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Head First Design Patterns

* Freeman, Eric; Robson, Elisabeth; Bates,
Bert; Sierra, Kathy. Head First Design
Patterns. O'Reilly Media.

* Wonderful examples and modern
design patterns

It really sucks to be
an abstract method.

You don't have a
body.
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Design a SimUDuck App

 Joe works for a company that makes a
highly successful duck pond simulation
game, SimUDuck.

Duck
ﬁllj dutks ﬂluaﬂ.k and swim The
f : — quacki)
supevtlass takes tave of the > wirn()
implementation tode EJ"SJ;JF&}'{} The display() method ::
: i I dt
: abstract, sinte 8
/ i OTHER duck-like methods... wbbyees look di flevent
Fath dutk sbbype i /q T \ bner Lypes ok dut¥s
. vesyonsiole RedheadDuck Loks {;gpo‘l;ht th; Dok ¢lass
o implemert ,,__> diply() display() { rhevit, T

il'looks like a redhead }
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We want to make ducks FLY!

* Add new features to our game I just need to add a

fly() method in the Duck class
and then all the ducks will inherit

it. Now's my time to really show my
true OO genius.

* Let’s make ducks fly

e Add a function fly() in parent
class Duck




But something went horribly wrong...

Joe, I'm at the shareholder’s
meeting. They just gave a demo and
there were rubber duckies flying around
the screen. Was this your idea of a joke?
You might want to spend some time on
Monster.com...

e Rubber duckies flying around the screen




What happened?

* Not all ducks can fly, and not all ducks quack

Duck

quack()
swim()
display()

fiy()

Il OTHER duck-iike methods...

e
::ﬂu\ gor 7 / T \

MallardDuck RedheadDuck RubberDuck Rubber dutks don
display() { display() { quack() { i q_uack, 50 “n"‘“af'kf} 2 '
Il looks lie amallard | | //1ooks like a rechead Il overridden to Squeak ¥ evdien to "SAped
1 } }

display() {
i locks like a rubberduck

}




I could always just
override the fly() method
in rubber duck, the way

T am with the quack()

Override?

But then what happens when
we add wooden decoy ducks
to the program? They aren't

supposed to fly or quack...

* |s there a better Q
way than m RubberDuck
inheritance? ' s o

display() { // rubber duck }

fy() {
Il override to do nothing

* What if we want
to update the
product every
months?

}

DecoyDuck

quack() {
// override to do nothing
}

display() { /f decoy duck}

Heres another elass m the

hierarehy; notite "cha{J. Iﬂmlt 0l |
R-_tbbgw[}uf.'l-‘-_ it doesn t ;“‘f /l override to do nothing

!’ﬂu'li. it alls..::l dot&nl{, Hluﬂf.l\‘. ].

L™




Design new classes for behaviors

* Create new classes for new behaviors
 Add new classes as member variables

is still the
Th Dut-k glass 15 sti
s.'-;crtllaf_.s. o-E all dutks, b"'£ = " . behavior
e ?ull]ing ﬂch Jd'u‘. ];li']" a""'d ﬁ'tuat farious DE

: : ; - 1ons are
behaviors and pukting thom wto Now -F!i']"lh?] and quatking eath Lm?llﬁ*";ﬁt‘i:'m.
another tlass strutture 554; bheir own set ok tlasses. gon
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In Java, use interface for behaviors

e Java interface == C++ abstract class

<<interface>>
FlyBehavior

fiy()

FlyWithWings FlyNoWay

fly(} { fiy() {
I implements duck flying !l do nothing - can't fly!

} }




Programming to an interface

* Programming to an implementation would be:

Dog d = new Dog();
d.bark();

e But programming to an interface/ supertype would be:
Animal animal = new Dog();
animal.makeSound();

* Even better, we can assign the concrete implementation
object at runtime:
a = getAnimal();
a.makeSound();

’éb&’hﬂaf
be an gh{iﬁkré)’f’f (':Gu}'d

jh%ﬂ'*can‘!c)_

det

R

tlass op

Animal

makeSound()

C 'r\f.‘ff-tc :
'.:?I!I.E"ﬂ“ﬂ{jcms- : I t

Dog

makeSound() {
bark();
}

bark() { // bark sound }

meow();
}

meow() { // meow sound }

Cat
makeSound() {




FlyBehavior and QuackBehavior

Fwﬁzhawiw 15 an ilh‘l:,t'l"Faf.E
+hat all 'Fhrmgl tlasses im?htmzn'l:.

to imf'|tmcn{, bhe £

”

<<inferfaces>

FlyBehavior
i)

" ] [ .

fiy() {
11 implements duck fiying

iy {
If do nothing - car't fiy!

All new El\iﬁng tlasses just need

Same thing heve for the Y“k
behavior; we have an intertate
that j,us{, mntludes 3 mankﬂ‘
method that needs to be

method. im?ltuh{xd/
c<inarface>>
QuackBehavior
quack()
Quack Squeak MuteQuack
quack() { quack) { quack() {
/l implements duck quacking ¥ rubber duckie squeak M @0 nothing - can'l quack!




Delegate flying and quacking behavior

* Make flying and quacking behaviors as member variables, and use
performFly() and performQuack to call them.

1nchamLc variables hold a3 rr.-ferEm:t

The behavior vaviables are L s?ctij;h: b ohavior 3t vundime.

detlaved as the behavior
|NTERFF&CE {'.’ﬂ?c Duck

\.\3’ FlyBehavior flyBehavior ~~
QuackBehavior quackBehavior

eplate
These methods ¥€? performQuack()

J?Ijr'::' and T--W sl
display)
TN | performiy

{{ OTHER duck-like methods...




Inherit the Duck class

public class MallardDuck extends Duck {

t____.__._____ A MallardDutk uses the Quatk
. ardbu tlass 4o handle Tts ﬂqy&ﬂh so when
puhllcﬂkﬂimll . ?r.r-l:mm&ua.:kf} is talled, the

qua havior = new Quack() : vcsFﬂm}hill{;\f bl % ek i |:I£'|¢3£| bt

flyBehavior = new FlyWithWings() ; to the Quack .;bjg,:{, and we 5{'1: a real

}

niu.itk-
Rtmtmbﬂ'; Mﬂ”&l‘dpuﬁk ihhﬂ'l'iti H‘il: H,-,,d H; uan FH‘.M'I;.'nWimﬁs as 'l{',-S
nluat.chha-.rim' and FiTBch.iviur instante Fh-B:hammr type-
variables From tlass Dutk.

public wvoid display() {

System.out.println("I'm a real Mallard duck”);



Testing the Duck code (1)

* Type and compile the Duck class below (Duck.java), and the MallardDuck class from two
pages back (MallardDuck.java)

public abstract class Duck {
Dﬂfrlla'rf- {"Nﬂ Tﬂ‘["ﬂ'l'ﬂﬁf-ﬁ

FlyBehavior flyBehavior; 6_.-#" vaviables Lor the bghav]:r
QuackBehavior guackBehavior; inberface types Al due
public Duck() { cbelasses (in the same

} "f’atkﬂﬁc} inhevit these.

public abstract void display();

public void performFly () {
flyBehavior.fly() ;{———-___, Dcl:ga{:t to the behavior tlass.
}

public void performQuack () /
quackBehavior.quack () ;
}

public wvoid swim() {
System.out.println("All ducks flcat, even deccys!");
}

https://github.com/bethrobson/Head-First-Design-Patterns/tree/master/src/headfirst/designpatterns/ducks



https://github.com/bethrobson/Head-First-Design-Patterns/tree/master/src/headfirst/designpatterns/ducks

Testing the Duck Code (2)

* Type and compile the FlyBehavior interface (FlyBehavior.java) and the two
behavior implementation classes (FlyWithWings.java and FlyNoWay.java).

public interface FlyBehavior ({ .
public veid £ly(): The interface that all J;J?’m@,
} behavior tlasses implement.

public class FlyWithWings implements FlyBehavior |
public void fly() { Flyjing behavior implementation
System.out.println("I'm £lying!!"); Lov dutks that Do L‘f‘
}
}

public class FlyNoWay implements FlyBehavior ({ .
public void fly() { EI‘:"hﬁ behavior implementation

System.out.println ("I can't £1ly"); Yor dutks that do NOT kly (like

} vubber ducks and drﬂny ducks).




Testing the Duck Code (3)

* Type and compile the
QuackBehavior interface
(QuackBehavior.java) and
the 3 behavior
implementation classes
(Quack.java,
MuteQuack.java, and
Squeak.java).

public interface QuackBehavior {
public void gquack()
}

public class Quack implements QuackBehavior {
public void guack() {
System.out.printin("Quack");
}
}

public class MuteQuack implements QuackBehavior {
public void gquack() {
System.out . printIn(" << S5ilence ==");
}
}

public class Sgqueak implements QuackBehavior {
public void gquack() {
System.out .printin("Sgqueak") :
}
}




Testing the Duck Code (4)

* Type and compile the test class (MiniDuckSimulator.java).

public class MiniDuckSimulator {
public static void main(String[] args) {

Duck mallard = new MallardDuck() ; MallavdDuk's inhevited

This calls the webhod, whith then delegates b

mallard.performQuack() ; | e ?gvﬁﬂrmﬁuaﬂk{} ) i ﬂuack{} g
mallard.performFly() ; Ene dbieek's Quaf.kg‘ﬂha”""‘" |.:.,. &“n&}.
} bhe duek’s inhevited q_uackﬁchawar ve |
| Then we do the same hing with MallardDuek s
4]
inhevited ?ETEGTWFHU methed.

File Edit Window Help Yadayadayada

$java MiniDuckSimulator

Quack

I'm £flying!!



The new Duck OOP diagram

Client makes use of an
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e HAS-A can be better than IS-A



Strategy Pattern

* Define a family of algorithms, put each of them into a separate class,
and make their objects interchangeable




Strategy Structure

Context

Contextinterface()

strateqy
K> m Strategy
Algorithminterface()
AN
ConcreteStrategyA ConcreteStrategyB ConcreteStrategyC

Algorithminterface()

Algorithminterface()

Algornthminterfacel()




Observer

* Define a subscription mechanism to notify multiple objects




observers

I _vindon — 5]

subject

— change notification
———-= requests, modification |



ActionListener is Observer Pattern

public class CalculatorForm {
private JTextField displayField;
private JPanel CalcPanel;
private JButton buttonCE;
private JButton buttono;

public CalculatorForm() {
button@.addActionListener(new ActionListener() {

@Override
public void actionPerfogmed(ActionEvent e) {
} h Enter Your Own Code Here




foreach (s in subscribers)
s.update(this)

I-:.I‘:;. : I h m

mainState = newState
notifySubscribers()

|+ notifySubscribers()
1+ mainBusinessLogic()

- subscribers: Subscriberf]
- mainState

+ subscribe(s: Subscriber)
+ unsubscribe(s: Subscriber)

+ update()

A

Concrete
Subscribers

+ update(publisher) L1

s = new ConcreteSubscriber()
publisher.subscribe(s)




The Internet of Things o

Decoupling Producers & Consumers of M2M Device Data
Logistics, | MmN
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Case Study: A Weather Monitoring

e A weather company provides APIs to provide weather information.

* We need to read the information and show on 3 displays: current
conditions, weather statistics, and a simple forecast.
Conditions is o€

dintrtr-'t d.-.s?l.a\fﬂ.

7T weaLher

Cuw:ht

ok theee

oveld st

ckats ard 3 k

Humidity displays

sensor device

O_

Temperature
sensor device

Weather Station
Display device

Pressure
sensor device

Weather-O-Rama provides What we implement

Chapter 2. The Observer Pattern: Keeping your Objects in the know, Head First Design Patterns (Kindle Locations 940-941). O'Reilly Media.

Weather
|| Statistics

' a r'Jr

S

Display device

Simple
. Forecast

S

Display device



The API class: WeatherData

* The 3 APIs are packed in class WeatherData

s ot the
The develope a;itd'* left us @

wt’a{,hctpa"cﬂ

tlue Jbeut what we need o add.--

We deon T tave HOW these v

hevData objtr;}:, knows .
T:Eitf':;m Lhe Weather Station.

These three me
WeatherData weather measuremen
getTemperature() huwidity, and
getHumidity()
getPressure()
measurementsChanged()
/I other methods

thods veturn the most vetent
£nr J(.:rn?c'rabwt, .
baromedrit pressere: ?cs?ct{wd‘f.
aviables are sek; the
how to 5E£ u?da{:d

/*
* This method gets called
* whenever the weather measurements
* have been updated
b3
*y
public void measurementsChanged() {
// Your code goes here

}

WeatherData. java



15t Implementation of measurementsChanged()

e But it’s hard to add new display in the future!

public class WeatherData {
// instance variable declarations

public void measurementsChanged() {

Grab the most vetent measurements
float temp = getTemperature(); by ¢alling the WeatherData's aetter
float humidity = getHumidity () ; methods Ifalread\f im?ltmtn‘tcd].

float pressure = getPressure();

currentConditionsDisplay.update (temp, humidity, pressure); N i u'f’d&‘l:c
statisticsDisplay.update(temp, humidity, pressure); the dis?|a$5...
forecastDisplay.update (temp, humidity, pressura):

* T
Call each display element to
// other WeatherData methods here update its dis?lﬂ‘}’a passing it
} i:hc rnch‘{', 'r'ci.'.th{‘, mcasurcrhthﬁ-




Publishers + Subscribers = Observer Pattern

* One-to-many relationship

ONE-TO-MANY RELATIONSHIP

Object that T3
holds state




Observer Pattern for Weather Station

All potential observers need
to implement the Observer
interkace. This intevface

- u\ﬂ;}tﬂb Eath :-ubjf'.n‘."-": JIAS{. has one mt'thl}d. uFd&{'.l:U,
Cuo’ et ey Jkee s - tan have many ﬂﬁ&f:. 55'{‘,’- talled when the
s B e SRR
use O 311& a0
N ers
a'hs!-’f "b,u‘lﬁ. O'hs.ﬁ""q ohsarvers coiearaes /
'Elfﬂ# Observer
updste() I

subrject

ConcreteObserver

/’% Cancrellnsuhjau

update()
N other Dbserver spacific
h Lmﬁﬂ'l:g Su'ﬂjtﬂ-‘t EI'*H‘F methods

eplments e Siyct
whevlate. In addition

fhe vegister and vemove

. 0
implEm nts 2 “OJc'igTﬂbstrqm z s also
k15 wied to update  The contrete T:f::iﬁ:: =
a“ the ,:m--,-gn{ obsevvers haﬂl.mt#r::d:;;ﬁt (move a'pm-f
whenever state changes 5"&‘"5 :

Phis later ).

T

Conerete observers tan be

any tlass that implements the
Obsevver interface. Each observer
regis{tn with a tontrete subjcd:
to veteive updates.



observers

L

CurrentConditionsDisplay
update()
display() | A display cument
measeremants }

Design
the

suu:u;m,uuy

This dispIa.T element : . ;
pdate() :
shows the Current displap() [ ! dispiay the aver- : F‘\\I
medsurements £y age, min and max measure- ; " Developers tan
Wta'f:htrl}a{-,a QI,:{._EHE ments } im?lem:w’c the
e a e r J (psevver and

/Y Dis?la’fE—'lun:nJc

" 1 This one keeps tratk | ForecastDisplay inkerkates Jcn

Sta t I O n WeatherData nov biett of the min/ avg/ ma update() eveate ther T
'u-n?!tmt.h‘ti the S ) mtim’l‘ﬂmth‘ES and deeplay) [ [ display the d!i‘f"lﬂ'}‘ g‘{mth '
inﬁr‘pﬁu- dis?ia*jrs iy forecast )

15 di her
This display shows the weat
'Fﬂ:"'f.ﬂast haml on Jc.'hg 'n-.ﬂt‘amg{gt'.

o g e,

These three display elements should have a pointer fo
WeatherData labeled “subj:ﬂ:” too, but bey weuld
this diagram start to look like spaghetti it they did.



Create Subject interface

: . . Erg.-t}. a-F -H-.:s.c mtﬂwdﬁ {ﬂkﬂ dn
public interface Subject { Dhaevscr it B ara,urncn{:; that is, B

public void registerCbserver (Observer o) ; 3 Observer 1o be r:ﬁi:{gﬂd or removed.

publiec veid removeObserver (Observer o) ;

public void notifyObservers() ; This method is called to hmE.ll: all obsevvers

1 P e the Ethec{ s state has .:h;.-.acd

public interface Cbhserver |
public veoid update(float temp, float humidity, float pressure);

} o T T The Observer intevface
These are the state values the Observers get from is implemented by all
the Subject when a weather measurement changes dbsevvers, so they all

have to |mfttmth‘{'. the
da-l;cﬂ mtl:.hﬂd HE'I"IE
public interface DisplayElement | f\-\' :?;“ Fal'lawmﬁ M-El'r“;' and
public void display(); The DisplayElement interface Sue's lead and passing

} just includes one method, display0), the measurements to the

that we will call when the display observers.

element needs to be displayed



public class WeatherData implements Subject { & WeatherData ””“‘F"“FIE'“E“{"
private ArrayList<Observer> observers; the E“h‘jﬂt intevtate

private float temperature; W
| | I I e | I I e nt private fleoat humidity; Weve added an ﬁ.,—raxf!,_..s.{:
private float pressure; hold the Dbservers, and ‘rj'c;
. . it in the tonstruttor.
upject Interrace misnmamminpret S SRRSO

= } |
When an obsevver reﬁ:s‘l;tﬂ, we

public void registerObserver (Observer o) { & j“{'- add it to the end of the list
cbservers.add (o) ;

e Use ArrayList to save all
observers

} Likewise, when an observer wants to un—

& register, we just take it ofF +he list.

public void removeObserver (Observer o) [
int i = observers.indexOf (o) ;

. . if (i >=0) { Heve's the fun part; this is where
°N 0t|fy observers in the observers.remove (i) ; we 4ell 3l the observers about
} the state Betause they are

function
notifyObservers()

} C//— all Observers, we know ﬂw]r all

public void notifyObservers() |{ implement “Edaftﬂ'r s0 we know
for (Observer cbserver : observers) { how to notity them.
observer.update (temperature, humidity, pressure);

Heve we implement the Suh‘}ﬂtf. intevkace

}
; h
} We 'I'L'-‘-‘if-r';\]r ¢ measurements

t upda ed v
public wvoid measurementsChanged() { "'—/ﬁ'—h— ?;! ‘."Ecaﬁ"“' Clation:
notifyCbservers() ;

¢ Oservers when We
om

}

publiec void setMeasurements(float temperature, fleoat humidity, fleat pressure) |
this. temperature = temperature;
this. humidity = humidity;

Dka , whi + . :
this.pressure = pressure; o le we wanted ‘ED SHIF d mile ]I{.'U:

: weather station with each bock, the publisher
: measurementsChanged () ; t:__// wouldn't 90 For So, vather than r:adina
actual weather data off a device, we've Boin
Vi G e el e to use this method to test our disfiﬂ-j‘ elements.
; Or, for -Fuh, You tould write tode to grab

measurements off the Web.



. It also implements DisplavElemen
This display implements Observer s e 3air L ement,

B u I | d D | S p | ay E | e m e nt so it tan get thanges from the require all display titmfhﬂ to

WEE'H"'E\"DJ{:& ﬂhjﬂ'{-' 1 imFltmcn'!', ‘thii ih'Etr‘Faﬁ.:.

s

public eclass CurrentConditionsDisgplay implements Observer, DisplayElement {
private float temperature;
private float humidity;
h
private Subject weatherData; The Lmﬁ“r’{ﬂr,“ Pasud t E_
K~ weatherData objeet (the Sub Jccﬂ'
public CurrentConditionsDisplay(Subject weatherData) { and we use it to register the
this.weathaerData = weatherData; d's?la}' as an observer.
weatherData.registexrObserver(this) ;
}

public void update(float temperature, float humidity, float pressure) {
this. temperature = temperature;

this.humidity = humidity; € When "?d"t‘” " f'aur'd_‘ ;E
display() ; save the temp and humidity
} and eall display():

publie wvoid display() {
System.out.println ("Current conditions: " + temperature
+ "F degrees and " + humidity + "% humidity"):;

The display() method
| | k just prints out the mnsfc,
vetent {:Em? and hum'ldnJc\il.



Test our Weather Station

£ You don t

wah‘t to

public class WeatherStation ({

public static void main(String[] args)

{

File Edit Window Help StormyWeather

$java WeatherStation

Current conditicns: B0.0F degrees and 65.0% humidity
Avg/Max/Min temperature = 80.0/80.0/80.0

Forecast: Improving weather on the way!

Current conditicons: B2.0F degrees and 70.0% humidity
Avg/Max/Min temperature = 81.0/82.0/80.0

Forecast: Watch out for cocler, rainy weather

Current conditions: 78.0F degrees and 90.0% humidity
Avg/Max/Min temperature = 80.0/82.0/78.0

Forecast: More of the same

%

—

WeatherData weatherData = new WeatherData /() ;

CurrentConditionsDisplay currentDisplay =

new CurrentConditionaDisplay (weatherData) ;

download the % StatisticsDisplay statisticsDisplay = new StatisticsDisplay(weatherData) ;

tade, ‘?lcu tdn

ForecastDisplay forecastDisplay =

f,nrnm!h't ﬂ'-'t
these two lines

and vun it

waatherData. setMeasurements (B2, 70, 29.2f) ;
weatherData. setMeasurements (78, 90, 29.2f) ;

weatherData. setMeasurements (B0, 65, 30.4f) ;

new ForecastDisplay(weatherData) ;

ﬁixh_ﬂrtaf: the three
displays and
pass them the
Weather Data ob Jﬂ:{

} Cimulate new weather

} mEASUre mEnLS.



Chain of Responsibility

* Pass requests to the chain of handlers




Transform Behavior into “handlers”

* Example: node.js

s s s ) s s s s s s s | s o | s o s s f s s | s s il s i ) s s Y s ) o i s s s | s s s | s s | s o | o ) v s ) s ) o | s s | s | )

g {

0

: ©® ® 0
Request i—é}{ Handler H Handler H Handler ]é;

\

® @ @

Ordering
System




Example: node

JS

 Callback function: next()

var express = require('express’);
var app = express();

HTTP method for which the middleware function applies.

Path (route) for which the middleware function applies.

r—— The middleware function.

app.get('/', function(req, res, next) {

next();
1)

app.listen(3000);

; Callback argument to the middleware function, called "next" by convention.
HTTP response argument to the middleware function, called "res" by convention.

HTTP request argument to the middleware function, called "req" by convention.



B
Chain of Responsibility N

Structure

 Handler declares the interface,
common for all concrete
handlers

* Base Handler is an optional
class where you can put the
boilerplate code

* Concrete Handlers contain the
actual code for processing
requests

IL

«interface»
Handler

+ setNext(h: Handler)
+ handle(request)

=

BaseHandler

4

- next: Handler

+ setNext(h: Handler)
+ handle(request)

<

[P

ConcreteHandlers

+ handle(request) ]"@ =

—

<

«
Client p

i

hl = new HanderAN
h2 = new HanderB()

h3 = new Hander(()
hl.setNext(h2)
h2.setNext(h3)

// ...
hl.handle(request)

| if (next != null)
next.handle(request)

if (canHandle(request)) {
/] ...

} else {
parent::handle(request)

}




if (tooltipText I= null) \

// Show tooltip...

else
// ...or ask the container
// to do it.

container.showHelp()

ComponentWith
ContextualHelp

«interface»

+ showHelp()

2

Component

- container: Container
+ tooltipText

L4 =l=d + showHelp()

A

>

Container

—&>) - children: Component

+ add(child)

A

Button

u

0

gl

Inherit showHelp
behavior from the
parent class.

if (modalHelpText != null)
// Show modal window

// with a help text.
else

parent::showHelp()

Panel Dialog
- modalHelpText - wikiPageURL
{+ showHelp() + showHelp()

if (wikiPageURL != nullj
// Open a wiki page.

else
parent::showHelp()

Working with
Composite Pattern

* Find the right class to do
showHelp()

Dialog
Print

)

Panel
Settings

)

Panel
Color

3

Button
Grayscale

F1l —=>




Command Pattern

* Turn a request into a stand-alone object that contains all information




COMMAND for a Editor

«interface»
Command

+ execute()

Save Open Print
Command Command Command
( Code ?; = Code ?( = Code
- Y .



Command Structure

e ConcreteCommand

— defines a binding between a Receiver object and an action.

— implements Execute by invoking the corresponding operation(s) on Receiver.

Client

Invoker m Command
Execute |":,}
-I Heceiver
Teceiver
Action{) ConcreteCommand
Execute() O----=---
4

slate

1 receiver—=Action(),




Collaboration

aReceiver aClient aCommand aninvoker

naw Command(aRecsiver)

StoraCommand{aCommand)

h]

. =,
b
.,
Y
™
“

Execute()

Action()




Undo

— Shortcuts

2| Buttons

CopyCommand

Editor

+ execute()

\

+ text

Command

CutCommand

+ getSelection()
+ deleteSelection()

[\

-app
- editor
- backup

+ Command(app, editor)
+ saveBackup

+ undo

+ execute()

+ replaceSelection(text) + execute()
PasteCommand
Application + execute()

+ editors: Editor][]

+ activeEditor: Editor

+ clipboard

+ history: CommandHistory

UndoCommand |

+ createUl()

+ executeCommand(
c: Command)

+ undo()

+ execute()

©

A

Q

CommandHistory

- history: Command(]

+ push(c: Command)
+ pop(): Command




lterator

* A pattern that traverses elements of a collection

oA
2

f" l \ i 1. . /.\

' r& O /I ----- | \
AOXT O jopoyoneyoN
STESN QA WA v/ WYY e e

O 0O O 0D U 0OC J O O 0O 0O C




AbstractList & Client lll Iterator
Createlterator() First()
Count() Next()
Append(item) IsDonef)
Hemove(ltem) Currentlitemy)
AN
List L- ________________ - Listiterator
SkipList o ™ skipListiterator




// std::iterator example
#include <iostream> // std::cout
#include <iterator> // std::iterator, std::input_iterator_tag

class MyIterator : public std::iterator<std::input iterator tag, int>
{
int* p;
public:
MyIterator(int* x) :p(x) {}
MyIterator(const MyIterator& mit) : p(mit.p) {}
MyIterator& operator++() { ++p; return *this; }
MyIterator operator++(int) { MyIterator tmp(*this); operator++();
bool operator==(const MyIterator& rhs) const { return p == rhs.p;
bool operator!=(const MyIterator& rhs) const { return p != rhs.p;
int& operator*() { return *p; }

s

int main() {
int numbers[] = { 10,20,30,40,50 };
MyIterator from(numbers);
MyIterator until(numbers + 5);
for (MyIterator it = from; it != until; it++)

std::cout << *it << ' '; Or

td:: t "\n'; -

rscost < it 1= from.end0)
return 0;

return tmp; }

}
}




a.k.a. Intermediary, Controller)

Mediator (

* Mediator promotes loose coupling by keeping objects from referring to

each other explicitly, and it lets you vary their interaction independently




ComponentA ComponentB

|

+ operationA() [~ dnterface» + operationB()

Mediator 7

Compo.nentC l/l+ ONIGEHCEN) CompbnentD

5

- m: Mediator - m: Mediator

- m: Mediator é - m: Mediator
| b
+ operationC() ConcreteMediator ] + operationD()
- componentA E
- componentB m.notify(this) T
- componentC ==
- componentD L
+ notify(sender) = | if (sender == componentA)
+ reactOnA() reactOnA(
+ reactOnB()
+ reactOnC()
+ reactOnD()




Example: Font Dialog

Mediator Colleagues
alistBox
aClient . aecor ) AClient aFontDialogDirector alListBox  anEntryField
——— |
L\x::—'omoaalogoure:ctc: S h OWD l a | 0 g (} ‘
1 o .
WidgetChanged()
aButton #————
director GB(SG'GC“OI"I{ )
anEntryField j
SetText() ‘




Memento

* Save and restore the previous state of an object without
revealing the details of its implementation




Memento Structure

* Memento: stores the internal state of the Originator

* Originator: creates a memento with a snapshot of its current state

e Caretaker: for memento’s safekeeping

memento

Originator Memento
---------- =
SetMemento{Mementom) ¢ GelStalel)
CrealeMemento() ¢ : SelState()
1 L
I |
stale | ! slate
I |
| I
I |
I |
| 1
retum new Memento(state) state = m->GetState()

Caretaker




Memento Collaborations

aCaretaker anQriginator aMemento

I CreateMemento() —_I_ . t :

new Memen !

e emee -
SetState()

|

SetMemento(aMemento) |
GetState()




3. STATE

* Let an object alter its behavior when its internal state changes
* Ex: Finite State Machine (FSM




Example: TCP Connection

TCPConnection é‘ ale -l TCPState
Open() O------ : Open}
Close() u Closey)
Acknowledge() i Acknowledge()
= A
|
|
state->0Open() E"‘
TCPEstablished TCPListen TCPClosed
Open() Open() Open(}
Close() Close() Close()
Acknowledge() Acknowledge() Acknowledge()




State Structure

Requeast) O

Context -

stae

state-=Handled)

- Slate

Handle()

Yy

ConcreteStateA

Handle()

ConcreteStateB

Handiel)




10. Template

e Defines the skeleton
of an algorithm and let
subclasses override
specific steps

=) &
b

CSVDataMiner

DocDataMiner

+ mine(path)

file = openFile(path)
rawData = extractCSVData(file)
data = parseCSVData(rawData)
analysis = analyzeData(data)

sendReport(analysis)
closeFile(file)

+ mine(path)

file = openFile(path)
rawData = extractDocData(file
data = parseDocData(rawData)
analysis = analyzeData(data)
sendReport(analysis)

closeFile(file)

=

v

PDFDataMiner

+ mine(path)

file = openFile(path)
rawData = extractPDFData(file)
data = parsePDFData(rawData)
analysis = analyzeData(data)

sendReport(analysis)
closeFile(file)




AbstractClass

+ stepl()
+ step2()
+ step3()
+ step4()

—=—

+ templateMethod() =

stepl()

if (step2() {
step3()

}

else {
step4()

}

ConcreteClass1 ConcreteClass2

+ step3() + stepl()
+ step4() + step2()
+ step3()
+ step4()




11. Visitor

* Separate algorithms from the objects on which they operate




Visitor vs. lterator

* Visitor Pattern is used to perform an action on a structure of elements

public void VisitorExample()

{
MyVisitorImplementation visitor = new MyVisitorImplementation();
List<object> myListToHide = GetList();

//Here you hide that the aggregate is a List<object>
Concretelterator i = new Concretelterator(myListToHide);

IAcceptor item = i.First();

while (item != null)

{

item.Accept(visitor);

item = i.Next();

}

//... do something with the result




«interface»

«interface»

Visitor <

+ visit(c: ComponentA)

+ visit(c: ComponentB)

ConcreteVisitors

+ visit(c: ComponentA)
+ visit(c: ComponentB)
T

1]
n

// Visitor methods know-the
// concrete type of the

// component it works with.
c.featureB|()

Component |-

+ accept(v: Visitor)

D

ComponentA L=

+ featureA()
+ accept(v: Visitor) L

ComponentB

+ featureB()
+ accept v: Visitor)

v.visit(this) /

Client

T
0]

component.accept(new Concretevm




Origin Behavioral Design Patterns

Strategy
Observer
State
Command
Iterator
Chain of Responsibility
Interpreter
Mediator
Memento
10. Template
11. Visitor

O 00N A WNRE



Builder

".‘rﬂ_ﬂ——l

saving state
of ttaration

Memento

[terator

\

@i arating
children

Interpreter

shanng j
terminagl

SEmbois

Medi

cortigure faciony
dprarmically

|

Abstract Factory

sirgia
instanse

’/ instance
singla‘[ﬂn “_/—'

implamant psing

___——— Facade
singla

Proxy
Adapter
awvaidin .
nyaferei‘a Bridge
campasad -
wsing Command
_‘_‘__-h"n
cledinirg
i@ chaim

Chain of Respansibility

Template Method |————— offén uses

Factory Method
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