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Creational patterns (GoF)

* Abstract Factory

Builder

Factory Method
Object Pool
Prototype
Singleton



Abstract Factory (1)

Aim:
- It provides an interface to create a family of

objects that are connected or depend on
each other without defining the exact

classes.



Abstract Factory (2)

« Example code:
https://github.com/iluwatar/java-design-patterns
[tree/master/abstract-factory


https://github.com/iluwatar/java-design-patterns/tree/master/abstract-factory
https://github.com/iluwatar/java-design-patterns/tree/master/abstract-factory

GApp

<< Java Class=>>

com.iluwatar

@ App()
i}smainiﬁtring[l}:mid

@'create Kingdom({KingdomFactory}:void

W

o

<<Java Class>> =<Java Interface>>
(® OrcKingdomFactory @ KingdomFactory
EETL AT com.iluwatar
& OrcKingdomFactory() = @ createCastle():Castle
@ createCastle().Castle o createKing(}:King
@ createKing(;King o createArmy():Army
@ createArmy(LArmy
i g
<<Java Class=> << ]ayva Class>> << Java Class=> << |ava Clags>>
(3 0rcArmy (®OrcCastle ®0rcKing (3 EIfKing
com.iluwatar com.iluwatar com.iluwatar com.iluwatar
& OrcArmy() & OrcCastle() & OrcKing() & ElfKing()
@ toString():String @ toString():String ® toString():String o toString():String
Q4 P

<<Java Interface=>

@ King

com.iluwatar

Y

5

=< Java Interface>>
¥ Castle

com.iluwatar

._.2}&

5

<<Java Interface==>
@ Army

com.iluwatar

<< Java Class=>>
(B EIfKingdomFactory

com.iluwatar

{ & ElfingdomFactory()

@ createCastle().Castle
@ createKing(kKing

@ create Army(LArmy

w
<< Java Class=>
(@ ElfCastle

com.iluwatar

& ElfCastle()

)

<< Java Class>>
@ EIfArmy

com.iluwatar

& ElfArmy()

@ toString():String

@ toString():String




Abstract Factory (4)

 Known uses

- java.sgl.Connection
https://docs.oracle.com/javase/8/docs/api/java/sql/
Connection.html

- javax.xml.datatype.DatatypeFactory
https://docs.oracle.com/javase/8/docs/api/javax/xml
/datatype/DatatypeFactory.html

- javax.xml.transform.TransformerFactory
https://docs.oracle.com/javase/8/docs/api/javax/xml
[transform/TransformerFactory.html

- jJavax.xml.stream.XMLInputFactory

https://docs.oracle.com/javase/8/docs/api/javax/xm
l/stream/XMLInputFactory.html


https://docs.oracle.com/javase/8/docs/api/java/sql/Connection.html
https://docs.oracle.com/javase/8/docs/api/java/sql/Connection.html
https://docs.oracle.com/javase/8/docs/api/javax/xml/datatype/DatatypeFactory.html
https://docs.oracle.com/javase/8/docs/api/javax/xml/datatype/DatatypeFactory.html
https://docs.oracle.com/javase/8/docs/api/javax/xml/transform/TransformerFactory.html
https://docs.oracle.com/javase/8/docs/api/javax/xml/transform/TransformerFactory.html
https://docs.oracle.com/javase/8/docs/api/javax/xml/stream/XMLInputFactory.html
https://docs.oracle.com/javase/8/docs/api/javax/xml/stream/XMLInputFactory.html

Builder (1)

Aim: It makes the creation of complex
objects independent of their representation.
As a result with the same process we can
create different representations.



Builder (2)

« Example code:
https://github.com/iluwatar/java-design-patterns
[tree/master/builder


https://github.com/iluwatar/java-design-patterns/tree/master/builder
https://github.com/iluwatar/java-design-patterns/tree/master/builder

(®HeroBuilder

<< Java Class=>>

com.iluwatar

o name: String

d:HemEuiIder[F'rnfessinn.String}

@ withHairType(HairType :HeroBuilder
@ withHairColor{HairColor):HeroBuilder
@ withArmor(Armor):HeroBuilder

@ withWeapon(Weapon ) HeroBuilder

@ build(;:Hero

=< Java Class>>
®Hero

com.iluwatar

 name: String

-profession (0.1

<< Java Enumeration==>
(3 Profession

com.iluwatar

LWARRIOR: Profession

-prafession

=0.1

-weapon | 0.1 -weapon

% THIEF: Profession
% MAGE: Profession
%FPRIEST: Profession

@ Profe ssion()
@ toString():-String

=< Java Enumeration==
(3 Weapon

com.iluwatar

0.1

% DAGGER: Weapon
%P SWORD: Weapon

% AXE: Weapon
W WARHAMMER: Weapon

%" BOW: Weapaon

@ Wea pan()
@ toString():String

-hairColot, 0..1-hairColor (0.1

@ getProfession():Profession
@ getName():String

@ getHairType( ) HairType

@ getHairColor():HairColor
@ getArmor()Armar

@ getWeapon(pWeapon

@ tostring():String
g Hero{HeroBuilder)

-hairType

(3 HairColor

com.iluwatar

<< Java Enumeration==

% WHITE: HairColor
%" BLOND: HairColor
% RED: HairColor
“%f BROWN: HairColor
%" BLACK: HairColor

d:Hair[:ﬁIor[}
@ toString():String

0.1

SN

-armagor

-hairType | 0.1

-armob, 0.1

<<Java Enumeration==
O Armor

com.iluwatar

<<Java Enumeration==
(G HairType

com.iluwatar

% BALD: HairType
%FSHORT: HairType

%FCURLY: HairType
LFLONG STRAIGHT: HairType

%F CLOTHES: Armor
%FLEATHER: Armor
%FCHAIN_MAIL: Armor
%FPLATE_MAIL: Armor

& Armar()
@ toString():String

%FLONG CURLY: HairType

& HairType()
@ tostring():String




Builder (4)

 Known uses:

- java.lang.StringBuilder

http://docs.oracle.com/javase/8/docs/api/javal/lang/S
tringBuilder.html

- java.time.format.DateTimeFormatterBuill
der
https://docs.oracle.com/javase/8/docs/api/java/time
[format/DateTimeFormatterBuilder.nhtml

- java.util.Locale.Buillder

https://docs.oracle.com/javase/8/docs/api/java/util/L
ocale.Builder.html
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Factory method (1)

e AIm;

- It provides an interface to create an object
but it lets the subclasses to decide which
class is instantiated

12



Factory method (2)

 Example:
https://github.com/iluwatar/java-design-pattern
s/tree/master/factory-method

13
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Factory method (3)

<<Java Interface==>
© Blacksmith

com.iluwatar

@ manufactureWeapon(WeaponType)Weapon

7 .
<<Java Class>> << Java Class>>
(9 OrcBlacksmith (3 ElfBlacksmith
com.iluwatar com.iluwatar
@ OrcBlacksmith() {?Elfﬁlaﬂksmith[}
@ manufactureWeapon(WeaponType):\Weapon @ manufactureWeapon(WeaponType )Weapon

L« << Java Enumeration==> '~_‘_J
=< Java Class>> G‘J":::E::gype << Java Class>>
(3 OrcWeapon o : (@ ElfWeapon
corm.iuwatar -weaponType SHORT SWORD: WeaponType P -weaponType com.iuwatar
01 % SPEAR: WeaponType ~ 01
{?Dr{:Weapon(Weapch},fpe} h %F AXE: WeaponType - & ElfiWeaponiWeaponType)
@ to3tring():Strin @ toString():Strin
al) a I {?WeapﬂnT}rpe[} ai) d
@ toString():String

<< Java Interface=>
@ Weapon

com.iluwatar




Factory method (4)

 Known uses:

- Javax.xml.parsers.DocumentBuilderFacto

ry#newbDocumentBuilder ()
https://docs.oracle.com/javase/8/docs/api/javax/x
ml/parsers/DocumentBuilderFactory.html#newDocumer

tBuilder--
- javax.xml.parsers.SAXParserFactory#new

SAXParser ()
https://docs.oracle.com/javase/8/docs/api/javax/x
ml/parsers/SAXParserFactory.html#newSAXParser--

15


https://docs.oracle.com/javase/8/docs/api/javax/xml/parsers/DocumentBuilderFactory.html#newDocumentBuilder--
https://docs.oracle.com/javase/8/docs/api/javax/xml/parsers/DocumentBuilderFactory.html#newDocumentBuilder--
https://docs.oracle.com/javase/8/docs/api/javax/xml/parsers/DocumentBuilderFactory.html#newDocumentBuilder--
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Object pool (1)

* Aim: Registers a set of initialized objects for the
service of the demands instead of erasing and
re-instantiating them

16



Object pool (2)

« Example code:
https://github.com/iluwatar/java-design-patterns

[tree/master/object-pool

==]ava Class=» =<]ava Class=»
(& ObjectPool<T> (9 Oliphaunt
com. ihnwatar com. imwstar
o gvailable: Hashset=T= o counter: int
o inlse: Hash3et<T> o id: int
{,PDt:-jectF‘qu(} {fﬂliphﬂunt(}
P ereatef) @ getid():int
@ checkOut() @ toString(}:String
@ checkin(T}void
@ toString(): String

i

z=lava Clags=>
(2 OliphauntPool

com. ilrwatar

& OliphauntPool()
< create():Oliphaunt



https://github.com/iluwatar/java-design-patterns/tree/master/object-pool
https://github.com/iluwatar/java-design-patterns/tree/master/object-pool

Object pool (3)

 Known uses:

- Pooling database connections (connection pooling)

e E.9.:
- Apache Commons DBCP
https://commons.apache.org/proper/commons-dbcp/
— HikariCP https://brettwooldridge.github.io/HikariCP/
— Vibur DBCP http://www.vibur.org/

18
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Prototype (1)

 Aim: By providing a prototype instance it
defines what type of objects are to be created.
The object are copies of this prototype

19



Prototype (2)

« Example code:
https://github.com/iluwatar/java-design-patterns
[tree/master/prototype

20
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<< Java Interface>>
@ HeroFactory

com.iluwatar

@ createMage():Mage
@ createWarlord():Warlord
@ createBeast() Beast

A

=< Java Class=>
<<Java Class>> (3 HeroFactorylmpl
@APP com.iluwatar

com.iluwatar

& Hero Factorylmpl{Mage Warlord, Beast)
& App() @ createMage():Mage

& main(String[l)void @ createWarlord()Warlord

@ createBeast() Beast

=< Java Class>>
(3 ElfMage

<< Java Class=>
(®Elfwarlord

com.iluwatar

com.iluwatar

- Elflage()

& ElfVlage (ElfViage)

-beast |0.1 -magey 0.1

@ ElfWarlord() -warlord 0.1

& ElfWarlord(ElfWarlord)

@ clone(;:Mage

&'clone():Mage

lone():Warlord \ selvaipsess| (SSRVAGiages| | SR Glannes / @ toString():String
clone():Warlor
. '[} Stri ' Warlord ¢/Beast *Mage
° tﬂStrlng[}.Strlng com.iluwatar com.iluwatar com.iluwatar <<Java Class>>
=< Java Class=> & Warlord() @ Beast() @ Mage() ﬂ\\ ® Dr_T:M?age
/ &'clone():Warlord | | &'clone().Beast com.iluwatar

(3 OrcWarlord

e OrcMage()
b\ @ OrcMage(OrcMage)

com.iluwatar /1
{fDrcWarlﬂrd[} - = << Java Class== {}Emnﬁl:}:MEQ'E
<< Java Class=> ; i
& ?rch}rErdﬁDz:Warlord} CBibar (2 OrcBeast @ tostring():String
@ clone(:Warlor Auwata
® toString():String com uwstar ——
: = @ OrcBeast()
o EiiBoasi(ElBeas! & OrcBeast({OrcBeast)
T @ clone().Beast
o 10 Strinqj[}' Siring @ toString():String

V

<< Java Class=>>
& Prototype

com.iluwatar
= =}

- Prototype()
&' clone():Object

21



Prototype (4)

 Known uses:

- java.lang.Cloneable

https://docs.oracle.com/javase/8/docs/api/javal/lang
/Cloneable.html

22
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Singleton (1)

Aim: It lets only one instance to be created from a
class. For this it provides a global acces point.

23



Singleton (2)

« Example code:
https://github.com/iluwatar/java-design-patterns
[tree/master/singleton

<< Java Class>>
(9 ThreadSafeLazyLoadedlvoryTower

com.iluwatar

& Thre adSafeLazylLoadedlvoryTower() Linstance
{zsgetl nstance().ThreadSafeLazylLoadedivo wT®

0.1

<<Java Class=>>
®IvoryTower

com.iluwatar

& voryTower) .
t}sgetlnstance[}:lvurﬂnwer jﬂ ;

24
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Singleton (3)

 Known uses:

- java.lang.Runtime
https://docs.oracle.com/javase/8/docs/api/javal/lang
/Runtime.html

- java.time.chrono.IsoChronology

https://docs.oracle.com/javase/8/docs/api/java/time
/chrono/lsoChronology.html

25


https://docs.oracle.com/javase/8/docs/api/java/lang/Runtime.html
https://docs.oracle.com/javase/8/docs/api/java/lang/Runtime.html
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More creational patterns

Factory Kit
https://github.com/iluwatar/java-design-patterns/tree/master/factory-Kkit

Module https://github.com/iluwatar/java-design-patterns/tree/master/module

Monostate
https://github.com/iluwatar/java-design-patterns/tree/master/monostate

Multiton
https://github.com/iluwatar/java-design-patterns/tree/master/multiton

Object Mother
https://github.com/iluwatar/java-design-patterns/tree/master/object-mother

Step Builder
https://github.com/iluwatar/java-design-patterns/tree/master/step-builder

Value Object
https://github.com/iluwatar/java-design-patterns/tree/master/value-object

26
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Multition (1)

 Aim: It lets only a given number of instances to
be created from a class. For them it provides a
global acces point.

27



Multition (2)

« Example code:

https://github.com/iluwatar/java-design-patterns
[tree/master/multiton

<< lava Class==
®Nazgul

com.iluwatar

& Nazgul(MazgulName)
& getinstance(NazgulMame):-Nazgul
@ getMame():NazgulMame

-name [ 0..1

<« Java Enumeration==
(3 NazgulName
com.iluwatar

YKHAMUL: NazgulName
YMURAZOR: MazguiName

W DWAR: NazgulName

% JI_INDUR: MazgulMame

% AKHORAHIL: NazgulName
YHOARMURATH: MNazgulName
W ADUNAPHEL: NazgulName
%REN: MazgulMame
WFUVATHA: NazgulName

& MazgulMame()

-nazguls

0.”

28
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Multition (3)

 Known uses:

- java.lang.Thread.State
https://docs.oracle.com/javase/8/docs/api/javal/lang
/Thread.State.htm|

- java.math.RoundingMode

http://docs.oracle.com/javase/8/docs/api/java/mat
h/RoundingMode.html

- java.time.DayOfWeek
https://docs.oracle.com/javase/8/docs/api/java/tim
e/DayOfWeek.html

- java.time.chrono.IsoEra

http://docs.oracle.com/javase/8/docs/api/javal/time/
chrono/lsoEra.html


https://docs.oracle.com/javase/8/docs/api/java/lang/Thread.State.html
https://docs.oracle.com/javase/8/docs/api/java/lang/Thread.State.html
http://docs.oracle.com/javase/8/docs/api/java/math/RoundingMode.html
http://docs.oracle.com/javase/8/docs/api/java/math/RoundingMode.html
https://docs.oracle.com/javase/8/docs/api/java/time/DayOfWeek.html
https://docs.oracle.com/javase/8/docs/api/java/time/DayOfWeek.html
http://docs.oracle.com/javase/8/docs/api/java/time/chrono/IsoEra.html
http://docs.oracle.com/javase/8/docs/api/java/time/chrono/IsoEra.html

Structural patterns (GoF)

* Adapter

Bridge
Composite
Decorator
Facade
Flyweight
Proxy

30



Adapter (1)

e AIM:
— |t converts the interface of a class to the interface
that can be used by other classes.

- By the use of it classes with incompatible intefaces
may work together

31



Adapter (2)

« Example code:

https://github.com/iluwatar/java-design-patterns

[tree/master/ada

oter

<<Java Clags>>

(= Captain

com. ilvwatar. adapter

& Captain()

& Captain(Battleship)

@ zetBattleship(Battleship):void
@ fire(}void

@ move():void

et

<<Java Interface==

&9 Battleship

com. ilrwatar. adapter

— 7]

@ fire()-void
@ move( )y void

A

<<Java Class=>

(= BattleFishingBoat

com. ilvwatar. adapter

-boat

<<Java Clasg=>
{9 FishingBoat

com. ilvwatar. adspter

& BattleFishingBoat()
@ fire(}void
@ move()void

0.1

& FishingBoat()
@ =ail(yvoid
@ fish(}void

32
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Adapter (3)

 Known uses:

- java.l1lo.InputStreamReader
http://docs.oracle.com/javase/8/docs/api/java/io/InputStreamRea
der.html

- java.1o0.0utputStreamwWriter
http://docs.oracle.com/javase/8/docs/api/java/io/OutputStreamWri
ter.ntml

- javax.xml.bind.annotation.adapters.XmlAdapter
https://docs.oracle.com/javase/8/docs/api/javax/xmi/bind/annota
tion/adapters/XmlAdapter.nhtml

- org.xml.sax.helpers.ParserAdapter
https://docs.oracle.com/javase/8/docs/api/org/xml/sax/helpers/P
arserAdapter.html

- org.xml.sax.helpers.XMLReaderAdapter

https://docs.oracle.com/javase/8/docs/api/org/xml/sax/helpers/ 33
XMLReaderAdapter.html


http://docs.oracle.com/javase/8/docs/api/java/io/InputStreamReader.html
http://docs.oracle.com/javase/8/docs/api/java/io/InputStreamReader.html
http://docs.oracle.com/javase/8/docs/api/java/io/OutputStreamWriter.html
http://docs.oracle.com/javase/8/docs/api/java/io/OutputStreamWriter.html
https://docs.oracle.com/javase/8/docs/api/javax/xml/bind/annotation/adapters/XmlAdapter.html
https://docs.oracle.com/javase/8/docs/api/javax/xml/bind/annotation/adapters/XmlAdapter.html
https://docs.oracle.com/javase/8/docs/api/org/xml/sax/helpers/ParserAdapter.html
https://docs.oracle.com/javase/8/docs/api/org/xml/sax/helpers/ParserAdapter.html
https://docs.oracle.com/javase/8/docs/api/org/xml/sax/helpers/XMLReaderAdapter.html
https://docs.oracle.com/javase/8/docs/api/org/xml/sax/helpers/XMLReaderAdapter.html

Bridge (1)

Aim: It separates the abstract representation
from the implementation so that they can be
modified separately.

34



Bridge (2)

« Example code:
https://github.com/iluwatar/java-design-patterns
[tree/master/bridge

35
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==Java Class=>>
@& FlyingMagicWeapon

com.iluwatar.bridge

<<Java Class=>=
@ BlindingMagicWeapon
com.iluwatar bridge

<<Java Class=>
(® SoulEatingMagicWeapon
com.iluwatar.bridge

& BlindingMagic\Weapon(BlindingMagic\Weaponimpl) & FlyingMagicWeapon(FlyingMagicWWeaponimpl)
o getlmp():BlindingMagicWeaponimpl @ getlmp():FlyingMagicVWeaponimpl

@ wield()-void @ wield()void

@ swing()-void @ swing()void

@ unwield()-void @ unwield()-void

@ blind()-void o fiy{)-void

& SoulEatingMagicWeapon(SoulEatingMagicWeapenimpl)
@ getimp():SoulEatingMagicWeaponlmpl

@ wield()void

@ swing()void

@ unwield{)-void

@ eatSoul()void

<<Java Class=>
& MagicWeapon

com.iluwatar bridge

& Magic\Weapon(MagicWeaponimpl)
&' wield():void

o' swing()-void

& unwield()-void

@ getlmp(}:Magic\Weaponimpl

#mp 0.1

<<Java Class»>
& MagicWeaponimpl

com.iluwatar.bridge

& Magic\Weaponimpl()
&'wieldimp()-void

& swinglmp():void

& unwieldimp() void

<<Java Class=> ‘T\

& FlyingMagicWeaponimpl <<Java Class>>
com.iluwatar bridge & SoulEatingMagicWeaponimpl
com.iluwatar bridge

<<=Java Class>>
& BlindingMagicWeaponimpl

com.iluwatar bridge

& FlyingMagic\Weaponlmpl{)

& BlindingMagicYWeaponlmpl()
&'flylmpy):void

& blindimp()-void

& SoulEatingMagicWeaponimpl()
&' eatSoulimp()-void

<<Java Class>>»

<<Java Class==
@ Mjollnir
com.iluwatar.bridge

& Mjollnir()

@ wieldlmp():void
@ swinglmp()-void
@ unwieldlmp():void
@ flylmp()-void

<<Java Class=>=
(® Stormbringer
com.iluwatar.bridge

& Starmbringer()
@ wieldlmp():void
@ swinglmp()-void
@ unwieldlmp()void
@ eatSoullmp():void

(& Excalibur

com.iluwatar bridge

& Excalibur()

@ wieldlmp():void
@ swinglmp()-void
@ unwieldlmp()void
@ blindlmp()-void

36



Bridge (4)

« Known uses:
- JDBC https://jcp.org/en/jsr/detail?i1d=221
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Composite (1)

e Aim:
- The objects are structured as a tree in order to
illustrate the part-whole relations

- As a result the separate objects and the composits
may be handled as well

38



Composite (2)

« Example code:

https://github.com/iluwatar/java-design-pattern
s/tree/master/composite

=< Java Class>>

<<Java Class>> & LetterComposite
@MESSE“QET com.iluwatar
cam duwatar o LetterComposite()
& Messenger() [T 3 g add(LetterComposite jvoid
& messageFromOres( ) LetterCompaosite @ count()int
& messageFromElves()LetterComposite V"‘prfntThfsBefnre {}woid

'ﬁ' . . . .
o printThisAfter() void _children

@ print(}:void
0.*

<< Java Class=>
& Letter

<< Java Class>> << Java Class>>

i SBWord (9 Sentence
com.iluwatar com.iluwatar
o ¢ char = =
o 'Word(List<Letter= o Sentence(List<Ward=
& Letter(char) i ) i )

2 printThisBefore():void
< printThisAfer()void

o printThisBefore()void
2 printThisAfter( ) void

o printThisBefore()void
2 printThisAfter( ) void
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Composite (3)

 Known uses:

- javafx.scene.Node

https://docs.oracle.com/javafx/2/api/javafx/scene/N
ode.html

- Jsoup: Java HTML Parser https://jsoup.org/

e Org.jsoup.nodes.Node
https://jsoup.org/apidocs/org/jsoup/nodes/Node.html
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Decorator (1)

e AlM:

- Adds more additional responsibllities to classes
dinamically.

— Can be used as an alternative of sub-classes.
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Decorator (2)

« Example code:

https://github.com/iluwatar/java-design-patterns
[tree/master/decorator

=<Java Class>>

©App

COIT. U atar. Gecorator

*f LOGGER: Looger

=<Java Class>>
(2 TroliDecorator

COIT. U atar. Gecorator

==Java Class>>
(9 SimpleTroll

(COIT. W atar. decorator

@ App()
-:}srrmin[SIring 1 void

% LOGGER: Logger

% LOGGER: Logger

{fT roliDecorator Troll)
@ attack():void

@ getAttack Power():int
@ fleeBattle():void

& SimpleTroll()

@ attack():void

@ getAttack Power():int
@ fleeBattle():woid

<<Jlava Class>>
@CluhbedTrﬂll

com.uwatar. decorator

ﬁdetorat&dgj_ 1{1|| E?

*f LOGGER: Logger

<<lava Interfaces:
G Troll

com. uwatar. decorator

& ClubbedTrol Troll
@ attack():void

@ getAttack Power():int
@ fleeBattle():void

@ attack():void
@ getAttack Power():int
@ fleeBattle() void
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Decorator (3)

 Known uses:

- java.l1lo.InputStream

http://docs.oracle.com/javase/8/docs/api/javal/io/InputStream.
html

 Where the constructor gets InputStream objects, like
java.10.0bjectInputStream.

- java.10.0utputStream

http://docs.oracle.com/javase/8/docs/api/java/io/OutputStrea
m.html

« Where the constructor gets OutputStream objects, like
java.10.0bjectOutputStream.

- java.util.Collections#unmodifiableXXX()

https://docs.oracle.com/javase/8/docs/api/java/util/Collections
html
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Facade (1)

e Aim:
- In a sub-system it provides a main interface that
gathers a set of other interfaces.

- By the use of it a higher level interface is provided
In order to make the use of the subsystem more
easy.
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Facade (2)

« Example code:
https://github.com/iluwatar/java-design-patterns
[tree/master/facade
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== Java Class>>

GApp

com.iluwatar

== Java Class>>

com.iluwatar

(& DwarvenGoldmineFacade

& App()
& main(String[l}:void

(waawenGnldmineFa{:ade[}
@ startNewDay(}:void

@ digOutGold()void

@ endDay():void

<<,Java Clags>>
(9 DwarvenCartOperator

com.iluwatar

~warkers |0.*

<< |ayva Class=>>
& DwarvenMineWorker

com.iluwatar

GCDwawenMineWorher{}
@ goToSleep():void

@ wakeUp()void

@ goHome():void

@ goToMine()void

&' work().void
@'name():String

& DwarvenCartOperator()
@ work():void
@ name(}:String

== Java Class>>
(& DwarvenTunnelDigger

com.iluwatar

<< Java Class>>
(& DwarvenGoldDigger

com.iluwatar

& DwarvenTunnelDigger()
@ work()void
@ name(}:String

& DwarvenGoldDigger()
@ work()void
@ name(}:String
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Facade (4)

 Known uses:

- Simple Logging Facade for Java (SLF4J)
https://www.slf4j.org/
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Flyweight (1)

Aim:

- Supports the use of high mass granular objects.
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Flyweight (2)

 Example:
https://github.com/iluwatar/java-design-patterns
[tree/master/flyweight
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<<Java Class>>
(3 AlchemistShop

com.iluwatar

& AlchemistShop()
= fillshelves|)void
@ enumerate|}void

i

<< Java Enumeration==
O3 PotionType

com.iluwatar

B HEALING: PotionType

B INVISIBILITY: PotionType
% STRENGTH: PotionType
%FHOLY WATER: PotionType

% POISON: PotionType

@ PotionType()

Flyweight (3)

<< Java Class=>>
(3 HealingPotion

com.iluwatar

<< Java Class>>

@ InvisibilityPotion

com.iluwatar

& HealingPotion()

{?Invisibilit,rF'otion[}

<< Java Class>>
(3 PoisonPotion

@ drink(}:void @ drink(}:vwoid com.iluwatar
‘ ‘ o PoisonPotion()
\ K | @ drink{):void
4 r . =<Java Class=>
~tgpShelf | <<Java Interface>> |5 (& HolywaterPotion
H N GPD“DH com.iluwatar
~bottoms it D e
Hom=te = & HolyWaterPotion()
| @drink{pvoid <z @ drink():void
-potions | 0. ...| =<lavaClass>>
(5 StrengthPotion
com.iluwatar
& StrengthPotion()
ey @ drink(}:void
<</ava Class>>
(G PotionFactory
com.iluwatar
@ PotionFacto ()
& createPotion(PotionType ):Potion
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Flyweight (4)

 Known uses:

- java.lang.Byte#valueOf(byte b)
https://docs.oracle.com/javase/8/docs/
api/java/lang/Byte.html#valueOf-byte-

- java.lang.Character#valueOf(char c)
https://docs.oracle.com/javase/8/docs/
apl/java/lang/Character.html#valueOf-c

har -
- java.lang.Integer#valueOf(int 1)

https://docs.oracle.com/javase/8/docs/api/javal/lang/
Integer.html#valueOf-int-
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Proxy (1)

Aim:
- A given object is replaced by another one that

overrides the access to the original object as
well.

52



Proxy (2)

« Example code:

https://github.com/iluwatar/java-design-patterns

[tree/master/proxy

<<]ava Class>

<<]ava Class=>

(& WizardTowerProxy (2 Wizard
COIm. U atar. proxy COIT. BN atar. prosy
*FLOGGER: Logoer o name: String

<<Jlava Class>>
(3 woryTower

COIm. W atar. proxy

% NUM WIZARDS ALLOWED: int
o numilizards: int

{lezardiSIringj

@ toString(): String.

% LOGGER: Loager

<<]ava Class=>

©App

COIm. B atar. prosy

{f WizardTower Proxy (WizardTower)
@ enter[Wizard) void

-tﬂ-‘%ﬂ 0.1

<<lava Interface=> |
€8 WizardTower

Codm . BN atar. prosy

@ enter{Wizard):void

{?Ivc:-ryTwrerij

@ enter{Wizard):void

& App()
{}3 meaind String|T) woid
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Proxy (3)

 Known uses:

- java.lang.reflect.Proxy
http://docs.oracle.com/javase/8/docs/api/javal/lang/re
flect/Proxy.html

- Apache Commons Proxy
https://commons.apache.org/proper/commons-proxy
/
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More structural patterns

» Abstract Document
https://github.com/iluwatar/java-design-patterns/tre
e/master/abstract-document

* Module
https://github.com/iluwatar/java-design-patterns/tre
e/master/module

* Private Class Data
https://github.com/iluwatar/java-design-patterns/tree
/master/private-class-data

o Twin
https://github.com/iluwatar/java-design-patterns/tree
/master/twin
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Twin (1)

e AlM:

- Model multiple inheritance in languages where it is
not supported by default.

56



Twin (2)

« Example code:
https://github.com/iluwatar/java-design-patterns

[tree/master/twin

=< Java Class>>
) Gameltem

com.iluwatar.twin

- Gameltem()
atdraw():void << Java Class>>
&intersects{Gameltem).boolean @ Th:e ad -threadQ
o collideWith(Gameltem):boolean e Moo

@ check(Gameltem):boolean

alhelick() void

<< Java Class>>

& Ballltem <<Java Class>>
com.iluwatar.twin @ BallThread
o isSuspended: boolean com.iluwatar. twin
EBallltemy) twin o isSuspended: boolean
@ setTwin(BallThread void Twin g1 &FBallThread()
@ draw(}void ~ @ sefTwin{Ballltem):void
@ move()void 0.1 @ run{):void
@ intersects(Gameltem):boolean @ suspendMe| void
@ collideWith(Gameltem):boolean @ resumehe()void

@ click()void
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Behavioral petterns (GoF)

Chain of Responsibility
Command
Interpreter
Iterator

Mediator
Memento
Observer

State

Strategy
Template Method
Visitor
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Chain of Responsibility (1)

e AIM:
- The aim Is to avoid the connection of the sender of
the request to the receiver

- We do this by providing the right to handle the
request for more objects.

— The receiver objects may be chained. The object
goes In the chain while it reaches such an object
that can handle it.
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Chain of Responsibility (2)

« Example code:
https://github.com/iluwatar/java-design-patterns
[tree/master/chain
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Chain of Responsibility (3)

=< Java Enumeration==>
(G RequestType

com.iluwatar

WDEFEND CASTLE: RequestType
% TORTURE PRISONER: RequestType

-requestType

<< Java Class=>>
(®Request

com.iluwatar

o requestDescription: String

S COLLECT TAX: ReguestType

0.1

@ Reque siType()

o Request{RequestType String)

@ getRequestDescription():String

@ setRequestDescription|String ):void
@ getRequestType()ReqguestType

@ setRequestType(RequestType )void
@ toString():5tring

<< Java Class=>
(9 OrcSoldier

com.iluwatar

& OrcSoldie r(RequestHandler)
@ handleRequestRequest)void
@ toString():String

<< Java Class>>
(3 OrcKing

com.iluwatar

@ OrcKing()
m buildChain{)wvoid
@ makeRequest{Request)void

=chain (0.1

<<Java Class>>
&' RequestHandler

com.iluwatar

{?F{equestHandler{F{equestHandler}
@ handleRequest({Request)void
< printHandling(Request):void
@'toString():String

-next

\jﬂ..1

<< Java Class=>>
(¥ OrcCommander

com.iluwatar

<< Java Clags=>
(5 OrcOfficer

com.iluwatar

@ OrcComma nder(RequestHandler)
@ handleRequest(Request):void

@ toString( ):String

& OreOfficer|RequestHandler)
@ handleRequest|Request)void
@ toString():5tring
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Chain of Responsibility (4)

 Known uses:

- java.util.logging.Logger

https://docs.oracle.com/javase/8/docs/api/java/util/
logging/Logger.htm|
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Command (1)

Aim:

- It closes queries to an object in order to make it
possible to give these gueries as parameters to
other agents
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Command (2)

« Example code:
https://github.com/iluwatar/java-design-patter
ns/tree/master/command
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<< lava Class>>
®Wizard

com.iluwatar.command

& Wizard()

@ toString():String

@ castSpell{[Command, Target)void
@ undoLastSpell{)void
@ redolLastSpell()void

-undoStack 0.° (/ -redoStack  0.°

<<Java Class=>
& Ccommand
com.iluwatar command

& Commandi)

& undo()-void
&' redof):void

& execute(Target):void

& toString(): String

i

3

<<Java Class=>»
& ShrinkSpell

com.iluwatarcommand

<<lava Classz>
@ InvisibilitySpell

com.iluwatar.command

o pldSize: Size

& ShrinkSpell()

@ execute(Target):void
@ undo()void

@ redo()void

@ toString()-String

& InvisibilitySpell()

@ execute(Target):void
@ undo()void

@ redo()void

@ toString():String

—targeNﬂ_j target /0.1

<< lava Class>>
& Target
com.iluwatar.command

o size: Size
o visibility: Visibility

& Target()

@ getSize():-Size

@ setSize(Size)void

@ getVisibility() Visibility

@ setVisibility(Visibility):void
&' toStringy): String

@ printStatus():void

1

==Java Class=>
(5 Goblin

com.iluwatar.command

& Gablin()
@ toString():String
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Command (4)

 Known uses:

- java.lang.Runnable

https://docs.oracle.com/javase/8/docs/api/javal/lang
/Runnable.html
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Interpreter (1)

 Aim: Represents the grammer of a given
language and provide an interpreter for it that
understands the sentences of that language.
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Interpreter (2)

« Example code:
https://github.com/iluwatar/java-design-patterns/
tree/master/interpreter
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Interpreter (3)

<< Java Class=>
(®MinusExpression

com.iluwatar

<</Java Class=>>
(& PlusExpression

com.iluwatar

{}CMinusE.v.pressinn[Expression.Expressinn}
@ interpret|)int
@ toString():String

-rightExpdedEapregsion /0.1

<< Java Class>>
& Expression

com.iluwatar

&' interpret{):int
@'toString():String

=< Java Class>>
(& NumberExpression

com.iluwatar

o number: int

{fNumberExpression[int}
{fNumberExpression(String}
@ interpret()int

@ toString():String

ch'IusExpressioniExpression,Expression}
@ interpret()int
@ toString():String

=<Java Class=>
(& MultiplyExpression

com.iluwatar

@ tostring():String

{fMultipl*,fE:f.pression[E:-:pression.E:f.pression}

& Expression() w
0.1 @ interpret(}int
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Interpreter (4)

 Known uses:

- java.text.Format
https://docs.oracle.com/javase/8/docs/api/java/text/
Format.html

- jJava.time.format.DateTimeFormatter
https://docs.oracle.com/javase/8/docs/api/java/tim
e/format/DateTimeFormatter.html

- java.util.regex.Pattern

https://docs.oracle.com/javase/8/docs/api/java/util/r
egex/Pattern.html
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lterator (1)

Aim:

- It provides a sequential access to elements of
complex objects without showing the representation
of the objects
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Iterator (2)

« Example code:
https://github.com/iluwatar/java-design-patterns/
tree/master/iterator
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lterator (3)

<< Java Class=>
GTreasurechestltemlteratnr

<< Java Interface>> .
@ Itemiterator — com.iuwatar
com.iluwatar T o jdx:int
@ hasNext():boolean @ TreasureChestitemiterator(TreasureChest,lte mType)
@ next():Item @ hasMext(}:boalean
@ next()item

= findMextldx():int

v
=< Java Class=>
&Item

com.iluwatar

<< Java Enumeration==

o name: String GItE_?ﬁTipe
CoOm.iuwatar

& ltem(ltemType,String) *—-——-——_.____jf_ﬂi%s\fw@

@ toString():String 0.1 | SFWEAPON: temType
@ getType() itemType W RING: temTvpe
_ ; yp
@ setType(ltemType)void % POTION: T
M '
-items | 0.* & ltemType()

<< Java Class=>

<< Java Class>>
®App (3 TreasureChest
com.iluwatar - em dwatar P -chest
{fﬁ-pp[} d:TreasurEChest[} 0.1
-:)smain[String M):void & lterator(ltemType):temiterator
@ getltems( ):List<ltemn=




Iterator (4)

 Known uses:

- java.util.Enumeration
https://docs.oracle.com/javase/8/docs/
api/java/util/Enumeration.html

- java.util.Iterator
https://docs.oracle.com/javase/8/docs/api/java/util/It
erator.html
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Mediator (1)

e Aim:
- The aim Is to provide an object that controls the the
cooperation of a set of objects

- By this mmethod we create a weak connection
where the objects do not refer to each other and the
connectins between them may be modified
iIndependently of each other
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Mediator (2)

« Example code:
https://github.com/iluwatar/java-design-patterns
[tree/master/mediator
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=< Java Class>>

GApp

com.iluwatar

& App()
& main(String[l}:void

Mediator (3)

<< Java Class=>
® Partylmpl

com.iluwatar

-members

<< Java Interface>>
& PartyMember

com.iluwatar

& Partylmpl()
@ act{PartyMember Action):void
@ addMember(ParyMember):void

0.”

] T

<< Java Interface=>

@ Party

com.iluwatar

#party

@ joinedParty(Party):void
@ partyAction(Action):void
@ act{/Action)void

<<Java Class>>
i PartyMemberBase

com.iluwatar

@ addMember(PartyMember):void
@ act{PartyMember Action}:void

Wt
<< Java Enumeration==
(3 Action
com.iluwatar
% HUNT: Action
% TALE: Action
% GOLD: Action
LFEMEMY: Action

& Action()
@ tostring():String

0.1

{fF‘artrMemberEase[}

@ joinedParty(Party):void
@ partyAction(Action ):void
@ act{Action)void
@'toString():String

<< Java Class>>
{&Wizard

com.iluwatar

@ Wizard()
@ toString():String

[ 3

™\

== Java Class>>

== Java Class=>

<<Java Class>>
(®Hunter

com.iluwatar

@ toString( ):String

(®Rogue (3 Hobbit
com.iuwatar com.iluwatar
& Rogue() & Hobbit()

@ tostring():String

e Hunter()
@ toString():String
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Mediator (4)

 Known uses:

- java.util.Timer

https://docs.oracle.com/javase/8/docs/api/java/util/T
Imer.ntml
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Memento (1)

e AIm;

- Save the show the inner state of an object without
breaking enclosure so that later the object can be
loaded back to this previous state
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Memento (2)

« Example code:
https://github.com/iluwatar/java-design-patter
ns/tree/master/memento
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<< Java Class>>=
( Star

com.iluwatar

o ageYears: int
a8 masslons: int

& Star(StarType.int.int)

@ timeFasses()vaid

a gethMementol):StarlMemento

a setMemento{StarMemento)void
@ toString()-String

5

<<Java Class==>
(® StarMementolnternal
com.iluwatar

o age'ears: int
o massTons: int

& StarMementalnternal()
@ getType():-StarType

@ setType(StarType)void
@ getAgeYears():int

@ setAgeYears(int)void

@ getMassTons()int

@ setMassTons(int)void

i -tw\s\[\u type | 0.1
Vi

<<Java Interface== <« Java Enumeration==
& StarMemento O StarType
com.iluwatar com.iluwatar

W SUN: StarType
“RED_GIANT: StarType
YFWHITE_DWARF: StarType
W SUPERNOVA: StarType
WDEAD: StarType
“FUNDEFINED: StarType

e title: String

& StarType(String)
@ toString()-String




Memento (4)

 Known uses:

- java.util.Date

https://docs.oracle.com/javase/8/docs/api/java/util/D
ate.html

« See getTime() and setTime(long time) methods.
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Observer (1)

e AIm;

- Provides a connection between objects so that if an
object changes all other objects depending on it are
iInformed about that
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Observer (2)

« Example code:

https://github.com/iluwatar/java-design-patterns
[tree/master/observer

; = << Java Enumeration=>
seoavaliass== 3WeatherType
(®Weather yp

com.iluwatar

G SUNNY: WeatherType
L RAINY: WeatherType
LFWINDY: WeatherType
%P COLD: WeatherType

- WeatherType()
@ toString():String

com.iluwatar

& Weather() -currentWeather

@ addObserver(WeatherObserver)void 0.1
@ removeObserver(WeatherObserver)void
@ timePasses()void

= notifyObservers()void

-observers |0.*

<< Java Class>>
<< Java Interface>>

&9 WeatherObserver ‘?ﬂ: ?uiahgrs
com.iluwatar Sl TP :
@ update(WeatherType ):void & Hobbits{) |
ﬂ @ update(WeatherType)void

<< Java Class=>
(9 Orcs

com.iluwatar

84
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@ update(WeatherType):void
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Observer (3)

 Known uses:

- java.util.EventListener
https://docs.oracle.com/javase/8/docs/
api/java/util/EventListener.html

- java.util.Observer
https://docs.oracle.com/javase/8/docs/api/java/util/

Observer.html
java.util.Observable

https://docs.oracle.com/javase/8/docs/api/java/util/
Observable.html
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State (1)

e AIm;

- It lets the object to change its behavior by changing
Its Inner state.

- Appearingly the object changes its class.
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State (2)

« Example code:
https://github.com/iluwatar/java-design-patterns
[tree/master/state
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State (3)

<< Java Class>>
(& Mammoth

<< Java Class>> )
com.iluwatar

G App
com.iluwatar {fl"-ﬂammoth{}
& App() @ timePasses():void

= changesState Tol(State ) void

{}Smain[String[l}:mid

@ toString():String
@ observe()void

-mammathy’ 0..1 tmammoth 9.1

<< Jaya Clagg>> == Java Class>>
(® PeacefulState (& AngryState

com.iluwsatar com.iluwatar

& PeacefulState(Mammoth) & AngryState(Mammoth)
@ observe|}void @ observe()wvoid

o onEnterState():void @ onEnter3tate():void

. -state |01
L

<< Java Interface=>
) State

com.iluwatar

@ onEnterState()void
@ observe()void




Strategy (1)

e AIm;

- Defines an algorithm family in which the algorithms
are collected to separate units making it able to
replece them by each other

- As a result the algorithm can be modified
iIndependently of the client
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Strategy (2)

« Example code:
https://github.com/iluwatar/java-design-patterns
[tree/master/strategy

=<Java Class>>
(3 DragonSlayer

<< Java Class>>

@AFIFI com.iluwatar
com.iluwatar
& Dragonslayer(DragonsSlayingStrategy)
& App()

@ changestrategy(DragonSlayingStrategy)void

B T iF
& main(String(]):void & goToBattle():void

-strategy | 0.1

<<Java Interface==>
3 DragonSlayingStrategy

com.iluwatar

@ execute()void

< b W
<<Java Class}:-- << Java Class>> "I <<Java Class>>
(@ ProjectileStrategy (9 MeleeStrategy (® SpellStrategy
com.iluwatar com.iluwatar com.iluwatar
& ProjectileStrategy() & MeleeStrategy() & SpellStrategy() 90
@ execute|)void @ execute()void @ execute| ) void
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Strategy (3)

 Known uses:

- java.util.Collections

https://docs.oracle.com/javase/8/docs/api/java/util/C
ollections.html

« See binarySearch(), max(), min() and sort()
methods.

 Related interfaces:

- Java.lang.Comparable

https://docs.oracle.com/javase/8/docs/api/java/lang/Comparable.
html

- java.util.Comparator

https://docs.oracle.com/javase/8/docs/api/java/util/Comparator.h
tml
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Template method (1)

e AIm

- It provides the skeleton of the algorithm of a given
method while letting the subclasses the implement
the steps.

- As a result the subclasses may override given steps
of the algorithm without modifying the structure of it
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Template method (2)

« Example code:
https://github.com/iluwatar/java-design-pattern
s/tree/master/template-method
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Template method (3)

<< Java Class=>

<<Java Class>> @HalflingThief

@APP com.iluwatar
com.iluwatar
@ HalflingThiefiStealingMethod)
& App(}

@ steal()void
@ changeMethod|StealingMethod }:void

-method Lﬂ.ﬂ

@ main{String[]}:void

<< Java Class=>>
i StealingMethod

com.iluwatar

& StealingMethod()

' pickTarget{):String
!'confuse Target(String):void
/' stealTheltem(String):void

@ steal():void
<= Jaya Class==> << Java Class>>

® HitAndRunMethod ©SubtleMethod

) com.iluwatar
com.iluwatar

& SubtleMethod(}

< pickTarget{):String

< confuseTarget(String ):void
< stealTheltem(String }:void

& HitAndRunMethod()

- pickTarget(}.String

< confuseTarget(String )void
< stealTheltem(String }:void




Template method (4)

 Known uses:

- java.l1lo.InputStream
https://docs.oracle.com/javase/8/docs/api/java/io/InputStream.ht
ml

- java.1o0.0utputStream
https://docs.oracle.com/javase/8/docs/api/java/io/OutputStream.h
tml

- java.util.AbstractList
https://docs.oracle.com/javase/8/docs/api/java/util/AbstractList.ht
ml

- java.util.AbstractMap
https://docs.oracle.com/javase/8/docs/api/java/util/AbstractMap.h
tml

- Java.util.AbstractQueue

https://docs.oracle.com/javase/8/docs/api/java/util/AbstractQueuw?>
e.htm|
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Visitor (1)

e Aim:
- Represents an operation that can be executed on
the elements of an object structure

- By the use of this pattern we can define a new
operation without the need of changing the class of
the affected elements
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Visitor (2)

« Example code:
https://github.com/iluwatar/java-design-patterns/
tree/master/visitor
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<< Java Class=>>
(® SergeantVisitor

com.iluwatar

e Sergeant\isitor()

@ visitSoldier{Soldier)void

@ visitSergeant(Sergeant)void

@ visitCommander[Commander)void

<< |ava Class>>
(& CommanderVisitor

com.iluwatar

v

<< Java Interface==>
€ UnitVisitor

=< Java Class=>
(® SoldierVisitor

com.iluwatar

com.iluwatar
& CommanderVisitar() = : . : <]
o visitSaldier(Soldier)void (R Ll e Dol 2
@ visitSergeant(Sergeant):void S
@ visitCommander(Commander)void kA CI e o i
: A
<< Java Class=>> i
(® Commander laia Class==
com.iluwatar @-Uﬂ it
: com.iluwatar
@ Commander(Unit]]) [ FUnitun <
 accept{UnitVisitor):void UnigLiniy ~children
@ toString():String

& SoldierVisitor()

@ visitSoldier(Soldier)void

@ visitSergeant|Sergeant):void

@ visitCommanderiCommander)void

<< Java Class==>
& Soldier

com.iluwatar

@ accept{UnitVisitor):void jﬂ .

<< Java Class=>
(® Sergeant

com.iluwatar

@ Se rgeant(Lnit[])
@ accept{UnitVisitor)void
@ toString():String

& Soldier(Unit[])
@ accept{UnitVisitor)vaid
@ toString():String
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Visitor (4)

 Known uses:

- java.nio.file.FileVisitor
https://docs.oracle.com/javase/8/docs/api/java/nio/fil
e/FileVisitor.html

- javax.lang.model.element.Element

https://docs.oracle.com/javase/8/docs/api/javax/la

ng/model/element/Element.html o
javax.lang.model.element.ElementVisito

r

https://docs.oracle.com/javase/8/docs/api/javax/lan
g/model/element/ElementVisitor.ntml
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More behavioral patterns

* Null Object
https://github.com/iluwatar/java-design-patterns/
tree/master/null-object

e Servant
https://github.com/iluwatar/java-design-patterns
[tree/master/servant

» Specification
https://github.com/iluwatar/java-design-patterns
[tree/master/specification
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Null object (1)

e AIm;

- Provide an alternative of the null reference to
iIndicate the absence of an object by the use of an
object that implements the required interface by
providing only empty method bodies for the abstract
methods.
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Null object (2)

« Example code:
https://github.com/iluwatar/java-design-patterns/
tree/master/null-object

<<Java Class>> <<Java Class=>
(®Nodelmpl ®NullNode
com.iluwatarnullobject com.iluwatarnullobject
o name: String & NullNode()
& Modelmpl{String. Node Mode) & getinstance():MNullNade
@ getTreeSize()int @ getTreeSize()int
@ getLeft():Mode @ getLeft():Node
@ getRight():Mode @ getRight()-MNode
@ gethlame():String | @ getName():String instance
@ walk()wvoid - | @ walk{)void

%Jeﬁ-iﬂhﬂ)ﬂj
~

<< Java Interface=>=

@ Node

com.iluwatar.nullobject

@ getMame():String
@ getTreeSize()int
@ getlLeft():MNode

@ getRight():Mode 102
@ walk():void
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