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Extension mechanisms

specify “how specific UML model elements
are customized and extended with new
semantics by using

 stereotypes,

« constraints,

« tag definitions, and

 tagged values”

UML profile —coherent set of extensions,
defined for specific purposes
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Comments and constraints

Comment - text string attached to a model element
« can be presented as a UML note
Constraint - semantic relationship among model
elements that specifies conditions and propositions
that must be maintained as true
« enclosed in braces {...}

10 be distinguished from bonus campaign

ECampaign
E<<PK>> campaignCode : String
itle : String

Date ECampaignTicket
BdateClose : Date

=
gma(emawn . Date @&icketNumber : String
L

{each ticket_number is only unique
within its containing campaign}

o n |E&icketvalue : float
BrumTickets : int BRicketStatus : String

add operations to compute [,
tickets sold and tickets left
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i/ numTicketsSold : int

MWcomputeTicketsSold() : int
MWcomputeTicketsLeft() : int
McomputeDuration() : int
McomputeDaysL eft(today : Date) : int
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Topics

Advanced class modeling
« Extension mechanisms
 Visibility, encapsulation and derived information
« Qualified associations and associations as classes
Advanced generalization and inheritance modeling
< Substitutability and inheritance versus encapsulation
« Interface versus implementation inheritance
Advanced aggregation and delegation modeling
« Semantics of aggregation
< Aggregation versus generalization
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Stereotypes

extends an existing UML modeling element

« varies the semantics of an existing element (it is
not a new model element per se)

<<Actor>>
Customer (actor as label stereotype)
I

Customer (actor as icon stereotype)

)Q\ [ Customer (a class with no stereotype defined)
I

Customer (actor as decoration i
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Tags

Tagged value - keyword-value pair that may be
attached to any kind of model element
« the keyword is called a tag

like constraints, tag values represent arbitrary textual
information and are written inside curly brackets

unlike stereotypes, tag values are not meant to extend
the UML semantics and create new UML profiles

like stereotypes and constraints, few tags are predefined
in UML

typical use of tags is in providing project management
information
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Tag, note, constraint - example

{author =Les =
status =2nd iteration}
@idescription : String -theTask
1 [ DateTime : Date Emp[Task
Bivalue : foat 0.n
{Employee who created a task must L
also create - in a single transaction -
the first event for that task]
-theEnjp
1n 1
EEvent
Strin [
DateTime : Date oy = stlrggg
"““EDZ‘GTTE;?‘x . on 1 _|BrstName : String
= Completed BimiddleName : String
Bpriority : char o p on
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Visibility and encapsulation

+ for public visibility

— for private visi

# for protected visibility

~ for package v

ibility

isibility

public class Visibility

Visibility
BprivateAttribute private int privateAttribute;
<publicAttribute public int publicAttribute;
protectedAttribute protected int protectedAttribute;
®ipackageAttribute int packageAttribute;
?‘priva}teOpera_tion() private void privateOperation()

publicOperation() public void publicOperation()

PprotectedOperation() protected void protectedOperation()
A¥packageOperation() void packageOperation()
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Accessibility of inherited class properties

B Cuats Sowe ication for EBomunCarmpaipn R

public class EBonusCampaign extends ECampaign
private int icketBookSize;
public int getBooksize()

retun 0;
}

public EBonusCampaign()

System.out printin(EBonusCampaign constructor);
}

public static void main(String(] args)

EBonusCampaign x = new EBonusCampaign();
xcomputeDuration();

JThe above wil fail (x cannot access computeDuration)
}

}

B8 G Smsfeation for Lhomuatamanipn |

inheriting a property does not necessarily
mean that the property is accessible
with the objects of a derived class

private properties of the base class
remain private to the base and are
inaccessible to objects of the derived
class

© Pearson Education 2005 Chapter 5 (Maciaszek - RASD 2/e) 7
ECampaign
@campaignCode : String
“campaignTitle : String
&ldate Start : java.util.Date
&dateClose : java.util.Date
&idateDrawn : java.util.Date
&numTickets : int
&2/ numTicketsSold : int
FcomputeTicketsSold() : int
ScomputeTicketsLeft() : int
E¥computeDuration() : int
ScomputeDaysL eft(today : java.utilDate) : int
protected properties
in the base class
are accessible to EBonusCampaign
a derived class BticketBookSize : int
(subclass) SgetBookSize() : int
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Package visibility
[

visible to all other classes in the
ackage

(from Campaigns)

he derived and the

‘campaignCode : String
EcampaignTitle : String
Md ate Start : java.util.Date
BdateClose : java.util.Date
Edate Drawn : java.util.Date
ESnum Tickets : int
B numTicketsSold : int

in different packages

package Campaigns;

class EBonusCampaign extends

EcomputeTicketsSold() : int
BcomputeTicketsLeft() : int
&¥computeDuration() : int
ScomputeDaysLeft(today : java.utilDate) : int

ECampaign

int ticketBookSize;

EBonusCampaign
(from Campaigns)
MiticketBookSize : int

MgetBookSize() : int

public int getBookSize()

return 0;
}
}
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Campaigns -
protected (and public) gives
package access, but not vice versa

ECampaign « derived classes cannot access

Froper‘qes with package visibility if
he base class are

Derived association
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Qualified association

A qualified association has an attribute
compartment (a qualifier) on one end of a binary
association (an association can be qualified on both
ends but this is rare).

The compartment contains one or more attributes
that can serve as an index key for traversing the
association from the qualified source class via the
qualifier to the target class on the opposite
association end

Flight
ESflightNumber : String

| deparure Date [ 0.1l
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Replacing association class with a reified class

SalaryHistoryReified
Employee seqNum : int

<<PK>>empld : String W :ﬁ?g;’ee::g:[[:

salary : float
1.n
1
SalaryLevel

<<PK>> levelld : String
minSalary : float
maxSalary : float
startDate : Date
endDate : Date
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Extension inheritance

Person
EEfulName : String
&d ate OfBirth : java.util.Date

public class Manager extends Employee
{

private Date dateAppointed;
private int leaveSupplement;

Mage() :int
public int remainingLeave()
int nrl;
mrl = super.remainingLeave() + leaveSupplement
return mrl;
b
Employee 3
®¥d ateHired : java.util.Date Manager
Wsalary : int EidateAppointed : java.util.Date
@8 eaveEntitement : int < @eaveSupplement : int
BleaveTaken : int
FremainingLeave() : int
HremainingLeave() : int
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Association class

SalaryHistoryAssociation
startDate : Date
endDate : Date
salary : float

/

Employee
<<PK>>empld : String

n SalaryLevel
<<PK>> levelld : String
minSalary : float
maxSalary : float
startDate : Date
endDate : Date
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Interface and implementation inheritance revisited

public class ChargeCalculator {
VideoMedium theVideo:
public Double getRentalCharge( (
rewm nul;
public class VideoEquipment {
private Double purchasePrice;
private Date dateOfPurchase

SyetRentalCharge( : Double VideoE qupment

publc nerace VideoMedium { [ videopier ] [ videoCamer
‘bl abstact Double enalCharge(:
o | Doule | public omss VideoGamera
catm public class VideoPlayer ends
stends Videocqupmen: )
B¢ nialCharge()\ Double implements VideoMedium {
ubic Double rentaicharge0 {
rewn n;
)
publc class Soundsystem
s s implements Videotedium
[ S | deoDsk | publc Double rentaCharged) {
‘ =1 | == | et
public class VideoTape public class VideoDisk }
implemenes Videotwedium mplemerts VideoMedium {
Publc Double rentaCharge0 { bl Double entaCharge0 {
Tetum uk etum
) !
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Restriction inheritance

Ellipse Bird
Bminor_axis
Bmajor_axis Sly()
Circle Penguin
ESdiameter
I Fswim()
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Convenience inheritance Fragile base class
: - Change in a superclass automatically
Point Motorbike L.
BixCoordinate BBregoNum affects the existing subclasses
&yCoordinate &engine Changes on superclass’ public interfaces
®move() ®drive() are particularly troublesome
« Changing the signature of a method.
« Splitting the method into two or more new
methods.
S « Joining existing methods into a larger method.
LineSegment BbootCapacity ‘madness is inherited, you get it from your
Sresize( &lairConditioning children’
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. , .y
Reusing the superclass’ code Overriding, down-calls and up-calls
The subclass can inherit the method ——
implementation and introduce no changes to the Chctoner - I aa.ng"z;':”‘g”
implementation. emoesg e e b |@umTickessan - in
The subclass can inherit the code and include it RCACKRRT0 b Tteten) R
(call it) in its own method with the same signature. puotic class Ghctoner public chss ECampaign R
rivate ECampaign theE Campaign; ublic ciass EBonusCampaign
The subclass can inherit the code and then :uh,mcm:e,j e public Date getDaleChose() (e Ecamam
cqr;lprl]etely over_ride it with a new implementation ;memmgn:nemammpa,m )?jgs:ﬁ;;f;“a‘ecm prteted compueTiees i)
with the same signature. inttoum:
ublic void getTicket ublic int compute Tickets| tnum = numTickets - numTicketsSold;
The subclass can inherit code that is empty (i.e. et G e
the method declaration is empty) and then provide o PO compueTIckets0: num = computeTicketsLef(; public Date getDateChse()
the implementation for the method. ) ! ‘..gu?erge‘m.gcméio<ua.ecbse)
. . . ublic void getCampaignClose() rotected int computeTicketsL eft() ate cdate =dateClose;
The subclass can inherit the method interface only fuammf_ et D,EWQ/,my:m,,m wample Date cdate = super getDateCose()]
(i.e. the interface inheritance) and then provide the cdate = heECampagngetDaieClose(; , eumedate:
implementation for the method. Y
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ExclusiveOwns aggregation Owns aggregation
CopyrightedBook BridgeCardPack Jug Bicycle
0.1 1.1 0.1 0.1
<<ExclusiyeOwns>> <<ExclusiveOwns>>
<<Owns>> <<Owns>>
{frozen} | g_n {frozen} | 52 il 0.2
Chapter BridgeCard - —
Water Tire
© Pearson Education 2005 Chaeter 5 (Maciaszek - RASD 2/e) 23 © Pearson Education 2005 ChaEler 5 (Maciaszek - RASD 2/e) 24

MACIASZEK (2005): Req Analysis & Syst Design



© Pearson Education 2005

Chapter 5 (RASD 2/e)

Has aggregation

Trolley

0.1

<<Has>>

0..n

BeerCrate <<Has>>

BeerBottle

0.1 0..n
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Member aggregation

<<Member>> 1.n JADSession 0.n  <<Member>>
g

1.1 <<Member>> <<Member>> 1.n

Moderator Developer

© Pearson Education 2005 ChaEIer 5 (Maciaszek - RASD 2/e) 26

Generalization vs aggregation

GPendingOrder

APendingOrder

GBackOrder ‘ ‘ GFutureOrder
[ 1| |
[ ] [ ]
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GOrder ABackOrder ‘ ‘ AFutureOrder
I [ I
T L 1

Summary

Stereotypes are the main extensibility technique of UML. In
the extensibility task, they are assisted by constraints and
tags.

Protected visibility permits control of encapsulation within the
inheritance structures.

Package visibility comes handy where private visibility is too
restrictive.

One of the most intriguing aspects of class modeling is the
choice between an association class and a reified class.
The concept of generalization and inheritance is a double-
edged sword in system modeling.

The concept of aggregation and delegation is an important
modeling alternative to generalization and inheritance.
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