saving Your Code
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When you created the sketchbook, you named it, so the code you write will be saved in this file. It’s not automatic though, so you’ll need to save it as you write. You can do this either by:

	Clicking on the File option top-left and choosing the ‘Save’ option, or

	Clicking control (or command on Mac) + s
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​Breaking Down Your Code's Language
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Ready for a quick code anatomy lesson? That line you typed is like a sentence Processing understands:

	circle: This is a command, telling Processing to display something on the screen.

	( and ): These are parentheses, acting like a cozy hug to hold the information Processing needs to do its job.

	20, 20, 20: These are called arguments, which describe where to draw the circle.

	; - the semicolon signifies the end of the line of code
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​​Catching Typos: The Sneaky Culprits
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Don't worry if you make a mistake. Even with just one line, mistakes happen!  Processing is like a patient teacher, offering helpful error messages to guide you back on track. For example, if you forget a bracket or quote mark, it'll kindly point out what's missing. It does this in 2 ways.

Firstly, the code editor itself notified you that you have made an error. It will underline the line (although we only have 1 at the moment) where it thinks the error occurred and also mark that line in red on the right as shown in Figure 9.
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Figure 9: Errors in the Code Editor

Note that it also tries to show you the error by highlighting, in this example, that there is no corresponding bracket by colouring the mismatched bracket.

You can also get help about errors in the ‘Problems’ tab at the bottom of editor. The tab, even if it isn’t open, will show you how many problems have been found in your code, as shown in Figure 10.
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Figure 10: Problems Tab Showing 1 Error

Clicking on this tab will give you more information about any errors. 
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Figure 11: Problems Tab

As you can see in Figure 11 the IDE is telling us that there is a missing closing bracket ‘)’ on line 1. So it can be quite helpful in trying to tell you about errors.

Similarly,  try misspelling "circle" as "circl" in your code. You will get a problem highlighted that ‘The function “circl(int, int, int)” does not exist. We will cover what functions are and what int means later, but hopefully you can see from the problem message that we misspelled ‘circle’.

Don't worry, even experienced coders face this! The important thing is to practice reading your code with eagle eyes and learning from each small slip-up.
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​​​​​​​Screen Coordinates
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You have seen that, when you press run, you see a display window. This is the screen that will be used for displaying graphics. Of course it isn’t very exciting at the moment because we haven’t told it to display much. Unless we change it, the display will be a default size, that is the size that Processing uses unless told otherwise. The default is 100 wide and 100 high. But 100 what?

Computer displays are made up of dots, called pixels, which you will have experienced, even if you didn’t know it, when looking at TV and screen display sizes or with camera resolutions.

You can control the size of the display window using size() which defines the number of pixels along the x- and y- axes, in that order. So a size of 600, 400 will create a window 600 pixels wide and 400 pixels high. This would give a resolution of 600 x 400, or 240,000, pixels.

The displayable area is like a grid, with the number of pixels measured from the top-left point, position (0, 0) and increasing along each axis. The coordinates of any single pixel can determined by providing the x- and y-coordinates in relation to the starting point at position (0, 0). As examples, the bottom right of a 600 x 400 display is at position (600, 400) and the middle is at position (300, 200).

[image: ]

Figure 12: Coordinates of the Processing screen

​Try to change the size of the display by putting:

size (600, 400);

in your code and pressing run. You should see that the size changes.

We can use these coordinates to draw at specific points on the screen. So, for example, we can draw a dot (called a point) by using point function in the form point(x, y). For example, the code:

​size(600, 400);

point(300, 200);

will draw a point in the middle of the screen. 

Of course it is very difficult to see! Let’s draw a circle instead

​size(600, 400) // screen size 600 x 400;

circle(300, 200, 10); // circle 

This draws a circle at the centre coordinates; x-coordinate 300, y-coordinate 200, because the screen is 600 wide by 400 high. The circle is 10 pixels wide because we specified it.

[image: ]

Figure 13: Circle in the centre of the screen

So, the line of code:

circle(300, 200, 10); // circle 

means:


  Draw a circle

◦  At x-coordinate 300

◦  At y-coordinate 200

◦  10 pixels wide

◦  ‘// circle’ is what we call a comment and is just for information


Any set of coordinates can be used to draw a shape. Provided the coordinates are within the range of those of the screen, then the shape will be visible. If coordinates are used that are not within that range, for example a negative number or a number greater than the greatest x or y position, the shape will not be visible. 

Try changing the size of the screen by changing the numbers in size(600, 400) to something else and press run. What happens? The circle is no longer in the centre, right?

We could, of course, just work out where the centre now is and change the circle as well, but that’s annoying, and it would be really tedious if we had lots of shapes to change! Luckily there is a solution to this.

Processing’s built-in variables height and width can be used find out what the limit of the coordinates are. Therefore, the point:

​point(width, height);

is at the bottom-right of the screen so we can work out coordinates in relation to the width and height. I will cover how to do this in the next chapter.

point(0, 0);

will always be the top-left though.
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​​​​​Drawing Some Simple Shapes
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​Let's create something more visually exciting! Copy and paste this code into Processing's text window, and then hit the run button:

size(640,580);

rect(0, 0, width/3, height/3);

ellipse(width/2, height/2, width/3, height/3);

triangle(width, 0, width, height, width-width/3, height);

If Processing complains, don't fret! It's common to make tiny typos. Double-check the code for accuracy, and try again.

Here's what you created:

	size(640, 580) This is the size of the display window that you can use for drawing on

	rect(), ellipse(), triangle() These draw shapes you observed—a rectangle, circle, and triangle, each taking their designated positions on the canvas.


Now, unleash your curiosity! Try altering the numerical values within the code and witness how the shapes transform. Fear not—if a change displeases you, simply change it back and run it again. Embrace the joy of experimentation!
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Figure 14: Some shapes
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​​​​​​Chapter 2: Programming Basics
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​​Variables
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Imagine your computer program as a room full of whiteboards. Each variable is like an individual whiteboard where crucial information is stored. When we want to find that information, we find the relevant whiteboard and the information is there. Their contents can change throughout the program, just like rubbing it out and writing a new piece of information.

​Declaring Variables

Before using a whiteboard (variable), you need to tell Java about it. This "declaration" usually happens at the start of your program. Here's how:

int wheelSize = 20;

This creates a variable named ‘wheelSize’ and assigns the value ‘20’ (the size of a wheel in our example). This first assignment is called "initialisation."

​Using Variable Values

Want to use what’s on the whiteboard? You can use it later in your code like this:

int wheelSize = 20;

circle(20, 40, wheelSize);

This will draw a circle at x coordinate 20, y coordinate 40 and the circle will be the size we have stored in wheelSize (so, 20)

Run this code and you will see a circle, representing a wheel, on the screen.

[image: A white circle with black border
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Figure 15: Using a variable to draw a circle

If you change the value of wheelSize and run it again, it will change the size of the circle. For example change it so the code says:

int wheelSize = 50;

When you run it, you’ll get a bigger wheel!

	[image: ]
	 	[image: ]


[image: ]

Using the Console
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If you ever need to check what the value of a variable is, or help you find out what is happening in your code, you can use the console. The console is the black area below where you write your code

int wheelSize = 50;

circle(20, 40, wheelSize);

println(wheelSize);

Run this code, and you'll see the number ‘50’ appear in the Processing Console tab, showing the value stored in your wheelSize variable.

[image: A screenshot of a computer screen
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Figure 16: The Processing Console

If you can’t see the Console tab, click on the ellipses (...) and choose it from there.
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Variable Naming Rules
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	Java takes names seriously! It distinguishes between uppercase and lowercase letters (so "Name" and "name" are different variables)

	Java programmers use ‘camelCase’ for names: all lowercase but with capitals for subsequent words (e.g., "numberOfWheels"). It’s called camel case because of humps caused by the capitals letters

	Variable names can only start with letters or underscores, and can only contain letters, numbers, and underscores

	Avoid using reserved keywords like "print" as variable names

	While technically possible, we highly discourage having similar-looking names like ‘myName’ and ‘MyName’ - it's a recipe for confusion!


Processing lets you choose descriptive names for your variables. Don't settle for generic names like ‘a’ or ‘size’! Choose clear and meaningful names like "wheelSize" to make your code easier to understand later. Think of it like labelling your files for better organisation!

Variables are your key to storing and managing data in your Processing programs. Use them wisely and creatively to unlock your coding potential!
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​​Variable Types
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Java is a strongly-typed language which means that you must specify what type of information a variable will hold. For example where we specified wheelSize as being ‘int’ we are saying it must be an integer (ie a whole number with no decimal points). There are other data types too (note this isn’t all of them).

	Type

	Description

	Examples


	int or long

	Whole number

	10


	char

	Single character

	‘a’


	double or float

	Number with decimal places

	2.6

10.0


	boolean

	Can only be true or false

	true

false


	String

	Text

	“Hello”



Table 1: Variable types
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Operators
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Just like a toolbox for different tasks, operators fall into categories based on their functions. We'll explore each category along with its unique tools (operators).

​The Assignment Operator

You've already met the "=" operator. This operator assigns values or results to variables, like saying this whiteboard (called wheelSize) has the number 20 written on it.

Int wheelSize = 20;

Here, "=" stores the number 20 in the wheelSize variable. Whenever you use this variable, you'll retrieve the value 20 unless you update it.

You can update variables repeatedly to change their value:

int wheelSize = 20;

circle(20, 40, wheelSize);

wheelSize = 30; // get a bigger wheel

circle(40, 40, wheelSize);

Notice how we assign values multiple times. This changes the value stored in that variable. Also notice we didn’t need to declare the type ‘int’ the second time we used it, only the first time (called ‘declaration’). 

[image: ]

Figure 17: Two circles

You can even copy values between variables:

int wheelSize = 20;

int tyreSize = wheelSize;

circle(20, 40, tyreSize);

This will copy the value of wheelSize, which is 20, to the variable tyreSize. Note that they both have to be the same type, in this case int.

Each variable holds its own value, independent of others. For example, if we change tyreSize again:

int wheelSize = 20;

int tyreSize = wheelSize;

tyreSize = 40;

circle(20, 40, tyreSize);

Now tyreSize will be 40 and wheelSize will 20 even though it started out the same as wheelSize. If you try to follow this through line by line it should start to make sense.
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Mathematical Operators
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The mathematical toolbox contains all the mathematical tools you might need. The operators can be used on plain numbers, such as 10 + 2, or on variables that contain numbers, such as x + y

	Operator

	Description

	Example


	+

	Addition

	x + y


	-
[image: ]


	Subtraction

	x - y


	*
[image: ]


	Multiplication

	x * y


	/

	Division

	x / y


	%

	Modulus

	x % y



​Table 2: Basic mathematical operators

We will describe each one:

	Addition (+) - adds 2 numbers together

	Subtraction (-) - subtracts the second number from the first

	Multiplication (*) - multiplies 2 numbers. Note the symbol for this operator is *

	Division (/) - divides the first number by the second. Be careful not to divide by zero as that will cause an error (dividing by zero results in an infinity answer and Java doesn’t know how to deal with infinity!)

	Modulus (%) - divides the first number by the second then provides the remainder. If these are fully divisible (eg 10 / 2) then the result will be 0. Note that % does not mean percentages


Mathematical operators can be used to reassign the value of variables based on the result of the mathematics. For example:

int x = x + 1;

This calculates the current value of x, adds 1 to it, then assigns the result back to the variable x. So in the situation:

int x = 1;

x = x + 1;

The variable x will have the value 2 at the end of this code. Note that this will only work with number types. If you try to add a string it will cause an error.

​Shorthand Operations

	Operator

	Description

	Example


	++

	Add 1

	x++


	—
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	Subtract 1

	x—


	+=

	Add and assign

	x+=5


	-=

	Subtract and assign

	x-=5


	*=

	Multiply and assign

	x*=10


	/=

	Divide and assign

	x/=10



Table 3: Shorthand Operators

These operators streamline code when updating variable values but are simply shorter versions of code. For example: x += 5 is shorthand for x = x + 5.

These operators combine assignment and the corresponding operation (add, subtract, multiply, divide etc).

Relational Operators

	Operator

	Description

	Example


	==

	Equal

	x == y


	!=<>

	Not equal

	x != y

x <> y


	>

	Greater than

	x > y


	<

	Less than

	x < y


	>=

	Greater than or equal to

	x >= y


	<=

	Less than or equal to

	x <= y



Table 4: Relational Operators

These operators compare values and return true or false depending on the result. Something that can only be true or false is called a Boolean value.

For example: x < 10 checks if the value in x is less than 10. Similarly, x > y checks if the value in x is greater than the value in y.

These can be combined such that x >= y checks if the value in x is greater than or equal to y. So in the example:

int x = 6;

int y = 10;

println(x > y);

the result ‘false’ will be printed.

The Boolean result can also be stored in a variable for later use, such as:

int x = 6;

int y = 10;

boolean result = x > y;

println(result);

​Precedence and Brackets: Keeping Order

Java follows specific rules when evaluating multiple operators (like BODMAS in mathematics). This allows you to understand, and specify if needed, the order that operators are used, and is the cause of many an internet argument.

For example, what is the result of this:

int x = 6;

int y = 2;

result = x * 2 + y;

The correct answer is 14. You can check this by printing the ‘result’ variable if you wish. If you thought the answer was 24, it might be because you didn’t apply the order of precedence.

The order is as follows:

	Brackets

	Order (powers)

	Division and Multiplication

	Addition and Subtraction


Based on this order, the above should calculate x * 2 before adding y because multiplication comes before addition. If you want to control the order, you can use brackets:

int x = 6;

int y = 2;

int result = x * (2 + y);

This will result in 24 because brackets come before multiplication/ you can add as many brackets
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