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The Sender class (aka invoker) is responsible for initiating requests. This class

must have a field for storing a reference to a command object. The sender

triggers that command instead of sending the request directly to the receiver.

Note that the sender isn't responsible for creating the command object. Usually, The Command interface usually
it gets a pre-created command from the client via the constructor. declares just a single method

for executing the command.

copy = new CopyCommand(editor) Invoker
button.setCommand(copy) X
- command «interface» .
- Concrete Commands implement
Command ) )
Client + setCommand(command) various kinds of requests. A
The Client creates + executeCommand () + execute() concrete command isn’t
and configures S A supposed to perform the work
concrete command “\ H on its own, but rather to pass
objects. The client s T i the call to one of the business
must pass all of the logic objects. However, for the
G \ Command1 Command2 £ doatli
request parameters, R sake of simplifying the code,
. . . Receiver
including a receiver - receiver these classes can be merged.
instance, into the - params
command’s - X + execute() Parameters required to execute
constructor. After + operation(a,b,c) + Command1(receiver, params) a method on a receiving object
) + .
that, the resulting ]r execute() can be declared as fields in the
command may be | concrete command. You can
associated with one receiver.operation(params) make command objects

or multiple senders. immutable by only allowing the

initialization of these fields via
The Receiver class contains some business logic. Almost any object may act the constructor.
as a receiver. Most commands only handle the details of how a request is
passed to the receiver, while the receiver itself does the actual work.
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A3 s owb 1olS @ 9 s5Lwesw | 03V Receiver  Guuw 9 53LwswoConcrete Command S5 Ll
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.(invoker.executeCommand()) s
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Proxy

The Client should work with both services The Service Interface declares the interface

o ) ) «interface» of the Service. The proxy must follow this
and proxies via the same interface. This . . o
Servicelnterface interface to be able to disguise itself as a

way you can pass a proxy into any code . .
b F o Y service object.

that expects a service object. + operation()
T

[mmmsssmss———— Fmmmmmmm e ]

! H
The Proxy class has a reference field that Proxy Service The Service is a class
points to a service object. After the proxy - realService: Service K>—=> ... that provides some
finishes its processing (e.g., lazy - - useful business logic.
initialization, logging, access control, + Proxy(s: Service) + operation()
caching, etc.), it passes the request to the & ChECkACCESSO
service object. + operation() realService = s

Usually, proxies manage the full lifecycle of if (checkAccess() {
their service objects. realService.operation()

}
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Components are various classes that The Mediator interface declares methods of communication with

contain some business logic. Each components, which usually include just a single notification method.
component has a reference to a Components may pass any context as arguments of this method, including
mediator, declared with the type of the their own objects, but only in such a way that no coupling occurs between
mediator interface. The component isn't a receiving component and the sender’s class.

aware of the actual class of the
mediator, so you can reuse the
component in other programs by linking

it to a different mediator. ComponentA Component8
—>| - m: Mediator - m: Mediator |<—
+ operationA() «interface» + operationB()
Mediator

Components must not be aware of
other components. If something + notify(sender)
important happens within or to a ComponentC | =7 A =] ComponentD

component, it must only notify the —>{ - m: Mediator H - m: Mediator |<—
mediator. When the mediator receives *

the notification, it can easily identify the + operationC() ConcreteMediator + operationD()
sender, which might be just enough to - componentA

decide what component should be - componentB m.notify(this)
triggered in return. - componentC

< - componentD &>

From a component’s perspective, it all
looks like a total black box. The sender
doesn’t know who'll end up handling its
request, and the receiver doesn’t know
who sent the request in the first place.

if (sender == componentA) - {+ notify(sender)
reactOnA() + reactOnA()

+ reactOnB()

+ reactOnC()

+ reactOnD()

Concrete Mediators
encapsulate relations between
various components. Concrete
mediators often keep
references to all components
they manage and sometimes
even manage their lifecycle.
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State
Context stores a reference to one of the The State interface declares the state-
concrete state objects and delegates to it all specific methods. These methods
state-specific work. The context communicates should make sense for all concrete
with the state object via the state interface. states because you don’t want some
The context exposes a setter for passing it a of your states to have useless Concrete States provide their own
new state object. methods that will never be called. implementations for the state-
specific methods. To avoid
duplication of similar code across
Context «interface» multiple states, you may provide
K> State intermediate abstract classes that
e encapsulate some common
+C initialS FdoThis) behavior.
ontext(initialState) + doThat() ,
+ changeState(state)
+ doThis() 4 State objects may store a
+doThat() \ H backreference to the context
ConcreteStates object. Through this reference, the
this.state = state state.doThis() — state can fetch any required info
state.setContext(this) from the context object, as well as
+ setContext(context) initiate state transitions.
[ ctent }J------ee- |+ doThis)
+ doThat()
initialState = new ConcreteState() L Both context and concrete states
context = new Context(initialState) can set the next state of the
context.doThis() // A state may issue state context and perform the actual
// Current state may have been // transition in context state transition by replacing the
// changed by context or the state state = new OtherState() state object linked to the context.
// object itself. context.changeState(state)
Z .
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Strategy
The Context maintains a
fefrenc o one. dthe Context 5 The Strategy interface is common
concrete strategies and «interface» !
. X . to all concrete strategies. It

communicates with this - strategy > Strategy S G o

bject only via the strat
e ot + setStrategy(strategy) + execute(data) uses to execute a strategy.
interface. :

+ doSomething()

1
1
strategy.execute() H

ConcreteStrategies

R Concrete Strategies implement
@ > different variations of an algorithm

The Client creates a specific

. . + execute(data) the context uses.
strategy object and passes it str = new SomeStrategy() r
to the context. The context context.setStrategy(str)
exposes a setter which lets context.doSomething()
clients replace the strate. :

) P - 9y " = The context calls the execution method
associated with the context at other = new OtherStrategy() he linked bi Lot
s context.setStrategy(other) on the linked strategy object each time it

context.doSomething() needs to run the algorithm. The context

doesn’t know what type of strategy it
works with or how the algorithm is
executed.

[o] Strategy oSl )LsLw 0 JSow
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The Visitor interface
declares a set of visiting
methods that can take
concrete elements of an
object structure as
arguments. These
methods may have the
same names if the
program is written in a
language that supports
overloading, but the type
of their parameters must
be different.

Each Concrete Visitor
implements several
versions of the same
behaviors, tailored for
different concrete
element classes.

«interface»
Visitor

+ visit(e: ElementA)
+ visit(e: ElementB)

Py

«interface»
Element

+ accept(v: Visitor)

ConcreteVisitors

ElementA

+ visit(e: ElementA)
+ visit(e: ElementB)

+ accept(v: Visitor)

// concrete
// element it works with.

C

// Visitor methods know the

ype of the

e.featureB()

element.accept(new ConcreteVisitor())

[1] Visitor ¢Sl )Ll 1) JSoi

ElementB

1]
i
[
1]
H
1]
1]
1]
1
1]
1]
+ featureA() H
1]
L]
1
1]
1]
i
[
1]
L]
1
1]

+ featureB()
+ accept(v: Visitor)

vvisit(this)

oY

-

ol o 1S3 il

The Element interface declares
a method for “accepting”
visitors. This method should
have one parameter declared
with the type of the visitor
interface.

Each Concrete Element must
implement the acceptance
method. The purpose of this
method is to redirect the call to
the proper visitor's method
corresponding to the current
element class. Be aware that
even if a base element class
implements this method, all
subclasses must still override
this method in their own
classes and call the appropriate
method on the visitor object.

The Client usually represents a collection or

some other complex object (for example, a
Composite tree). Usually, clients aren’t aware of

all the concrete element classes because they

work with objects from that collection via some
abstract interface.

Visitor
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Concrete Products are various implementations of

bstract products, db iants. Each abstract )
abstract pro .uc s, groupe gjrvanan S, acl abstrac ConcreteFactoryl The Abstract Factory interface
product (chair/sofa) must be implemented in all
. ) : . declares a set of methods for
given variants (Victorian/Modern). _—— .
creating each of the abstract
' : + createProductA(): ProductA products.
W W + createProductB(): ProductB
Concrete Concrete :
Abstract Products ProductAl ProductB1 v
declare interfaces .
- 6 R& «interface» Client
for a set of distinct Ab ‘
but related Abstract Abstract Stractractory - factory: AbstractFactory
roducts which ProductA ProductB + : .
:nake up a product + creaIeEroj“cE‘go_ Erojuc?; *+ Client(f: AbstractFactory)
‘ ll}‘ 4 createProductB(): Produc + someOperation()
family. A
Concrete Concrete !
ProductA2 ProductB2 : ProductA pa = factory.createProductA()
11\ 4'\ ConcreteFactory2
R LR
return new + createProductA(): ProductA
ConcreteProductA2( + createProductB(): ProductB
Concrete Factories implement creation Although concrete factories instantiate concrete products, signatures of their
methods of the abstract factory. Each concrete creation methods must return corresponding abstract products. This way the client
factory corresponds to a specific variant of code that uses a factory doesn't get coupled to the specific variant of the product it
products and creates only those product gets from a factory. The Client can work with any concrete factory/product variant,
variants. as long as it communicates with their objects via abstract interfaces.
é -
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The Iterator interface declares

—(am

Iterator

The Collection interface declares
one or multiple methods for

the operations required for \ getting iterators compatible with
traversing a collection: fetching «interface» «interface» the collection. Note that the
the next element, retrieving the Iterator IterableCollection return type of the methods must
current position, restarting + getNext( P + createlterator); tarator be declared as the iterator
iteration, etc. ) interface so that the concrete

+ hasMore(): baol A collections can return various

Concrete Iterators
implement specific
algorithms for traversing
a collection. The iterator
object should track the
traversal progress on its
own. This allows several
iterators to traverse the
same collection
independently of each
other.

~

Concretelterator

ConcreteCollection

- collection: ConcreteCollection
- iterationState

-

+ Concretelterator(

c¢: ConcreteCollection)
+ getNext()
+ hasMore(): bool

+ createlterator(): Iterator

kinds of iterators.

Concrete Collections return new
instances of a particular concrete
iterator class each time the
client requests one. You might be
wondering, where’s the rest of
the collection’s code? Don't
waorry, it should be in the same
class. It's just that these details
aren’t crucial to the actual

attern, so we're omitting them.
The Client works with both collections and iterators via their interfaces. P 9

This way the client isn't coupled to concrete classes, allowing you to
use various collections and iterators with the same client code.

Typically, clients don't create iterators on their own, but instead get
them from collections. Yet, in certain cases, the client can create one
directly; for example, when the client defines its own special iterator.

[A] Iterator o3l jLsbw A Sl
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Builder

b = new ConcreteBuilder1()
d = new Director(b)
d.make()

Productl p = b.getResult()

The Builder interface declares
product construction steps
that are common to all types
of builders.

Concrete Builders
provide different
implementations of the

\

«interface»
Builder

Director

+ buildStepA()
+ buildStepB()
+ buildStepZ()

- builder: Builder

+ Director(builder)
+ changeBuilder(builder)
+ make(type)

]
1
1
1
1
1
]
]
1
1
1
1
! + reset()
1
1
1
1
1
]
]
1
1
1

builder.reset()
if (type =="simple”) {

The Director class defines the
order in which to call
construction steps, so you can
create and reuse specific
configurations of products.

The Client must associate one

N Concrete Concrete y bls”“{“"“’”'ldsmp‘“o of the builder objects with
construction steps. . ; else , )
Builderl Builder2 i ; the director. Usually, it's done
Concrete builders may builder.buildStepB() ) ) ¥
builder.buildStepZ() just once, via parameters of
produce products that - result: Productl - result: Product2 } . ,
i the director’s constructor.

don't follow the common .

+ reset() + reset() Then the director uses that

interface. result = new Product2()

+ buildStepA()
+ buildStepB()
+ buildStepZ()
+ getResult(): + getResult():
Products are resulting Productl Product2
objects. Products * w
constructed by different

builders don’t have to ] | Product2

+ buildStepA()
+ buildStepB()
+ buildStepZ()

builder object for all further
construction. However, there’s
an alternative approach for
when the client passes the
builder object to the
production method of the

result.setFeatureB()

return this.result

Productl director. In this case, you can

use a different builder each
time you produce something
with the director.

belong to the same class
hierarchy or interface.
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Director q::bUi Ider Builder

Construct() n BuildParf)
T
|
|
|
|
1

for ali objects in structure { o

} builder-=>BuiidPart{) ConcreteBuilder [------- - Product
BuildPart(}
GetResult()
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Memento

The Originator class can produce The Memento is a value object that acts as a
snapshots of its own state, as snapshot of the originator’s state. It's a common
well as restore its state from practice to make the memento immutable and pass
snapshots when needed. it the data only once, via the constructor.
The Caretaker knows not only
“when” and “why” to capture
. Caretaker - . Y P
Originator Memento the originator’s state, but also
- originator when the state should be
- state - state - ..
== - history: Memento[] restored.
+ save(): Memento - Memento(state) B
i + doSomething()
+ restore(m: Memento) - getState() + und A caretaker can keep track of
undo( the originator’s history by

In this implementation, the memento class is nested inside

m = history.pop()

the originator. This lets the originator access the fields and

methods of the memento, even though they're declared
private. On the other hand, the caretaker has very limited

access to the memento’s fields and methods, which lets it history.push(m)

store mementos in a stack but not tamper with their state.

m = originator.save()

// originator.change()

storing a stack of mementos.
When the originator has to

originator.restore(m) travel back in history, the

caretaker fetches the topmost
memento from the stack and
passes it to the originator’s
restoration method.

[Y+] Memento s3I ,lisbw Vo) JSoi

access to the memento’s fields by establishing a
convention that caretakers can work with a
memento only through an explicitly declared

methods related to the memento’s metadata.

In the absence of nested classes, you can restrict
4 Caretaker
«interface» —
Memasio < o_rlglnator
- history: Memento][]
intermediary interface, which would only declare
l} +undo()
i
Originator ConcreteMemento On the other hand, originators can

- state >

- state

work with a memento object
directly, accessing fields and

+ save(): Memento

+ restore(m: Memento)

cm = (ConcreteMemento) m
state = cm.getState()

+ ConcreteMemento(state)
+ getState()

methods declared in the memento
class. The downside of this approach

is that you need to declare all
members of the memento public.

[) ] Memento(Wide & narrow) sl guud il L Memento Sl lislw Y+, ¥ JSio
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This implementation allows having multiple types of
originators and mementos. Each originator works with a
corresponding memento class. Neither originators nor

mementos expose their st

«interface»
Originator

save(): Memento

Ja

ate to anyone.

S w8,y Memento K (sils)SiL oK

Caretakers are now explicitly restricted from changing the
state stored in mementos. Moreover, the caretaker class

becomes independent from the originator because the
restoration method is now defined in the memento class.

Caretaker

- history: Memento[]

ConcreteOriginator

- state

«interface»
___________ | Memento <)

+ restore()
A +undo()
i
E

ConcreteMemento

- originator

<->| - state

+ save(): Memento
+ setState(state)

+ restore()

+ ConcreteMemento(originator, state)

originator.setState(state)

Each memento becomes linked to the originator
that produced it. The originator passes itself to
the memento’s constructor, along with the values
of its state. Thanks to the close relationship
between these classes, a memento can restore the
state of its originator, given that the latter has
defined the appropriate setters.
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Flyweight

The Flyweight pattern is merely an optimization. Before The Client calculates or stores the extrinsic state of
applying it, make sure your program does have the RAM flyweights. From the client’s perspective, a flyweight
consumption problem related to having a massive number of is a template object which can be configured at
similar objects in memory at the same time. Make sure that runtime by passing some contextual data into

this problem can’t be solved in any other meaningful way. parameters of its methods.

The Flyweight Factory Rghe aceony

manages a pool of existing - cache: Flyweight][]

flyweights. With the factory,

TS T AR + getFlyweight(repeatingState)

flyweights directly. Instead, <> \

they call the factory, passing if (cache[repeatingState] == null) { Context
it bits of the intrinsic state cache(repeatingState] = -

of the desired flyweight. The new Flyweight(repeatingState) - Umqu_eState

factory looks over previously } . - flyweight

created flyweights and returm cache[repeatingState] + Context(repeatingState, uniqueState)
either returns an existing + operation()

one that matches search

criteria or creates a new one y

this.uniqueState = uniqueState
Flyweight this.flyweight =
factory.getFlyweight(repeatingState)

if nothing is found.

- repeatingState

+ operation(uniqueState) flyweight.operation(uniqueState)
The Flyweight class contains the The Context class contains Usually, the behavior of the original object
portion of the original object’s state the extrinsic state, unique remains in the flyweight class. In this case,
that can be shared between multiple across all original objects. whoever calls a flyweight’s method must
objects. The same flyweight object can When a context is paired also pass appropriate bits of the extrinsic
be used in many different contexts. The with one of the flyweight state into the method’s parameters. On the
state stored inside a flyweight is called objects, it represents the other hand, the behavior can be moved to
intrinsic. The state passed to the full state of the original the context class, which would use the
flyweight's methods is called extrinsic. object. linked flyweight merely as a data object.
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