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Interaction Frames Example

Realising an algorithm using a sequence diagram

public void dispatch() {

for (LineItem lineItem : linelItems) {
if (lineItem.getValue() > 10000) {
_—Eareful.dispatch();
} else {

regular.dispatch();
}
}

if (needsConfirmation()) {

\Effjfi?er.confirm();
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Realisation with Interaction Frames
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Interaction Frame Operators |

Operator Meaning

alt Alternative multiple fragments; only the one whose condition is
true will execute (Figure 4.4).

opt Optional; the fragment executes only if the supplied condition is

true. Equivalent to an alt with only one trace (Figure 4.4).

par

Parallel; each fragment is run in parallel.

Loop; the fragment may execute multiple times, and the guard
indicates the basis of iteration (Figure 4.4).

EE

critical

Critical region; the fragment can have only one thread executing it
at once.

Negative; the fragment shows an invalid interaction.

ref

Reference; refers to an interaction defined on another diagram. The
frame is drawn to cover the lifelines involved in the interaction.
You can define parameters and a return value.

@

Sequence diagram; used to surround an entire sequence diagram, if
you wish.



Hubert


Contents

Sequence Diagrams Il
Obiject-orientation: Centralized vs Decentralized Control/Computation
Class Diagrams Il

Layered Architecture



Marriage Agency: centralized control

MarriageAgency Customer

matchCustomer(c):Customer[*] | sex:String
birthYear:int

interests:String[*]

public class MarriageAgency{

private List<Customer> customers = new ArrayList<Customer>();
public List<Customer> matchCustomer (c) {
List<Customer> matches = new ArrayList<Customer>();
for (Customer candidate : customers) {
p—— ... // if customer matches candidate add to variable matches,
} ma*ghct

return +
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Marriage Agency: centralized control

MarriageAgency Customer
matchCustomer(c):Customer[*] sex:String

YV)Q‘I‘CL. (CA/ Cy_>: b ool birthYear:int

interests:String[*]

public class MarriageAgency{
private List<Customer> customers = new ArrayList<Customer>();
public List<Customer> matchCustomer (c) {

List<Customer> matches = new ArrayList<Customer>();
for (Customer candidate : customers) {
IT—CEEToNEL_MaCCIES Carrroate oot edate—matoheg
if match(c,candidateﬂ) {

atches.add(candidate) ;

}
return candidate;
}
}

public bool match(Customer customer, Customer candidate) {

}
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Marriage Agency: centralized control

sd ma(c@)ralized
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Marriage Agency: decentralized/distributed control

sd match decentralized
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Marriage Agency: decentralized/distributed control

MarriageAgency Customer
matchCustomer(c):Customer[*] sex:String
birthYear:int
interests:String[*]
match(c:Customer)
hasOppositeSex(c)
hasAppropriateAgeDifference(c)
hasOnelnterestinCommon(c)

public class MarriageAgency{
private List<Customer> customers = new ArrayList<Customer>();
public List<Customer> matchCustomer (c) {
List<Customer> matches = new ArrayList<Customer>();
for (Customer candidate : customers) ({
if (c.match (candidate)) {
matches.add(candidate) ;

}
return candidate;
}
}
}

public class Customer {
public bool match (Customer candidate) {

}
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Distributed control

an Order

C calculaw

an Order Line aProduct aCustomer
I T \
I \
etPrice(quantity: number }
\
getDls 'ountedValue (an Order) ) |

[ getBaseValue

‘ discountedValue -‘
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Order

calculate price
calculate base price
calculate discounts

Distributed Control: Class diagram

Customer

*

—

name
discount info

calculate discount

OrderLine Product
quantity name
calculate price price

get price for quantity
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Centralised control

‘ an Order) an Order Line
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Centralized control

Order Customer
calculate price name .
calculate base price discount info -~
calculate discounts N

*
OrderLine Product
quantity name
price

=0
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Centralized vs Distributed control

» Centralized control

» One method

» Data objects

— procedural programming language
» Distributed control

» Objects collaborate

» Objects = data and behaviour

— Obiject-orientation
» Advantage

» Easy to adapt
— Design for change
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Design for change: centralized control

MarriageAgency Customer
matchCustomer(c):Customer[*] R 5§xsnmg
matchCustomerTypeA(c):boolean birthyear:int
matchCustomerTypeB(c):boolean interests:String[*]
CustomerTypeA CustomerTypeB

public List<Customer> matchCustomer (Customer c)
Llst<Customer> r = new ArrayLlst<C sto > ()
for ,... , omers) & i ;

) { r add (

contlnue,

if (¢ instanceof CustomerB) {
if (matchCustomerlypeB (p)) { r.add(p); }
continue;

}

}

return r;
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Design for change: centralized control

sd match centralized
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Design for change: decentralized control

sd match decentralized
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Design for change: decentralized control

MarriageAgency
matchCustomer(c):Customer[*]

Customer
sex:String
birthYear:int
interests:String[*]
match(c:Customer)

— 1

CustomerTypeA CustomerTypeB

match(c:Customer) match(c:Customer)

public List<Customer> matchCustomer (Customer c) {
List<Customer> matches = new ArrayList<Customer>();
for (Customer candidate : customers) {
if (c.match(candidate)) { matches.add(p); }
}

return matches;
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Implementing Associations: Cardinality O..1

A ) &
0. X
\\
\\\ Associations and
- attributes are
A 4 treated the same
b: B

» Field can be null
public class A {

private B b;

—_— —

public B getB() {
return b;

}

public void setB(B b) { this.b = b; }
}
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Implementing Associations: Cardinality 1

» Field may not be null
public class A {

3)
4

private B b = new B();
publi@ this.b = bi) l: glflob.l k Ina"
public B getB() { loe U

if (b == null) {b = computeB();}

return b;

}

public void setB(B b) { if (b !'= null) {this.b = b;}

}
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Interface Collection< E>

Operation | Description

boolean add(E e) returns false if e is in the collection
boolean remove (E e) returns true if e is in the collection
boolean contains (E e) returns true if e is in the collection
Iterator<E> iterator () | allows to iterate over the collection

int size()
P,

number of elements

Y
( iCoHectionl >
| E List )l |EQueue ’ |
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Implementing Associations: Cardinality *

n

Default: Unordered, no duplicates

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

R

: u cC
““LWJ“'Q hmrl = CWh FQ\PSM [v_tou

st [ 7] teplaach b

public class A {
private List<B> bs = new ArrayList<B>();
—

}
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Encapsulation problem: getStudents

University dtu = new University ("DTU");

Set<Student> students = dtu.getStudents();
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Encapsulation problem: getStudents

University dtu = new University ("DTU");

Set<Student> students = dtu.m() i
2o ==
A
Student hans = new Student ("Hans");
students.add (hans) ;
udent ole = dtu.findStudentNamed ("Ole");
students.remove (ole) ;

Solution: getStudents returns an unmodifiable set

public void Set<Student> getStudents () {
return Collections.unmodifiableSet (students);

}
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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) ;
Student Jle = dtu.findStudentNamed ("Ole");

students.remove (ole) ;
-

Solution: setStudents copies the set

public void setStudents (Set<Student> stds) {
students = new HashSet<Student> (stds);
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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 containsStudent (Student s) {return students.contains(s)

public void removeStudent (Student s) {students.remove(s);}
removestudent

}

Even better: domain specific methods like( registerStuden)
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Bi-directional associations

Person

navn: String {read only}

Firma

navn: String {read only}

L ansatte

arbejdsgiver g -

Implemented as two uni-directional associations

Person

Firma

navn: String {read only}

arbejasgiver g 1

navn: String {read only}

L ansatte

— Problem (ﬁ referential integrity
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Referential Integrity

pl:Person I = f1:Firma
g- K

p2:Person Y f2:Firma
C: << I
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Referential Integrity: setArbejdsgiver

pl:Person f1:Firma

p2:Person f2:Firma




Referential Integrity: addAnsatte

pl:Person fl:Firma

p2:Person f2:Firma




Library application

(Eibraryxpp\l

Calendar getDate()
registerUser(..)
addMedium(..)

Vo1

DateServer

Calendar getDate()

0..

1

borrowedBooks

Address
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What is the class diagram for the following code?

public class Library {
Set<Book>@ = new HashSet<Book> () ;
Public void addBook (Book book) { ... }
public void TemoveBook (Book book) { ... }

}
public class Book { ... }

U %Pnrj

| HE
dA o |
e lM.oUcBnb) r
/
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Low Coupling

High coupling
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Low Coupling

High coupling

Low coupling
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High Cohesion

Low Cohesion

Person

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




High Cohesion

Low Cohesion

High Cohesion

Person \)
name

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

\home-address-city /
» v

\/

workp at»

—~
-
Person Add
\ home address»/ fess
name street
cpr-number city
P D
H’ Tess
>
Company

name
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Layered Architecture

orkain : i
Infrastructure/ | /
Database | ‘ v ‘

Eric Evans, Domain Driven Design, Addison-Wesley, 2004
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Example Vending Machine

Two different presentation layers; same application layer

» Command line interface
Current Money: DKK 5

» Swing GUI 0) Exit
T e 1) Input 1 DKK
= 2) Input 2 DKK
Bananas Apples 2 3 ITnput 5 DKK
i) i i ) Iop
4) Select banana
e 12 ¢ 5) Select apple
6) Cancel
[ cancer | 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

VendingMachineUl VendingMachineTextUl
—_— —
Il Il

Application Layer

VendingMachine «enumeration»

totalMoney: int
restMoney: int

dispensedlitem: Fruit
curren(Money: int

Fruit

APPLE
BANANA

select(f: fruit)
cancel()

input(money: int)
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Presentation Layer: Swing GUI

sd:buy apple

6 A | | [ | e |

D setCurrentioney(DKK 5)

D setChanged() 1) YUty

(setrextoe

SelectFruit(APPLE)

D setDispenseltem(APPLE)

date(fruit)

setTexd("Apple")

D setRest(2)
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Presentation Layer: Swing GUI

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

private JButton fiveCrowns = new JButton();
private JTextField currentM = new JTextField();

private void initComponents () {
fiveCrowns.setText ("DKK 5");
fiveCrowns.addActionListener (new ActionListener () {

public void actionPerformed(ActionEvent evt) {
vendingMachine.input (5);;
}

}i

public void update (Observable o, Object arg) {
currentM.setText ("" + vendingMachine.getCurrentMoney ());

10);



Presentation Layer: Command Line Interface

sd:buy apple

hineTextU! ‘ ‘

VendingMac
T

s ||
‘

|
printin("... 3) Input DKK 5 ..."

System.out
T

D_processChoice(3) |

‘ vm:VendingMachine
T

TNDUE(DKK 5]

[ e =
I update(currentMoney]

setChanged()

setCurrentMoney(5)

notifyObserver()
—_—

printin(*CurrentMoney: DKK 5"

B ——

@
:

3
; : ‘ L
showMenu i ! |
orintin("... 5) sélect apple .") D 1
i
readin T i
e — I
I
I
! i
i
D processChoice(5) | { !
L SelectFruit(APPLE] !
i
i
| ! setDispenseltem(APPLE)
! update(fruit) i
‘ printin(*Dispdnsed Apple”) 1
7
! =
' ! setRest(2)
| update(restMoney)
‘ printin(*Rebt: DKK 2") FL‘
Lr
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Presentation Layer: TextUI

public class VendingMachineTextUI implements Observer {
VendingMachine vendingMachine;
public static void main(String[] args) throws Exception {
new VendingMachineTextUI (5,5) .mainLoop (System.in, System.out);
}

public void mainLoop (InputStream in, PrintStream out) throws IOExcep

BufferedReader rs = new BufferedReader (new InputStreamReader (in));
do {

showMenu (out) ;

int number = Integer.valueOf (rs.readLine());

processChoice (number, out);
} while (number != 0);

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

}
}
public void update (Observable o, Object arg) {
NotificationType type = (NotificationType) arg;
if (type == NotificationType.CURRENT_MONEY) {
System.out.println ("Current Money: DKK " +
vendingMachine.getCurrentMoney () ) ;
return;

}



Advantages of the separation

1 Presentation layer easily changed

2 Additional presentation layers can be added easily without
having to reimplement the business logic

» mobile app in addition to desktop and Web application
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());

}

» You should model the application and domain layer with
your class diagrams and sequence diagrams
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