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The need for expressive notation

Introduction

In many domains, such as electronics and architecture,
there exist unique notations for representing designs. In
software industry, the need for standard notation has
emerged as well.

Metamodels
UML Profiles

Prof. Hichem Debbi Object Oriented Analysis and Design QOctober 27, 2024 2/60



Introduction

The need for expressive notation

In many domains, such as electronics and architecture,
there exist unique notations for representing designs. In
software industry, the need for standard notation has
emerged as well.

m A standard notation makes it possible for an analyst or
developer to describe a scenario or formulate an
architecture and then unambiguously communicate
those decisions to others

m A good notation sets it free to concentrate on more
advanced problems

m A good expression makes the task of verifying
correctness of our understanding much easier.
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Modeling Methods before 1994 (OO Technology
without UML)

Introduction

m Rumbaugh 1991(Object-Modeling Technique, OMT):
It was based on three main types of models: object,
dynamic and functional. Many modeling elements ware
later incorporated into UML.

m Jacobson 1992 (Object-Oriented Software Engineering,
OOSE):

It is basicly considered as a methodology that leads later
; to the creation of Rational Unified Process(RUP).

m Booch 1992(Booch method) :

Their models serve as basics for many UML diagrams
B such as: Object diagram, class diagram, state transition
o diagram...
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- UML birth in 1997

Introduction

Metamodels

UML Profiles

m 1995: Booch, Rumbaugh, and Jacobson joined forces at
Rational Software Corporation

m 1996: A visual modeling language was submitted to
Object Management Group (OMG) as a first version of
UML

m 1997 UML has been adopted as a standard by OMG (a

consortium that creates and maintains standards for the
computer industry)
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UML

UML Diagrams

Class Diagram

The Unified Modeling Language (UML) is a
general-purpose, developmental, modeling language in
the field of software engineering, that is intended to
provide a standard way to visualize the design of a
system.

Metamodels
UML Profiles
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__ B

UML Diagrams
Class Diagram

Metamodels
UML Profile:

The Unified Modeling Language (UML) is a
general-purpose, developmental, modeling language in
the field of software engineering, that is intended to
provide a standard way to visualize the design of a
system.

UML serves as a helpful tool during the software
development process despite the methodology in use.
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UML Dia

Class Diagr

Metamodels
UML Profile:

grams
m

UML

m UML notation is given in the form of diagrams

m It is impossible to capture all the subtle details of a complex

software system in just one large diagram

m The act of drawing a diagram does not constitute analysis or
design. A diagram simply captures a statement of a system’s
behavior (for analysis), or the vision and details of an
architecture (for design)
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UML Diagrams

Class Diagram

Stereotypes

Tagged Values

Constraints

Metamodels
UML Profiles
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UML Diagrams

Structure Diagrams

Package
Diagram

Class
Diagram

Component
Diagram

Deployment
Diagram

Object
Diagram

Composite
Structure
Diagram

Behavior Diagrams

Use Case
Diagram

Activity
Diagram

State
Machine
Diagram

Interaction Diagrams

Sequence Communication
Diagram Diagram

Interaction Timing
Overview Diagram
Diagram
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Figure: The Diagrams of the UML
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- UML diagrams in analysis and design

UML Diagrams

Class Diagram

Metamodels

UML Profiles

Analysis diagrams Design diagrams
Use case diagrams Class diagrams
Activity diagrams Object diagrams

Class diagrams Component diagrams
Interaction diagrams | Deployment diagrams

Table: Analysis/Design UML diagrams
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Class diagram

In order to determine all the entities forming the systems,
their roles and responsibilities as well as the way they

Gass Diagram collaborate we need a strong visualization diagram that
captures all object-oriented notions, which is the class
diagram. A class diagram is used to show the existence of
classes and their relationships in the logical view of a

Metamodels
UML Profile:
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- Class diagram

Class Diagram

In order to determine all the entities forming the systems,
their roles and responsibilities as well as the way they
collaborate we need a strong visualization diagram that
captures all object-oriented notions, which is the class
diagram. A class diagram is used to show the existence of
classes and their relationships in the logical view of a
system.

A class diagram is a type of static structure diagram that de-
scribes the structure of a system by showing the system’s
classes, their attributes, operations (or methods), and the re-
lationships among objects.

During analysis, we use class diagrams to indicate the common
roles and responsibilities of the entities that provide the system’s
behavior. During design, we use class diagrams to capture the
structure of the classes that form the system’s architecture.
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Class Diagram

Metamodels

UML Profiles

Formal and Informal

The Class Notation

= Name: A name of the class must be unique. Begins with
capital letter with no spaces

m Attributes: are variables that their types must be

identified

m Methods : the operations that the class could execute

Prof. Hichem Debbi

ClassName

+Attributel: TypeOl
-Attribute2: Type02
#Attribute3: Type03

+Operationl1(): Return Type 01
-Operation2(): Return Type 02
#Operation3(): Return Type 03
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Class Diagram

Metamodels
UML Profiles

Visibility

m public (+) : Visible to any element that can see the class

m Protected (#) : Visible to other elements within the class
and to subclasses

m Private (-) : Visible to other elements within the class

m Internal (Package) (~) : Visible to elements within the
same module (Package)
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Class Diagram

Stereotypes
Tagged Values

Constraints

Metamodels
UML Profiles

Formal and Informal
Specification

Obiect Constraint
Language (OCL)
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Class- Levels of Details

Order
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Different Levels of Details

—

Order Order
-id -id 1int
-dateTime -dateTime : Date
-customerld -customerld : int
-status -status : string
+placeOrder() +placeOrder() : void

Object Oriented Analysis and Design
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- Class Relationships

Class Diagram

m Generalization : Is an association that indicates that the
subclass inherits the structure and behavior of its
superclass

m Association : A binary association (with two ends) is
normally represented as a line

m Aggregation : Is an association that indicates if a class
is a collection or container of other classes

m Composition : When attempting to represent real-world
whole-part relationships

m Dependency : When one class depends on another
class but the contrary is not essentially true.
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Class Relationships - Multiplicity

Class Diagram

1: Exactly one

*: Unlimited number (zero or more)
0..*: Zero or more

1..* : One or more

0..1: Zero or one

1..23: Specified range

Metamodels
UML Profiles

Formal and Informal
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Class Diagram

/alues

Constraints

Metamodels
UML Profiles

Class Relationships

Composition

Dog

Vehicle
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Engine

Generalisation

Animal

Aggregation

Session

Student
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Class Diagram

Stereotypes
Tagged Values

Constraints

Metamodels
UML Profiles

Formal and Informal
Specification

Obiect Constraint
Language (OCL)
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Association, Aggregation and Composition

Association- No ownership & no lifetime dependency

Aggregation-One owner instance,
but not lifetime dependency

Prof. Hichem Debbi Object Oriented Analysis and Design October 27, 2024 16/60



Association

Class SEudent

i
public string Name;
private List<Teacher> _lstTeachers;
) public void SetTeachers(List<Teacher> teachers )
Class Diagram c
_lstTeachers = teachers;
¥
¥
closs [agcher
{
public string Name;
Stereotypes g )
List<Student> = new List<Student>();
Tagged Values '
Constraints Jihes Program
{
static void Main(string[] )
{
Student student = new Student();
Metamodels student.Name = "Student”;
ML Profiles List<Teacher> _1stTeachers = new List<Teacher>();
Teacher teacherl= new Teacher()
i
Formal and Informal Name = "teacherol”
Specification
Object Constraint e
Language (OCL) Teacher teacher2 = new Teacher()
i
Name = “teacherg2”
¥;
_1stTeachers.Add(teacher1);
_1stTeachers.Add(teacher2);
student . SetTeachers(_lstTeachers);
Hg) 2030 anoly }

Unarsi Monamed Bouéal - Msia
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Aggregation
public class Department
{
public string Name;
public List<Teacher> LstTeachers = new List<Teacher>();
Class Diagram } .
public class Teacher
{
public string Name;
}
class Program
{
Stereotypes static void Main(string[] )
Tagged Values {
Constraints Department department = new Department();
department.Name = "Informatique";
List<Teacher> = new List<Teacher>();
Teacher teacherl = new Teacher
Metamodels {
UML Profiles Name = "teacherel"
1
Formal and Informal Teacher teacher2 = new Teacher
{
Name = "teachere2"
1
//Informatique department is the owner of teacherl
//teacher2, but thier lifetime is independent of department instacne
department.LstTeachers.Add(teacherl);
| department.LstTeachers.Add(teacher2);
ooy 202 sl }

}
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Class Diagram

Stereotypes

Tagged Values

Constraints

Metamodels
UML Profiles
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Composition

public class University
{
public string Name;
private List<Department> _lstDepartments = new List<Department>();
public List<Department> LstDepartments
{
get { return _lstDepartments; }
set { _lstDepartments = value; }

public University()

{
Department department@l = new Department();
Department department®2 = new Department();
_lstDepartments.Add(departmentel);
_lstDepartments.Add(departmente2);
// University here is the owner of depl and dep2,
// their lifetime is dependent on university lifetime
}
public class Department
{
public string Name;
}
class Program
{
static void Main(string[] args)
{
University university®l = new University { Name = "M'sila" };
¥
¥
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Class Diagram

Metamodels
UML Profiles

Dependency

public class Customer

{
public int CustomerId { get; set; }
public String Name { get; set; }

1

public class Order

{
public int Orderld { get; set; }
public int CustomerId { get; set; }
public DateTime OrderDate { get; set; }
public Order(Customer customer)
{

CustomerId = customer.Customerld;

}

X
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Class Diagram

Constraints

Metamodels
UML Profiles

Abstract Claass & Interface

Prof. Hichem Debbi

| and implements all the functions of IPaintCost

Haethreal) - double

Rectangle

length : double
-width : double

Rectangle inherits function getArea (could override it)

+getarea() : double
+getCost() : double

Circle

-radius : double

+getireal) : double
+getCost() : double

Object Oriented Analysis and Design

winterface »IPaintCost

+getCast(} - double
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Class Diagram - example

User
-id :int
-userName : string
-password : string

s Dgran Customer +verifyLogin() : bool
-id rint
-name : s‘trlng 1 Adminstrator
-address : string ! Sid : int
-email : string -na;ne : string
+register() : void Lemal : string
+login() : void +register() : void
+updateProfile() : void 8 5

+login() : void

1% +updateStore() : void
- 1.*
Payment ord
Gid : int __ Order
-date : Date : -id :int
Z\;E\:w:‘,: _total : double -dathlmelaDétstz
ML Profiles - :
+confirmPayment() : bool 1 [eustomert X -in 1
-status : string
+placeOrder() : void 1.*%
|
PayPalPayment CreditCardPayment Item
-id : int -id s int Fid s int
-Name : string

-Description : string
-Price : double
+getPrice() : double
+setPrice() : void
o +viewDeatils() : void
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The UML consists of four common mechanisms that apply

throughout the language that help to meet our needs in
object modeling.

Common
Mechanisms

Metamodels
UML Profiles

Formal and Informal
pecification
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Class Diagram

Common
Mechanisms

Stereotypes

Tagged Values

Constraints

Metamodels

UML Profiles

Formal and Informal

59: 3030
Unarsi Monamed Bouéal - Msia

Common Mechanisms

Common mechanisms

Specifications

Common
divisions

Adornments
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Extensibility
mechanisms
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Class Diagram

Common
Mechanisms

Metamodels

UML Profiles

Specification

m UML consists of two dimensions , graphical (boxes,
arrows, ....) and textual dimension.

m Specification repentants the textual dimension that help
us to describe the sementics of the modeling element.

m Meaningful model should consist of meaningful
specification.

BankAccount

name
accountNumber

deposit()
withdraw()
calculatelnterest()

Prof. Hichem Debbi

_________________ >

Object Oriented Analysis and Design

Semantic Backplane

Class specification

Use case specification

Dependency specification

_____________________________
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Class Diagram

Common
Mechanisms

Metamodels
UML Profiles

Adornments

m UML diagrams consist of basic notations elements and
such adornments added to them.

m Adornments are textual/graphical items added to the
basic elements to give much detalil

Prof. Hichem Debbi
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Class Diagram

Common
Mechanisms

Metamodels
UML Profiles

Formal and Informal

Adornments

m UML diagrams consist of basic notations elements and
such adornments added to them.

m Adornments are textual/graphical items added to the
basic elements to give much detalil

Adornments highliting “Employee “Employer
important details
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Class Diagram

Common
Mechanisms

Metamodels
UML Profiles

B

Common divisions

m UML consists of two common divisions: classifier and

instance, and interface and implementation

m Classifier and instance distinguish between abstraction
and manifestation (e.g. class/object)

m Interface introduces a contract, and an implementation

implements the realization of this contract
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Class Diagr

Common
Mechanisms

Metamodels
UML Profile:

Common divisions

m UML consists of two common divisions: classifier and
instance, and interface and implementation

m Classifier and instance distinguish between abstraction
and manifestation (e.g. class/object)

m Interface introduces a contract, and an implementation
implements the realization of this contract

BankAccount
«interface» IButton rowner : string
-balance : double
H-click() : void
i +deposit(ammount)() : double
! +withdrawal(ammount)() : double
|
. Button MyBankAccount
-heigh : double

o -owner : string = Hichem
width : double -balance : double = 1.000.000

+click() : void

+deposit(ammount)() : double
+withdrawal(ammount)() : double
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- Extensibility Mechanisms

Class Diagram

Extensibility
Mechanisms in
um

St

Metamodels
UML Profiles

m Problem: With UML it’'s not simply not possible to
satisfy everyone’s needs about modeling
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- Extensibility Mechanisms

o m Problem: With UML it’'s not simply not possible to
Mechanism in satisfy everyone’s needs about modeling

o m Solution: Extensibility mechanisms are invented to
extend UML notation through adding new building
blocks, creating new properties and specifying new
semantics in order to make UML suitable for any
application domain
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Class Diagram

Extensibility
Mechanisms in
UML

Metamodels
UML Profiles

Formal and Informal

Extensibility Mechanisms

m Stereotypes: A stereotype allows us to define a new
UML modeling element based on an existing one
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Extensibility
Mechanisms in
UML

Metamodels
UML Profiles

Extensibility Mechanisms

m Stereotypes: A stereotype allows us to define a new
UML modeling element based on an existing one

m Tagged values: Provide a way of extending an
element’s specification by allowing us to add new, ad hoc
information to it.
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Extensibility Mechanisms

m Stereotypes: A stereotype allows us to define a new

ensby UML modeling element based on an existing one

UML . .

m Tagged values: Provide a way of extending an
element’s specification by allowing us to add new, ad hoc
information to it.

m Constraints: extend the semantics of an element by

Metamodels

allowing us to add new rules
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Stereotypes

d Values

Metamodels
UML Profiles

Stereotypes

Stereotypes allow designers to extend the vocabulary of UML in
order to create new model elements, derived from existing ones,
but that have specific properties that are suitable for a particular
problem domain or otherwise specialized usage.
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- Stereotypes

Stereotypes

Stereotypes allow designers to extend the vocabulary of UML in
order to create new model elements, derived from existing ones,
but that have specific properties that are suitable for a particular
problem domain or otherwise specialized usage.

When modeling a network you might need to have symbols for
representing routers and hubs. By using stereotyped nodes you
can make these things appear as primitive building blocks
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Stereotypes

Class Diagram

«entity» «entity» Q\
preferred X ;@ ~
Ticket /" Ticket ~icon
stereotybe
Stereotypes
Tagged Values . Q preferred
Constraints Ticket
Ticket
Metamodels
UML Profiles o call
«control» « .
JobManager [ 7TTTTTTTTTTTIIIIIIIIIIIIIIIION > Scheduler

Formal and Informal

459 3030 asol>
Unarsi Monamed Bouéal - Msia
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Class Diagram

Stereotypes
Tagged Values

Constraints

Metamodels
UML Profiles

Formal and Informal
Specification

Obiect Constraint
Language (OCL)

459 3030 asol>
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Stereotypes

Collaboration1.Interaction1 :SequenceDiagram1

interaction SequenceDiagram1 _J

Object01

«create»

S Object02

«destroy»
2:

Object03
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Stereotypes

Class Diagram

Web site
Stereotypes /.@
Tagged Values g
Constraints

|
_—"[ «nternal user»
«External User» Manage Site Manager
Customer
Metamodels
UML Profiles

Formal and Informal

Specification
Obiect Constraint
Language (OCL)
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Class Diagram

Stereotypes
Tagged Values

Constraints

Metamodels
UML Profiles

Formal and Informal
Specification

Obiect Constraint
Language (OCL)

459 3030 asol>
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Stereotypes classes

Collaboration1.Interaction1 :SequenceDiagram1

interaction SequenceDiagram1 _J

Object01

«create»

S Object02

«destroy»
2:

Object03
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- Tagged Values

Class Diagram

UML allows you to add your own properties to modeling ele-
ments by using tagged values. So simply, a tagged value is just
a keyword which can have a value attached. They usually indi-
Taggea Vaes cate properties of new modeling elements defined by a stereo-

B e

Metamodels
UML Profiles
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- Tagged Values

Tagged Values
Constrail

Metamodels
UML Profile:

UML allows you to add your own properties to modeling ele-
ments by using tagged values. So simply, a tagged value is just
a keyword which can have a value attached. They usually indi-
cate properties of new modeling elements defined by a stereo-

type.

The syntax for tagged values is shown as: tagl = valuel, tag2
=value2, ..., tagN = valueN
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Tagged Values

m Can be defined for existing UML elements

m Can be defined for individual as well as multiple
— sterotypes

m they are not the same as class attributes

Tagged Values

Constraints

m The tag and the value are usually encoded as strings
i m They are applied to the element, not its instance
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Tagged Values

Class Diagram

Server
{TagValues = {Processor =4, Ram=2}}

Stereotypes

Tagged Values

Constraints

Metamodels
UML Profiles

Formal and Informal
Specification

Obiect Constraint
Language (OCL)
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Constraints

Metamodels
UML Profiles

Constraints

A constraint is simply a text string in braces {} that specifies
some condition, restriction or assertion about the modeling ele-
ment that must be maintained as true. Constraints are usually
defined on elements of class diagrams.
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Constraints

Metamodels
UML Profile:

Constraints

A constraint is simply a text string in braces {} that specifies
some condition, restriction or assertion about the modeling ele-
ment that must be maintained as true. Constraints are usually
defined on elements of class diagrams.

The syntax for constraint is shown as:
pression1, Name2 = BooleanExpression2
Example : Owner->notEmpty() and Balance>=0

Prof. Hichem Debbi

Name1 = BooleanEx-
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Constraints

Class Diagram

m The placement of a constraint in a visual diagram

depends on the number of diagram elements affected by
the constraint

Constraints

Metamodels
UML Profiles
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Class Diagram

Constraints

Metamodels
UML Profiles

Constraints

m The placement of a constraint in a visual diagram
depends on the number of diagram elements affected by

the constraint

m Preconditions and postconditions are examples of

constraints
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Constraints

m The placement of a constraint in a visual diagram
depends on the number of diagram elements affected by
the constraint
- m Preconditions and postconditions are examples of
S constraints

m A constraint can be represented in a natural language

(textual) or in a more formal language such as a

programming language or the UML Object Constraint
Language (OCL).
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- Constraints

Constraints

m The placement of a constraint in a visual diagram
depends on the number of diagram elements affected by
the constraint

m Preconditions and postconditions are examples of
constraints

m A constraint can be represented in a natural language
(textual) or in a more formal language such as a
programming language or the UML Object Constraint
Language (OCL).

m Formal language is desirable to describe constraints

Prof. Hichem Debbi Object Oriented Analysis and Design October 27, 2024 38/60



Class Diagram

Stereotypes
Tagged Values
Constraints

Metamodels
UML Profiles

Formal and Informal
Specification

Obiect Constraint
Language (OCL)

ol
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Constraints

Activates

Heater
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{system quar 7} 5

EnvironmentalController

.7 1.7
R =] Activates
1
Cooler

+controller

. +light

Light

{restart time >= (shutdown time + 5 minutes)} ﬁ

{uniquely
indexed}
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Metamodels

A metamodel is a model of a model, we call the process
of generating such metamodels, a metamodeling. While
models describe real and observable issues, meatmodels
describe models.

Metamodels
UML Profiles

Formal and Informal
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- Metamodels

Metamodels
UML Profiles

A metamodel is a model of a model, we call the process
of generating such metamodels, a metamodeling. While
models describe real and observable issues, meatmodels
describe models.

m Meta-Object Facility (MOF) is an Object Management
Group (OMG) standard that helps tp create meta-models
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- Metamodels

Metamodels
UML Profile:

A metamodel is a model of a model, we call the process
of generating such metamodels, a metamodeling. While
models describe real and observable issues, meatmodels
describe models.

m Meta-Object Facility (MOF) is an Object Management
Group (OMG) standard that helps tp create meta-models

= UML meatmodels are defined using MOF
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- Metamodels

Metamodels

aluioll - g 2030 aaoly
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A metamodel is a model of a model, we call the process
of generating such metamodels, a metamodeling. While
models describe real and observable issues, meatmodels
describe models.
m Meta-Object Facility (MOF) is an Object Management
Group (OMG) standard that helps tp create meta-models
= UML meatmodels are defined using MOF

m Typical metamodels proposed by OMG are UML, SysML,
SPEM or CWM
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- Metamodels

Metamodels

A metamodel is a model of a model, we call the process
of generating such metamodels, a metamodeling. While
models describe real and observable issues, meatmodels
describe models.
m Meta-Object Facility (MOF) is an Object Management
Group (OMG) standard that helps tp create meta-models
= UML meatmodels are defined using MOF
m Typical metamodels proposed by OMG are UML, SysML,
SPEM or CWM
m A metamodel describes exactly the sementics of the
meatelements
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Metamodel example

M2. Metamodel

+participant 0.7 L

Class —— AssociationEnd

Class Diagram 1 +association

name : String name : String

17N +type 0.1 multiplicity - Multiplicity

2..*| +connection
0..* | +feature 1
Attribute Association

M1. Model
'ﬁf’:?ﬁs +owner +ownedCar
e Person Car
1.% 0.%
Formal and Informal name : String name : String
n yearOfPurchase: Integer
MO. Instance
. owner .
Joni : Person Avensis : Car
yearOfPurchase := 1999
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UML Profiles

UML profile combines all the previous notions (stereotypes,
tagged values and constraints) into one extension collection in
order to customize UML models for particular domains (Systems
engineering, business process, ...) and platforms (JEE, .Net
framework, ....)

Metamodels

UML Profiles

Formal and Informal
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- UML Profiles

UML Profiles

UML profile combines all the previous notions (stereotypes,
tagged values and constraints) into one extension collection in
order to customize UML models for particular domains (Systems
engineering, business process, ...) and platforms (JEE, .Net
framework, ....)

m SysML: (OMG)-standardized profile of Unified Modeling
Language which is used for system engineering applications

m SOA, CORBA and EJB architectures
m XSD schemas
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Class Diagram

Stereotypes

Constraints

Metamodels
UML Profiles

Formal and Informal
Speci
Objec
Langu

UML Profiles

m UML models did not respond to every detail of all
application domains
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UML Profiles

UML Profiles

m UML models did not respond to every detail of all
application domains

m Profiles represent the standard mean to extend UML
m A profile defines one or more UML stereotypes.
m Profile uses the same notation as a package
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Metamodels
UML Profiles

UML Profiles

m UML models did not respond to every detail of all
application domains

m Profiles represent the standard mean to extend UML
m A profile defines one or more UML stereotypes.
m Profile uses the same notation as a package

m A profile can define classes, stereotypes, data types,
primitive types, enumerations.
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Class Diagram

Stereotypes
Tagged Values

Constraints

Metamodels
UML Profiles

Formal and Informal
Specification

Obiect Constraint
Language (OCL)

alluioll - g, 3030 anoly
Unarsi Monamed Bouéal - Msia

UML Profiles

«profile» Servers |

«Metaclass»
Device

\

«stereotype»
Server

Vendor: String
CPU: String
Memory: String

Figure: Simple profile: uml-diagrams.org
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UML Profiles

Pk cprofies JavaEJB30 )

Class Diagram

Metaclass»
Interface

«stereotypes « » «stereotypes
Remote business Local business Message listener
i i ntortace
Stereotypes
estoreotyper estoroatyper starootype
Tagged Values Session EJB Entity EJ8 e
Constraints. N, Y
N N
\ S
(The message-drven bean
class must implement the
«stereotyper astereotype» Snlhy been may be s
Statoless £J8 Statotul £J8 fricckipestil Interface for the messaging
ven
T bean supports}.
Metamodels

UML Profiles

: :
! \
object is created )

Figure: Java EJB 3.0 Profile : uml-diagrams.org

Formal and Informal
Specification

Obiect Constraint
Language (OCL)

1985

alluioll - g, 3030 anoly
Unarsi Monamed Bouéal - Msia
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UML Profiles

—1 —1 —1
«profile . _ <applyr | | eaplyy «profilen
Class Diagram Java < WebApplication =1 Java Serviets
profile

I
profile | profile application
URIproperty | pkg «profile» Java EJB 3.0 |
3t {uri=http://uml-diagrams.org/profiles/20110331/EJB-30.xmi} i
metaclass «Metaclass» metaclass
Stereotypes ”| Component
Tagged Values required
extension
Constraints amco
{required)
tereot «stereotype»
g o8 EJB Remote Local Message
interface interface Listener
AN YR
Metamodels
UML Profiles
‘ Session EJB ‘ Entity EJB | Message EJB
Formal and Informal
Specification
Obiect Constraint

e Figure: Using EJB profile: uml-diagrams.org

459 3030 asol>
Unarsi Monamed Bouéal - Msia
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Specification

Class Diagram

A specification is a complete, unambiguous description of the
required behavior of a piece of software. The piece of software
in question could be an entire system, a subsystem, a layer, a
class or a function.

Metamodels
UML Profiles

Specification

nformal
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Specification

Remove the ambiguity remaining after earlier phases

Improve our understanding of the implementation

Increase our confidence that the system will work

Help us debug our software

Metamodels
UML Profiles

Help us test our software

Specification

nformal

Provide better documentation
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Formal Specification

Class Diagram

m Z,Band VDM

Stereotypes
Tagged Values

Constints m Petri Nets
= Lotos
S = PROMELA

Formal and Informal
Specification

Object Constraint
Language (O

L)

alluioll - g, 3030 anoly
Unarsi Monamed Bouéal - Msia
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Class Diagram

Metamodels
UML Profiles

Formal and Informal
Specificati

Formal Specifications-Example

squareRoot(x : R)y : R
prex >0
post(y® = x) A (y > 0)

R : Real numbers

pre : precondition

post : postcondition

(y? = x) A (y > 0) : logical expression called assertion
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InFormal Specification

Informal Specification is simply not formal. Informal specification
are not mathematical-based but rather are textual.

A good example of informal specification is commenting the
methods of a program, in way that they could be understood
by different programmers.

Metamodels
UML Profiles

Formal and Informal
Specification
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- InFormal Specification

Metamodels
UML Profile:

Formal and Informal
Specification

Informal Specification is simply not formal. Informal specification
are not mathematical-based but rather are textual.

A good example of informal specification is commenting the
methods of a program, in way that they could be understood
by different programmers.

/*

Returns the positive square root of x.
Preconditions: x > 0.

*/

float squareRoot(float x);
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Class Diagram

Metamodels
UML Profiles

Formal and Informal
Specification
Object Constraint
Language (OCL)

Object Oriented Specification

Object-oriented specification languages such as OCL
have been designed specifically for object-oriented
software development. they assert objects in terms of
their messages and attributes.
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- Object Oriented Specification

Object-oriented specification languages such as OCL
have been designed specifically for object-oriented
software development. they assert objects in terms of
their messages and attributes. An object-oriented
specification language must allow us to assert the
following

m when a message can legally be sent to an object
m the valid parameters for each message

m the effect a message has on the receiving object
m the valid replies from each message

m the conditions that are always met by the object

Object Constraint
Language (OCL)
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- OCL as a part of UML

Class Diagram

Metamodels
UML Profiles

rmal and Informal

Specilication
Object Constraint
Language (OCL)

m OCL is a declarative language that supplements UML
models by providing formal expressions that help better
to describe the design of the system. It was developed at
IBM, and now is a part of the UML standard.

Prof. Hichem Debbi Object Oriented Analysis and Design October 27, 2024 53/60
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Metamodels
UML Profiles

ormal and Informa
Specification
Object Constraint
Language (OCL)

m OCL is a declarative language that supplements UML
models by providing formal expressions that help better
to describe the design of the system. It was developed at
IBM, and now is a part of the UML standard.

m It may be used as well with Meta-Object Facility (MOF)
model or meta-model.
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- OCL as a part of UML

m OCL is a declarative language that supplements UML
models by providing formal expressions that help better
to describe the design of the system. It was developed at
IBM, and now is a part of the UML standard.

m It may be used as well with Meta-Object Facility (MOF)
model or meta-model.

m It represents a powerful mechanism that allow us to
describe such constraints that cannot be expressed by
diagrammatic notation.

Object Constraint
Language (OCL)

i
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- OCL as a part of UML

Object Constraint
Language (OCL)

i

aluioll - g 2030 aaoly
Unarsi Monamed Bouéal - Msia

m OCL is a declarative language that supplements UML
models by providing formal expressions that help better
to describe the design of the system. It was developed at
IBM, and now is a part of the UML standard.

m It may be used as well with Meta-Object Facility (MOF)
model or meta-model.

m It represents a powerful mechanism that allow us to
describe such constraints that cannot be expressed by
diagrammatic notation.

m Constraints may bed added as notes on the UML model,
or in separate file.
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Class Diagram

Stereotypes

T alues

Constraints

Metamodels
UML Profiles

Formal and Informal
Specification
Object Constraint
Language (OCL)

OCL Constraints Types

m Invariants: An invariant is a constraint that must be met
by all instances of the class.
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Metamodels
UML Profiles

Formal and Informal
Specification
Object Constraint
Language (OCL)

OCL Constraints Types

m Invariants: An invariant is a constraint that must be met
by all instances of the class.

m Precondition for operations: Is a condition that must
be always verified before executing the operation.
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- OCL Constraints Types

m Invariants: An invariant is a constraint that must be met
by all instances of the class.

m Precondition for operations: Is a condition that must
be always verified before executing the operation.

m Postconditions for operations: Is a condition that must
be always verified after executing the operation.
Precondition and postconditions assert the call of
object’s methods like contracts, the caller should fulfill
precondition, and the object called verify asserts the
postcondition.

Object Constraint
Language (OCL)
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- OCL Constraints Types

m Invariants: An invariant is a constraint that must be met
by all instances of the class.

m Precondition for operations: Is a condition that must
be always verified before executing the operation.

m Postconditions for operations: Is a condition that must
be always verified after executing the operation.
Precondition and postconditions assert the call of
object’s methods like contracts, the caller should fulfill
precondition, and the object called verify asserts the
postcondition.

—— m We use context keyword do define which class we are

tanguage (00L) dealing with.

m self is used to denote the current context or class.
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A class diagram

Class Diagram

Teacher Session
+Chair “startTime: Time +Atiend | Student
+name: String \M‘ " | I e -
+degree: String +endTime: Time +age: Integer
+duration: Intervam
Stereotypes g
Tagged Values
Constraints «enumeration»
Degree
Doctor
Magister
Professor Course | LabSession | | Tutorial
Metamodels I ! 1 It |
UML Profiles

Formal and Informal
Specification

Obiject Constraint
Language (OCL)

459 3030 asol>
Unarsi Monamed Bouéal - Msia
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Specification in OCL

Class Diagram

context Session
inv : self.duration=90

Stereotypes
Tagged Values
Constraints

Metamodels
UML Profiles

Formal and Informal
Specification

Object Constraint
Language (OCL)
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Class Diagram

Constraints

Metamodels
UML Profiles

Formal and Informal
Specification
Object Constraint
Language (OCL)

Specification in OCL

context Session
inv : self.duration=90

context Teacher
self.name has type String
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Class Diagram

Metamodels
UML Profiles

Formal and Informal
Specification
Obiject Constraint
Language (OCL)

Specification in OCL

context Session
inv : self.duration=90

context Teacher
self.name has type String

context Student
inv : self.age>=18
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Specification in OCL

Class Diagram

context Container::

add(o:Object)

pre: (0 <> null) and not contains(o)

post: contains(o) and (size = size@pre + 1)
context Container::

Metamodels

UML Profies inv: size >0

Formal and Informal
Specification
Obiject Constraint
Language (OCL)
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Specification in OCL

Class Diagram

context Session::

add(s: Student)

pre: (s <> null) and not contains(s)

post: contains(s) and (size = size@pre + 1)
context Session::

Metamodels inv: size >0

UML Profiles InV: s|ze S 30

Formal and Informal
Specification
Obiject Constraint
Language (OCL)
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Class Diagram

Metamodels
UML Profiles

Formal and Informal
Specification
Obiject Constraint
Language (OCL)

Specification in OCL

context Teacher

inv: self.Teach.Course—>size <=2

inv: self.Teach.LabSession—>size <= 4
inv: self.Teach.Tutorial—>size >= 1
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Metamodels
UML Profiles

Formal and Informal
Specification
Object Constraint
Language (OCL)

Specification in OCL

context Teacher

inv: self.Teach.Course—>size <= 2
inv: self. Teach.LabSession—>size <= 4
inv: self.Teach.Tutorial->size >= 1

context Course
inv: self.Chair—>forAll(t | t.degree <> #magister)
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Specification in OCL

context Teacher

inv: self.Teach.Course—>size <=2

inv: self.Teach.LabSession—>size <= 4
inv: self.Teach.Tutorial—>size >= 1

context Course
inv: self.Chair—>forAll(t | t.degree <> #magister)

Metamodels

UML Profiles

pecificati context Teacher
inv: Teacher.Allinstances—>exists(t | t.degre = #magister)

Object Constraint
Language (OCL)
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