Builder Pattern
Builder Pattern:

Use when you have a complex object which is built from many parts i.e. other objects. The order in which the parts are built may also be important.

The result is often a composite object that uses the Composite pattern. 
Scenario 1:
When building an application with a user interface, we find that we need a toolbar that is constructed from buttons, text boxes, drop down lists, etc.
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We’ll assume that we already have classes for buttons and textboxes, etc.
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A simple example of a builder is a class that allows you to add each element required and returns a Toolbar.
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But we want to allow for different types of toolbar e.g. the elements in the toolbar may be displayed in a movable window. 
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As we know by now, we can add a parent class/interface e.g.
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In this case, the AddButton() method may look something like this:
public void AddButton(Button but)

{


_toolbar.AddItem(but)

}

Scenario 2:
Our application designers hate the look-and-feel of the buttons, etc, and want us to use  buttons, textboxes, drop down listboxes that are designed to be displayed in a toolbar e.g. 
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So we now have some new buttons, 
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The Builder pattern allows us to create multiple different types of object that can be put together to create the final object i.e. it will create the buttons, textboxes, drop down lists that can be displayed in a toolbar. Here are the Builder classes, one for the toolbar and the other for the toolbar window.
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To do this we use the Builder pattern, where different Builder classes are used to create the different toolbars by adding the buttons required.

Here’s how the BuildButton() method may look:

Public ToolbarButton BuildButton()

{


ToolbarButton button = new ToolbarButton();


_toolbar.AddItem(button);

return button;

}

Note: I’ve assumed the buttons for the Toolbar and ToolbarWindow would probably be different, if they are identical then replace the interface IToolbarBuilder with a class and define BuildButton() in the parent class instead.

BuildTextBox() and BuildDropDownList() are very similar to this method.
Here’s how we might use a builder.

IToolbarBuilder builder;

IToolbar toolbar;
// Create the builder

builder = new ToolbarBuilder();
// Use the builder to build the parts of the toolbar

builder.BuildButton();

builder.BuildTextBox();

builder.BuildDropDownList();
// Get the finished toolbar
toolbar = builder.GetToolbar();

Scenario 3:

The designers also want to a number of default toolbars to be created containing specific buttons, etc. In addition, they want to be able to load customized toolbars from a file.
The Builder pattern specifies a something called a Director class which manages the order in which the parts in the toolbar are created. In our case, we’ll call it DefaultToolbarDirector (should probably be called ToolbarLayout but I want to leave the name Director in it) and pass it the name of the toolbar required in the constructor.
We also create a ToolbarFileDirector that allows the name of the file to be provided in the constructor instead.
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The code for the DefaultToolbarDirector could look like this:

public DefaultToolbarDirector(string reqdToolbar, IToolbarBuilder builder)

{


_reqdToolbar = reqdToolbar;

_builder = builder;

}

public IToolbar ConstructToolbar()

{


ToolbarButton button;

if(_reqdToolbar == “FileMenu”)

{


button = _builder.BuildButton();

button.SetText(“FileOpen”);
button = _builder.BuildButton();


button.SetText(“FileSave”);

}

}

The code for the ToolbarFileDirector could look like this:

public ToolbarFileDirector(string fileName, IToolbarBuilder builder)

{


_fileName = fileName;

_builder = builder;

}

public IToolbar ConstructToolbar()

{


ToolbarButton button;

// Code for loading the file would go here

if(add button from file)

{


button = _builder.BuildButton();


button.SetText(button name from file);

}

}

The application can use the director class as follows:

IToolbarBuilder builder;

IToolbarDirector director;

IToolbar toolbar;
// Create the builder

builder = new ToolbarBuilder();

// Or build a ToolbarWindow like this
// builder = new ToolbarWindowBuilder();

// Create the director (instructions for

// building the toolbar).
director = new DefaultToolbarDirector(“FileMenu”,

builder);

// Get the finished toolbar
toolbar = builder.GetToolbar();

Composite Pattern
The Builder pattern often produces a composite object produced by the Composite pattern. Taking a closer look at the Toolbar classes, the buttons have to be stored in some way and we will use a list (_elementList).
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The AddItem() method inserts the provided item (button, textbox, listbox, etc) to the toolbar list to be displayed when the toolbar is displayed.

Scenario 4:

The designers just love the toolbars but would really like to have toolbars containing other toolbars e.g.
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The trick here is to recognize that the Toolbar itself is just another IGraphicsElement, so we modify the class diagram to show this.
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This is the composite pattern. The composite object is built of other objects (usually stored in a list) that can also store an object of the same class as the composite object i.e. the Toolbar list may contain other Toolbars. We have created a tree structure. Actually, this is the way menus are created ….
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Reference: C# 3.0 Design Patterns, O’Reilly
Observational Tasks:
1.  Investigate the Composite pattern and give an example of an application for this pattern.
2. Modify the above Toolbar example so that Builder classes create different buttons, etc, for both toolbars. Show how a Factory pattern can be used to create these objects, giving a new design consisting of both a Builder and Factory pattern.
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