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Implementing Associations: Cardinality O..1

A h)s
Q.17

\\\ Associations and
attributes are
A _| treated the same
b:B |~

» Field can be null
public class A {

private B _}2’_& e nawe

QuElf}: B getB() {
return b;

}

Cpu?lic)void setB(B b) { this.b = b; }

}



Implementing Associations: Cardinality 1

» Field may not be null
public class A {

private B b = new B(); //7)
public A(B b) { this.b = b;} :2:)

public B getB() {

if (b == null) {b = computeB();} :S)
return b;

}

public void setB(B b) { if (b != null)

} —_—

{this.b




Ihterface Collection< E>

Operation

Description

boolean add(E e)
boolean remove (E e)
boolean contains (E e)
Iterator<E> iterator()
int size()

returns false if e is in the collection
returns true if e is in the collection

returns true if e is in the collection

allows to iterate over the collection
number of elements

75

| Set |

List | Queue |

J

\J

B (Rode boek: s )S |}



Implementing Associations: Cardinality *

s
Default: Unordered, no duplicates r

public class A {
private Set<B> bs = new HashSet<B>();

} ce 71

IM‘QV{OKQ

== A“
*

public cla
privafte List<B> bs = new ArrayList<B>T{)v
. .. —

}




Encapsulation problem: getStudents

University dtu = new University ("DTU");

Student hans = new Student ("Hans");
Set<Student> students = dtu.getStudents();



Encapsulation problem: getStudents

University dtu = new University ("DTU");

Student hans = new Student ("Hans");
Set<Student> students = dtu.getStudents();

Student hans = new Student ("Hans");
students.add (hans) ;
students.remove (ole) ;

Solution: getStudents returns an unmodifiable set

public—wed=et Set<Student> getStudents () {
students = Collections.unmodifiableSet () ;

}



Encapsulation problem: setStudents

University dtu = new University ("DTU");

Set<Student> students = new HashSet<Student>();
dtu.setStudents (students) ;



Encapsulation problem: setStudents

University dtu = new University ("DTU");

Set<Student> students = new HashSet<Student> () ;
dtu.setStudents (students) ;

Student hans = new Student ("Hans");
students.add (hans) ;

Solution: setStudents copies the set

public void setStudents (Set<Student> stds) {
students = new HashSet<Student> (stds);




Solution: How to change the association?

public class University {
private Set<Student> bs = new HashSet<Student>();
public void addStudent (Student s) {students.add(student);}

public void contains dent (Student s) {return students.contains(s)
public void removeStudentStudent s) {students.remove(s);}

Even better: domain specific methods like( registerStudeny




Bi-directional associations
- — \j\ l/

[

Person

navn: String {read onlyy]

1 ]

Firma

avn: String {read only}

A\
\ x Fnsatte arbejdsgiver O\LJ

Implemented as two uni-directional associations

Person

’\

Firma

navn: String {read only}

(

( arbejasgiver g 1

AN
n}vn: String {read only}
[J

L an aue)

2 unm dwechonal

— Problem



Referential Integrity

pl:Person L f1:Firma

p2:Person k/ - f2:Firma




Referential Integrity: setArbejdsgiver

pl:Person f1:Firma

p2:Person f2:Firma




Referential Integrity: addAnsatte

pl:Person fl:Firma

p2:Person f2:Firma




Library application

LibraryApp

Cale ate(
(registerUser(..)
G edrami.s

Vo1

DateServer

borrowedBooks

Calendar getDate()

> One Sidh i€ K{pou.()uo -p‘"f rtJ. {u‘ej.



Generalisation Example

ake, [whenwlenc

{abstract} fine and maxBorrowInDays

Medium are abstract in Medium and
String signature defined differently in Book and Cd.
String title For Book we have 20 DKK and 28 days,
String author while for CD we have 40 DKK fine
Calendar borrowDate and max days for borrowing is 7.
int fine — 6“ '
int maxBorrowInDays ( tueovya Il"g."o"‘
boolean isOverdue
boolean ed

exlends Jc va (—

Book Cd - .
Book(String,String, Strin: Cd(String.String, String) < gf{(.c Ll(n }\Oh
N

int fine int fine
int maxBorrowlnDays int maxBorrowInDays

«F{‘g i5 ki o ncJ;uw

Liskov-Wing Substitution Principle

”If S is a subtype of T, then objects of type T in a program
may be replaced with objects of type S Wltering any

of thé desirable properties o that progranrteg.,
correctness).”




Notés and Comments

Includes pick-ups
and SUVs but not
motorbikes

Car

1
Moke
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Low Coupling

High couplin




Low Coupling

High coupling

(} Low couplin
- pling




High Cohesion

Low Cohesion

Person

name
cpr-number
companyName
work-address-street
work-address-city
home-address-street
home-address-city

N~




High Cohesion

Low Cohesion

High Cohesion

Person

name
cpr-number
companyName

work-address-streeg L"S

work-address-city
home-address-street
home-address-city

ANAY

—_ Person
—

name
cpr-number

home addr

L cob

] lov coh.

Address
rStreet. )
city
<adgress
Company

/narh
> &=



Layered Architecture

smub GU! Classes

- i
Presentation ;r--- m_ji
los o g hehegiy-- / /77

lagers

Application . L“SL CQLQSI.OM Q'.;l"‘."

‘&'qer -

Domain

Infrastructure/ /
Database _T ﬁ v ‘

Eric Evans, Domain Driven Design, Addison-Wesley, 2004




Example Vending Machine

Two different presentation layers; same application layer

» Command line interface

Current Money: DKK 5
0) Exit

Input 1 DKK

Input 2 DKK

» Swing GUI

|4 . Vending Machine

)
2)
K\ " 3) Input 5 DKK
& oocr | | oz | oD
P 4) Select banana
( :Z:; 5) Select apple
6) Cancel
Cone | D Select a number (0-6):
Rest: DKK 2

Current Money: DKK 0
Dispensing: Apple



Application Layer

VendingMachine

dispensedltem: Fruit
currentMoney: int
totalMoney: int
restMoney: int

«enumeration»
Fruit

input(money: int)
select(f: fruit)
cancel()

APPLE

BANANA




Architecture

Presentation Layer El Presentation Layer
B — —
VendingMachineUl ) VendmgMachineTextUl\>
_—

A

Application Layer

(£~

VendingMachine «enumeration»

dispensedIitem: Fruit Fruit
currentMoney: int
totalMoney: int
restMoney: int
input(money: int)
select(f: fruit)
cancel()

APPLE
BANANA




Presentation Layer: Swing GUI

public class VendingMachineUI extends javax.swing.JFrame
implements java.util.Observer {
private VendingMachine vendingMachine = new VendingMachine (10, 10);

private javax.swing.JButton fiveCrowns = new javax.swing\JButton ()

private void initComponents () {

fiveCrowns.setText ("DKK 5");
fiveCrowns.addActionListener (new Jjava.awt.event.ActionListener ()
public void actionPerformed(java.awt.event.ActionEvent evt

endingMachine.1lnpu ;
}

b __—= Obge trev R Hevw
public voibservable o, Object arg) {

displayState();
}



Presentation Layer: TextUI

public class VendingMachineTextUI implements Observer {

VendingMachine venddngMachine;
public static voiString[] args) throws Exception {

new VendingMachIneTextUI (5,5) .mainLoop (System.in, System.out);
}

public void mainLogp (InputStream in, PrintStream out) throws IOExce
BufferedR er rs new BufferedReader (new InputStreamReader (in)
do {
showMenu (out) ;
Tt number =Clnteger VQTEEUD(rs.readLine());
processChoice (number, out);
} while (number != 0);

}
private void processChoice (int number, PrintStream out) {
switch (number
case 3% vendingMachine.input (5); break;

yo Lo oppleca hon lopic

}
public voibservable o, Object arg) {
NotificationType type = (NotificationType) arg;
if (type == NotificationType.CURRENT_MONEY) {
System.out.println ("Currént MONEYT™DKK " +

vendingMachin Money () ) ;

return;




Advantages of the separation

1 Presentation layer easily changed

2 Additional presentation layers
3 Automatic tests

public void testInputDataSetA() {
VendingMachine m = new VendingMachine (10, 10);
m.input (1);
m.input (2);
assertEquals (3, m.getCurrentMoney());
m.selectFruit (Fruit .APPLE) ;
assertEquals (Fruit .APPLE, m.getDispensedItem());
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Example Vending Machine

—)
l /é f » Actions
Or3 » Input coins
@
[Covzud

» Press button for
bananas or apples

» Press cancel
&d m » Displays

» current amount of
money input

. » Effects

» Return money
» Dispense banana or

L’k ! apple




Vending Machine: state machine



State transition table

event

guard

state

state

state

Banana selected and

not oney
?7\1 (B) s

Apple selected and
not enough money
A

D

o
@1 fenough money T¥r|dispense banana and|dispense banana and|dispense banana and
- == Testmoney rest money-> | rest money-> |
not enough
banana money for banana 2B 2B
banana no ba_ns -> | >
ouh money fi ) dispense apple and\)dispense apple and | dispense apple and
rest money -> | rest money -> | rest money -> |
not enough
apple money for apple i SR
no apples _ .
apple available Bl >l
mone enough money for| add money to current |dispense banana and|add money to current
Y banana money rest money-> | money_
enough money fo( add money to currept|add money to curr dispense apple and
_B @ apple money money rest money -> |
not enougl_"l add money to current |add money to current|add money to current
money | money for neither A i TS
banana nor apple Y Y Y
cancel return current money | return current money

return current money

>

>




UML State Machines

State machine Vendnghachine LifeCycl | ] VendingMachine LeCyce 1]

{QQut m  Intgger )/ currentMoney : = currentioney + m

cancell) / dispense(nil)

mTE selecti - Fruit ) [notif = selectedFruit) and not(enoughMoney(f)] / selectedsruit := f

<D selecti - Fruit ) [notienoughMoneyifruit) and hasFruit(f] / selectedrruit

fruit

"\ i JTRIGCER /CIMRL\. EFI

selecti  : Fruit ) [enoughMoneyifland hssFrutf) / dispense(f)

Fruit
selected

select( f Fruit ) [not(hasFruit()] / dispense(nil)

selecti - Fruit ) [enoughMoneyif))/ dispense(f)

inputl m : Iteger ) [not{enoughManey(selectedfrut)] / currentioney = currentMoney + 1
input( m - Integer ) [enoughMoney(selectedFruit)) / currentMoney ;= currentMoney + 1. dispensel(f) putl aer ) notl N ! i i v

cancell)/ dispense(nil)




Example: Safe

>

>

Task: Implement a control panel for a safe in a dungeon
The lock should be visible only when a candle has been
removed

The safe door opens only when the key is turned after the
candle has been replaced again

If the key is turned without replacing the candle, a killer
rabbit is released

SecurePanelController

candleRemoved
keyTurned
safeClosed
openSafe
reveallLock
releaseKillerRabbit




Example: Safe

safe closed

ey turnec(Eandle ] Dopen safe

candle removed [door closedy / reveal lock =
o [ J L_j

key turned [candle out] / release killer rabbit
——

~
(@
fnal clebkk —2




Transitions

» General form

» Triggers (events, method calls)
» Guard: boolean expression

» Effect: a statement
» Fireing a transition

» trigger + guard is true then the@FeCt is execute

Sgskw 1€ 1 cvree <lale




Implementation 1: Class diagram

SecretPanelController PanelEvent
currentState CandleRemoved
handleEvent KeyTurned
OpenSafe
Reveall ock
PgneIState ReleaseKillerRabbit
Wait
Open
Lock




Implementation 1

public class SecretPanelController {
public void handleEvent (PanelEvent anEvent)
switch (currentState) {
case PanelState.Open
switch (anEvent) {
case PanelEvent.SafeClosed :
CurrentState = PanelState.Wait;
break;
}
break;
case PanelState.Wait
switch (anEvent) {
case PanelEvent.CandleRemoved
if (isDoorOpen) {
RevealLock () ;
currentState = PanelState.Lock;
}
break;
}
break;
case PanelState.Lock
switch (anEvent) {...}
break;



Implementation 2: Class diagram

aents ¥
gH(c:l’J

SecurePanelController

candleRemoved
keyTurned
safeClosed
openSafe
reveallLock
releaseKillerRabbit




Implementation 2

public cl SecretPanelController {
enum étates){ wait, lock, open, finalState };

Etates state = states.wait; P_
—_— g — Qe
public void candleRemoved() {

switch (state)
case _wait: é’/ 8““’7
if doorClose ())
state = states. lock;
break;

) ' ‘\o(o e e#zc{‘i\
/ Trigev

public void _keyTiufned() {
switch (state) {
case _lock: In
if (candle@ut()) {
STate = States.open; P - vanghon Vi
} else
{
state = states.finalState; % draunhs, 2
releaseRabbit ()75
}

break;

}oo.o. )



Implementation 3: Using the state pattern

Secret Panel Controlle

3 ll
c

T, B,

slate 1

L>u56u rl?: "tvu

i Secrat Panel State ;

O (Secrelf

KeyTumed

e CandleRemoved

SafeClosed

v
'
state. CandieRemoved

CandleRemaoved
KeyTurmed -
SaleClosed

do nothing

Walt State Lock State Open State
if {door dosed) { Candlef KeyTurmed SafeClosed
revealLocki /N
[= tal iL t ‘(\

}




State Pattern

State Pattern
"Allow an object to alter its behavior when its internal state
a pea tO Change |tS CIaSS” Design Pattern book

changes. The obj

changeState

d {__AClass | ~ y~ State |
[requestt | [requestl |
request2 request2

e N

A

e

Statel State2
requestl requestl
request2 request2

—
—a p——

sd: StatePattern

[ cclient ] [ Actass | [ststatet | [s2istate2 |
T T T T
requestl 1 1
I
requestl |
I
changeState(s2 I
i
requestl |

|
requpstl
! ! i




Vending machine Implementation

Uses the state pattern
VoS neriace

totalMoney: int
restMoney: int

input(money: int)

select(m: VendingMachinef: fruit)

if (m.hasFruit(fruit)) {
cancel(m: VendingMachine)

m.setldleState();

y

return;
select(f: fruit) }
-{if (m.hasEnoughMoneyFor(fruit)) {
~setldleState() Ay m.setldleState();
~dispense(f: Fruit
~setCurrentStateForFruit(f: Fruit) } else {

~hasFruit(f: Fruit) < s S

Linput(m: VendingMachine, money: in) |~ ~
select(m: VendingMachinef: fruit) ———r~—-——

cancel(m: VendingMachine) —————— —| m.dispense(null); %
super.input(m, i);

m.setCurrentStateForFruit(fruit);

i
i
i
i
i
i
|
cancel() }
i
i
i
i
i
i

i
I | m.dispense(fruit);
I
I
I
I
I

— if (m y uit)) {
«enumeration» FruitSelectionState _--1 m.setidleState();
Fruit input(m: VendingMachine, money: int) | m.dispense(selectedFruit);
APPLE Sefect{m: VendingMachinef: fruit) }
BANANA

dispe\nseW VendingMachineState r“ m.setCurrentMoney(m.getCurrentMoney() + i); % ’5
currentMoney: int mput(m;E. namgﬁachme‘ money: int)

cancel(m: VendingMachine) - _ _

~~~__[m.setidlestate(); D
super.cancel(m);




Sub states

» Substates help structure complex state diagrams (similar

to subroutines)
Show C¢ i J

new

cancel

( Enter Connaction Details 1

next next (
Enter Phone Choose Shared
Number or Sclo Erher; Nams
back L - back
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Library Application: Text based Ul

User Screen

Exit
Login as administrator

1

Login Screen
eulev
password

adminadmin
Logged in.
—Admin Screen
0) Logoff

0
Logged off.



Example Library Application

Offers the menu for

- login as admin

- borrowing and returning media
- searching for media

- exiting the application

AN W _incorre®y/print "Login failed"
~ —
N
N
N
~

C Iogm) ‘

~\__User Screen )

-,

C ek
logoff/print "Logged off"

[wrong selection]/print "Wrong|selection”

—@ ow correcmpr nt "Logged in"
- —

Offers the menu for
- managing users
- managing media
- logoff




Library App

aldek

User dialog

[pw incorrect]/print "Login failed"

login

User Screen )|

[wrong selection]/print "Wrong

Login Screen

)

logoff/print "Legged off

Admin Dialog

[pw correct]/pr|

exit
nt "Logggd in"




Library App

User dialog

logoff/print "¥ogged off" [pw correct]/pxint "Logged in"

Admin Dialog



Library App: Admin Dialog

[pw correct] logoff

& Admin Dialog—>

[« Edd Media B.aug,

L/

[paminscree)-23dmedia
AddMediaSignatureScreen
wrong inpu

AddMediaTitleScreen

/print "Added media"
—

AddMediaAuthorScreen




Library App user interface exercise

1) Given tests for the functionality login; implement the tests
using the state pattern

2) Design, test, and implement the remaining functionality of
the library application
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