Factory Pattern
Factory Pattern:

If you have a large number of types of objects (e.g. products), then you want to avoid having to change many parts of your code whenever a new type of object has to be added to your application (see Design Rule). We need an object that can create related our dependant objects without specifying their concrete classes. 
Design Rule:

Identify the parts of the design which vary and separate them from what remains the same.
Hints:

1. Don’t get carried away looking for places to apply a Factory Pattern, be sure you really need to use one.

2. A disadvantage of using this pattern is the number of classes that may need to be changed if you have to change the implementation.

3. Good uses include different layouts and multiple look-and-feel user interfaces.

4. Can be helpful for testing since you can change the factory and produce mock test objects, this is an example of mocking.
Scenario 1:
A car dealer wants an application for promoting the range of cars that it sells. As well as the standard information, model name, manufacturers name, description, number of doors, colours, automatic/manual, sunroof, the cost of the car is calculate depending on the options chosen. There are three different types of car that they sell CarModel1, CarModel2 and CarModel3.
The first approach might be just creating the classes:-
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In our application, we would write some code to create these objects e.g.

public void DisplayCost(string carModel, int doorCount, 
bool automatic, bool sunroof)

{


Car theCar;

Double cost;


if(carModel == “CarModel1”)

{

// Create a car of CarModel1 type

theCar = new CarModel1();

}


else if(carModel == “CarModel2”)

{
// Create a car of CarModel2 type

theCar = new CarModel2();

}


else if(carModel == “CarModel3”)

{
// Create a car of CarModel3 type

theCar = new CarModel3();

}

theCar.SetDoorsRequired(doorCount);

theCar.SetAutomatic(automatic);

theCar.SetSunRoofRequired(sunroof);

cost = theCar.CalculateCost();

// Code to display the cost goes here
}

Scenario 2:

The client is so happy, that he wants the application expanded to include 27 new car models that they also sell. CarModel4, CarModel5, …. CarModel30

The problem we now discover, is that expanding the code above is very horrible and we are breaking the above design rule which states we should separate code that varies from code that remains the same.
public void DisplayCost(string carModel, int doorCount, 
bool automatic, bool sunroof)

{


Car theCar;

Double cost;



if(carModel == “CarModel1”)

{

// Create a car of CarModel1 type

theCar = new CarModel1();

}


else if(carModel == “CarModel2”)

{
// Create a car of CarModel2 type

theCar = new CarModel2();


}


else if(carModel == “CarModel3”)

{
// Create a car of CarModel3 type

theCar = new CarModel3();


}
…….. 26 other car types added here

……..

else if(carModel == “CarModel30”)

{
// Create a car of CarModel30 type

theCar = new CarModel30();


}

theCar.SetDoorsRequired(doorCount);

theCar.SetAutomatic(automatic);

theCar.SetSunRoofRequired(sunroof);

cost = theCar.CalculateCost();

// Code to display the cost goes here

}

The solution is to use the factory pattern.

For example, here’s a “real” factory example where the car dealer orders the cars from the factory then sells the cars to his customers.
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Here’s the equivalent software version, where the application calls a Create() method in the Factory object. The factory does all the work to create the Car objects. With the Car objects created, the application can then use the objects (just like a customer) and in this case it can calculate the cost of each car.
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The basic idea is that the code for creating the cars is placed in a Factory class.
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The method CreateCar() creates the Car objects as before:

public Car CreateCar(string carModel)

{


Car theCar = null;


if(carModel == “CarModel1”)

{

// Create a car of CarModel1 type

theCar = new CarModel1();

}


else if(carModel == “CarModel2”)

{
// Create a car of CarModel2 type

theCar = new CarModel2();


}


else if(carModel == “CarModel3”)

{
// Create a car of CarModel3 type

theCar = new CarModel3();


}
…….. 26 other car types added here

……..

else if(carModel == “CarModel30”)

{
// Create a car of CarModel30 type

theCar = new CarModel30();


}
return theCar;
}

So, here’s how the application uses the factory.
public void DisplayCost(string carModel, int doorCount, 
bool automatic, bool sunroof)

{


Car theCar;

Double cost;


Factory carFactory = new CarFactory();

Car theCar = carFactory.CreateCar(“CarModel3”);


theCar.SetDoorsRequired(doorCount);

theCar.SetAutomatic(automatic);

theCar.SetSunRoofRequired(sunroof);

cost = theCar.CalculateCost();

// Code to display the cost goes here

}
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Scenario 3:

The client has expanded and decided to sell luxury versions of each of the basic car models he is currently selling i.e. they now come with air conditioning, a new fancy name and cost a lot more.

LuxCarModel1, LuxCarModel2…..LuxCarModel9, etc
He wants the customer to be able to choose between viewing the usual car stock or the new luxury car stock.
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As you would expect, we have two groups of cars the basic and luxury cars, both of which are Cars. On one page/window of the application we show the basic cars and on another page the luxury cars. When the customer chooses “CarModel1” they will be shown the details for either CarModel1 or LuxCarModel1 depending on whether they are viewing basic or luxury cars. 

We want to make our design as clean as possible, and fortunately the factory pattern comes to our rescue. The problem is solved by simply adding a new factory, LuxuryCarFactory that is just responsible for creating the luxury cars.
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The method CreateCar() method in the LuxuryCarFactory looks like this:-

public Car CreateCar(string carModel)

{


Car theCar = null;


if(carModel == “CarModel1”)

{

// Create a car of LuxCarModel1 type

theCar = new LuxCarModel1();

}


else if(carModel == “CarModel2”)

{
// Create a car of LuxCarModel2 type

theCar = new LuxCarModel2();


}


else if(carModel == “CarModel3”)

{
// Create a car of LuxCarModel3 type

theCar = new LuxCarModel3();


}
…….. 26 other car types added here

……..

else if(carModel == “CarModel30”)

{
// Create a car of CarModel30 type

theCar = new LuxCarModel30();


}
return theCar;
}

The application can do things like this:

Car theCar;

Factory carFactory;

// When we want basic cars use the CarFactory

carFactory = new CarFactory();

theCar = carFactory.CreateCar(“CarModel3”);
theCar.SetDoorsRequired(doorCount);

theCar.SetAutomatic(automatic);

theCar.SetSunRoofRequired(sunroof);

cost = theCar.CalculateCost();

// When we want luxury cars use the LuxuryCarFactory

carFactory = new LuxuryCarFactory();

theCar = carFactory.CreateCar(“CarModel3”);
theCar.SetDoorsRequired(doorCount);

theCar.SetAutomatic(automatic);

theCar.SetSunRoofRequired(sunroof);

cost = theCar.CalculateCost();

Compare both sets of code above; the only difference is the type of factory we create.
Abstract Factory Pattern
Scenario 4:

We are asked to create an application which allows the user to select multiple layouts and interfaces each with a different look-and-feel. Initially, two styles are required Stars and Clouds. 
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The look and feel of the navigation and the advertising is configurable with the navigation coming in two types’ menus or button boxes, while the advertising is presented as a list or a banner. These are shown below:-
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To summarize, the user can select the style of the page “Stars” or “Clouds”, and the application can decide the type of menu and advertising displayed on the page.
The Star style requires a menu bar & advert list, and the Cloud style requires a button box & banner.
This is a little bit too complicated for the factory pattern, so we will use the abstract factory pattern instead. First we need to create classes for each type of navigation element, which in our case are the menus and button boxes.
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Likewise, we define advertising classes for the list and banner.
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Now we create two factories, but these factories will make both navigation and advertising elements (which makes this an abstract factory pattern because it makes multiple types of objects).
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The code for these methods should look very familiar:
For CloudStyleFactory

public INavigation CreateNavigation()

{


INavigation navElem = null;

navElem = new ButtonBox();

return navElem;

}

public IAdvertising CreateAdverts()

{


IAdvertising adsElem = null;

adsElem = new AdvertBanner();


return adsElem;

}

For StarStyleFactory

public INavigation CreateNavigation()

{


INavigation navElem = null;

navElem = new Menu();

return navElem;

}

public IAdvertising CreateAdverts()

{


IAdvertising adsElem = null;

adsElem = new AdvertList();


return adsElem;

}

Here’s how we can use it:
IFactory factory;

INavigation navigation;

IAdvertising ads;

// Creating elements for page using Cloud style

factory = new CloudStyleFactory();

navigation = factory.CreateNavigation();

ads = factory.CreateAdverts();

// Creating elements for page using Star style

factory = new StarStyleFactory();

navigation = factory.CreateNavigation();

ads = factory.CreateAdverts();

Additional Idea:
If we want to layout the pages differently depending on the style, we can use a factory pattern to create a layout object and pass these objects the navigation and advertising elements. 
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Here’s how we could use it:
GUIFactory guiFactory;
ILayout layout;
IFactory factory;

INavigation navigation;

IAdvertising ads;

// Create the object for layout

guiFactory = new GUIFactory();

ILayout layout = guiFactory.CreateLayout(“Stars”);

// Create elements for page using Star style

factory = new StarStyleFactory();

navigation = factory.CreateNavigation();

ads = factory.CreateAdverts();

// Now add the elements to the layout
layout.SetNavigation(navigation);

layout.SetAdvertising(ads);

Reference: Head First Design Patterns, O’Reilly
Observational Tasks:
1.  Research the Dependency Inversion Principle and provide a simple example.
2. A client wants an e-commerce application that allows customers to create their own poster designs by selecting various common aspects of a poster such as the heading, image, border and a message. Each type of poster provides different styles for each of these elements e.g. the “plain” & “fancy” borders look different for each poster type. The customer provides the text for the heading & the message.


[image: image15.emf]London

World

America

text

Congratulations

Mikes Poster

Winner

Winner

Happy Birthday

Winner

Mikes Poster

Heading

Message

Border


Create different factories, each of which generates the elements for the posters.

The class for the Poster is:


[image: image16.emf]+AddImage(in img : IPosterImage) : void

+AddHeading(in heading : IPosterHeading) : void

+AddBorder(in border : IPosterBorder) : void

+AddMessage(in message : IPosterMessage) : void

+DisplayPoster() : void

-image : IPosterImage

-heading : IPosterHeading

-border : IPosterBorder

-message : IPosterMessage

Poster


The DisplayPoster() method would draw the poster, but you may leave this empty.

Create the design for this application and write the code for the factory class. You do not need to complete the code for each method or you may just output text e.g. in a Console window application.

This code varies





This code remains the same





This is not strictly using the Factory pattern…it’s known as a simple factory, but don’t worry about this.





The code that varies has been encapsulated, and now remains unchanged when we add more car models





Why not just use CarFactory?


We need the parent Factory class for the factory pattern, but we’ll find out later why we need it.





Remember, I added this parent class earlier, now we see why another factory
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