Command Pattern
Command Pattern:

This pattern allows series of commands to be executed, separating the client executing the command from the object that performs the required action. 
Allows:
· Execution of commands on different receivers e.g. cut operation can be performed on either a text or image file

· Queuing, logging and rejection of command requests

· Construction of complex commands out of a number of simpler commands e.g. a running a macro

· Enables Undo and Redo

Design Rule:

Create loosely coupled interface between the application invoking a command and the object(s) executing the command.
Scenario 1:
We have developed an application for editing a text document, and the client would like to be able to Cut, Copy and Paste text. A colleague will build a menu for the user to choose the operation to be performed and we must design a method for handling these operations on a text file.
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We start by building a class that provides the methods for performing the required operations.
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Next we create a class for making the changes to the text document.
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When the Copy menu is clicked, the selected text (we’ll not worry about how this text is selected) is copied by calling the Copy() method in the DocumentEditor. We need some code to execute the command and then call the Copy() method in TextDocument.
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Instead of executing the commands directly, the methods in the DocumentEditor will execute the required operations through a series of classes. Each type of operation Cut, Copy…etc, will be given its own class.

[image: image5.emf]+Execute() : void

«interface»

ICommand

+CopyCommand(in doc : TextDocument) : void

+Execute() : void

-_doc : TextDocument

CopyCommand

+CutCommand(in doc : TextDocument)

+Execute() : void

-_doc : TextDocument

CutCommand

+PasteCommand(in doc : TextDocument)

+Execute() : void

-_doc : TextDocument

PasteCommand


We pass the TextDocument object into the constructor of each command so that they can perform the required action on the document. Here’s an example of the CopyCommand:
public CopyCommand(TextDocument doc)

{


_doc = doc;    ( Store reference to doc being edited
}

public void Execute()

{


_doc.Copy();   ( Perform operation on the document
}

Next add a commands as attribute to the DocumentEditor  using the generic ICommand interface, so any command can be stored. Add the methods SetCommand() to store the command to be executed and an ExecuteCommand() method to excute the command. Both will be called when a user selects a menu item....
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public void SetCommand(ICommand command)

{


_command = command;

}
public void ExecuteCommand()

{


_command.Execute();

}
When the clicks on the menu, we create a the appropriate command object, store it in the DocumentEditor by called SetCommand() then execute it calling ExecuteCommand().

private TextDocument _doc = new TextDocument();

private DocumentEditor _docEditor = new DocumentEditor();

public void copyMenuItemClick(....)

{


CopyCommand copyCmd = new CopyCommand(_doc);


_docEditor.SetCommand(copyCmd);


_docEditor.ExecuteCommand();

}

NOTE 1: This example is very simplistic and this code is obviously overkill. If it is this simple, we might avoid using a DocumentEditor class and just execute the commands directly.
NOTE 2: Once a command is loaded into the DocumentEditor, it may be used and discarded, or it may remain and be used many times.
Here’s how the CopyCommand class fits into the application. 
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Scenario 2:

The client asks for the application to be modified to allow images to be edited, but the menus must work in the same way.

The same operations are performed on text and image files, so we begin by adding an ImageDocument class and a parent interface IDocument.
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Of course, we need to change the other classes to use IDocument instead of TextDocument. Now we modify the command classes to support IDocument: 
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Here’s how the application may use this design:
DocumentEditor _docEditor = new DocumentEditor();

IDocument _openDoc;

public void OpenTextDoc()

{

_openDoc = new TextDocument();

}

public void OpenImageDoc()

{

_openDoc = new ImageDocument();

}

public void MenuCopy()

{


CopyCommand cmd = new CopyCommand(_openDoc);


_docEditor.SetCommand(cmd);


_docEditor.ExecuteCommand();

}
public void MenuCut()

{


CutCommand cmd = new CutCommand(_openDoc);


_docEditor.SetCommand(cmd);


_docEditor.ExecuteCommand();

}

public void MenuPaste()

{


PasteCommand cmd = new PasteCommand(_openDoc);


_docEditor.SetCommand(cmd);


_docEditor.ExecuteCommand();

}
Scenario 3:

The client wants the application to support an Undo function so that the user can undo any changes made to the document.

We’ll start by support a single undo operation i.e. we can undo just the last command executed.

To start we add an undo command attribute to the DocumentEditor class with an Undo() method.
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When an operation is performed i.e. Copy, Cut or Paste, the same command is stored in the _undoCmd attribute so we can “Undo” it later.

Here’s the code: 

public DocumentEditor()

{

// We haven’t executed a command yet so

// set it to null

_undoCmd = null;
}
public void SetCommand(ICommand command)

{


_command = command;

}
public void ExecuteCommand()

{


_command.Execute();


_undoCommand = _command;

}
public void Undo()

{

// Check if we have a command to undo


if(_undoCmd != null)

{


_undoCmd.Undo();



// We have undone the last command



_undoCmd = null;

}
}

In the above code, I’ve called an Undo() method on the _undoCmd command so we need to add this method to the command classes.
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The Undo() methods in each command, just reverses the operations performed by the command. For example, here’s how the PasteCommand class may be written:
public PasteCommand(IDocument doc)

{


_doc = doc;
}

public void Execute()

{

// Paste into the doc


_doc.Paste();
}
public void Undo()

{

// Cut what we pasted into the doc


_doc.Cut();
}

If you want to undo multiple commands, use a stack to store the commands instead of just a single command as we just did. You can push each executed command onto the stack and pop them off it to undo each command.
NOTE:

Sometimes it is not possible to perform an Undo because the previously executed command can’t be easily undone. For example, if you are using a drawing application then each command e.g. draw a line, is stored and applied sequentially to create the drawing. To undo a command you just remove it from a command list and when the image is redrawn, the line is no longer drawn. This is known as a vector-based drawing or imaging editor. 
On the other hand, raster-based image editors, such as Painter, Photoshop, MS Paint, and GIMP, revolve around editing pixels. If you apply a filter, the filter is applied to each pixel and if you apply multiple filters the pixel is a composite of all these effects. In this type of application, undoing the filter effect is not easy.

The Memento design pattern allows an object to be restored to a previous state (undo via rollback). In a paint application, this would probably mean saving multiple versions of the bitmap to temporary files and using the pattern to determine which file should be recovered.
Obviously, you can use the Command pattern and invoke the Memento pattern when a simple command undo is not possible.

The command pattern refers to Invokers, Commands and Receivers, so here’s how they relate to our design:
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Additional Ideas:

You can build more complex operations by combining individual commands e.g. in creating a macro. Create a new ICommand class that contains a list of commands and execute them one-after-another.

[image: image13.emf]+Execute() : void

+Undo() : void

«interface»

ICommand

+MacroCommand()

+Execute() : void

+Undo() : void

+SetCommand(in cmd : ICommand) : void

-_commandsList : ICommand

MacroCommand

…… many other 

commands


Here’s how the code for this class may look:

public MacroCommand()

{


_commandsList = new List();
}
public void Execute()

{


foreach(ICommand cmd in _commandsList)

{

cmd.Execute();
}

}

public void Undo()

{

foreach(ICommand cmd in _commandsList)

{

cmd.Undo();
}

}

public void SetCommand(ICommand cmd)

{

_commandsList.Add(cmd);

}
Here’s how you might use this:
IDocument doc;

ICommand cmd;

MacroCommand macro;

doc = new TextDocument();

macro = new MacroCommand();

cmd = new CopyCommand(doc);

macro.SetCommand(cmd);

cmd = new CutCommand(doc);

macro.SetCommand(cmd);

cmd = new PasteCommand(doc);

macro.SetCommand(cmd);

// Execute Copy then Cut then Paste

macro.Execute();

If the macro is an attribute of the DocumentEditor class you can either:
· Create a SetCommand() method in the DocumentEditor class and allow the application to create each command to be added to the macro
· Add a Record() method to the DocumentEditor class, and make the DocumentEditor object store each command as each operation (e.g. Cut, Copy, etc) is performed. 
Alternatively, you could allow the application to create the MacroCommand object and the application commands, before calling a SetMacro() method in the DocumentEditor to execute it.
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