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v'Three modeling axes:

Modeling axes Static
(what the system is) Q

Classes diagram

Objects diagram—
Component diagram
Deployment diagram

Fonctionnel Dynamic
Functional (how the system evolves)
(what the system is doing) State / transition diagram
Use cases diagram Activity diagram

Sequence diagram
Deployment diagram



Class and Object Diagrams

Class diagram
v'Representation of the internal structure of software
v The predominantly utilized UML diagram.

v'Can be applied in numerous stages of the software development process (Mainly

used in design but can be used in analysis and implementation phases).

v'Is a structure diagram which represents the structure of the designed system at the

level of classes and interfaces,

v'It shows their features, relationships and constraints, such as : generalizations,

associations, dependencies, etc.



Class and Object Diagrams

Object diagram

v'Representation of the software state (Object + Relations)

v’ Allows depicting concrete objects that appear in a system at a specific point in time.
v’ Diagram evolving with the execution of the software

v’ Creating and deleting objects
v Modification of the state of objects (values of attributes)

v’ Editing relationships between objects
v’ Can be considered as instance level class diagram.

v It shows instance specifications of classes and interfaces (objects), properties with assigned values, and links

(instances of association).

v'It Visualizes classes instances that are modeled in a class diagram.




Object

v'Abstract or concrete entity of the application domain.

v'Described by the following:

Identity (memory address) + state (attributes) + behavior (operations)

Object name —> MyAccount: Account

number= 123456
devise= EUR
balance= 13984,62

Operations __s| Deposit(amount: float)
Withdraw(amount: float)

checkBalance(): float

Attributes —> <— State (attributes values)




v'Same nature = same attributes + same operations.

Class

v'A class is a collection of objects of the same nature.

v'A class is represented by a rectangle, divided into three parts:
v'The class name.
v'The attributes names and types (Fields).
v'The names, return types, and parameters of the operations.

Student

v Examples:
Person &—— Class name —> Book
-name : String l&—— Attributes ——>| -title : String

-birthDate : Date

+getName() : String
+setName(name) : void
+isBirthday() : boolean

-authors : String[ ]

le—— Operations —

+getTitle() : String
+getAuthors() : String[ ]
+addAuthor(name)

firstName: String
lastName: String
email[0..1]: String
encryptedPW: String

totalPoints(): Integer
setPassword(pw: String)
checkPW(pw: String): Boolean




v Either or both of attributes and operations parts may be deleted.

Class

vt is possible to show only attributes, only operations, or none of the two.

v Example:

Student

firstName: String
lastName: String
email{0..1]: String
encryptedPW: String

Exercise

Hospital




Example 1 of Class Diagram

reading order

interface realization

Book /
ab‘-‘"act*ass '-SB_N - SUINGI0.- 11 1<) é Author attributes
e title: String 1. « wrote 1.+
TT———3> SUummary name: String 77,/,1 enumeration
publisher 4( biography: String<$- J data type
publication date
number of pages / y
language e «enumeration»
= multiplicity / AccountState
generalization ‘_"Bfe_'_ N
/ / : Frozen
«entity» Book Item 4, wentity» Account /‘/ : Closed
barcode: String [0..1) {id} |0..12 g borrowed number {id} » .
stereotyped 3| tag: RFID [0..1] {id) history: History{0.."] |- ~~~'
class — IsReferenceOnly 0.3 < reserved opened. Date
state: AccountState nt
This figure presents an example - . accounts | *
of UML class diagram for agoregation
H : H association f
domain modeling, with the O / 1
main elements of the diagram. s ~~ Library Patron
records
name name
X <@ address «use» - @ddress
como{)smon oL :
: Vg
cinterface»
L e ORae_ P Search [ _«use» Librarian
Catalog e "7~~~ name
———————— _-=~-"" | address
ST niadeces ..o -~ “wuse» position
Manage 1\

usage dependancy



This figure presents an
example of UML class
diagram for
Implementation Classes,
with the main elements of
the diagram.

\

Example 2 of Class Diagram

winterfaces
android.view::SurfaceHolder

+ addCaliback({caliback: SurfaceHolder.Callback)
= + removeCaliback{callback: SurfaceHoider. Callback)

>

winterfaces»
android.view::SurfaceHolder.Callback

+ surfaceChanged (holder: SurtaceHolder,
format: Integer, width: Integer, height: Integer)
+ surfaceCreated(hoider: SurfaceHoider)

+ surfaceDestroyed (holder: SurfaceHolder)

android.view::SurfaceView s

+ /draw{canvas: Canvas) )
+ getHolder(): SurfaceHolder

p interface

genaralization

A3} + ucreate» Preview(context: Context)
A + isurfaceChanged (holder: SurfaceHolder, format:

construcior

realization

~ mHolder: SurfaceHolder ~preview

android.app::Activity

# onCreate(state: Bundie)

2 onStart()

# onStop()

# onDestroy()

+ onCreateOptionsMenu(meanu: Menu): Boclean

+ onOptionsitemSelected(item: Menultem): Boolean

generalizabon

CMm

Integer, width: Integer, height: Integer)
+ /surfaceCreated(holder: SurfaceHolder)
+ /surfaceDestroyed (holder: SurfaceHolder)

S

- context

<4 = buttonClick: Button
- shutterCaliback:ShutterCallback ~¢——

- jpegCallback: PictureCaliback

# JonCreate(savedinstanceState: Bundle)

# JonStart()

# jonStop()

# jonDestroy()

+ JonCrealeOptonsMenu(menu: Menu). Boolean

__——— aggregation

- camera

android.hardware::Camera

e

=

+ IgetHolder(): SurfaceHolder \

+ /draw(canvas: Canvas)
\ derived operations

= . :
+ getParameters(). Parameters

+ setP, ams: Parameters)

+ setPreviewDispiay (holder: SurfaceHolder) {(final)

+ startPreview() {final}

+ stopPreview() {final)

+ release() {final}

+ takePicture (shutter: ShutterCallback, raw: PictureCaliback,
postview: PiciureCallback. jpeg: PictureCaliback) {final}

- rawCallback: PictureCallback 1T class

attributes



This figure presents
an example of UML
object diagram, with
the main elements of
the diagram.

Example of Object Diagram

instance specification
log of class Logger

loginCtrl: com.abc.user::LoginController

-attemptLimit: Integer = 5

-lockoutTime: Integer = 30
-loginURI = “fusers/sign-in"
-logoutURI = “Jusers/sign-out”

e

\

\b -log
log: Logger = >
.log
link, non-navigable
backward \
«interface» :UserManager
anonymous instance : .
¥ - digester: PasswordDigester
of UserManager interface
- e _3,| -authorizationRules: Rules{7] {unique)
I —— —P>~
link, navigable
forward 5 {ordered,
unique)

>

collection of 5 unique
anonymous instances
of unknown classifier

-cookieMgr

x

slots with value
specification

“Jusers/profile”

4\

Vi -cookieMgr

named instance with
value specification

link

+cookieMaxAge: Integer = 1814400
+cookieDomain = "abc.com”
-crypto: Cryptograph

-

+createUserCookie(user: User,
Boolean rememberMe): Cookie

slots with value
specification




Object & Class

v An object is an instance of a class.

Class name
MonCompteloint : Compte k'
numéro = B54126 -
| de-.r-Jiie zl;uitcI3 Instances of Compte
BonLivretf : Comple solele 15,
MAUIMIEro: 123456 'E'él:l-CIEEr[ﬁ"Il}r'ltﬂﬂ'[ ﬂc.;l_-} m nmumerc - 1l'|t Attributes
degine ELR ﬂ:til‘l:r’[l'l'lﬂl'lt.a it ﬂl:l-at} devise - DE'H"S-E' -.____,.,-
solde = 3509.43 solde() : float =
déposer{montant - float) — o P solde : float
retirer{rmontant © fMoat) onCompteduisse : Comple - )
el - ot P ———— deenser{mnntant : float)
devise — CHF retirer(montant : float)
slde 121000 ~
déposer[montant : float) EﬂldE{} : float T-
retirer{montant : float) o

solde() : float Operétions




v'Some other class examples

LUtilisateur

nom : string

caution : int

Class

Livre

titre : string
auteur : string
ISBEM : int
caution : int

Emplacement

travée : int
etagére : int

niveau : int

Rewvue

titre : string
volume :@ int
parution : Date

caution : int

Exemplaire

code__barre : int

retour @ Date




Example of Classes Diagram

Article
désignation : string
prix : float
avisinternautes : Commentaire

avisinternaute

squsCateg w'lq 1

comporter Commande
N # date : Date

kY ! |# conditionsDeVente : string

acheter()
apercu()
setPrix(value : float) : void
getPrix() : foat

+ 4+ 4+ 4| RN

% + getNbENnCours() : string
\ + calculerTotal()

Livre . .
# isbn :@string N passer
e Li mmande
# nbPages :int Video = qua:t‘iteéc'oint
+ appergu() Disque # durée :int : - 1
- + calculerMontantLigne()
# label : string + afficher()
Client
+ écouter()
+ appercu() liviafSon 0.1
. 0.1
facturation /
e Adresse | 1

# catégorie : string 1




Example of Classes Diagram

{abstract}
Employee

leads m»

1 Faculty

+ ssMNo: int

+ name: String
+ email: String
+ counter: int

[\

+dean

Administrative Research
Employee Associate

+ fieldOfStudy: String

Lecturer

Course

+ name: String
+ id: int
+ hours: float

teaches

+ name: String

1

1 __'J:'

Institute

+ name: String

+ address: String

Participation

1+ hours: int

Project

+ name: String
+ start: Date
+ end: Date




Property

v'Property = Attribute + Operations
v’ Attributes and operations are properties of a class.

v'Their name begins with a lowercase letter.

v'An attribute describes a class data.

v’ Attribute types and their initializations as well as access modifiers can be specified in the model.

v’ Attributes take values when the class is instantiated: they are sort of variables attached to objects.

v An operation is a service offered by the class (a process that the corresponding objects can

perform).



Visibility

v'The attributes and operations visibility specifies who is permitted to access them.

Name  |Symbol|Description

public +  |Access by objects of any classes permitted

private —  |Access only within the object itself permitted

protected| # |Access by objects of the same class and its subclasses
permitted

package | ~ |Access by objects whose classes are in the same pack-
age permitted

Person

+ firstName: String
+ lastName: String
- dob: Date

# address: String["]
— pCounter: int

+ getPCounter(): int
+ getDob(): Date




Visibility
v'Private: Only an object itself knows the values of attributes.

v'Public: Anyone can view attributes .

v'Protected: Access to protected attributes is reserved for the class itself and its

subclasses.

v'Package: If a class has a package attribute, only classes that are in the same package

as this class may access this attribute.

v'Visibility of an operation: specifies who is allowed to use the functionality of the

operation.



Attributes

v “An attribute represents some property of the thing you are modeling that is shared by
all objects of that class.” [Booch et.al.: UML User Guide, 1999, p. 50]

v'Attribute Values = Object State.

v Different objects (i.e. different identities) can have the same attributes.

v'Example: Jean1 and Jean2 are two different objects having the same attributes.

Jeanl: Person Jean2: Person
name= “Dupont” - name= “Dupont”
firstName= “Jean” firstName= “Jean”

Birth=07/10/1999 » ,¥ | Birth=07/10/1999




Attributes

v'An attribute can be initialized and its visibility is defined during its declaration.

v'Syntax of the declaration of an attribute:
modifAcces nameAtt: nameClasse[multiplicity]= valuelnit

Article

# designation: String
# Price: Float=-1
# usersReview: Comment|[0..*]




Operation

v'An operation is defined by its name as well as its parameter types and the
type of its return value.

v'Syntax of the declaration of an operation:

modifAcces nameOperation(parameters): ClassReturn
v'Syntax of the declaration of parameters :

nameClassl nameParaml, ..., nameClassN nameParamN

v Example: e

+ purchase()
+ Preview( O
+ setPrice(value: float): void

+ getPrice( ): float




Association

v'An association is a structural relationship between objects.

v'An association is often used to represent the possible links between objects
of given classes.

VIt is represented by a line between classes.
v Example:

RoleName 2 AssocName RoleName 1
Class 1 Class 2
mu|t 2 mult 1




Multiplicities

v'The notion of multiplicity makes it possible to control the number of objects
involved in each instance of an association.

v'Example: an article belongs to only one category (1); a category concerns more
than O articles, without maximum(*).

| Article I Category I
0.." 1

v'The syntax is MultMin .. MultMax.
v "*¥"instead of MultMax means "several" without specifying a number.

v"n..n"is also denoted "n", and "0 .. *" is denoted "*".




A

i, e, e

B

f..Mm

n.”

Multiplicities

Number of objects of the class B associated with an object of the class A:

Exactly n

Exactly nor morp

Between n and m

At least n

Many (0 or more)

A

Exactly 1

At most 1

At least once

0 or more



User

nom : string

caution : int

Multiplicities

Location

Co
0.1 * Py
barcode int
return: Date
1..* .1“1.
0.1 01
Book Review
Title: string Title: string
author: thong volume : int

ISEN int

caution : int

*

publication date

caution : int

| Span: int
Shelf; int
Level : int

Example of Class Diagram with multiplicities




Multiplicities

* This object diagram respect the multiplicities of the above class diagram,
thus it is a valid object diagram.

ex1:Exemplary Mis:Book
ex1: Copy ___ . . Title= “les
return=27/12/2017 T—— | f4lbeFshj¥ietor Hugo"
ISBN = ..
caution = &
Smith:User ex2:Exemplary
name = "Smith" ex2: Copy
caution = 10 return = null Type:Review
title = "Nature"
- volume = 130
ex3:Exemplary / publication 5/12/2017
ex3: Copy caution = 2
Martin:User return 5/01/2018l|

name "Martin"
e1: Location

caution = 25

span = 1
shelf = 2

level = 1

Example of Object Diagram



Dependency

* An object of one class can utilize an object of another class in the method
code.

* If the object is not stored in any attribute, then this is modeled as a
dependency relationship.

* Example: Person class may have a hasRead method with a Book parameter
that returns true whenever person has read the book.

Person L oo o> Book

+hasRead(book) : boolean




Unidirectional Association

v'An object may store another object in a attribute.
v'Example: this relation is modeled by the owns attribute (person own books).

Person > Book

* L

-owns : Book][ ]

But, a book may be owned by several persons, so the reverse direction may not
be modeled.

v'The *'s in the figure designate that a book may be owned any number of
people, and that a person can own any number of books.

v'Other examples:

> e
0..1 1 1 *




Binary Association

A Bidirectional (Binary)Association allows us to associate the instances of
two classes with one another.

 Two objects might store each other in fields (attributes).

« Example: in addition to a Person object listing all the books that the person
owns, a Book object might list all the people that own it.

Article Commande
| (o . |




Reflexive Association

v'The most used association is the binary association (linking two classes)

v'Sometimes both ends of the association point to the same class.

v'In this case, the association is called "reflexive".

v Example:

0.1 main category

‘ Category |

sub-category




Association Class

* An association can be refined and have its own attributes, which are not available in any of
the classes it links.

v'As, in the object model, only classes can have attributes, then this association becomes a
class called "association class".

v'Thus, if an association has attributes (or operations), an “association class” must be used.

v'An association class is shown as a class that is linked by a dashed line to an association.

v Example:
;L\rt_icl_e Command Student — | * | Exercise
" has solved 1 solved by
1 .-* L] " :
r Solution
CommandLigne Date
Quantity : Int Points

calculerMontantLigne()




N-Ary Association

v'An N-Ary association links more than two classes.

v'Represented by a central diamond that can optionally accommodate an
association class.

v'The multiplicity of each class applies to an instance of the diamond.

v'N-ary associations are infrequent and mainly concern cases where the
multiplicities are all “*”.

v'In most cases, it will be more advantageous to use association-classes or
several binary relations. ‘

Student

v'Examples: * Matiére

A B Exam . grades *
i Enseignant [ Salle

':. 0..1 | +examiner *

Lecturer




Aggregation

v'An aggregation is a special form of association. It represents the inclusion
relationship of an element in a set.

v'The aggregation is represented by an empty diamond on the side of the
aggregate.

v'An aggregation denotes a relationship of a set to its parts. The set is the
aggregate, and the part is the aggregated.

\/ . Article
Examples:
0.1 * 1..*
LabClass < Student COrTI e e
(EJ Cormirma ryces I
*
StudyProgram < Course .ﬁ;as-E-r

g



Composition

v'The composition relationship describes a structural containment between
Instances.

v'"We use a solid diamond.

v'Destroying and copying the composite object (the whole or the set)
involves respectively destroying or copying its components (the parts).

v'An instance of the part never belongs to more than one instance of the

composite element.
Chaise Porte
e

,
1 * 0..1 1
Building @——— LectureHall #———— Beamer L

Table -
Batiment I

v Examples:




Generalization

v “A generalization specifies a relationship between a general class (superclass or

parent) and a more specific class (subclass or child).

v'Generalization is also named an “is- a ” relationship.”

v'Generalization is represented by an arrow (with a large open triangle at the

end) directed from the subclass to superclass (in the “is a” direction).

v'If a class has several subclasses, we can adopt the two notations:

Person Person
/\ /\

Student Student Professor




v'This figure presents a classes
diagram with generalization.

v'Generalization for example from
Student to Person, from
Employee to Person, ...etc

Generalization

* 1
Faculty

isAssigned

{abstract}
Person
Student
L~ |name
matiNo address
dob
+* ssMNo
enrolls
1__*
Employee
StudyProgram
acctMNo
1. %
A
=
Course
-+
teaches
1 __-J:-
ResearchAssociate

AdministrativeEmployee




Inheritance

v'Inheritance a specialization / generalization relationship.

v'Specialized elements inherit structure and behavior from more general elements

(attributes and operations)

v'Example: by article inheritance, a book automatically has a price, a designation and a buy( )

operation, without it being necessary to specify it.

Arvicle
descrnption

prce

buy()

Book Disk Video
Pn
S0 iabel duration
D
nbPages listen() dispiay()

Poachod
category




Inheritance

v'The child class has all the properties of its parent classes (attributes

and operations).

v'The child class is the specialized class.

v'The parent class is the generalized class.

v'However, it does not have access to private properties.




Multiple Inheritance

* A class can have several parent classes. This is called multiple
inheritance.

* The C++ language is an example of a language that allows its effective
implementation.

e Java does not allow this.

VeéhiculeMoteur Baleau VeéhiculeMarin
code : int — 1 code - string




Abstract Class

v'A method is said to be abstract when we know its header but not the way in which it can

be implemented.

VIt is up to the child classes to define the abstract methods.

v'A class is said to be abstract when it defines at least one abstract method or when a

parent class contains an abstract method that has not yet been implemented.

_ . Reclangle Implementin
FigureGeometric {abstract - P .

£ { O 3 _ _ - — = ={the draw operation
Trait type: Trait draw()
draw() {abstract} (<~ FigurePleine] abstract )

- This class remains abstract
T
"] because it does not implement

the draw me thod




Interface

v'The role of an interface is to group together a set of operations ensuring a
consistent service offered by a workbook (classifier) and a class in particular.

v'An interface is defined as a class, with the same compartments.

v'We add the "interface" stereotype before the interface name.

v'We use a "realization" type relationship between an interface and a class that
implements it.

z=|Nterface ==

Class a Interface
Operations( ) Operations( )

v'Classes that implement an interface must implement all the operations
described in the interface.
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