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Design pattern catalog - GoF
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 Command 
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 Behavioral patterns are concerned with algorithms and the 

assignment of responsibilities between objects. 

 Behavioral patterns describe not just patterns of objects or 

classes but also the patterns of communication between 

them. These patterns characterize complex control flow that's 

difficult to follow at run-time. They shift your focus away from 

flow of control to let you concentrate just on the way objects 

are interconnected.

Behavioral Design Pattern
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Let follow a paper…

 Non-Software Examples of Software 

Design Patterns, by Michael Duell, in AG 

Communication Systems e-zine: 

http://www2.ing.puc.cl/~jnavon/IIC2142/patexamples.htm

http://www2.ing.puc.cl/~jnavon/IIC2142/patexamples.htm
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Behavioral class patterns use inheritance to distribute 
behavior between classes:

 Template Method (GoF325) - concerns an abstract 
definition of an algorithm; defines the algorithm step by 
step, where each step invokes either an abstract 
operation or a primitive operation. A subclass fleshes 
out the algorithm by defining the abstract operations. 

 Interpreter (GoF243) - represents a grammar as a class 
hierarchy and implements an interpreter as an operation 
on instances of these classes.

 Memento (GoF381) - without violating encapsulation, 
captures and externalizes an object's internal state so 
that the object can be restored to this state later

The 11 Behavioral Design Pattern 

1/3
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Behavioral object patterns use object composition rather than 
inheritance. Some describe how a group of peer objects 
cooperate to perform a task that no single object can carry out 
by itself. An important issue here is how peer objects know 
about each other. Peers could maintain explicit references to 
each other, but that would increase their coupling. In the 
extreme, every object would know about every other.

 Mediator (GoF273) - avoids this by introducing a mediator object 
between peers; provides the indirection needed for loose 
coupling.

 Chain of Responsibility (GoF223) - provides even looser 
coupling. It lets you send requests to an object implicitly 
through a chain of candidate objects. Any candidate may fulfill 
the request depending on runtime conditions. The number of 
candidates is open-ended, and you can select which candidates 
participate in the chain at run-time.

 Observer (GoF293) - pattern defines and maintains a 
dependency between objects. The classic example of Observer 
is in Smalltalk Model/View/Controller, where all views of the 
model are notified whenever the model's state changes.

11 Behavioral Design Pattern 2/3
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Other behavioral object patterns are concerned with 
encapsulating behavior in an object and delegating requests 
to it:

 Strategy (GoF315) - encapsulates an algorithm in an object. 
Strategy makes it easy to specify and change the algorithm an 
object uses;

 Command (GoF233) - encapsulates a request in an object so 
that it can be passed as a parameter, stored on a history list, 
or manipulated in other ways.

 The State (GoF305) - encapsulates the states of an object so 
that the object can change its behavior when its state object 
changes; 

 Visitor (GoF331) encapsulates behavior that would otherwise 
be distributed across classes;

 Iterator (GoF257) - abstracts the way you access and traverse 
objects in an aggregate.

11 Behavioral Design Pattern 3/3
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The Interpreter Pattern [1,2]
 Intent - given a language, defines a representation for its 

grammar along with an interpreter that uses the 
representation to interpret sentences in the language.

 Motivation - if a particular kind of problem occurs often 
enough, then it might be worthwhile to express instances of 
the problem as sentences in a simple language. Then you can 
build an interpreter that solves the problem by interpreting 
these sentences.

 For example, searching for strings that match a pattern is a 
common problem. Regular expressions are a standard 
language for specifying patterns of strings. Rather than 
building custom algorithms to match each pattern against 
strings, search algorithms could interpret a regular expression 
that specifies a set of strings to match.
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 The Interpreter pattern describes how to define a grammar for simple 
languages, represent sentences in the language, and interpret these 
sentences. In this example, the pattern describes how to define a 
grammar for regular expressions, represent a particular regular 
expression, and how to interpret that regular expression. E.g.:

expression = literal | alternation | sequence | repetition | '(‘ expression ')' 

alternation = expression '|' expression 

sequence = expression '&' expression 

repetition = expression '*' 

literal = 'a' | 'b' | 'c' | ... { 'a' | 'b' | 'c' ... }*

 The grammar above is represented by five classes:
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 Every regular expression defined 
by this grammar is represented 
by an abstract syntax tree made 
up of instances of these classes.

 The abstract syntax tree right 
side represents the regular 
expression

raining & (dogs | cats) *

 We can create an interpreter for 
these regular expressions by 
defining the Interpret operation 
on each subclass of 
RegularExpression. Interpret 
takes as an argument the context 
in which to interpret the 
expression. The context contains 
the input string and information 
on how much of it has been 
matched so far. 
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 Each subclass of RegularExpression implements 

Interpret to check/match the next part of the input string 

based on the current context.

 LiteralExpression will check if the input matches the 

literal it defines,

 AltemationExpression will check if the input 

matches any of its alternatives,

 RepetitionExpression will check if the input has 

multiple copies of expression it repeats,

 SequenceExpression will check if the input matches 

both of the sequenced expressions.
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Applicability
Use the Interpreter pattern when there is a language to 
interpret, and you can represent statements in the 
language as abstract syntax trees. The Interpreter pattern 
works best when:

 the grammar is simple. For complex grammars, the class 
hierarchy for the grammar becomes large and 
unmanageable. Tools such as parser generators are a 
better alternative in such cases. They can interpret 
expressions without building abstract syntax trees, which 
can save space and possibly time.

 efficiency is not a critical concern. The most efficient 
interpreters are usually not implemented by interpreting 
parse trees directly but by first translating them into another 
form. For example, regular expressions are often 
transformed into state machines. But even then, the 
translator can be implemented by the Interpreter pattern, so 
the pattern is still applicable.
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Structure and 

Participants

 AbstractExpression (RegularExpression)
 - declares an abstract Interpret operation (common to all nodes in the abstract syntax tree)

 TerminalExpression (LiteralExpression)
 - implements an Interpret operation associated with terminal symbols in the grammar.

 - an instance is required for every terminal symbol in a sentence.

 NonterminalExpression (Altemation || Repetition || Sequence Expressions)
 - one such class is required for every rule -R ::= -Ri-Rz... Rn in the grammar.

 - maintains instance variables of type AbstractExpression for each of the symbols -Ri 
through Rn.

 - implements an Interpret operation for non-terminal symbols in the grammar. Interpreter 
typically calls itself recursively on the variables representing RI through Rn.

 Context
 - contains information that's global to the interpreter.

 Client
 - builds (or is given) an abstract syntax tree representing a particular sentence in the 

language that the grammar defines. The abstract syntax tree is assembled from instances 
of the NonterminalExpression and TerminalExpression classes.

 - invokes the Interpret operation.
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Collaborations

 The client builds (or is given) the sentence as an abstract 
syntax tree of NonterminalExpression and TerminalExpression 
instances. Then the client initializes the context and invokes the 
Interpret operation.

 Each NonterminalExpression node defines Interpret in terms of 
Interpret on each sub-expression. The Interpret operation of 
each TerminalExpression defines the base case in the 
recursion.

 The Interpret operations at each node use the context to store 
and access the state of the interpreter.
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Consequences
 1. It's easy to change and extend the grammar. Because the 

pattern uses classes to represent grammar rules, you can use 
inheritance to change or extend the grammar. Existing 
expressions can be modified incrementally, and new 
expressions can be defined as variations on old ones.

 2. Complex grammars are hard to maintain. The Interpreter 
pattern defines at least one class for every rule in the grammar 
(grammar rules defined using BNF may require multiple 
classes).

 3. Adding new ways to interpret expressions. The Interpreter 
pattern makes it easier to evaluate an expression in a new way. 
For example, you can support type-checking an expression by 
defining a new operation on the expression classes. 
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Implementations
 1. Creating the abstract syntax tree. The Interpreter pattern doesn't 

explain how to create an abstract syntax tree. In other words, it 
doesn't address parsing. The abstract syntax tree can be created by 
a table-driven parser, by a hand-crafted (usually recursive descent) 
parser, or directly by the client.

 2. Defining the Interpret operation. You don't have to define the 
Interpret operation in the expression classes. If it's common to create 
a new interpreter, then it's better to use the Visitor (331) pattern to 
put Interpret in a separate "visitor" object. For example, a grammar 
for a programming language will have many operations on abstract 
syntax trees, such as as type-checking, optimization, code 
generation, and so on. It will be more likely to use a visitor to avoid 
defining these operations on every grammar class.

 3. Sharing terminal symbols with the Flyweight pattern. Grammars 
whose sentences contain many occurrences of a terminal symbol 
might benefit from sharing a single copy of that symbol. Grammars 
for computer programs are good examples—each program variable 
will appear in many places throughout the code.
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Java Example
Let’s consider a simplified report generator that can operate on 5 columns 

of data in a table and return various reports on these data. Suppose we 

have the following sort of results from a swimming competition:

Amanda McCarthy 12 WCA 29.28

Jamie Falco 11 HNHS 29.80

… … … … …

where the 5 columns are frname, lname, age, club and time. 

Since there are a number of useful reports we could produce from these 

data in which the order of the columns changes as well as the sorting, a 

language is one useful way to handle these reports.

We’ll define a very simple non-recursive grammar of the sort:

Print lname frname club time sortby club thenby time

verbs
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There is only one main verb and while each statement is a declaration, there is no 

assignment statement or computational ability in this grammar:

Print var[var] [sortby var [thenby var]]

Interpreting the language takes place in three steps

1. Parsing the language symbols into tokens.

2. Reducing the tokens into actions.

3. Executing the actions.

We parse the language into tokens by simply scanning each statement with a 

StringTokenizer and then substituting a number for each word. Usually parsers push 

each parsed token onto a stack -- we will use that technique here. We implement 

the Stack class using a Vector, where we have push, pop, top and nextTop methods 

to examine and manipulate the stack contents. 

Our initial stack then, looks like this:

(the ―verb‖ thenby has no real meaning 

other than clarification, and s skipped)

Time   top of stack

Club

Sortby

Time

Club

Frname

Lname

Print
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Objects Used in Parsing
// ParseObject which has the both 

// a type and a value property:

public class ParseObject {

public static final int VERB=1000, VAR = 1010,

MULTVAR = 1020;

protected int value;

protected int type;

public int getValue() {return value;}

public int getType() {return type;}

}

These objects can take on the type VERB or VAR. 

Then we extend this object into ParseVerb and 

ParseVar objects, whose value fields can take on PRINT 

or SORT for ParseVerb and, on other side, FRNAME, 

LNAME, etc. for ParseVar. For later use in reducing the 

parse list, we then derive Print and Sort objects from 

ParseVerb.
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public Parser(String line) {

stk = new Stack();

actionList = new Vector();

StringTokenizer tok = new StringTokenizer(line);

while(tok.hasMoreElements()) {

ParseObject token = tokenize(tok.nextToken());
if(token != null)

stk.push(token);

}

}

//------------------------------------

private ParseObject tokenize(String s) {

ParseObject obj = getVerb(s);

if (obj == null)

obj = getVar(s);

return obj;

}

//----------------------------------------

private ParseVerb getVerb(String s) {

ParseVerb v;

v = new ParseVerb(s);

if (v.isLegal()) return v.getVerb(s);

else return null;

}

//----------------------------------------

private ParseVar getVar(String s) {

ParseVar v;

v = new ParseVar(s);

if (v.isLegal())

return v;

else

return null;

}
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The ParseVerb and ParseVar classes return objects with isLegal 

set to true if they recognize the word.

public class ParseVerb extends ParseObject {

static public final int PRINT=100,

SORTBY=110, THENBY=120;

protected Vector args;

public ParseVerb(String s) {

args = new Vector();

s = s.toLowerCase();

value = -1;

type = VERB;

if (s.equals("print")) value = PRINT;

if (s.equals("sortby")) value = SORTBY;

}

….

We reduce the stack a token at a time, folding successive Vars into a 

MultVar class until the arguments are folded into the verb objects. When 

the stack reduces to a verb, this verb and its arguments are placed in an 

action list; when the stack is empty the actions are executed. …



SW Design Patterns 24DP6

The Chain of Responsibility Pattern [1]
 Intent - Avoid coupling the sender of a request to its receiver by 

giving more than one object a chance to handle the request. 
Chain the receiving objects and pass the request along the 
chain until an object handles it.

 Motivation – consider a context-sensitive help facility for a 
graphical user interface. The user can obtain help information 
on any part of the interface just by clicking on it. The help is 
context-dependent - depends on the part of the interface that's 
selected. If no specific help information exists for that part of the 
interface, then the help system should display a more general 
help message.

Hence it's natural to organize help information according to its 
generality — from the most specific to the most general. 
Furthermore, it's clear that a help request is handled by one of 
several user interface objects; which one depends on the 
context and how specific the available help is.
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Motivation – decoupling senders and 

receivers 
 The problem here is that the object that ultimately provides the 

help isn't known explicitly to the object (e.g., the button) that 
initiates the help request. 

 What we need is a way to decouple the button that initiates the 
help request from the objects that might provide help 
information. The Chain of Responsibility pattern defines how 
that happens.

 The idea of this pattern is to decouple senders and receivers by 
giving multiple objects a chance to handle a request. The 
request gets passed along a chain of objects until one of them 
handles it.
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Forwarding the request
 The first object in the chain 

receives the request and either 
handles it or forwards it to the 
next candidate on the chain, 
which does likewise. The object 
that made the request has no 
explicit knowledge of who will 
handle it—we say the request has 
an implicit receiver.

 Let's assume the user clicks for 
help on a button widget marked 
"Print." The button is contained in 
an instance of PrintDialog, which 
knows the application object it 
belongs to (see preceding object 
diagram).

•In this case, neither aPrintButton 

nor aPrintDialog handles the 

request; it stops at anApplication, 

which can handle it or ignore it. 

•The client that issued the request 

has no direct reference to the 

object that ultimately fulfills it.
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The Solution
To forward the request along the chain, and to ensure receivers remain 

implicit, each object on the chain shares a common interface for handling 

requests and for accessing its successor on the chain. For example, the 

help system might define a HelpHandler class with a corresponding 

HandleHelp operation. HelpHandler can be the parent class for candidate 

object classes, or it can be defined as a mix-in class. Then classes that 

want to handle help requests can make HelpHandler a parent.

The Button, Dialog, and 

Application classes use 

HelpHandler operations to 

handle help requests.

HelpHandler's HandleHelp

operation forwards the request 

to the successor by default.
Subclasses can override this 

operation to provide help under 

the right circumstances; 

otherwise they can use the 

default implementation to forward 

the request.
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Applicability

Use Chain of Responsibility when:

 more than one object may handle a request, and 
the handler isn't known a priori. The handler should 
be ascertained automatically.

 you want to issue a request to one of several 
objects without specifying the receiver explicitly.

 the set of objects that can handle a request should 
be specified dynamically.
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Participants and Structure
 Handler (HelpHandler)

 - defines an interface for handling 

requests.

 - (optional) implements the successor 

link (the link to the next element).

 ConcreteHandler (PrintButton, 

PrintDialog)

 - handles requests it is responsible for.

 - can access its successor.

 - if the ConcreteHandler can handle the 

request, it does so; otherwise it forwards 

the request to its successor.

 Client

 - initiates the request to a 

ConcreteHandler object on the chain.
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Collaborations
 When a client issues a request, the request propagates along 

the chain until a ConcreteHandler object takes responsibility 

for handling it.

Consequences
 1. Reduced (weaker) coupling. The pattern frees an object from 

knowing which other object handles a request. An object only 

has to know that a request will be handled "appropriately." Both 

the receiver and the sender have no explicit knowledge of each 

other, and an object in the chain doesn't have to know about 

the chain's structure.

As a result: Chain of Responsibility can simplify object 

interconnections. Instead of objects maintaining references to 

all candidate receivers, they keep a single reference to their 

successor.
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Consequences (cont.)

 2. Added flexibility in assigning responsibilities to objects. 

Chain of Responsibility gives you added flexibility in 

distributing responsibilities among objects. You can add or 

change responsibilities for handling a request by adding to or 

otherwise changing the chain at runtime. You can combine 

this with subclassing to specialize handlers statically.

 3. Receipt isn't guaranteed. Since a request has no explicit 

receiver, there's no guarantee it'll be handled—the request 

can fall off the end of the chain without ever being handled. A 

request can also go unhandled when the chain is not 

configured properly.
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Implementation Issues
 1. Implementing the successor chain. There are two possible ways to 

implement the successor chain:

 (a) Define new links (usually in the Handler, but ConcreteHandlers could 

define them instead)

 (b) Use existing links.

 2. Connecting successors. If there are no preexisting references for 

defining a chain, then you'll have to introduce them yourself. In that 

case, the Handler not only defines the interface for the requests but 

usually maintains the successor as well. That lets the handler provide 

a default implementation of HandleRequest that forwards the request 

to the successor (if any). 

 3. Representing requests. Different options are available for 

representing requests. In the simplest form, the request is a hard-

coded operation invocation, as in the case of HandleHelp. This is 

convenient and safe, but you can forward only the fixed set of 

requests that the Handler class defines. An alternative is to use a 

single handler function that takes a request code as parameter. This 

supports an open-ended set of requests. 
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Java Example [3]
Consider a simple system for display the results in requests. These requests 

can be:

· Image filenames

· General filenames

· Colors

· Other commands

In three cases, we can display a 

concrete result of the request, and 

in the last case, we can only 

display the request text itself.

If we type in ―Mandrill‖ and see a 

display of the image Mandrill.jpg. 

Then, we type in ―FileList‖ and that 

filename is highlighted in the 

center list box. Next, we type in 

―blue‖ and that color is displayed in 

the lower center panel. Any other 
text is displayed in the right-hand list 

box.
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Sample Code

 To write this simple chain of responsibility program, we start with an

abstract Chain class:

public interface Chain {

public abstract void addChain(Chain c);

public abstract void sendToChain(String mesg);

public Chain getChain();

}
 The addChain method adds another class to the chain of classes. 

 The getChain method returns the current class to which messages are 
being forwarded. These two methods allow us to modify the chain 
dynamically and add additional classes in the middle of an existing 
chain. 

 The sendToChain method forwards a message to the next object in the 
chain.
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The Imager takes the message and looks for “.jpg” files with that root name. If it 

finds one, it displays it.

public class Imager extends JPanel implements Chain {

private Chain nextChain;

private Image img;

private boolean loaded;

public void addChain(Chain c) {

nextChain = c; //next in chain of resp’s

}

public void sendToChain(String mesg) {

//if there is a JPEG file with this root name

//load it and display it.

if (findImage(mesg)) loadImage(mesg + ".jpg");

//Otherwise, pass request along chain

else nextChain.sendToChain(mesg);

}

public Chain getChain() {

return nextChain;

}

public void paint(Graphics g) {

if (loaded) {g.drawImage(img, 0, 0, this);}

}
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The ColorImage class simply interprets the message as a color name and displays 

it if it can. This example only interprets 3 colors, but you could implement any 

number:

public void sendToChain(String mesg) {

Color c = getColor(mesg);

if(c != null) {

setBackground(c);

repaint();

}

else {

if (nextChain != null) nextChain.sendToChain(mesg);

}

}

private Color getColor(String mesg) {

String lmesg = mesg.toLowerCase();

Color c = null;

if(lmesg.equals("red")) c = Color.red;

if(lmesg.equals("blue")) c = Color.blue;

if(lmesg.equals("green")) c= Color.green;

return c;

}
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public class RestList extends JawtList implements Chain {

private Chain nextChain = null;

//--------------------------------------

public RestList() {

super(10); //arg to JawtList

setBorder(new LineBorder(Color.black));

}

//--------------------------------------

public void addChain(Chain c) {

nextChain = c;

}

//--------------------------------------

public void sendToChain(String mesg) {

add(mesg); //this is the end of the chain

repaint();

if(nextChain != null)

nextChain.sendToChain(mesg);

}

//--------------------------------------

public Chain getChain() {

return nextChain; //although it is the final one!

}

}

Both the file list and the list 

of unrecognized commands 

are JList boxes. Since we 

developed an adapter 

JawtList in lessons before 

to give JList a simpler 

interface, we’ll use that 

adapter here. The RestList

class is the end of the 

chain, and any command 

that reaches it is simply 

displayed in the list. 

However, to allow for 

convenient extension, we 

are able to forward the 

message to other classes 

as well.
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The FileList class is quite similar and can be derived from the RestList class, to 

avoid replicating the addChain and getChain methods. The only differences are 

that it loads a list of the files in the current directory into the list when initialized, 

and looks for one of those files when it receives a request.

public class FileList extends RestList {

String files[];

private Chain nextChain;

//-----------------------------------------

public FileList() {

super();

File dir = new File(System.getProperty("user.dir"));

files = dir.list();

for(int i = 0; i<files.length; i++)

add(files[i]);

}

//---------------------------------------

public void sendToChain(String mesg) {

boolean found = false;

int i = 0;
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while ((! found) && (i < files.length)) {

XFile xfile = new XFile(files[i]);

found = xfile.matchRoot(mesg);

if (! found) i++;

}

if(found) {

setSelectedIndex(i);

}

else {

if(nextChain != null)

nextChain.sendToChain(mesg);

}

}

The Xfile class we introduce above is a simple child of the File class that 

contains a matchRoot method to compare a string to the root name of a file.

Finally, we link these classes together in the constructor to form the Chain:

//set up the chain of responsibility

sender.addChain(imager);

imager.addChain(colorImage);

colorImage.addChain(fileList);

fileList.addChain(restList);
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The Command Pattern [3]
 Intent - encapsulates a request as an object, thereby letting you 

parameterize clients with different requests, queue or log requests, and 
support undoable operations.

 Also Known As - Action, Transaction

 Motivation - sometimes it's necessary to issue requests to objects without 
knowing anything about the operation being requested or the receiver of 
the request. E.g., user interface toolkits include objects like buttons and 
menus that carry out a request in response to user input. But the toolkit 
can't implement the request explicitly in the button or menu, because only 
applications that use the toolkit know what should be done on which object. 
As toolkit designers we have no way of knowing the receiver of the request 
or the operations that will carry it out.

 The Command pattern lets toolkit objects make requests of unspecified 
application objects by turning the request itself into an object. This object 
can be stored and passed around like other objects. The key to this pattern 
is an abstract Command class, which declares an interface for executing 
operations. In the simplest form this interface includes an abstract Execute
operation. Concrete Command subclasses specify a receiver-action pair 
by storing the receiver as an instance variable and by implementing 
Execute to invoke the request. The receiver has the knowledge required to 
carry out the request.



SW Design Patterns 41DP6

 Menus can be implemented easily with Command objects. Each choice in a 
Menu is an instance of a Menultem class. An Application class creates these 
menus and their menu items along with the rest of the user interface. The 
Application class also keeps track of Document objects that a user has 
opened.

 The application configures each Menultem with an instance of a concrete 
Command subclass. When the user selects a Menultem, the Menultem calls 
Execute on its command, and Execute carries out the operation. Menultems
don't know which subclass of Command they use. Command subclasses 
store the receiver of the request and invoke one or more operations on the 
receiver. For example, PasteCommand supports pasting text from the 
clipboard into a Document. PasteCommand's receiver is the Document 
object - it is supplied upon instantiation. The Execute operation invokes 
Paste on the receiving Document.
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 OpenCommand's Execute operation is different: it prompts the user 

for a document name, creates a corresponding Document object, 

adds the document to the receiving application, and opens the doc.

 Sometimes a Menultem needs to execute a sequence of commands 

- we can define a MacroCommand class to allow a Menultem to 

execute an open-ended number of commands. MacroCommand is a 

concrete Command subclass that simply executes a sequence of 

Commands. MacroCommand has no explicit receiver, because the 

commands it sequences define their own receiver.



SW Design Patterns 43DP6

Structure and Participants

 Command - declares an interface for executing an operation.

 ConcreteCommand (PasteCommand, OpenCommand)

 - defines a binding between a Receiver object and an action.

 - implements Execute by invoking the corresponding operation(s) on Receiver.

 Client (Application) - creates a ConcreteCommand object and sets its 
receiver.

 Invoker (Menultem) - asks the command to carry out the request.

 Receiver (Document, Application) - knows how to perform the operations 
associated with carrying out a request. Any class may serve as a Receiver.
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Collaborations
 The Client creates a ConcreteCommand object and specifies its 

receiver.

 An Invoker object stores the ConcreteCommand object.

 The Invoker issues a request by calling Execute on the command. 
When commands are undoable, ConcreteCommand stores state for 
undoing the command prior to invoking Execute.

 The ConcreteCommand object invokes operations on its receiver to 
carry out the request.
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Consequences

 1. Command decouples the object that invokes the 
operation from the one that knows how to perform it.

 2. Commands are first-class objects (entities which can 
be passed as a parameter, returned from a subroutine, 
or assigned into a variable [Wiki]). They can be 
manipulated and extended like any other object.

 3. You can assemble commands into a composite 
command. An example is the MacroCommand class 
described earlier. In general, composite commands are 
an instance of the Composite (GoF163) pattern.

 4. It's easy to add new Commands, because you don't 
have to change existing classes.
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Applicability & Implementation
Use the Command pattern when you want to:

 parameterize objects by an action to perform, as Menultem objects 
was parameterized by a Command (in a procedural language, this 
parameterization can be done with a callback function - registered 
somewhere to be called at a later point)

 specify, queue, and execute requests at different times – a 
Command object can have a lifetime independency of the 
original request.

 support undo - the Command's Execute operation can store state
for reversing its effects in the command itself. The Command 
interface must have an added Unexecute operation reversing the 
effects of a previous call to Execute. Executed commands are 
stored in a history list. Undo’s and redo’s - by traversing the list 
backwards/forwards calling Unexecute/Execute’

 structure a system around high-level (macro)operations built on 
primitives operations - common in information systems that 
support transactions.
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Java Example [3]
Consider a program consisting of a File Menu object with the mnuOpen and 

mnuExit MenuItems added to it. It also contains one button called btnRed. A 

click on any of these causes an actionPerformed event that we can trap with 

the following code:

public void actionPerformed(ActionEvent e) {

Object obj = e.getSource();

if(obj == mnuOpen)

fileOpen(); //open file

if (obj == mnuExit)

exitClicked(); //exit from program

if (obj == btnRed)

redClicked(); //turn red

if …..

}
When you have dozens of menu items and several 

buttons, the actionPerformed code can get pretty ugly. In 

an OO language like Java, we could avoid a long series 

of if statements to identify the selected object.
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One way to assure that every object receives its own commands directly is to 

use the Command object approach. 

public interface Command {

public void Execute();

}

The objective of using this interface is to reduce the actionPerformed method to:

public void actionPerformed(ActionEvent e) {

Command cmd = (Command)e.getSource();

cmd.Execute();

}

1. Then we can provide an Execute method for each object which carries out the 

desired action, thus keeping the knowledge of what to do inside the object 

where it belongs, instead of another part of the program to make decisions.

2. One important purpose of the Command pattern is to keep the program and 

user interface objects completely separate from the actions that they initiate.

3. Useful when you need to tell the program to execute the command when the 

resources are available (queuing commands to be executed later).

4. Finally, you can use Command objects to remember operations so that you can 

support Undo requests.
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class btnRedCommand extends Button implements Command {

public btnRedCommand(String caption) {

super(caption); //initialize the button

}

public void Execute() {

p.setBackground(Color.red);

}

}

//------------------------------------------

class fileExitCommand extends MenuItem implements Command {

public fileExitCommand(String caption) {

super(caption); //initialize the Menu

}

public void Execute() {

System.exit(0);

}

}

….

mnuOpen.addActionListener(new fileOpen());

mnuExit.addActionListener(new fileExit());

btnRed.addActionListener(new btnRed());


