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Chapter 1

Creationalpatterns

1.1 Builder

Intent

Separatetheconstructionof acomplex objectfrom its representationsothatthesameconstructionprocess
cancreatedifferentrepresentations.

Structur e

Director
 Construct()

Builder
 BuildPart()

ConcreteBuilder
 BuildPart()
 GetResult()

for all objs in structure {
  builder->BuildPart();
} Product

builder

Applications
� the algorithm for creatinga complex objectshouldbe independentof the partsthat makeup the

objectandhow they areassembled

� theconstructionprocessmustallow differentrepresentationsfor theobjectthatis constructed

Consequences
� letsyouvary aproduct’s internalrepresentation

� isolatescodefor constructionandrepresentation

� finercontrolover constructionprocess� stepby step
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Example

RTFReader
 ParseRTF()

TextConverter
 ConvertChar(c:char)
 ConvertFont(f:Font)
 ConvertParagraph()

AsciiConverter TeXConverter

t = nextToken();
switch (t) {
  CHAR: builder->ConvertChar (t);
  FONT: builder->ConvertFont (t);
  PARA: builder->ConvertParagraph(t);
}

TextWidgetConverter

builder

AsciiText TeXText TextWidget

1.2 Factory Method / Virtual constructor

Intent

Define an interfacefor creatingan object, but let subclassesdecidewhich classto instantiate. Factory
Methodletsaclassdeferinstantiationto subclasses.

Structur e

Product

ConcreteProduct

Creator
 FactoryMethod()
 Create()

ConcreteCreator
 FactoryMethod()

product = FactoryMethod();

return new ConcreteProduct();

Applications
� a classcannotanticipatetheclassof objectsit mustcreate

� a classwantsits subclassesto specifytoeobjectit creates

� classesdelegateresponsibilityto oneof severalhelpersubclassesandyouwantto localizetheknowl-
edgeof which helpersubclassis thedelegate

Consequences
� provideshooksfor subclasses

� connectsparallelclasshierarchies(calledby client)

Example

Document

MyDoc

Application
 DoCreateDoc()
 New()
 Open()

MyApp
 DoCreateDoc()

docs*

Document* d = DoCreateDoc();
docs->Add(d);

return new MyDoc;
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1.3 Prototype

Intent

Specifythekindsof objectsto createusinga prototypicalinstanceandcreatenew objectsby copyingthis
prototype.

Structur e

Client
 Operation()

Prototype
 Clone()

ConcreteProto1
 Clone()

p = prototype->Clone();
ConcreteProto2
 Clone()

prototype

return copy of oneself

Applications
� Systemshouldbeindependentof how its prototypesarecreated,composed,or represented

� whentheclassesto instantiatearespecifiedat runtime,e. g. by dynamicloading

� to avoid building a classhierarchyof factoriesthatparallelstheclasshierarchyof products

� when instancesof a classcan have only a few different combinationsof state. It may be more
convenientto install a correspondingnumberof prototypesandclonethemratherthaninstantiating
theclassmanuallyeachtimewith theappropriatestate.

Consequences
� addingandremoving productsat run–time

� specifyingnew objectsby changingvalues� new “classes”without programming

� reducedsubclassing� do not needno creatoratall (FactoryMethod � parallelcreatorhierarchy)

� configureanapplicationwith classesdynamically

Example

objectI/O overbinarychannels
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1.4 Singleton

Intent

Ensurethata classhasonly oneinstance,andprovide a globalpoint of accessto it.

Structur e

Singleton
 uniqueInstance: Singleton*
 data: Data
 private Singleton()
 Instance(): Singleton&
 Operation()

if (uniqueInstance == 0)
  uniqueInstance = new Singleton;
return *uniqueInstance;

Consequences
� controlledaccessto soleinstance

� reducednamespace(no globalvariables)

� permitsrefinementof operationsandrepresentation(subclassable)

� permitsvariablenumberof instances(with slight changes)

� moreflexible thanclassoperations(staticmemberscannot be virtual, andcannot have multiple
instances)



Chapter 2

Structural patterns

2.1 Bridge

Intent

Decoupleanabstractionfrom its implementationsothatthetwo canvary independently.

Structur e

Abstraction
 Operation()

RefinedAbstraction

Implementor
 OperationImp()

ConcreteImpA ConcreteImpB

imp->OperationImp();

imp

Applications
� You wantto avoid a permanentbindingbetweenanabstractionandits implementation.This might

bethecase,e. g. whentheimplementationmustbeselectedor switchedat run–time.

� Both the abstractionandthe implementationshouldbe extensibleby subclassing.In this case,the
Bridge patternlets you combinethe different abstractionsand implementationsand extend them
independently.

� Changesin theimplementationof anabstractionshouldhave no impactonclients;thatis, theircode
shouldnothave to berecompiled.

� You wantto hideimplementationof anabstractioncompletelyfrom clients.

� You have a proliferationof classes(e. g. Window � MotifIconWindow, XDialogWindow,
etc.).Sucha classhierarchyindicatestheneedfor splitting anobjectin two parts.

� You want to sharean implementationamongmultiple objects(perhapsusingreferencecounting),
andthis fact shouldbehiddenfrom clients.
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Consequences
� Decouplinginterfaceandimplementation

� Improvedextensibility (abstractionandimplementationhierarchiesareextendableindependently)

� Hiding implementationdetailsfrom clients

Example

Window WindowImp

IconWin DialogWin XImp MacImp

2.2 Composite

Intent

Composeobjectsinto treestructuresto representpart–wholehierarchies.Compositeletsclientstreatindi-
vidualobjectsandcompositionsuniformly.

Structur e

Component
 Operation()
 Add(:Component)
 Remove(:Component)
 GetChild(:int)

Leaf
 Operation()

Composite
 Operation()
 Add(:Component)
 Remove(:Component)
 GetChild(:int)

children
 1-*

Consequences
� Definesdynamichierarchyconsistingof primitive andcompositeobjects.Primitive objectscanbe

composedinto morecomplex ones,which in turn canbe composed,andso on. Wherever a client
expectsa primitive,it canalsotakea compositeobject.

� Makesthe client simple. Clientscan treatcompositestructuresand individual objectsuniformly.
Clientsnormallydo not know (andshouldnot care)whetherthey aredealingwith a leaf or a com-
positecomponent.

� Makesit easierto addnew kindsof components.Clientswork automaticallywith new subclasses.

� ! Canmakeyour designoverly general,becauseit is hardto restrictcomponentsof a composition.
� You have to userun–timechecks.
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2.3 Decorator / Wrapper

Intent

Attach additionalresponsibilitiesto an objectdynamically. Decoratorprovidesa flexible alternative to
subclassingfor extendingfunctionality.

Structur e

Component
 Operation()

ConcreteComponent
 Operation()

Decorator
 Operation()

ConcreteDecoratorA
 : AddedState
 Operation()

ConcreteDecoratorB
 : AddedState
 Operation()

component

Decorator::Operation();
AddedBehavior();

component->Operation();

Applications
� to addresponsibilityto individual objectsdynamicallyandtransparently, that is, without affecting

otherobjects

� for responsibilitiesthatcanbewithdrawn

� whenextensionby subclassingis impractical(supporteverypossiblecombination)

Consequences
� moreflexibility thanstaticinheritance

� avoidsfeature–ladenclasseshighup in thehierarchy� “pay asyou go”

� ! decoratorandits componentarenot identical � you shouldnot rely on objectidentity

� ! lots of little objects� differ only in theway they areinterconnected

Example

TextView � ScrollDecorator,BorderDecorator
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2.4 Flyweight

Intent

Usesharingto supportlargenumbersof fine–grainedobjectseffectively.

Structur e

ConcreteFlyweight UnsharedConceteFlyweight

flys   *FlyweightFactory
 GetFlyweight(key:Key)

Flyweight
 Operation(:ExtrinsicState)

return fly[key];
create if it does not exist

Applications
� An applicationusesa largenumberof objects.

� Storagecostsarehigh,becauseof thesheerquantityof objects.

� Most object statecan be madeextrinsic (statethat dependson context and can be computed �
intrinsicstate).

� Theapplicationdoesnotdependon objectidentity.

Consequences
� storagesavings

� ! higherruntimecosts(computingandtransferof extrinsic state)

Example

Editor � eachcharacteris representedby a separateobject (intrinsic state: char code,extrinsic state:
position)

2.5 Proxy / Surrogate

Intent

Provide a surrogateor placeholderfor anotherobjectto controlaccessto it.

Structur e
Subject

 Request()

RealSubject
 Request()

Proxy
 Request()

realSubject

realSubject->Request();
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Applications
� Remoteproxy: providesa local representative for anobjectin adifferentaddressspace

� Virtual proxy: createsexpensive objectson demand

� Protectionproxy: controlsaccessto theoriginal object

� Smartreference:additionalactionsif objectis accessed(insteadof thebarepointer)

Consequences
� Remoteproxy: canhidethefact thatanobjectresidesin a differentaddressspace

� Virtual proxy: performoptimizationslike create–on–demand

� ProtectionproxyandSmartReference:additionalhousekeeping

� Copy–on–writewith sharedobjects(needsreferencecounting)

Example

graphicimagein adocumenteditorhasa“visible” flag;shallonly beshown if visible,but shouldbetreated
uniformly

2.6 Adapter / Wrapper

Intent

Convert theinterfaceof aclassinto anotherinterfaceclientsexpect.Adapterletsclasseswork togetherthat
couldnototherwisebecauseof incompatibleinterfaces.

Structur e

Classadapter:

Client Target
 Request()

Adaptee
 Operation()

Adapter
 Request()

(private)

Operation();

Object adapter:

Client Target
 Request()

Adaptee
 Operation()

Adapter
 Request()

adaptee->Operation();

adaptee  

Consequences

Classadapter:easyto changebehavior (by overriding),but doesnot work with subclasses
Objectadapter:canuseseveralexisting subclasses,but it is harderto overridebehavior



Chapter 3

Behavioral patterns

3.1 State

Intent

Allow anobjectto alter its behavior whenits internalstatechanges.Theobjectwill appearto changeits
class.

Structur e

Context
 Request()

State
 Handle()

ConcreteStateA ConcreteStateB

state

state->Handle();

Applications
� An object’sbehavior dependson its state,andit mustchangeits behavior at run–timedependingon

thatstate

� Operationshave large,multi-partconditionalstatementsthatdependon theobject’sstate.TheState
patternputseachbranchin a separateclass

Consequences
� It localizesstyle–specificbehavior andpartitionsbehavior for differentstates.

� Makesstatetransitionsexplicit.

� Stateobjectscanbeshared(Flyweight).
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3.2 Visitor

Intent

Representan operationto be performedon the elementsof an objectstructure.Visitor lets you definea
new operationwithoutchangingtheclassesof theelementson which it operates.

Structur e

Visitor
 VisitConcreteElementA(e:ConcreteElementA)
 VisitConcreteElementB(e:ConcreteElemenentB)

ConcreteVisitor1 ConcreteVisitor2

ObjectStructure Element
 Accept(v:Visitor)

*

ConcreteElementA
 Accept(v:Visitor)
 OperationA()

ConcreteElementB
 Accept(v:Visitor)
 OperationB()

v->VisitConcreteElementA (this); v->VisitConcreteElementB (this);

Applications
� An objectstructurecontainsmany classesof objectswith differing interfaces,andyou wantto per-

form operationson theseobjectsthatdependon theirconcreteclasses.

� Many distinct andunrelatedoperationsneedto be performedon objectsin an objectstructure,and
you wantto avoid “polluting” their classeswith theseoperations.Visitor letsyou keeprelatedoper-
ationstogetherby definingthemin oneclass.

� Whentheobjectstructureis sharedby many applications,useVisitor to put operationsin just those
applicationsthatneedthem.

� The classesdefining the object structurerarely change,but you often want to definenew opera-
tionsover thestructure.Changingtheobjectstructureclassesrequiresredefiningtheinterfaceof all
visitors which is potentiallycostly. If theclasseschangeoften, thenit is probablybetterto define
operationsin thoseclasses.

Consequences
� Visitor makesaddingnew operationseasy

� a Visitor gathersrelatedoperationsandseparatesunrelatedones

� visiting acrossclasshierarchies;objectsdo notevenhave acommonparentclass

� accumulatingstate;no globalvariablesor extra stateparameters

� ! addingnew concreteelementclassesis hard

Example

Glyph � Bitmap, Character, Composite: spell checkingonly with characters,without dynamic
casting
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3.3 Strategy / Policy

Intent

Definea family of algorithms,encapsulateeachone,andmaketheminterchangeable.Strategy lets the
algorithmvary independentlyfrom clientsthatuseit.

Structur e

Context Strategy

ConcreteStrategyA ConcreteStrategyB

strategy  

Applications
� Many relatedclassesdiffer only in their behavior. Strategy providesa way to configurea classwith

oneof many behaviors.

� You needdifferentvariantsof analgorithm,e. g. for differentspace/timetrade–offs.

� An algorithmusesdataclientsshouldnotknow about.

� A classdefinesmany behaviors,andtheseappearasmultipleconditionalstatementsin its operations.
Insteadof many conditionals,move relatedconditionalbranchesinto their own strategy class.

Consequences
� familiesof relatedalgorithms

� alternative to subclassing(varyalgorithmsindependently)

� Strategy eliminatesconditionalstatements

� choiceof implementations

� ! client mustbeawareof differentstrategies(or defaultstrategy)

� ! communicationoverheadbetweenStrategy andContext

� ! increasednumberof objects

Example

Line breakingalgorithm:fast(per–line),TeX (perparagraph),array, ...
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3.4 TemplateMethod

Intent

Definetheskeletonof analgorithmin anoperation,deferingsomestepsto subclasses.TemplateMethod
letssubclassesredefinecertainstepsof an algorithmwithout changingthealgorithm’s structure(provide
hookoperationsatcertainpointsfor subclasses).

Structur e

AbstractClass
 TemplateMethod()
 PrimitiveOperation1()
 PrimitiveOperation2()

ConcreteClass
 PrimitiveOperation1()
 PrimitiveOperation2()

...
PrimitiveOperation1();
...
PrimitiveOperation2();
...

Applications
� To implementtheinvariantpartsof analgorithmonceandleave it upto subclassesto implementthe

behavior thatcanvary.

� Commonbehavior amongsubclassesshouldbefactoredoutandlocalizedin acommonclassto avoid
codeduplication

� to controlsubclassextensions:you definea TemplateMethodthatcallshookoperationsat specific
points,therebypermittingextensionsonly at thosepoints(TemplateMethodis non–virtual!)

Consequences
� fundamentaltechniquefor codereuse

� meanfor factoringoutcommonbehavior

� invertedcontrolstructure(Hollywoodprinciple: “don’t call us,we call you”)

3.5 Chain of responsibility

Intent

Avoid couplingthesenderof arequestto its receiver by giving morethanoneobjectachanceto handlethe
request.Chainthereceiving objectsandpasstherequestalongthechainuntil anobjecthandlesit.

Structur e

Client Handler

ConcreteHandler1 ConcreteHandler2

successor
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Applications
� Morethanoneobjectmany handletherequest,andthehandleris notknown in advance.Thehandler

shouldbeascertainedautomatically.

� You wantto issuea requestto oneof severalobjectswithoutspecifyingthereceiver explicitly .

� Thesetof objectsthatcanhandlea requestshouldbespecifieddynamically.

Consequences
� reducedcoupling

� addedflexibility in assigningresponsibilitiesto objects

� ! receiptis notguaranteed;requestcangounhandled

Example

Help system:Button � Dialog � Application; if no specifichelp is available,useparent(moregeneral)
one

3.6 Command / Action

Intent

Encapsulatea requestasanobject,therebyletting you parameterizeclientswith differentrequests,queue
or log requests,andsupportundo/redo.

Structur e

Invoker Command
 Execute()

Receiver
 Action()

ConcreteCommand
 Execute()

MacroCommand
 Execute()

receiver

receiver->Action();

commands

Applications
� parameterizeobjectsby anactionto perform(e. g. menuitem) � object–orientedreplacementfor

callbacks

� specify, queue,andexecuterequestsat differenttimes;a commandobjectcanhave a lifetime inde-
pendentof theoriginal request

� supportundoby introducinganUnexecute methodandsaving previousstateif necessary;com-
mandsarestoredin a historylist thatcanbetraversedback(undo)andforward(redo)

� supportloggingchanges(by augmentinginterfacewith load/store)

� structureasystemaroundhigh–level operationsbuilt on primitiveoperations(encapsulationof a set
of datato change)
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Consequences
� decouplesinvokerfrom objectknowing how to performit

� youcanassemblecommandsinto a compositecommandfor e. g. macros

� it is easyto addnew commands,becauseyou do nothave to changeexisting classes

Example

commandsin a menu,alsoyieldableby a button,etc.

3.7 Iterator

Intent

Provide a way to accesstheelementsof anaggregateobjectsequentiallywithout exposingits underlying
representation.

Structur e

Aggregate
 CreateIterator()

ConcreteAggregate
 CreateIterator()

Iterator
 First()
 Next()
 IsDone()
 CurrentItem()

ConcreteIterator

return new ConcreteIterator(this);

Applications
� supportmultiple traversalsof aggregateobjects,morethanoneata time

� providea uniform interfacefor traversingdifferentaggregatestructures

Consequences
� supportsvariationsin thetraversalof anaggregate

� IteratorsimplifiestheAggregateinterface

Types
� Externaliterator:client controlsiteration(for loop)

� Internaliterator: Iteratortraversesin oneshot(easier, but unflexible)

� Cursor:Iteratoronly pointsto currentelement,Aggregatedefinestraversalalgorithm �
Aggregate::Next (Cursor)

� Robustiterator:ensuresthatinsertionsandremovalswill not interferetraversalswithoutcopyingthe
aggregate
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3.8 Mediator

Intent

Define an object that encapsulateshow a setof objectsinteract. Mediatorpromotesloosecouplingby
keepingobjectsfrom referringto eachotherexplicitly , andit letsyou vary their interactionindependently.

Structur e

Mediator

ConcreteMediator

Colleague

ConcreteColleague1 ConcreteColleague2

mediator

Applications
� A setof objectscommunicatesin well-defined,but complex ways.Theresultinginterdependencies

areunstructuredanddifficult to understand.

� Reusinganobjectis difficult becauseit refersto andcommunicateswith many others.

� Behavior thatis distributedbetweenseveralclassesshouldbecustomizablewithouta lot of subclass-
ing.

Consequences
� limits subclassing

� decouplescolleagues

� simplifiesobjectprotocols

� abstractshow objectscooperate

� ! centralizescontrol � monolithic,hardto maintain

Example

directorin file selectbox wherea list box causesaninput line to changeor a buttonenable/disable� use
Mediatorandstandardstockclasses
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3.9 Memento / Token

Intent

Without violatingencapsulation,captureandexternalizeanobject’s internalstatesothattheobjectcanbe
restoredto thisstatelater.

Structur e

Originator
 private state: State
 SetMemento(m:Memento)
 CreateMemento()

return new Memento(state);

state = m->GetState();

Memento
 private state: State
 GetState()
 SetState(s:State)

(sees wide
interface;
friend of
Memento)

CareTakermemento 
(sees narrow
interface; can
only pass around
Mementos)

Applications
� a snapshotof (someportionof) anobject’sstatemustbesavedsothatit canberestored,AND
� a directinterfaceto obtainthestatewouldexposeimplementationdetailsandbreakencapsulation

Consequences
� preservesencapsulationboundaries
� simplifiesOriginator
� ! usingMementomaybeexpensive
� ! maybedifficult in somelanguagesto definenarrow / wide interface
� ! hiddencostsin caringfor Mementos

3.10 Observer / Publish–Subscribe

Intent

Definea one–to–many dependency betweenobjectsso thatwhenoneobjectchangesstate,all its depen-
denciesarenotifiedandupdatedautomatically.

Structur e

Subject
 Attach(o:Observer)
 Detach(o:Observer)
 Notify()

ConcreteSubject
 subjState: State
 GetState()
 SetState(s:State)

update all
observers

Observer
 Update()

ConcreteObserver
 obsState: State
 Update()

observers

*

subject

obsState = subject->GetState();

return subjState;
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Applications
� Whenan abstractionhastwo aspects,onedependingon the other, encapsulatingtheseaspectsin

separateobjectsletsyou varyandreusethemindependently.

� Whenachangeto oneobjectshouldbeableto notify others,andyoudonotknow how many objects
needto bechanged.

� Whenanobjectshouldbeableto notify otherobjectswithoutmakingassumptionsaboutwho those
objectsare.In otherwords,you do notwanttheseobjectsto betightly coupled.

Consequences
� abstractcouplingbetweenSubjectandObservers

� supportfor broadcastcommunication

� ! unexpectedupdates(simpleprotocoldoesnotdeterminewhat changed� superfluousupdates?)

Example
� numericaldata � barandpie-slicespreadsheetdiagramat thesametime

� clock timer � DigitalClock, AnalogClock


