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Chapter 1

Creational patterns

1.1 Builder

Intent

Separatehe constructiorof acomple objectfrom its representatiosothatthe sameconstructiorprocess
cancreatedifferentrepresentations.

Structur e
Director |o>—LRuilder Builder
Construct ()0 Bui | dPart ()

for all objs in structure {

bui | der ->Bui | dPart () ; i L - =
) ui ui ) ConcreteBuilder

Bui | dPart ()
Get Resul t ()

Applications

¢ the algorithm for creatinga comple objectshouldbe independenbf the partsthat makeup the
objectandhow they areassembled

e theconstructiorprocessnustallow differentrepresentationfor the objectthatis constructed

Consequences

e letsyouvary aproductsinternalrepresentation
¢ isolatescodefor constructiorandrepresentation

o finercontrolover constructiorprocess— stepby step
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Example
RTFReader < bui | der Textgonyertir )
Convert Char (c: char
Par seRTFO® Convert Font (f: Font)
Conver t Par agr aph()

t = next Token();

switch (t) { — -
CHAR bui | der - >Convert Char (t); | AsciiConverter || TexConverter | | TextWidgetConverter |
FONT: bui | der->Convert Font (t); T T T
PARA: bui | der - >Convert Par agr aph(t); 1 1 1

y y '
[ AsciiText | [ TeXText |

1.2 Factory Method / Virtual constructor

Intent

Define an interfacefor creatingan object, but let subclasseslecidewhich classto instantiate. Factory
Methodletsa classdeferinstantiationto subclasses.

Structure
Creator
/\ Fact or yMet hod()

Create() O-}---1product = FactoryMet hod(); ISI

[ ConcreteProduct | [ﬁ
ConcreteCreator
Fact or yMet hod()O-}---{ret urn new Concr et eProduct () ; B|

Applications

e aclasscannotanticipatethe classof objectsit mustcreate
¢ aclasswantsits subclasset specifytoeobjectit creates
o classeslelegyateresponsibilityto oneof severalhelpersubclasseandyouwantto localizetheknowl-

edgeof which helpersubclasss thedelgyate

Consequences
¢ provideshooksfor subclasses

e connectgarallelclasshierarchieqcalledby client)

Example

Application

D0 t eDo

NeCrea € C() Docunment* d = DoCreateDoc();
W) ° docs- >Add(d) :

Open() '

MyApp
DoCr eat eDoc() Of--1return new MyDoc; B|
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1.3 Prototype

Intent

Specifythe kindsof objectsto createusinga prototypicalinstanceandcreatenew objectsby copyingthis
prototype.

Structure
Client |<—PRrototype sfprgiatype
Operation()o Cl one()
; A
p = prototype->Cone(); ILI I I
. ConcreteProtol | | ConcreteProto2
C one() [0) Cl one() o

return copy of oneseIfB|

Applications
¢ Systemshouldbeindependentf how its prototypesarecreatedcomposedor represented
¢ whentheclassedo instantiatearespecifiedat runtime,e. g. by dynamicloading
e to avoid building a classhierarchyof factoriesthat parallelsthe classhierarchyof products

e wheninstancesof a classcan have only a few differentcombinationsof state. It may be more
convenientto install a correspondingiumberof prototypesandclonethemratherthaninstantiating
theclassmanuallyeachtime with the appropriatestate.

Consequences

addingandremoving productsat run—time

specifyingnew objectsby changingvalues— new “classes’without programming
e reducedsubclassing» do not needno creatoratall (FactoryMethod— parallelcreatorierarchy)

configureanapplicationwith classeslynamically

Example

objectl/O overbinary channels
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1.4 Singleton

Intent

Ensurethata classhasonly oneinstanceandprovide a global point of accesso it.

Structur e

Singleton

uni quel nstance: Si ngl et on*
data: Data

private Singleton() i f (uni quel nstance == 0) ISI

Instance(): Singleton& O---f----1 uni quel nstance = new Si ngl et on;
Qper ati on() return *uni quel nst ance;

Consequences

controlledaccesgo soleinstance

reducechamespace(no globalvariables)

e permitsrefinemenbf operationsaandrepresentatiofsubclassable)

permitsvariablenumberof instancegwith slight changes)

e moreflexible than classoperationgstatic memberscan not be virtual, and can not have multiple
instances)
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Structural patterns

2.1 Bridge

Intent

Decoupleanabstractiorfrom its implementatiorsothatthetwo canvary independently

Structure
Abstraction (< Lp Implementor
Operation()of-------- : Oper ati onl np()
i rrp->operat.i onl mp(); B'
[ RefinedAbstraction | [ ConcretelmpA| | ConcretelmpB |
Applications

¢ Youwantto avoid a permanenbinding betweeranabstractiorandits implementation.This might
bethecaseg. g. whentheimplementatiormustbe selectecbr switchedat run—time.

¢ Boththe abstractiorandthe implementatiorshouldbe extensibleby subclassing.n this case the
Bridge patternlets you combinethe different abstractionsaand implementationsand extend them
independently

e Changesn theimplementatiorof anabstractiorshouldhave noimpacton clients;thatis, their code
shouldnot have to berecompiled.

e Youwantto hideimplementatiorof anabstractiorcompletelyfrom clients.

¢ You have a proliferationof classeqe. g. W ndow — Mot i f | conW ndow, XDi al ogW ndow,
etc.). Sucha classhierarchyindicatesthe needfor splitting anobjectin two parts.

¢ You wantto sharean implementatioramongmultiple objects(perhapsusing referencecounting),
andthis fact shouldbehiddenfrom clients.
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Consequences
e Decouplinginterfaceandimplementation
¢ Improvedextensibility (abstractiorandimplementatiorhierarchiesareextendablandependently)

e Hiding implementatiordetailsfrom clients

Example

WindowImp

[Iconwin | | DialogWin | | XImp | [ Macimp |

2.2 Composite

Intent

Composebjectsinto treestructurego represenpart—-wholehierarchies Compositdetsclientstreatindi-
vidual objectsandcompositionsuniformly.

Structur e

Component
Operation()
Add(: Conmponent)
Rermove(: Conponent)
Cet Chil d(:int)

[ﬁ /[\l_*children
| |

Leaf Composite

Operation() Operation()

Add(: Conmponent)
Renmove(: Conponent )
Get Chi I d(:int)

Consequences

e Definesdynamichierarchyconsistingof primitive andcompositeobjects. Primitive objectscanbe
composednto more complex ones,which in turn canbe composedandsoon. Wherever a client
expectsa primitive, it canalsotakea compositeobject.

¢ Makesthe client simple. Clients cantreatcompositestructuresand individual objectsuniformly.
Clientsnormally do not know (andshouldnot care)whetherthey aredealingwith aleaf or acom-
positecomponent.

¢ Makesit easietto addnew kindsof componentsClientswork automaticallywith new subclasses.

¢ | Canmakeyour designoverly generalbecauset is hardto restrictccomponent®f a composition.
— You have to userun—timechecks.
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2.3 Decorator/ Wrapper

Intent

Attach additionalresponsibilitiesto an objectdynamically Decoratorprovidesa flexible alternatve to
subclassindor extendingfunctionality.

Structure
Component
Qperation()
I I conponent
ConcreteComponent Decorator |<—2TEonet]
Oper ation() Operation()Of------ conponent - >Cperation() ; ILl
ConcreteDecoratorA ConcreteDecoratorB
. AddedState . AddedState 0
i i ~]...] Decorator::Operation();
Operation() Oper ation() o AddedBehavi o () B|
Applications

¢ to addresponsibilityto individual objectsdynamicallyandtransparentlythatis, without affecting
otherobjects

o for responsibilitesthatcanbewithdravn

¢ whenextensionby subclassings impractical(supportevery possiblecombination)

Consequences

o moreflexibility thanstaticinheritance
¢ avoidsfeature—laderlassesighupin thehierarchy— “pay asyou go”
¢ | decoratorandits componenarenotidentical— you shouldnotrely on objectidentity

¢ ! lots of little objects— differ only in theway they areinterconnected

Example

Text Vi ew— Scrol | Decor at or , Bor der Decor at or
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2.4 Flyweight

Intent

Usesharingto supportlarge numbersof fine—grainedbjectseffectively.

Structure
FlyweightFactory Ilys S Flyweight
Get Fl ywei ght (key: Key) o Operation(:ExtrinsicState)

turn fly[key]; . .
treare 1Tt hes not existbl [ ConcreteFlyweight |[ UnsharedConceteFlyweight |

Applications
e An applicationusesalarge numberof objects.
e Storagecostsarehigh, becausef the sheemuantityof objects.

¢ Most object statecan be madeextrinsic (statethat dependson context and can be computed«»
intrinsic state).

e Theapplicationdoesnotdependon objectidentity.

Consequences
e storagesavings

¢ | higherruntimecosts(computingandtransferof extrinsic state)

Example

Editor — eachcharactelis representedyy a separateobject (intrinsic state: char code, extrinsic state:
position)

2.5 Proxy/ Surrogate

Intent

Provide a surrogateor placeholdefor anotherobjectto controlaccesgo it.

Structur e

Subject
Request ()

I , ]
Proxy |<>—rcalsubject s lpeaiSubject

Request ()o Request ()

| r eal Subj ect - >Request () ; ﬁ
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Applications

Remoteproxy: providesalocal representatie for anobjectin adifferentaddresspace

Virtual proxy: createsxpensve objectson demand

Protectionproxy: controlsaccesgo theoriginal object

e Smartreferenceadditionalactionsif objectis accesse(insteadof the barepointer)

Consequences

e Remoteproxy: canhidethe factthatanobjectresidesn adifferentaddresspace

Virtual proxy: performoptimizationdike create—on—-demand

Protectionproxy andSmartReferenceadditionalhousekeeping

Copy—on-wriewith sharedbjects(heedseferencecounting)

Example

graphicimagein adocumeneditorhasa“visible” flag; shallonly beshownnif visible, but shouldbetreated
uniformly

2.6 Adapter / Wrapper

Intent

Corverttheinterfaceof aclassinto anothelinterfaceclientsexpect. Adapterletsclassesvork togetherthat
couldnot otherwisebecaus®f incompatibleinterfaces.

Structure

Classadapter:

[Client} =] Target Adaptee
Request () QOper at i on()

rivate

Adapter

s

Object adapter:

[Client} =] Target
Request ()

Adapter |<>293Pt e qantee

Request ()0 Operation()

| adapt ee- >Qperation(); B|

Consequences

Classadapterieasyto changebehaior (by overriding), but doesnot work with subclasses
Objectadapter.canusesereral existing subclassedyut it is harderto overridebehaior



Chapter 3

Behavioral patterns

3.1 State

Intent

Allow anobjectto alterits behaior whenits internalstatechanges.The objectwill appeaito changeits
class.

Structur e

Context >—=212 ST Srate

Request ()0 Handl e()

i [ConcreteStateA | [ ConcreteStateB

st at e->Handl e() ; B|

Applications

e An objectsbehaior depend®onits state,andit mustchangéts behaior atrun—timedependingn
thatstate

e Operationshave large, multi-partconditionalstatementshatdependon the object’s state. The State
patternputseachbranchin a separatelass
Consequences
¢ It localizesstyle—specifibehaior andpatrtitionsbehaior for differentstates.
¢ Makesstatetransitionsexplicit.

e Stateobjectscanbe shared Flyweight).

11
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3.2 Visitor

Intent

Represenan operationto be performedon the elementsf an objectstructure. Visitor lets you definea
new operationwithout changingthe classe®f theelementonwhichit operates.

Structur e

Visitor
Vi si t Concr et eEl ement A(e: Concr et eEl enent A)
Vi si t Concr et eEl enent B( e: Concr et eEl enenent B)

7Y

[ ConcreteVisitor1 | [ ConcreteVisitor2 |

*
[ ObjectStructure f<>—> Element
Accept (v: Visitor)

| ]
ConcreteElementA ConcreteElementB

Accept (v: VSltor)o Accept (v: V|5|tor)o
Oper ati onA() Oper at i onB()

|v—>\ﬁ sit Concret eEl enent A (this); ﬁ |v->\n sit Concret eEl enent B (this); ﬁ

Applications

e An objectstructurecontainsmary classeof objectswith differinginterfacesandyou wantto per
form operationon theseobjectsthatdependon their concreteclasses.

e Mary distinctandunrelatedoperationseedto be performedon objectsin an objectstructure,and
you wantto avoid “polluting” their classesvith theseoperationsVisitor letsyou keeprelatedoper
ationstogetherby definingthemin oneclass.

¢ Whenthe objectstructureis sharedby mary applicationsuseVisitor to put operationsn just those
applicationghatneedthem.

e The classedlefining the object structurerarely change,but you often wantto definenew opera-
tionsover the structure.Changingthe objectstructureclassesequiresredefiningtheinterfaceof all
visitors which is potentially costly. If the classeschangeoften, thenit is probablybetterto define
operationsn thoseclasses.

Consequences

Visitor makesaddingnew operationgasy

a Visitor gathergelatedoperationsandseparateanrelatedones

visiting acrossclasshierarchiespbjectsdo notevenhave acommonparentclass

accumulatingstate;no globalvariablesor extra stateparameters

I addingnew concreteelementclassess hard

Example

d yph — Bi t map, Char act er, Conposi t e: spellcheckingonly with characterswithout dynamic
casting
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3.3 Strategy/ Policy

Intent

Definea family of algorithms,encapsulateachone,and maketheminterchangeable Stratgy lets the
algorithmvary independentlyrom clientsthatuseit.

Structur e
strate Strategy

/\

| |
[ ConcreteStrategyA |[ ConcreteStrategyB

Applications

e Mary relatedclassedliffer only in their behaior. Stratgy providesaway to configurea classwith
oneof mary behaiors.

¢ You needdifferentvariantsof analgorithm,e. g. for differentspace/timdrade—ofs.
e An algorithmusesdataclientsshouldnot know about.
e A classdefinesmary behaiors, andtheseappeaasmultiple conditionalstatements its operations.
Insteadof mary conditionalsmove relatedconditionalbranchesénto their own stratgy class.
Consequences
o familiesof relatedalgorithms

e alternatieto subclassingvary algorithmsindependently)

Stratgy eliminatesconditionalstatements

choiceof implementations
¢ ! clientmustbe avareof differentstratgjies(or defaultstrateyy)
e | communicatioroverheacetweerStratgyy andContext

e ! increasechumberof objects

Example
Line breakingalgorithm:fast(perline), TeX (perparagraph)array ...
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3.4 TemplateMethod

Intent

Definethe skeletonof analgorithmin an operation deferingsomestepsto subclassesTemplateMethod
lets subclassesedefinecertainstepsof an algorithmwithout changingthe algorithm’s structure(provide
hookoperationsat certainpointsfor subclasses).

Structure
AbstractClass
Tenpl at eMet hod() O==-q---1
PrimtiveQperationl() Drin i ; .
PrimtiveQperation2() ?T!mtlveOperatlonl(),
T PrimtiveQperation2();

ConcreteClass

PrimtiveQOperationl()
PrimtiveQperation2()

Applications

e Toimplementtheinvariantpartsof analgorithmonceandleave it upto subclasset implementthe
behaior thatcanvary.

¢ Commonbehaior amongsubclasseshouldbefactoredoutandlocalizedin acommonclassto avoid
codeduplication

¢ to controlsubclasextensions:you definea TemplateMethodthat calls hook operationsat specific
points,therebypermittingextensionsonly at thosepoints(TemplateMethodis nhon—virtual!)

Consequences
o fundamentatechniqueor codereuse
¢ meanfor factoringoutcommonbehaior

e invertedcontrol structure(Hollywood principle: “don’t call us,we call you”)

3.5 Chain of responsibility

Intent

Avoid couplingthesendeiof arequesto its recever by giving morethanoneobjecta chanceo handlethe
requestChainthereceving objectsandpasstherequestlongthechainuntil anobjecthandlest.

Structur e

successor

Client Handler

| 1
[ ConcreteHandler1 || ConcreteHandler2
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Applications

¢ Morethanoneobjectmary handletherequestandthehandleiis notknownin advance.Thehandler
shouldbeascertainedutomatically

¢ Youwantto issuearequesto oneof several objectswithout specifyingtherecever explicitly .

e Thesetof objectsthatcanhandlearequesshouldbe specifieddynamically

Consequences
e reduceccoupling
¢ addedlexibility in assigningesponsibilitiedo objects

¢ ! receiptis notguaranteedsequesicango unhandled

Example

Help system:Button — Dialog — Application;if no specifichelpis available,useparent(moregeneral)
one

3.6 Command/ Action

Intent

Encapsulat@a requestasan object,therebyletting you parameterizelientswith differentrequestsgqueue
or log requestsandsupportundo/redo.

Structur e

————————————————>Command commands
Execut e()
1

. [
Receiver [LECELYEL~] ConcreteCommand | [ MacroCommand
Action() Execute() o Execut e()

|recei ver->Action(); B|

Applications

e parameterize@bjectsby anactionto perform(e. g. menuitem) — object-orientedeplacementor
callbacks

¢ specify queue andexecuterequestsat differenttimes;a commandobjectcanhave alifetime inde-
pendenbf theoriginal request

e supportundoby introducingan Unexecut e methodand saving previous stateif necessarycom-
mandsarestoredin a historylist thatcanbetraversedback(undo)andforward(redo)

e supportloggingchangegby augmentingnterfacewith load/store)

e structurea systemaroundhigh—level operationsuilt on primitive operationgencapsulationf a set
of datato change)
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Consequences
¢ decouplesnvokerfrom objectknowing how to performit
e youcanassembleommandsnto acompositecommandor e. g. macros

e it is easyto addnen commandsbecausgou do not have to changeexisting classes

Example

commandsn amenu,alsoyieldableby a button, etc.

3.7 lterator

Intent

Provide a way to accesghe elementf anaggrgateobjectsequentiallywithout exposingits underlying
representation.

Structure
Aggregate Iterator
Createlterator() First()
Next ()
| sDone()

Currentltem()

T

ConcreteAggregate K— 2] Concretelterator |

Createlterator()

return new Concretelterator(this); ILl

Applications
e supportmultiple traversalsof aggreyateobjectsmorethanoneatatime

e provideauniforminterfacefor traversingdifferentaggreatestructures

Consequences
e supportsvariationsin thetraversalof anaggreate

o lteratorsimplifiesthe Aggregateinterface

Types
e Externaliterator: client controlsiteration(f or loop)
o Internaliterator: Iteratortraversesn oneshot(easierbut unflexible)

Cursor:lteratoronly pointsto currentelement Aggregatedefinestraversalalgorithm—
Aggr egat e: : Next (Cursor)

Rolustiterator: ensureshatinsertionsandremovalswill notinterferetraversalswithoutcopyingthe
aggregate
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3.8 Mediator

Intent

Define an objectthat encapsulatebow a setof objectsinteract. Mediator promotesloose coupling by
keepingobjectsfrom referringto eachotherexplicitly, andit letsyou vary their interactionindependently

Structur e

Mediator medi at or Colleague

/\

| ]
ConcreteMediator [<>>> ConcreteColleaguel | | ConcreteColleague? |

Applications

¢ A setof objectscommunicatesn well-defined,but complex ways. The resultinginterdependencies
areunstructuredanddifficult to understand.

e Reusinganobjectis difficult becauset refersto andcommunicatesvith mary others.
e Behaior thatis distributedbetweerseveralclasseshouldbecustomizablevithouta lot of subclass-

ing.

Consequences

o limits subclassing

e decouplexolleagues

¢ simplifiesobjectprotocols

e abstractdrow objectscooperate

e ! centralizexontrol— monolithic,hardto maintain

Example

directorin file selectbox wherealist box causesaninputline to changeor a buttonenable/disables use
Mediatorandstandardstockclasses
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3.9 Memento/ Token

Intent

Withoutviolating encapsulationcaptureandexternalizean object'sinternalstatesothatthe objectcanbe
restoredo this statelater.

Structure
e nenent Q
Originator it Memento ( < CareTaker
p - sees narrow
private state: State inerface; | private state: State Lﬁf;‘;gis;afgﬂnd
Set Merment o( m Menent o) g | “emnto Cet State() Menent os)
Creat eMenent o()o ' Set State(s: State)

return new Menento(state); B|:

state = m>Cet State(); ILl

Applications
e ashapshobf (someportionof) anobject’s statemustbe sased sothatit canberestored AND

e adirectinterfaceto obtainthe statewould exposeimplementatiordetailsandbreakencapsulation

Consequences
e preseresencapsulatioloundaries
e simplifiesOriginator
e ! usingMementomaybe expensve
¢ | maybedifficult in somelanguageso definenarrav / wide interface

e ! hiddencostsin caringfor Mementos

3.10 Observer / Publish—Subscribe

Intent

Definea one—to—may dependengc betweenobjectsso that whenoneobjectchangesstate,all its depen-
denciesarenotifiedandupdatedautomatically

Structur e

Subject | observers sIapserver

*

Attach(o: Qoserver) Updat e()

Det ach(o: Cbserver)

Notify() O-mmmnnd .Jupdate all
ZF observers

ConcreteSubject k-sublect [ ConcreteObserver

subj State: State obsState: State

Get State() o Update()o
Set St at e(s: St at e)s T

obsState = subject->CGetState(); B|

return subj State; B|
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Applications

¢ Whenan abstractiorhastwo aspectspne dependingon the other encapsulatingheseaspectsn
separat®bjectsletsyou vary andreusethemindependently

¢ Whenachangeo oneobjectshouldbeableto notify others,andyou donotknow how mary objects
needto bechanged.

e Whenanobjectshouldbe ableto notify otherobjectswithout makingassumptionsiboutwho those
objectsare.In otherwords,you do notwanttheseobjectsto betightly coupled.

Consequences
e abstractouplingbetweerSubjectandObserers
e supportfor broadcastommunication

¢ | unexpectedupdategsimpleprotocoldoesnotdeterminevhat changed— superfluousipdates?)

Example
e numericaldata— barandpie-slicespreadsheatiagramatthe sametime

e clocktimer— Di gi t al d ock, Anal ogd ock



