Applying Object Oriented Design Principles

So far we have a simple animation consisting of a square moving across the top of the canvas.
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Not much to look at but it does bring together several important points.

· How to create the site in Visual Studio

· How to create the HTML 5 page

· Adding the canvas

· Manipulating the canvas/context via JavaScript

· Creating a sprite

· Moving the sprite with our code

· Setting up the draw frame call back to create the animation effect

We will not change much of the above in this work, but we will modify the way that the animation is structured.

There are three things we want to achieve in designing any application.

1. Make the code as easy to maintain as possible so that things are easy to find

2. Make sure that code is not duplicated around the system

3. Ensure that code may be re-used as much as possible within the system

Avoiding Spaghetti Code
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Spaghetti code is code where the structure is such that code is linked with other sections of code such that it is hard to follow. Certain sections of code depend on other sections when they shouldn’t.

Many examples in books and the internet tend to encourage spaghetti code.

So far if we stick with the structure of the example we are working on, we will end up with spaghetti code.

Selecting the Correct Architecture

One step to avoid spaghetti code is to select the right architecture for the application.

In a JavaScript animation we are still able to apply the three-layered architecture
	Presentation


	Middle
	Data Layer


In the case of this game it might translate into the following…

	Presentation

The HTML 5 / Canvas

Code to handle frame drawing


	Middle

Code allowing us to perform specific behaviours.

Sprites/classes for shapes/code we want to use over and over again.
	Data Layer

Some sort of database to record persistent data. (Perhaps high score data for a game.)


Following Object Oriented (OO) Design Principles

The other way to avoid spaghetti code is to design the sprites and any associated code following OO principles.

1. Using class files, we may design our code / class files such that they may be re-used
2. Applying encapsulation and data hiding we may hide the inner workings of an object making the design more resilient to change

3. Using inheritance, we may create libraries of code that may be shared between objects

Creating Our first Class-File

As with many modern languages JavaScript allows us to create class files.   From these class files we can create objects that may be used in our code.

Currently the code for our animation looks like this…

<!DOCTYPE html>
<html xmlns="http://www.w3.org/1999/xhtml">
<head>
    <meta charset="utf-8" />
    <title></title>
    <link rel="stylesheet" href="StyleSheet.css" />
</head>
<body>
    <canvas id="canvas" width="400" height="400"></canvas>
        <script>
            //this function will always be executed when the page loads
            window.onload = function ()

            {

                //create a reference to the canvas
                var canvas = document.getElementById('canvas'),

                    //access the 2D drawing API
                    context = canvas.getContext('2d'),

                    //var for x coordinate of the square
                    x = 0,

                    //var for y coordinate of the square
                    y = 0

                //call the drawframe function
                drawFrame();

                function drawFrame() {

                    //clear the canvas for the new frame
                    context.clearRect(0, 0, canvas.width, canvas.height);

                    //draw the sprite
                    draw();

                    //move the square to the right
                    x++;

                    //get the next animation frame
                    window.requestAnimationFrame(drawFrame);

                }

                //this function draws our sprite
                function draw()

                {

                    //start the line (path)
                    context.beginPath();

                    //set the start coordinates
                    context.moveTo(x, y);

                    //draw the top line
                    context.lineTo(x + 29, y);

                    //draw the right side
                    context.lineTo(x + 29, y + 29);

                    //draw the bottom line
                    context.lineTo(x, y + 29);

                    //close the path
                    context.closePath();

                    //fill the shape
                    context.fill();

                    //go ahead and draw the line
                    context.stroke();

                }

            }

    </script>
</body>
</html>
There are a few problems with this code that we are going to correct before we start building more of the animation.

Design for Re-use

So far the code that draws our square sits in its own function draw() within the presentation layer…
                //this function draws our sprite
                function draw()

                {

                    //start the line (path)
                    context.beginPath();

                    //set the start coordinates
                    context.moveTo(x, y);

                    //draw the top line
                    context.lineTo(x + 29, y);

                    //draw the right side
                    context.lineTo(x + 29, y + 29);

                    //draw the bottom line
                    context.lineTo(x, y + 29);

                    //close the path
                    context.closePath();

                    //fill the shape
                    context.fill();

                    //go ahead and draw the line
                    context.stroke();

                }

This is fine if this is the only square we plan to draw, but what happens when we want to draw a square on a new animation?

The only way round this as it stands, is to copy and paste the code into the new page creating duplication of code and making managing the code much more difficult than it needs to be.

What we want is to do is organise the code such that the code drawing the square is in its own class file and may be used again and again.

To do this we need to create a middle layer in the animation where we may keep the code for sprites that we may want to use again.

In Visual Studio create a new folder called sprites like so…
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Right click on the new folder and select Add – Add New Item…
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Locate JavaScript files and name the file square.js…
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The file should appear in the new folder like so…
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Creating the Class’s Constructor

The constructor of a class is a function that runs when an object is created based on that class. In the constructor we place code to initialise the settings for the class.

In JavaScript the constructor is really important as it will contain all of the private and public variables and functions to create the methods and properties for the class.
Modify the JavaScript file like so to add the constructor and to set the name of the class to “Square”.

//create the constructor for the class square
function Square()

{

    //initialisation code will go here
}

The next thing we want to do is get the code for drawing our square out of the HTML and into our class file.
To create a public method in JavaScript we add a function to the class’s prototype.

This code needs to be placed within the opening and closing brackets of the constructor…

//create the constructor for the class square
function Square()

{

    //initialisation code will go here
}

To create the Draw() method we would do the following…

//create the constructor for the class square
function Square()

{

    //initialisation code will go here
    //create the draw function to give us the draw method
    //it accepts one parameter which is the context from the canvas it is drawn on
    Square.prototype.draw = function (context) 

    {

        //start the line (path)
        context.beginPath();

        //set the start coordinates
        context.moveTo(x, y);

        //draw the top line
        context.lineTo(x + 29, y);

        //draw the right side
        context.lineTo(x + 29, y + 29);

        //draw the bottom line
        context.lineTo(x, y + 29);

        //close the path
        context.closePath();

        //fill the shape
        context.fill();

        //go ahead and draw the line
        context.stroke();

    }

}

Note how we pass the context from the HTML 5 page as a parameter to the draw function.

Square.prototype.draw = function (context)
Any changes we make to the context in this function will be passed back to the HTML 5 page.

Having set up the class file in the sprites folder we need to link the HTML 5 page to the class file.

The first step is to tell the HTML 5 to use the JavaScript file in our code like so…

<!DOCTYPE html>
<html xmlns="http://www.w3.org/1999/xhtml">
<head>
    <meta charset="utf-8" />
    <title></title>
    <link rel="stylesheet" href="StyleSheet.css" />
</head>
<body>
    <canvas id="canvas" width="400" height="400"></canvas>
        <script src="sprites/square.js"></script>
        <script>
            //this function will always be executed when the page loads
            window.onload = function ()

            {

                //create a reference to the canvas
                var canvas = document.getElementById('canvas'),

                    //access the 2D drawing API
                    context = canvas.getContext('2d'),
Once the HTML 5 knows where the code for the sprite is we may now use it in the code for the HTML page.
Create a new object like so…

                //create a reference to the canvas
                var canvas = document.getElementById('canvas'),

                    //access the 2D drawing API
                    context = canvas.getContext('2d'),

                    //var for x coordinate of the square
                    x = 0,

                    //var for y coordinate of the square
                    y = 0,

                    //new instance of the Square
                    square = new Square();

This creates an object called “square” based on the constructor “Square()”.

Now modify the drawFrame function to call the Draw method of the new square object passing the context as a parameter.

                function drawFrame() {

                    //clear the canvas for the new frame
                    context.clearRect(0, 0, canvas.width, canvas.height);

                    //draw the sprite
                    square.draw(context);

                    //move the square to the right
                    x++;

                    //get the next animation frame
                    window.requestAnimationFrame(drawFrame);

                }

Try running the animation to see what happens.  You should get the following error.
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The problem?

In the HTML page we have two variables x and y which due to their scope (they are declared within the HTML 5 page) are not available to the code in the new class file.

To fix this we need to create x and y variables in our new class file like so…

//create private variables for the x and y coordinates
var x = 0,

    y = 0

(Remember these variables need to be created within the constructor of the sprite)
//create the constructor for the class square
function Square()

{

    //initialisation code will go here
    //create private variables for the x and y coordinates
    var x = 0,

        y = 0

    //create the draw function to give us the draw method
    //it accepts one parameter which is the context from the canvas it is drawn on
    Square.prototype.draw = function (context) {

        //start the line (path)
        context.beginPath();

        //set the start coordinates
        context.moveTo(x, y);

        //draw the top line
        context.lineTo(x + 29, y);

        //draw the right side
        context.lineTo(x + 29, y + 29);

        //draw the bottom line
        context.lineTo(x, y + 29);

        //close the path
        context.closePath();

        //fill the shape
        context.fill();

        //go ahead and draw the line
        context.stroke();

    }

}
Try running the animation now to see what happens.
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Not much! It seems we have broken the animation.

So, what is going on?

Remember how we changed the value of the x variable in last week’s example?  The problem is that the x variable sits in the new class file and is a different variable to the one in the HTML 5 page.

To fix this we need to add some way to get at the value of the variable and change it.
By declaring the x and y variables at the top of the class file in JavaScript they are automatically set to private so other code outside of the class cannot access them.

There are two ways we could address this.

1. Create a public property allowing us to access the x coordinate

2. Create a public method which modifies the value for us

Which ever approach we take we need to make sure that the rules of encapsulation are followed!

Creating a Public Property

To create public property we will add this in the constructor for the class using the defineProperty method like so…
//create the constructor for the class square
function Square()

{

    //initialisation code will go here
    //create private variables for the x and y coordinates
    var x = 0,

        y = 0

    //create a public property called X (note caps!)
    Object.defineProperty(this, 'X',

    {

        //getter
        get: function () {

            //return the value of x (lower case)
            return x;

        },

        //setter
        set: function (value) {

            //set the value of x (lower case)
            x = value;

        }

    }

    )

    //create the draw function to give us the draw method
    //it accepts one parameter which is the context from the canvas it is drawn on
    Square.prototype.draw = function (context) {

        //start the line (path)
        context.beginPath();

        //set the start coordinates
        context.moveTo(x, y);

        //draw the top line
        context.lineTo(x + 29, y);

        //draw the right side
        context.lineTo(x + 29, y + 29);

        //draw the bottom line
        context.lineTo(x, y + 29);

        //close the path
        context.closePath();

        //fill the shape
        context.fill();

        //go ahead and draw the line
        context.stroke();

    }

}
Once the public property is created we may access it from the web page like so…

                function drawFrame() {

                    //clear the canvas for the new frame
                    context.clearRect(0, 0, canvas.width, canvas.height);

                    //draw the sprite
                    square.draw(context);

                    //move the square to the right
                    square.X ++;
                    //get the next animation frame
                    window.requestAnimationFrame(drawFrame);

                }
Test this code to see if it works!

Or the other option is to create a public method to manipulate the value for us.  This approach is useful if there is an action that requires more complex code than just changing an x axis variable.
Try creating the following public method by adding it to the class’s prototype…

//create the public move method by adding it to the classes prototype
Square.prototype.move = function ()

{

    //change the value of the x axis for the shape
    x++;

}
Now modify the drawFrame function to make use of it…
                function drawFrame() {

                    //clear the canvas for the new frame
                    context.clearRect(0, 0, canvas.width, canvas.height);

                    //draw the sprite
                    square.draw(context);

                    //move the square to the right
                    square.move();
                    //get the next animation frame
                    window.requestAnimationFrame(drawFrame);

                }

Having created the class for square.js we are now in a position to tidy up the code in the HTML 5 page.

The function for draw may be deleted along with the x and y variables.

The new code should look like this…

<!DOCTYPE html>
<html xmlns="http://www.w3.org/1999/xhtml">
<head>
    <meta charset="utf-8" />
    <title></title>
    <link rel="stylesheet" href="StyleSheet.css" />
</head>
<body>
    <canvas id="canvas" width="400" height="400"></canvas>
        <script src="sprites/square.js"></script>
        <script>
            //this function will always be executed when the page loads
            window.onload = function ()

            {

                //create a reference to the canvas
                var canvas = document.getElementById('canvas'),

                    //access the 2D drawing API
                    context = canvas.getContext('2d'),

                    //new instance of the Square
                    square = new Square();

                //call the drawframe function
                drawFrame();

                function drawFrame() {

                    //clear the canvas for the new frame
                    context.clearRect(0, 0, canvas.width, canvas.height);

                    //draw the sprite
                    square.draw(context);

                    //move the square to the right
                    square.move();

                    //get the next animation frame
                    window.requestAnimationFrame(drawFrame);

                }

            }

    </script>
</body>
</html>
There are several benefits to encapsulating the code like this.
All code related to the workings of the square sprite are hidden within the class.  We don’t know or care how the sprite works we just need to know how to use its public methods and properties.

It also means that the code is kept to a minimum within the HTML 5 pages.

The structure of code in the HTML 5 page is something that will work well as a starting point for all future animations.

This approach also serves us well should we change the inner workings of the class square.js.

The fact that Default.html has no idea how square.js works means that we may re-write the code as we like.  So long as we don’t change the interface via the methods and properties any code using this class will work fine making our code much more resilient to change.

Auto Executing Functions
There is one last change to make to the code and then the structure is mostly in place to do something more interesting.

JavaScript includes a feature called auto executing anonymous functions.

This will only save us one line of code but it is a feature you will inevitably come across when looking at code examples.

We may turn the drawFrame function into an auto executing function by enclosing it in brackets like so…

                (function drawFrame() {

                    //clear the canvas for the new frame
                    context.clearRect(0, 0, canvas.width, canvas.height);

                    //draw the sprite
                    square.draw(context);

                    //move the square to the right
                    square.move();

                    //get the next animation frame
                    window.requestAnimationFrame(drawFrame);

                })();
(Notice the little rash of brackets at the end and get the numbers of brackets right!)

We may now ditch the call to the function as this will be handled automatically like so…

<!DOCTYPE html>
<html xmlns="http://www.w3.org/1999/xhtml">
<head>
    <meta charset="utf-8" />
    <title></title>
    <link rel="stylesheet" href="StyleSheet.css" />
</head>
<body>
    <canvas id="canvas" width="400" height="400"></canvas>
        <script src="sprites/square.js"></script>
        <script>
            //this function will always be executed when the page loads
            window.onload = function ()

            {

                //create a reference to the canvas
                var canvas = document.getElementById('canvas'),

                    //access the 2D drawing API
                    context = canvas.getContext('2d'),

                    //new instance of the Square class
                    square = new Square();

                (function drawFrame() {

                    //clear the canvas for the new frame
                    context.clearRect(0, 0, canvas.width, canvas.height);

                    //draw the sprite
                    square.draw(context);

                    //move the square to the right
                    square.move();

                    //get the next animation frame
                    window.requestAnimationFrame(drawFrame);

                })();

            }

    </script>
</body>
</html>
You will use this structure of HTML 5 page/CSS and related class files repeatedly as you create your future animation.
