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Brief History (1)

General concept of patterns (253 of them, for architecture in the buildings sense):

The

TimelessWay of APattern Language
Bulld“]g Towns ‘Buildings  Construction

¢ O

Christopher Alexander

Shiomo Angel

Similarities between software design and architecture was noted by Smith 1987.
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Brief History (2)

By 1995, the Design Patterns book by the Gang of
Four was published (Gamma et al. 1995).
Many of the patterns are based on existing idioms

in programming languages.

New patterns have been created over the years:

Kind GoF Wikipedia
Creational 5
Structural 7
Behavioral 11
Concurrency 0
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Design Patterns
Elements of Reusable
Object-Oriented Software

Erich Gamma
Richard Helm
Ralph Johnson
John Vlissides

Foreword by Grady Booch

e

>

>
<]
o
3
o
iz
=
s
m
3
@
B
i
)
Py
o
5
A
a
3
o
5
>
Z
8
<
3
=
=
7=
&)
@
@
z
&
3

4/111



5/111

Principles + Problem = Pattern
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Principles = SOLID + Some general tips
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SOLID

Encapsulate what varies (S)
Program to an interface, not to an implementation (I, D)

Favor Composition over Inheritance (L)

A

Don't call us, we'll call you (O)
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Some more tips

Depend upon abstractions, not upon concrete classes (see 2).
Strive for loosely coupled designs between objects that interact (see 4).
Only talk to your friends.

Avoid global variables (constants can be fine), static methods (thread-safe code).

© o N oo

Simple, readable code is often favorable over strictly adhering to the design
principles.
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Part I

Some preparation for seminar 1
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Full instructions are on the course homepage

One of your tasks is to:
Read specifically the Intent, Motivation, Applicability and Structure of 4 design
patterns per person in the Gang of Four course book (or the corresponding
parts in another source such as Head First Design Patterns).
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Structure of the book

The Gang of Four book is very structured; the following is a summary of section 1.3:

| 2

VVYVVYVVVVYYVYYVYY

| 2
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Pattern name and classification (creational, structural, behavioral; class or object)
Intent

Also known as

Motivation

Applicability — what poor designs can this pattern solve?

Structure — graphical representation (using OMT — a predecessor to UML (1997))
Participants — classes or objects in the design pattern

Collaborations — related to participants

Consequences — trade-offs?

Implementation — pitfalls, hints?

Sample code (C++ or smalltalk)

Known uses (from real code; you could of course list Eclipse on every design
pattern)

Related patterns — many patterns do similar things; how do they differ? Which
design patterns can you combine with it?
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Some Design Patterns
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Outline

Strategy

Factory Method
Decorator
Template Method

Composite

vVvyvyVvYyvyy

Abstract Factory (+ Dependency
Injection)

v

Singleton (4 example in Ruby)
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Builder

Adapter

Bridge

Observer

Chain of Responsibility
Memento

Command
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Part IV

Strategy
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Strategy

<<Java Interface>>
@FlyBehavior

eenaior | 0BT | - Strategy

<<Java Class>> 0.1

@ o fly():void
Context Duck Ea

headfirst stratagy

=D ) s

@ setFlyBehavior(FlyBehavior):void <<JavaClass>> | <<Java Class>> <<Java Class>>
© setQuackBehavior(QuackBehavior):void Fly y y y
Ldisplay(:void headfiststratagy headfist strategy headfist.stratagy
© performFly()void FFlyWithwings() &Fiy FFlyNoway()
© performQuack()void o fiy(void o fly()void o fiy()void
© swim():void 4

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

Duck

headfrst stategy hoadtrststrateay U ["<Java Interface>>

& MallardDuck() &'RedHeadDuck() & RubberDuck() FModelDuck() FDecoyDuck() 0.4 0?:3:5322:‘”

© display()void %[ @ display()void ° e ° id |

. 7 — © quack()void

75

<<lava Class>> | [<<Java Class>>| [<<Java Class>> | ““[<<Java Class>>
©squeak ©Quack ©GMuteQuack| |@FakeQuack

= haadfest statagy headfist strategy haadfist.strategy headfiststratagy

<<Java Class>> = =
®MiniDuckSimulator| &°Squeak() & Quacki) & MuteQuack() FFakeQuack()
C I . t haadfest stratogy © quack()void © quack()void © quack()void © quack()void
1en @ MiniDuckSimulator()
¢ main(String[):void
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Strategy: Consequences

+ Can choose implementation of a
strategy at run time

+ Eliminate hardcoded conditionals

-+ Avoids excessive subclassing

LINKOPING
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- Clients must be aware of different
strategies

- Communication required between
context and strategies

- Potentially many strategy objects
created
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PartV

Factory Method
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Factory method (before)

<Java Clase>
©Pizza

= name:Sting

2 dougn: g

= sauce: Svn

= tppings: ArayListeSting>

FPaza)

 propare(void S

abake(void i Ces

2 cupvoid lte

2 box()void =

© gethame(;sing T

© wSting(Sting | Smsinisrnglivon |

<<Java Class>>

st factoy pzzatm

l hoadtestfactony ":vf |

<<lava Ciase> < Cigse>> <va Gl Tt |

a cutlyvoid

et tactory ez

v piraim

ypezain

a cutyvoid f5-..._| & cutgvoig N acutvoid /-

<<lava Ciass>>
©Dependentpizzastore

FDependentPizzasiore
© createPizza(String.Sting)Pizza|
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Factory method (before)

Pizza pizza = null;
if (style.equals("NY")) {
if (type.equals("cheese")) {
pizza = new NYStyleCheesePizza();
} else if (type.equals("veggie")) {
pizza = new NYStyleVeggiePizza();
} else if (type.equals("clam")) {
pizza = new NYStyleClamPizza();
} else if (type.equals("pepperoni")) {
pizza = new NYStylePepperoniPizza();

)

else if (style.equals("Chicago")) {
if (type.equals("cheese")) {
pizza = new ChicagoStyleCheesePizza();
} else if (type.equals("veggie")) {
pizza = new ChicagoStyleVeggiePizza();
} else if (type.equals("clam")) {
pizza = new ChicagoStyleClamPizza();
} else if (type.equals("pepperoni")) {
pizza = new ChicagoStylePepperoniPizza();
}
else {
System.out.println("Error: invalid type of pizza");
return null;

w
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Factory method
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<<lava Clase>

FPizaTesrvel)

Fmain(stinglyvoid

<<lava Class>>

Class>>
tore

et tctorypazate

FPizzasiore()

© orderPizza(Sting)Pizza

5 createPizza(Sting) Pizza

)

<ava Class>>
GPizza

= name: Sting
2 dougn: Sring

& sauce: Sin

= loppings: ArayList<Sting>
FPzzal

& prepare(void
abake(void

 cut)void

& box()void

© getName()Sting

© Sting)Sting

el foton pizatm

<avaCiase> |

<<Java Class>>

<<lava Class>>

hesdis tactoy.pezatm

headis factoypizam

<ava,
eummsm.

JNVPimSmre()

s tactoy gzt

acut)vold

acu)void

acut)void
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Factory method

+ Decouples clients from specific

dependency classes
- Requires keeping factory methods in

+ Eliminates hardcoded conditionals . ;
sync with domain classes

+ Connects parallel class hierarchies
(NY*Pizza, Chicago*Pizza)
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Part VI

Decorator
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Decorator

Component
<<Java Class>>
&Beverage
stabuzz +beverage
' Beverage() 0.1
&description():String
& cost():float N
«GJS;:;:::Z) Beverage b = new Coffee();
LGA;;::;%;S:Zmem starbuzz b = new SweetenedBeverage(new SweetenedBeverage(b));
rbuzz & Starbuzz()
&’main(String[])void

& AbstractCondiment()

Decorato

<<Java Class>>
(©SweetenedBeverage
starbuzz

& SweetenedBeverage(Beverage)
© cost()float
© description():String

return 5+beverage.cost();

<<Java Class>> <<JavaClass>> |
©Tea ©Coffee
starbuzz starbuzz
& Tea() & Coffee()
@ description():String @ description():String
© cost()float © cost()float

LINKOPING
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Decorator

+ Dynamically adds behavior to specific
instances of a class

+ Customizes an abstract class without
knowing the implementations

LINKOPING
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- Decorator objects are not of the same
type as the objects it comprises

- May result in many small objects



Part VII

Template Method
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Template Method

class Coffeed{

public:
void
void
void
void
void

};

prepareRecipe () ;
boilWater () ;
brewCoffeeGrinds () ;
pourInCup () ;
addSugarAndMilk () ;

class Tead

public:
void
void
void
void
void
};

LINKOPING
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prepareRecipe () ;
boilWater () ;
steepTeaBag () ;
pourInCup () ;
addLemon () ;

26/111

class Beverage {
public:

void prepareRecipe();
void boilWater () ;
void pourInCup();

// No brew==steep

// No addCondiments
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Template method: Consequences

+ Can isolate the extensions possible to an algorithm

+ lIsolates clients from algorithm changes
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Template method
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<<Java Class>>
(©BeverageTestDrive

headfirst.templatemethod. barista

<<Java Class>>
G caffeineBeverage

headfirst.templatemethod.barista

& BeverageTestDrive()

@’ main{String[]}:void

& CaffeineBeverage()
AFprepareRecipe(]:vuid

a'brew():void
a*addCondiments().void

& DOIvaler().voig
4 pourlnCup():void

i

<<Java Class>>
©Tea

headfirst.templatemethod.barista

<<Java Class>>
(© Coffee

headfirst.templatemethod.barista

& Tea() & Coffee()
@ brew():void @ brew():void
@ addCondiments():void @ addCondiments():void
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Default implementations (hooks)

public abstract class CaffeineBeverageWithHook {
void prepareRecipe() {
boilWater () ;
brew () ;
pourInCup();
if (customerWantsCondiments()) {
addCondiments () ;
}
}
boolean customerWantsCondiments () {
return true;
}
}

public class CoffeeWithHook extends CaffeineBeverageWithHook {
//
public boolean customerWantsCondiments () {
return getUserInput().toLowerCase().startsWith("y");
}
}

II LINKOPING
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Template method?

public class Duck implements Comparable<Duck> {

Duck[] ducks = { String name;
new Duck("Daffy", 8), int weight;
new Duck("Dewey", 2),
new Duck("Howard", 7), public Duck(String name, int weight) {
new Duck("Louie", 2), this.name = name;
new Duck("Donald", 10), this.weight = weight;
new Duck("Huey", 2) }

};

public String toString() {
Arrays.sort (ducks, new Comparator<Duck>(){ return MessageFormat.format("{0} weighs {1}",
name, weight);

@Override }
public int compare(Duck arg0, Duck argl) {
return new Integer (argl.weight).compareTo(arg0. public int compareTo(Duck object) {
weight) ; return new Integer (this.weight).compareTo(object
T .weight);
B }
}

N
° Yes

LINKOPING
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Java 8: With inline lambda (not Template method)

Arrays.sort(ducks, (arg0, argl) -> new Integer (argl.weight)
.compareTo (arg0.weight));

LINKOPING
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Part VIl

Composite
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print()

Breakfast
menu

Waiter

printMenu()

D rint()

II LINKOPING
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Spam &
eggs

[

Eggs &
spam

Tea

N N
Espresso
/ /

print()

i

Spam,
spam &

print()
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Client
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children

I o Component l....
Clparation{}
AdgfCompanant)
Remova{Componeni)
GatChildying
Leaf Composite
Operation() Operation() ©-----
Adc{Componant)
Remove(Componant)

GetChild({ing)

farall g in children
g.Operation(};

=)
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o
C I I e nt <<Java Class>>

©Waitress

headfirst.composite.menu

& Waitress(MenuComponent)
@ printMenu():void

<<Java Class>> ~atfMenus
& MenuComponent
C om P ohe nt headfirst.composite.menu 0.1

&’ MenuComponent()

© add(MenuComponent):void

@ remove(MenuComponent):void
@ getChild(int:MenuComponent
@ getName():String

@ getDescription():String

© getPrice():double
~menuComponents _{  isVegetarian():boolean

@ print():void

Composite " i

<<Java Class>> <<Java Class>>
®Menu ©Menultem

headfirst.composite.menu
headfirst.composite.menu
4 name: String ea

4 name: String 1 g
& description: String 4 description: String

c . " 4 vegetarian: boolean
@ Menu(String,String)

4 price: double

© add(MenuComponent):void

@ remove(MenuComponent):void
© getChild(intMenuComponent
© getName():String

@ getDescription():String

@ print():void

& Menultem(String,String boolean double)
© getName():String

© getDescription():String

@ getPrice():double

@ isVegetarian():boolean

@ print():void
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Composite: consequences

- Creates composite classes that violate

Allow us to treat composite objects . . s
- P ) the principle of a single responsibility

and individual objects uniformly
- The composite cannot rely on

+ Allows arbitrarily complex trees )
y P components to implement all methods

LINKOPING
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Part IX

Abstract Factory
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WidgetFactory

CreateWindow()

[ |

1 Client

MotifWidgetFactory |1 PMWidgetFactory

1
CresteScroiBar() 5 CreateScrollBar()
CreateWmnoow() 1 CreateWindow()
:
1
H
] 1
: "= PMScroliBar | | MotifScrolBar fu- -
.
1

38/111



AbstractFactory

CreateProductA()

Createfroduct8()

ConcreteFactory1

ConcreteFactory2

CraateProductA()
CreateProductB()

CreateProductA{)
CreateProductB()

LINKOPING
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Ingredients  Pizza Store

Fresh Clam

Mozzarella Cheese NY

Thin Crust Dough

Frozen Clam
Parmesan Cheese

Thick Crust Dough

Chicago

LINKOPING
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Clients

| Want a

Cheese
Pizza
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<<Java Class>> <<Java Class>> <<Java Class>> <<Java Class>> <<Java Class>> <<Java Class>>
®@ThickCrustDough ®ThinCrustDough heese F heese heese @SlicedPepperoni
headfirst fact q i headfirst factory. pizzaaf headfirst factory.pizzaaf headfirst factory.pizzaaf headfirst factory.pizzaaf
& ThickCrustDough() & ThinCrustDough() @'ReggianoCheese() & heese() & heese() &slicedPepperoni()
@ toString():String @ toString():String @ toString():String © toString():String © toString():String @ toString():String
< L E v
<<Java Interface>> <<Java Interface>> <<Java Interface>>
©Dough ©Cheese ©Pepperoni
headfirst factory.pizzaaf headfirst factory.pizzaaf headfirst factory.pizzaaf
@ toString():String @ toString():String @ toString():String

LINKOPING
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<<Java Class>> <<Java Class>> <<Java Class>> <<Java Class>> <<Java Class>> <<Java Class>> <<Java Class>>
p ©0nion ©RedPepper ©Mushroom ®Garlic ‘©BlackOlives
headfist faclory.pizaaf haadirst factory pizzaaf headirstfactory.pizzaaf headfist factory.pizzaaf
& Spinach() .| <Eagplant(y & Onion() & RedPepper() & Mushroom() | &aarlie() ....| @ BlackOlives()
@ toString():String ) ToString():String e g @ toString():String @ toString():String “le toString():String @ toString():String

A
- <lavaintertace>>
©Veggies

headfirst.factory. pizzaal

© toString():String

<<Java Class>> <<Java Class>> <<Java Class>> <<Java Class>>
OFrozenClams OFreshClams (©MarinaraSauce ©PlumTomatoSauce
headfirstfactory.pizzaaf headfirst factory. pizzaaf headfirst.
& FrozenClams() & FreshClams() & MarinaraSauce() & PlumTomatoSauce()
© toString():String © toString():String © toString():String © toString():String

a5

< r
<<Java Interface>> <<Java Interface>>
©clams @ sauce
headfirst factory.pizzaaf headfirst factory.pizzaaf
@ toString():String

© toString():String

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

<<Java Class>>
(@ ClamPizza

headfirst factory.pizzaal

<<Java Class>>
(3 CheesePizza
headfirst factory pizzaafl

actory

©VeggiePizza

headfirst factory.pizzaal

@ PepperoniPizza

headfirst factory pizzaal

ai

ail ientFactory: F

ngredientFactory: PizzalngredientFactory

actory

4ing actory: F ]

a actory: F

e‘VeggiePizzatF\zza\ngredieanaclory)

ppi 1zza(F actory)

etcIamPizza(F\zza\ngredientFactory)

& CheesePizza(PizzalngredientFactory)
-4 prepare():void

4 prepare():void

& prepare():void

& prepare():void

I
<<Java Interface>>
@ Clams

headfirst factory.pizzaaf

@ toString():String

LINKOPING
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" <<Java Interface>>

i
<<Java Interface>>
P

it
Ava-intetace>>.
€ Sauce

headfist factory pizzaal

<<Java Interface>>
@ Cheese

ool
|-=<dsiva Interface>>
@Dough

headfirst factory. pizzaaf

g9
headfirst factory.pizzaaf

3 Pepp
headfirst factory. pizzaal

headfirst factory.pizzaaf

© toString():String

© toString():String

© toString():String

@ toString():String

@ toString():String




LINKOPING
UNIVERSITY

Concrete Factory

Abstract Fa

<<Java Class>>
(O NYPizzalngredientFactory

headfirst factory.pizzaaf

<<Java Class>>
©ChicagoPizzalngredientFactory

headfirst.factory.pizzaaf

| @ createPepperonil
‘| @ createClam(

&°NYPizzalngredientFactory()
© createDough():Dough

@ createSauce():Sauce

o createCheese():Cheese

© createVeggies():Veggies])
Pepperan

.| @ createClam():.Clams

& ChicagoPizzalngredientFactory()
© createDough():Dough

© createSauce():Sauce

@ createCheese():.Cheese

‘1 o createVeggies():Veggies|]

@ createPepperoni():Pepperoni

<<Java Interface>>
| @PizzalngredientFactory | ./

headfirst.factory.pizzaaf

© createDough():Dough
© createSauce():Sauce
© createCheese():Cheesé

® createVeg@ies():Vegéiesﬂ
© createPepperoni():Pepperoni |

Y

v

v L v L SN =
<<Java Interface>> <<Java Interface>> <<Java Interface>> <<Java Interface>> <<Java Interface>> <<Java Interface>>
©@cClams ©Veggies @ Cheese ©@Dough @ Pepperoni @ sauce

headfirst.factory.pizzaaf

headfirst.factory.pizzaaf

headfirst.factory.pizzaaf

headfirst.factory.pizzaaf

headfirst.factory.pizzaaf

headfirst.factory.pizzaaf

© toString():String

© toString():String

© toString():String © toString(

):String © toString():String

@ toString():String

Abstract Products
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Clients

<<Java Class>>
® ClamPizza

headfirst factory.pizzaaf

<<Java Class>>
(©CheesePizza

headfirst factory.pizzaaf

<<Java Class>>

(©VeggiePizza

headfirst.factory pizzaaf

<<Java Class>>
(©PepperoniPizza

headfirst.factory.pizzaaf

& ClamPizza(Pizzalngredien!

tFactory)

& CheesePizza(PizzalngredientFactory)

& VeggiePizza(Pi
a prepare()void _

bl

-| & PepperoniPizza(Pi

actory)

a prepare():void

a prepare().void

digntFactory

<<Java Interface>>

U PizzalngredientFactory

headfirst factory.pizzaaf

© createDough():Dough
¢ createSauce():Sauce ;
©createCheese().Chegse
‘o créaleVeggies():Veggies)

© treateRepperoni():Pepperoni
] cleé?eplé lams

HONN g TR}

& prepare():void

PR

<<Java Interface>>
@clams

headfist.factory.pizzaaf

<<Java Interface>>

©@Cheese

headfirst.factory pizzaaf

<<Java Interface>>

©@Dough

headfist.factory.pizaal

<<Java Interface>>
@ sauce

haadfist.factory.pizzaal

v
<<Java Interface>>
& Pepperoni

headfirst.factory.pizzaaf

3 <<Java Interface>>

@ veggies

headfirst.factory pizzaaf

@ toString():String

@ toString():String

@ toString():String

@ toString():String

© toString():String

© toString(}:String

LINKOPING
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Abstract factory: consequences

+ lIsolates clients from concrete dependencies

+ Makes interchanging families of products easier

LINKOPING
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Strategy — behavioural _
) ] Abstract factory — creational
» When related classes only differ in

> A system should be independent of

) ] how its products are
» You need different variants of an

algorithm > A system should be configured with

) ) one of multiple families of products
» An algorithm uses data the clients

: . . :
don't need to know You want to provide a class library of

products, and only expose their

> A class uses conditionals for selecting interfaces

behavior

LINKOPING
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Design principles - Abstract Factory

Encapsulate what varies
Program to an interface, not to an implementation
Favor composition over inheritance

Classes should be open for extension but closed for modification

vVvyYVvyyvyy

Don't call us, we'll call you

LINKOPING
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Part X

Dependency Injection
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Dependency injection: How?

1. Declare dependencies as constructor arguments of interface types
2. Register classes (components) in an Inversion-of-Control Container

3. Resolve the top-level object from an interface through the Container

LINKOPING
II.“ UNIVERSITY



51/111

1. Dependencies

namespace DITest {
public class FancyClamPizza: IClamPizza {

private IClam clam;

private ICheese cheese;

public FancyClamPizza (IClam clam, ICheese cheese) {
this.clam = clam;
this.cheese = cheese;

}

public String ClamType() {
return String.Format("fancy {0}",clam);

3

public String Describe() {
return String.Format("fancy clam pizza with {0} and

{1}",ClamType (), cheese);

LINKOPING
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2. Registration

namespace DITest{
public class IoCInstaller: IWindsorInstaller {
public void Install(IWindsorContainer container,
store) {
container.Register(Classes
.FromThisAssembly ()
.InNamespace("DITest.NYStyle")
.WithServiceAllInterfaces ());
container.Register (Classes
.FromThisAssembly ()
.AllowMultipleMatches ()
.InSameNamespaceAs<IoCInstaller>()
.WithServiceAllInterfaces());

IConfigurationStore

}
}
}

Castle Windsor, http://www.castleproject.org

II LINKOPING
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http://www.castleproject.org
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3. Resolution

var container = new WindsorContainer ();

// adds and configures all components using
WindsorInstallers from executing assembly

container.Install (FromAssembly.This());

// instantiate and configure root component and all its
dependencies and their dependencies and...

var p = container.Resolve<ICheesePizza>();

Console.WriteLine(p.Describe());

// clean up, application exits
container.Dispose();

LINKOPING
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Part XI

Singleton
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What about static methods?

public class Singleton {
private static Singleton instance = new Singleton();
private String name;
public String getName() {
return name;
}
public static void someOtherMethod(){
System.out.println("Hi there!");
}
private Singleton() {
try {
// Very expensive job indeed
Thread.sleep(100) ;
} catch (InterruptedException e) {
e.printStackTrace();
}
name = Math.random() > 0.5 ? "Jonas" : "Anders";
}
}

Our app takes forever to load if the Singleton class is part of it.

II LINKOPING
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// Thread that does not use the Singleton object
Thread t1 = new Thread(mew StaticMethodInvocation());
// Thread that uses the Singleton object
Thread t2 = new Thread(new SingletonLookup());
t0 = System.nanoTime();
tl.start();
t2.start () ;
try {
t1.j0in();
t2.join();
} catch (InterruptedException e) {
// TODO Auto-generated catch block
e.printStackTrace();
}

some0OtherMethod invoked

Singleton name: Anders

Singleton lookup took 1 003 348 000 ns

Static method invocation took 1 002 463 000 ns

II LINKOPING
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How about now?

private static Singleton instance;

public static Singleton getInstance() {

if (instance == null) {
instance = new Singleton();

}

return instance;

3

» How about now?

someOtherMethod invoked

Singleton name: Anders

Static method invocation took
Singleton lookup took 1 003 348 000 ns

LINKOPING
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What about threads?

LINKOPING
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private Singleton() {

try {
// Very expensive job indeed
Thread.sleep(100);

} catch (InterruptedException e) {
e.printStackTrace();

3

name = Math.random() > 0.5 ? "Jonas" : "Anders";

}

private static final class SingletonLookup implements Runnable {
@0verride
public void run() {
System.out.println(MessageFormat.format("Singleton name: {0}

n
B

Singleton.getInstance().getName()));
by
X
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public static void main(String[] args) {
Thread t1 = new Thread(new SingletonLookup());
Thread t2 new Thread(mew SingletonLookup());
t0 = System.nanoTime () ;
tl.start(); t2.start();
try {
tl.join();
t2.join();
} catch (InterruptedException e) {
// TODO Auto-generated catch block
e.printStackTrace () ;
}
System.out.println("Singleton name after our threads have run:
"+Singleton.getInstance () .getName());

}

Singleton name: Jonas
Singleton name after our threads have run: Anders Oops!
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public static synchronized Singleton getInstance() {

if (instance == null) {
instance = new Singleton();

}

return instance;

}

Singleton name: Anders

Singleton name: Anders

Singleton lookup took 1 003 340 000 ns

Singleton lookup took 1 003 286 000 ns

Singleton name after our threads have run: Anders

LINKOPING
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Singleton: consequences

- Violates several design principles!

+ Ensures single objects per class

Saves memory
Ensures consistency

LINKOPING
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Singleton considered dangerous

Encapsulate what varies

Program to an interface, not to an implementation

Favor composition over inheritance

Classes should be open for extension but closed for modification
Don't call us, we'll call you

Depend on abstractions, do not depend on concrete classes

Classes should only have one reason to change

VVvVvyVvVvVvVvyYVvyYVvyy

Strive for loosely-coupled design
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Customer Cashier Restaurant Crew
(Client) (Director) (Bulder)

Order Kid's Meal

Build ’ _.
Buld ﬁﬁ
Build E
Build
e

Get Meal

¥
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[ oSlient ] | Birector | [ _Bullder ]

build() [ ] :
T buldA) [
buildB() s
L) getProduct() -

A
=
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— | busder _| Builder
: 0 o BuioPart()
:
for all objects in structure |
budder->BuldPart() [~ T

} 1 ConcreteBuilder W Prodect
BusPan()
GetResull)

TR T
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Client

<<Java Class>> <<Java Class>>
©ParseTest @ AbstractConverter
buider buider
FParseTest() & AbstractConverter()
&’main(Stringl):void @ ReadProject(String):void
A S © ReadSupenvisor(String).void
© ReadEmail(String)void
@ ReadDescription(String):void

& N
<<Java Class>> <<Java Class>> <<Java Class>>
©DocReader ©supervisorConverter ©EmailListConverter
. buider buider buider
D| rector = fileName: String = supenvisors: ArrayList<string> 2 emailList: ArrayList<String>
&D rter,String) & Supevi rter() & EmailListConverter()
© build()void © getSupervisors():ArrayList<String> © getEmailList(yArrayList<String>
s i ™ i ReadEmail(String)void
[e.ReadSups © ReadEmail(String)void
4
<<Java Class>> ~omerer <<Java Interface>>
(©DOMNodes ©@NodeConverter
buidar 0.1 buidar
= nodes: NodeL st o ReadProject(String)void B ul | d er
&“DOMNodes(NodeList) © ReadSupenvisor(String)void
o iterator()terator<Node> © ReadEmail(String)void
© ReadDescription(String)void
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Abstract Factory

Client receives a Factory
Client requests a product from Factory = Client receives an abstract product

Builder

Client initializes Director with Builder
Client asks Director to build
Client requests product from Builder = Client receives a builder-specific product

LINKOPING
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Builder: consequences

-+ Can control the way objects are
created

-+ Can produce different products using
the same Director

LINKOPING
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- Not necessarily a common interface
for products

- Clients must know how to initialize
builders and retrieve products
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Adapter
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Adapter
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SpecificRequest()

Request(}

A

l | (implementation)

Adapter
Request() O-f-------- { SpecificRequest() 51

Class Adapter

Client I—- Target Adaptee

Request() SpecificRequest{)

Adapter

Request() O-f----------- | adaptee->SpecificRequest() ﬂ

Object Adapter

II LINKOPING
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Multiple back-end objects

Client &7 Target
Adapter
-adaptee? > Adaptee1
-adaptee2 +perform()
do
U Adaptee2
+perform()
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Multiple back-end methods

Target

Client 2 o0

Adapter Adaptee1
-adaptee >— +foo()

L0 +bar()

adaptee.foo()
adaptee.bar()
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public interface Duck {
public void quack();
public void £f1ly();

}

public class TurkeyAdapter implements
Duck {
Turkey turkey;

public TurkeyAdapter (Turkey turkey) {
this.turkey = turkey;
}

public void quack() {
turkey.gobble();
}

public void fly() {
for(int i=0; i < 5; i++) {
turkey.fly () ;
}
¥

II L}I;VKDD\NG
@'

UNIVERSITY
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public interface Turkey {
public void gobble();
public void £fly();

}

public class DuckAdapter implements
Turkey {
Duck duck;
Random rand;

public DuckAdapter (Duck duck) {
this.duck = duck;
rand = new Random();

}

public void gobble() {
duck.quack () ;
}

public void fly() {
if (rand.nextInt(5) == 0) {
duck.fly O ;
}
}
}
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Adapter: consequences

+ lIsolates interface changes to the adapter class

- Class adapters require target interfaces or multiple inheritance in the language

LINKOPING
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Bridge
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Abstraction == That which we (should) care about

¥y Im o
Abstraction - P implementor
Operation{) @ Operationimp()
' ___ .| imp-s>Operationimp(}’ )\
[ |
- ConcretelmplementorA ConcretelmplementorB

RefinedAbstraction

Operationimp() Operationimp()
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Bridge

Strategy

Intent

Decouple two class hierarchies (ab-
straction/implementation)

Allow for exchangeable algorithms

Collaborations

The Bridge forwards requests to the
Implementor

The Context and Strategy collabo-
rate, passing data between them

LINKOPING
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Bridge Adapter

Intent Decouple two class hierarchies (ab- | Convert an existing class to fit a
straction /implementation) new interface

Applicability | In a new system In an existing system

LINKOPING
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Design principles - Bridge

Encapsulate what varies

Program to an interface, not to an implementation

Favor composition over inheritance

Classes should be open for extension but closed for modification
Don't call us, we'll call you

Depend on abstractions, do not depend on concrete classes

vVvVvvyVvYvVvyYyvyy

Classes should only have one reason to change

LINKOPING
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Bridge: consequences

+ Lets two class hierarchies with common superclasses vary independently

- If some implementation classes do not support an abstract concept, the
abstraction breaks

LINKOPING
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Observer
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RSS feeds

hwies,



LINKOPING
UNIVERSITY

Weather Station | |Humidity Display

subscribe()

subscribe()

Average Temp
Display

publish()

publish()

B

unsubscribe()

i

publish()
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Subject

observers

Observer

Attach{Observer)
Detach{Observer)
Motify() o -—-- -

ConcreteSubject |ug

for ali o in ohsenvers ih
== o-=Update()
1

i

subject

Updatef)

r

ConcreteObserver

GetState()
SetStated)

[ pp———

subjectState

LINKOPING
UNIVERSITY

refum subjectState

Update{) o=

obsamnvarstate

observarstate = h

subject-=GetState()
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<<Java Class>>
(©WeatherStation

headfirst.observer.weather

& WeatherStation()

@’ main(String[))oid

Subject Concrete Observers

N
<<Java Class>> e <<Java Class>> <<Java Class>> <<Java Class>>
(©WeatherData (©ForecastDisplay © statisticsDisplay (©HeatindexDisplay
headfist.observerweather headfirst.observerweathar headfirst.observerweather headfrst.observer.weather
o temperature: float o currentPressure: float o maxTemp: float 4 heatindex: float
o humidity: float o lastPressure: float = minTemp: float FHeatindexDisplay(WeatherData)
© pressure: float ForecastDisplay(WeatherData) @ tempSum: float © update(float float float):void
EWeatherData() ° float float):void © numReadings: int @ computet float)float
@ registerObserver(Observer).void o display():void & Data) A e A
© removeObserver(Observer)void 1 - © update(float float float):void -
© notifyObservers():void © display():void .

© measurementsChanged|():void

© setMeasurements(float float float):void
© getTemperature():float

© getHumidity()-float

© getPressure()fioat

-observerg_0..*

¥
<<Java Interface>> <<Java Interface>>
©O0bserver ©DisplayElement
headfist, headfirst
© update(float floatfloat):void © display():void
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Mediator vs Observer

An Observer lets one object (or event) talk to a set of objects.
A Mediator lets objects talk to each other through the Mediator.

LINKOPING
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Design principles - Observer

Encapsulate what varies

Program to an interface, not to an implementation

Favor composition over inheritance

Classes should be open for extension but closed for modification
Don't call us, we'll call you

Depend on abstractions, do not depend on concrete classes

Classes should only have one reason to change

VVvVvyVvVvVvVvyYVvyYVvyy

Strive for loosely-coupled design
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Chain of Responsibility
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SPAM Filter arcept Size Filter Sorting Filter
isSpam(Message) isTooLarge(Message) | 86CEPt | sori(Message) process

Message
rejected

II LINKOPING
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successor
Client Handler
HandleRequesi(}
I |
ConcreteHandler1 ConcreteHandler2
HandleRequest() HandleRequest()

aCuent

T —l_lm' { aConcreteHandier |
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Examples

> Logging

» Input management in GUl:s
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Chain of Responsibility: consequences

+ Provides the Observer with more control over invocation of targets

- A handler does not know if it will receive a message, depending on the behavior of
other handlers in the chain
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Memento
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Memento

LINKOPING
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Originator Memento Caretaker

memento
-stale - l-state S
+SetMemento(in Memento) ‘N +GetState()
+CreateMementol) ~ N +SetState()
’ N
! ~ ~
relurn new Memento( state ) state = m.GetState()
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Iterative Optimizer
iteration
current target value
%urrent solution

ptimize() SolverMemento
Abort() iteration
GetState() current target value
SetState() current solution
Client '

- memento

- optimizer

Optimize()

Abort()

ResetOptimizer(SolverMemento)

LINKOPING
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Mementos in GUIs - Undo/Redo

User
g

User
g

2 7

User
g

II LINKOPING
{) UNIVERSITY

}—————Name————'L

Ginnie

}—————Name————'L
Ginnie
Johnny

F::::Name————'L

Ginnie

Age
24

Age
24
37

Age
24

<7 Undo

> Redo

of Cut

= Copy

[ Paste

[ Paste special...

3¢ Delete
Select All
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Memento: consequences

+ Can externalize object state for later restoration within the lifetime of the object
+ Encapsulates access to the objects’ inner state

- Depending on implementation, access to private fields requires memento classes
as inner/friend classes to each domain class
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Command
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Command

| Chef |

Cook

Order

Place Order

| Waiter |

Order

| Client |

LINKOPING
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Remote control

Fan
High()
Low()
Off()
GetSpeed()
on off
on off
on off
On Off
_on | _or | ———¢a
A
on off \ —
@ _on | _on | s
Undo
Lamp
Y ) On()
o . Off()
- - Dim()
TV J
TurnOn()
TurnOff()
SetChannel()

II LINKOPING
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Client

: Invoker .

' [-command > w?(oezj?;?)nd
: Eerform()

| Concrete

Recelver | ~~ """~ """t ccssss- >
Command

- erf__orm() <>| -receiver

LINKOPING
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| Client

.-{ &RemoteControlTest() [

B ) & main(Strin -
’—Mglnv oker Concrete Comm'gn_“c.‘lms%

ladalassa, ladalasa.
( GGarageDoorOgenCommand , (© SimpleRemoteControl (9 LightOnCommand ' ‘ (© LightoffCommand

& GarageDoorOpenCommand(GarageDoor) & SimpleRemoteControl() &FLightonCommandiLight) & LightoffcommandiLight) i
L@ execute():void © setCommand(Command):void @ execute():void .| @ execute():void
- © buttonWasPressed|():void K
.;garageDoor A -slt}l\'o,J D ~light| 0.1
<< >> DN >> = s<laya Class>>
.
( GarageDoor Recelver & Command OLight
& GarageDoor() © execute():void & Light()
@ up():void @ on():void
© down():void ( : mm d o off():void
o stop():void O a' n
© lighton():void
o lightOff():void

LINKOPING
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Command: consequences

+ Allows extensions of commands
+ Decouples the execution from the specification of the command
- Bad design if not needed!

- May be confusing if it removes the receiver from responsibilities
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Finishing up

LINKOPING
II.“ UNIVERSITY



109 /111

Template method, strategy, or factory?

» When is the algorithm chosen?

Template
Strategy, Factory

Template Often has several methods in the class, all implemented by the pattern
Strategy Usually only has one method in the class (execute or similar)

Factory lIs a creational pattern (returns an object)
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Coursework

» Intro seminar

» Using design patterns lab (implement design in skeleton) + seminar (finished with
the lab and share solution 24h in advance)

» Design principles and Reading design patterns (next week)
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