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Object Oriented JavaScript

JavaScript Objects

In Object Oriented programming languages, such as C#, we first create classes to define the attributes and methods then create the objects using these classes. JavaScript is classified as having a prototype-based object model, so in JavaScript we can do the same thing using a prototype to define the attributes and methods. But with two slight difference (disappointment ;-)), the constructor has to be defined separately as a JavaScript function and the prototype can only contain public attributes and methods. (Actually, functions are objects so what we are actually doing is changing the prototype of the function object, more on this later.)

There are multiple ways to define the equivalent of a “class” in JavaScript. Since JavaScript doesn’t actually have classes, it is important to realize we are using objects that can be used to define other objects. The objects we are actually using are function objects i.e. functions in JavaScript are actually represented as objects. You can add attributes and methods to these function objects. There are two ways of doing this, firstly by adding them to the object ourselves so that they are owned by the object.

function SimpleBankAccount()
{
    this.sortCode = sortCode;   // Attributes owned by the object
    this.balance = balance;

}

var myAccount = new SimpleBankAccount();


Secondly, we can use a special object created in the function object referenced by the attribute prototype. The JavaScript engine will examine all of the properties of the object and will not find the ones called sortCode & balance. Then the script engine will identify the prototype of the constructor function used to create this object (same as if you do myAccount.constructor.prototype). If the property is found in the prototype, then this property is used.

Here we recreate a SimpleBankAccount class with two attributes ‘sortCode’ and ‘balance’ and the constructor function named after the class.

function SimpleBankAccount()
{
}
SimpleBankAccount.prototype.sortCode = "123456";
SimpleBankAccount.prototype.balance = 150.40;

We instantiate the BankAccount object in the usual way:

var myAccount = new SimpleBankAccount();



Add methods the same way:
function SimpleBankAccount()
{
}
SimpleBankAccount.prototype.sortCode = "123456";
SimpleBankAccount.prototype.balance = 150.40;
SimpleBankAccount.prototype.withdrawal = 3;

SimpleBankAccount.prototype.MakeWithdrawal = function (amount)
{
    this.balance -= amount;
    this.withdrawals += 1;
}

myAccount.MakeWithdrawal(100);  // Call the method


Actually because you will probably want to use the constructor to initialize some of the attributes, you will probably mix these approaches. For example, say I want to set the customer name and account number when creating a bank account but the balance should always initially be zero. I can place the balance attribute in the prototype and create the other two in the constructor.

function BankAccount(theName, theAccountNum)
{
    this.customerName = theName;
    this.accountNumber = theAccountNum;
}

BankAccount.prototype =
{
    balance: 0.0,                   Default initialization

    GetName: function ()
    {
        return this.customerName;
    },

    CreditAccount: function (credit)
    {
        this.balance += credit;
    },

    DebitAccount: function (credit)
    {
        this.balance -= credit;
    },

    SetBalance: function (balance)
    {
        this.balance = balance;
    }
}


var anotherAccount = new BankAccount("Fred", "1234");   Create it


Here’s how you might use it:

var anotherAccount = new BankAccount("Fred", "1234");
window.alert("Bank account " + anotherAccount.GetName());

document.write("Balance Before Credit: " + anotherAccount.balance + "<br/>");
anotherAccount.CreditAccount(50.0);
document.write("Balance After Credit: " + anotherAccount.balance + "<br/>");

anotherAccount.DebitAccount(20.0);
document.write("Balance After Debit: " + anotherAccount.balance + "<br/>");

anotherAccount.SetBalance(30.0);
document.write("Set Balance: " + anotherAccount.balance + "<br/>");

A couple of disappointing “features” of JavaScript is dynamic nature of variable creation means that you can add more attributes and methods to the prototype and to an object instance whenever you like. For example, if you add a ‘deposits’ attribute like this:

var myAccount = new SimpleBankAccount ();
myAccount.deposits = 0;   The myAccount object gains new attribute???

Only the object myAccount gains this value i.e. if you instantiate another object it doesn’t have this value.

You can use BankAccount.Prototype to add methods and attributes to the class anywhere and anytime you like, so suddenly the next object you create using this class have different methods and attributes????

Also note, if you create an objects own property in the constructor or sometime later in method, it will override the prototypes property. This will probably not be a problem, because presumably you want to use the new value. But I thought I'd mention it. 

myAccount.HideSortCode = function () { this.sortCode = "22222"; }
myAccount.HideSortCode();   Call hides myAccount.prototype.sortCode

The un-object oriented nature of these features may cause confusion. Don’t do use them if you can avoid it!!!

You can create one-off object when initializing a variable, using an object literal (i.e. a value (literal) which is an object). Use parenthesis to indicate you are creating an object and comma separate the attributes and methods.


        // In JavaScript, we can create object literals as follows
        var myCar = {
            doors: 2,
            colour: "blue"
        };

        //... or the exact equivalent
        var myCar2 = {
            "doors": 2,
            "colour": "blue"
        };

        // We can also store arrays in object literals
        var carOptions = {
            "doors": [ 2, 4 ],
            "colours": [ "red", "green", "blue" ]
        };

Using this technique to create single objects is OK, but later we will use it to create prototypes for classes and to create JSON data.

I Want Private Attributes and Methods

Sorry not yet, we will talk about Closures in a later set of notes. Unfortunately, we will have to abandon prototypes to get them, and the result can be confusing.

Class Inheritance

JavaScript uses prototypes not classes, but we can simulate primitive single inheritance.


ParentClass.prototype =
{
    Attrib1: "",
    Attrib2: "",

    Method1: function ()
    {
        return this.customerName;
    },
    Method2: function ()
    {
        return this.customerName;
    }
}

function ParentClass (xxxx, yyy)
{    
}

ChildClass.prototype = new ParentClass;          Clone Parent class
ChildClass.prototype.constructor = ChildClass;   Change class constructor

ChildClass.prototype.overdraftLimit = 0.0;	 Add new attributes & methods

function ChildClass (xxxx, yyy, zzzz)
{
    ParentClass.call(this, xxxx, yyyy);   Parent constructor
}

This is the best way to do inheritance, unless we provide a little code to merge new attributes & methods into the child “class” object.

For completeness, here is the code but I will provide a library file for you:
function extend(parent, childDef)
{
    var sConstructor = parent.toString();
    var aMatch = sConstructor.match(/\s*function (.*)\(/);

    if (aMatch != null)
    {
        childDef[aMatch[1]] = parent;
    }

    for (var m in parent)
    {
        if (typeof parent[m] === 'object')
        {
            // Create empty array or object
            childDef[m] = (parent[m].constructor === Array) ? [] : {};

            // Copy array/object into new array/object
            extend(parent[m], childDef[m]);
        }
        else
        {
            childDef[m] = parent[m];
        }
    }

    return childDef;
}

So now we can create both parent and child classes in a similar way.

function ParentClass (xxxx, yyyy)
{    
    this.Attrib1 = xxxx;     Attributes owned by object are also copied
    this.Attrib2 = yyyy;
}

ParentClass.prototype =
{
    Attrib3: "",
    Attrib4: "",

    Method1: function ()
    {
    },
    Method2: function ()
    {
    }
}


// ChildClass inherits from ParentClass
ChildClass.prototype = extend(new ParentClass,  use superclass ‘ParentClass’
{
    Attrib5: "",
    Attrib6: "",

    Method3: function ()
    {
    },
    Method4: function ()
    {
    }
});						 Don’t forget closing bracket

function ChildClass (xxxx, yyyy, zzzz)
{
    ParentClass.call(this, xxxx, yyyy);   Parent constructor
}

// And we can keep going, so ChildClass2 inherits from ChildClass
ChildClass2.prototype = extend(new ChildClass,  use superclass ‘ChildClass’
{
    Attrib7: "",
    Attrib8: "",

    Method4: function ()
    {
    },
    Method5: function ()
    {
    }
});						 Don’t forget closing bracket

function ChildClass2 (xxxx, yyy, zzzz, aaaa)
{
    ChildClass.call(this, xxxx, yyyy, zzzz);   Parent constructor
}


In fact this approach also allows multiple inheritance:

ChildClass.prototype = extend(new ParentClass,
{
    Attrib3: "",
    Attrib4: "",

    Method3: function ()
    {
        return this.customerName;
    },
    Method4: function ()
    {
        return this.customerName;
    }
});

ChildClass.prototype = extend(ParentClass2, ChildClass.prototype);

Note:
If child class methods have the same names as parent class methods, then the parent class methods are overridden. This might cause problems.

If you are not using attributes owned by a class object i.e. all the constructors are default constructors with no arguments, then you can restrict this copy to the prototype object i.e.

AnotherSimpleBankAccount.prototype = extend(SimpleBankAccount.prototype,
{
    overdraftLimit: 0.0,
    
    GetOverdraftLimit: function ()
    {
        return this.overdraftLimit;
    },

    SetOverdraftLimit: function (limit)
    {
        this.overdraftLimit = limit;
    }
});



Interfaces

JavaScript does not support interfaces, even worse it is a loosely type language meaning we have no real method of type checking the method signatures in the interface. The best we can do is to provide object for creating interfaces with a set of provided method names, and a function to check that these methods are provided in the class object that implements the interface.

For completeness, here is the code but I will provide this library for you.

var Interface = function (name, methods)
{
    if (arguments.length != 2)
    {
        throw new Error("Interface constructor called with " + arguments.length
          + "arguments, but expected exactly 2.");
    }

    this.name = name;
    this.methods = [];
    for (var i = 0, len = methods.length; i < len; i++)
    {
        if (typeof methods[i] !== 'string')
        {
            throw new Error("Interface constructor expects method names to be "
              + "passed in as a string.");
        }
        this.methods.push(methods[i]);
    }
}

// Static class method.
// Not added to prototype, so only in the "Interface" object which
// simulates a class

function implement(object)
{
    if (arguments.length < 2)
    {
        throw new Error("Function Interface.implement called with " +
          arguments.length + "arguments, but expected at least 2.");
    }

    for (var i = 1, len = arguments.length; i < len; i++)
    {
        var interface = arguments[i];
        if (interface.constructor !== Interface)
        {
            throw new Error("Function Interface.implement expects arguments "
              + "two and above to be instances of Interface.");
        }

        for (var j = 0, methodsLen = interface.methods.length; j < methodsLen; j++)
        {
            var method = interface.methods[j];
            if (!object[method] || typeof object[method] !== 'function')
            {
                throw new Error("Function Interface.implement: object "
                  + "does not implement the " + interface.name
                  + " interface. Method " + method + " was not found.");
            }
        }
    }
}


The idea is fairly simple, say we want an interface called IBike that specifies that all bikes can be washed and ridden. Then we can specify that the two methods are named Ride and Wash like this:

var IBike = new Interface("IBike", ['Ride', 'Wash']);

To test that the object has provided these method call implement like this:

var bike = new BmxBike();

implement(bike, IBike);         

So a BMX bike might be implemented like this:

var BmxBike = function () { }
BmxBike.prototype =
{
    Ride: function ()
    {
        document.write("Riding BmxBike<br/>");
    },

    Wash: function ()
    {
        document.write("Washing BmxBike<br/>");
    }
}

var bike = new BmxBike();      Now create it

implement(bike, IBike);        Now check it implemented interface 

If you create the public methods in the constructor as attributes owned by the class object then you can do this test at the end of the constructor which is a bit safer.

var TriCycle = function ()
{
    this.Ride = function ()
    {
        document.write("Riding Tricycle<br/>");
    };

    this.Wash = function ()
    {
        document.write("Washing Tricycle<br/>");
    };

    implement(this, IBike);
};

var bike = new TriCycle();    Create it

