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Learn and apply methodologies, techniques, workflows and tools to transform a
problem statement given by the customer into a software system used by end users
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1. Class Definition

1.1. Fuente. KULeuvenX: UMLx UML Class Diagrams for Software Engineering (Copia
Textual - Literature Review).
1.1.1. UML Class Diagrams for Software Engineering
1.1.2. Welcome

1.1.3. Modelling languages

1.1.4. A class is an abstraction

1.1.5. Why are class definitions important?

The Unified Modelling Language was first proposed as a standard in 1996. Since then, UML has
become the most widely used language to draw up plans for software systems. It is used by
software engineers, requirements engineers and business analysts. Knowledge of UML has become
a much sought-after skill in software development and engineering. Some of today’s top jobs
require UML knowledge. Think about business analysts, enterprise architects, but also developers,
technical consultants and solutions architects...In this course we'll focus on UML Class diagrams
and their use for conceptual data modelling... we look at the essential aspects of conceptual

domain modelling.

"Dictionary.com" defines a model as "A systematic description of an object or phenomenon that
shares important characteristics with the object or phenomenon." So, models present a
systematic, and most often simplified description of what they represent.

Each business is unique and will, therefore, yield a different domain model, adapted to its specific
needs..UML class diagrams is the prime modeling instrument used to map out specific business
domains. Creating a UML class diagram for a business will enable to pinpoint what makes this
business unique and will provide a good starting point for developing an information system.

Why domain modelling ?

Creating a domain model ...

... allows a deeper understanding of that domain

¥

... crucial for creating software systems that can adapt



https://youtu.be/U11eABdXFAM
https://youtu.be/8ja3AOTZuOQ
https://youtu.be/MRPRMluxC8o
https://youtu.be/CXCkz9XsaCM
https://youtu.be/ROcc3nyIrko

Creating a domain model allows a deeper understanding of that domain. And, this deeper
understanding is crucial for creating software systems that can adapt to the ever changing
requirements of their users.,,So, the lesson to remember is that you need to understand the core
concept of a business. The domain model that captures these core concepts need to be at the

heart of your information system to ensure adaptability.

Modelling language

Modelling techniques

* A Modelling language is a collection of modelling

{ECamigues Sometimes the same technique is used through different phases
¢ the Unified Modelling Language 'UML[ isa UML class diagram used for conceptual modelling
collection of over 9 different modelling techniques versus

1. Class diagrams UML class diagram used for program design

Class definition

In computer terms, a concept that groups objects with similar characteristics is called a 'Class'... in
order to be able to handle the objects in the universe of an organisation, these objects need to be
categorized into concepts. Example: University has the following classes: Student and Study

Program

CLASS REPRESENTATION

* Classes define sets of objects

STUDENT Plforg[R)XM
p— N TWO LEVELS OF MODELLING

siness Econormics ¢ Level 0 = instance or object level
* Henry, Lisa, John, Peter, Ann, ...
* bachelor of Law, bachelor of Business Economics, master of

@ master Busjness Economics .
Information Management, ...

@ boch Businpss Engineering * Level 1 = model/diagram level
+ Class STUDENT
@viasterbf information + class STUDY PROGRAM

Manggement

Modelling is abstracting, it means that you make the transition from level 0 to level 1.
You go from the instances to the definition of the concepts. On the other hand when you want to
validate the model you have to do the reverse. So you will take the model and reason on an

example.

WHAT IS A CLASS
* Aclass

TWO LEVELS OF MODELLING + Template (Object Type)
* “intent” = definition of class membership
* e.g. a STUDENT is a person that is subscribed for at least one study program
. * Captures the relevant* aspects
* Modelling - e name,ades,phon e
o Level 0= Level 1 * Abstracts away irrelevant* aspects

. « e.g. eye color, height, weight...
* = abstracting
* from the point of view of a given organisation

* Represents a collection of objects

* Validation of a model pieseni

* Level 1 > Level 0
_ : « Classes represent both tangible and intangible objects
o=
Reason'ng on:an example « e.g. STUDENT vs STUDY PROGRAM



A 'Class' has two functions.

1. On the one hand, the class will be the template or a model for a group of real world
objects that are similar. It defines a type of instances and therefore we also call it an
object type. This is called the "intent" of the class; it is the definition of the concept that
defines class membership. The template will capture characteristics that are relevant
about the objects in the class. The class definition will omit the irrelevant aspects.

2. At the same time, the class represents a collection of objects that conform to its intent.
This is called the 'extent' of the class. Notice that classes can represent both tangible and
intangible objects.

2. Attributes and Data Type

2.1. Fuente. KULeuvenX: UMLx UML Class Diagrams for Software Engineering

(Copia Textual - Literature Review).
2.1.1. Attributes and Data types

2.1.2. Respresenting Instances in MSAccess or MSExcel

Attributes / Data Types

The characteristics that we want to information about for every individual object in a class, are
called the 'attributes' of that class. The list of attributes for a class is obviously specific for a
particular domain.

For a university, the mentioned attributes in the figure are relevant. Each object has its own
values for the attributes: attribute values are specific for the instance they belong to. Moreover
each attribute has a data type. Examples of data types are integer, float, text, string, and boolean.
The data type constraints the values that can be given for a particular attribute.

Attributes

* PRODUCT
* number: 123456 s s INTEGER
* name: "MilkyWay” o STRING
* Short description: “candy bar" ... STRING
¢ Lohg description: uweeseissssssisesisiin LONG TEXT

“candy bar with a creamy and soft chewy
filling wrapped in milk chocolate"

* Amount in stock: 45 e | IN TEGER

* Each attribute has a DATA TYPE
* examples: integer, float, text, string, boolean, ...

* data types delimit
* valid values for an attribute
* Permissible operations

When an instance is given a value for an attribute, this value has to follow the
constraints implied by the data type. By the fact that the data types constrain the permissible
values for an attribute, they also define the permissible operations. In a UML class diagram the
attributes and their data types are written in a box below the class's name,


https://youtu.be/viCwWfutFeg
https://youtu.be/968akV7t2vo

Classes with Attributes & data types

PRODUCT

PRODUCT

Number: integer

123456,
"MilkyWay*,
“candy bar”,
“candy bar with a
creamy and soft
chewy filling
wrapped in milk
chocolate”, 45

Name: string
Short_descr: string
Long_descr : long text

Amount_stock : integer

3. Associations
3.1.  Fuente. KULeuvenX: UMLx UML Class Diagrams for Software Engineering
(Copia Textual - Literature Review).

3.1.1. Association Basics

3.1.2. Unary association

3.1.3 Ternary association
3.1.4. Aggregation

Associations

Following the principle of abstraction means that similar relationships or links between
instances at level 0 need to be abstracted into a higher level concept at level 1. Such
abstract concept is called an association. An Association is therefore a level 1 concept that
relates classes and that represents a collection of links between the objects of those classes. It
represents a type of link with specific characteristics. The first of these characteristics is
whether it is optional or mandatory to have a link with other objects. So for example is it optional
or mandatory for a student to be registered for a program? The other important characteristic is
the maximum number of objects we will find at the other side of the association. In this example
maximum number of programs a student can be subscribed to at a any single point in time? The
combination of the minimum and maximum is represented as an interval: minimum .. maximum.
The minimum can be 0 or 1, and the maximum can be 1 or many and the many is represented as
a star:

ASSOCIATION

* Objects are related to each other
* e.g. Peter is registered for the Master of Information

Management ASSOC'AT'ON

Student Study Program * Association is an abstraction of relationships/links
between instances

Peter Martens >> registered for

@ s <. Maer of Information * The association
Manggement )
__________ ® * Set of links
Karep Dieltjens i - 4 o . e
i N ___-, o (E— Represents a type of links with specific characteristics
Helép Jansens (@~—=—— T * Optional or mandatory (= minimum 1 or not)
_______ @ osterfausiness conomics * Multiplicity (= maximum one or not ?)
Sam Deconinek 7T TNememool ercial Engineering . Represented as [min..max]

<< registered student c 0.1 (1.1 [0.7]  [1.]


https://youtu.be/EnXoL7V55Po
https://youtu.be/LfIBAdGHjOg
https://youtu.be/XESQV7FF4yk
https://youtu.be/AJVFraqfJIg

Let's look at the following association example as we must remember the rule Modelling is
abstracting, it means that you make the transition from level 0 to level 1. You go from the
instances to the definition of the concepts. On the other hand when you want to validate the model
you have to do the reverse. So you will take the model and reason on an example:

ASSOCIATION

DATAMODEL [0..%] [1.*
= LEVEL 1 STUDENT [ p fn;'» PROGRAM
5rud:nr i
Student Program
>> registered for
LEVEL O

An association can be read in two directions. here: from the student to the program, and from the
program to the student. These individual directions are called the 'roles' of the association. In this
example, the role from the student to the program has been named 'Registered for' and the role
name is put next to the destination class of the role, so next to the class Program. In the other
direction a program has registered students, so we put the role name 'registered students' next to
the class Student.

When you have two classes in a UML class diagram you can have two different associations
between those two same classes.

UML ASSOCIATION

* There can be two associations between two classes.

owner of b
<downer

PERSON CAR

_driver_ of
«ddriver

In some cases an association connects a class to itself. This is called a unary association. An
example is when people are related to each other.



UNARY ASSOCIATION

* A Unary associations connects a class with itself

supervised_by

PERSON

) supervises >
Erik . <dsupervisia. by
[y

supervises

Jan@®
-

UNARY ASSOCIATION

* A Unary associations connects a class with itself

ORGANISATIONAL UNIT

has department

ORGANISATIONAL |[0..4]
UNIT

is_part_of]
[0..1]

Sometimes binary and unary associations are not able to correctly capture the relationships
between objects. Consider the following example. Assume we have Suppliers, Products and
Projects, and we want to capture which supplier supplied what construction material for which

construction project.

0.* 0.*
SUPPLIER omies] PRODUCT
0.* Used 0.*
Supplied_to
PROJECT
0.* G
Johnson Tiles Johnson P1
Johnson Bricks Johnson P2
Peters Concrete Peters P2
MaxConstruct Concrete MaxConstruct P2
H MaxConstruct Wooden beams H MaxConstruct P3
L Peters Wooden beams ‘|
P1 Tiles Who supplied the concrete
E g for project P2?
P2 Tiles
P2 Bricks
| , Concrete |
B oo Woodenbeam___
S BRI Woodenbeam |
P3 Concrete

So the combination of the three tables just doesn't give you enough information to answer that
question. The only way to correctly capture which supplier supplied which product for which
project, is to use a three-way association. like this, also called a ternary association.



Ternary association

PROJECT SUPPLIER

supplied by

[0..2]

supplied_by :
PROJECT x PRODUCT — SUPPLIER

Mandatory ?
No: a product may not have been used by a project

Maximum ?
PRODUCT One if within a project, a product always has to be
supplied by the same supplier. = [0..1]

Many otherwise = [0..*]

The interpretation of cardinality constraints for a ternary association requires however some care.
If you put a zero to many cardinality next to supplier, what does it mean? Does it mean that each
product and each project each can have zero to many suppliers? This is what the UML manual says
about the interpretation of multiplicities: Using the same example:

Multiplicity
of a ternary association

"For an Association with N memberEnds, choose any N-1 ends and associate
specific instances with those ends.

Then the collection of links of the Association that refer to these specific instances
will identify a collection of instances at the other end.

The multiplicity of the other end constrains the size of this collection. "

PROJECT
SUPPLIER

PRODUCT -i

So, to determine the multiplicity on the side of supplier, you take a pair of one project and one
product. And then you look at the set of suppliers that match with this (project, product) pair. The
(project, product) pair could have been sourced from no, one or several suppliers. If the product

has not been used in that project, you won't find any supplier. If it has been supplied by only one
supplier, then you'll find one supplier. If the product has been sourced from two or more, then
you'll find many suppliers. You have to do this for all project-product pairs to determine the
general rule that is applicable. If your model allows to distinguish, for example, different orders at
the same supplier, then a (project, product) pair may match several times with the same supplier.
In such case additional identifying attributes will be required to distinguish the different links from
each other. We'll come back to this when discussing the concept of AssociationClass. So for this
example, in order to determine what to write next to the "supplied_by" role, we need to consider
all project, product pairs, and see how many suppliers we find. The role will most likely not be
mandatory: some products will not be used by all projects. For those pairs, we won't find any
suppliers. So the minimum is 0. For the maximum, it depends on the rules. If within a project, a



product always has to be supplied by the same supplier, then the maximum is one. If you can
source a product from many suppliers within the context of a single project, it may be many.

Some associations convey a meaning of a "part of" relation or composition. For example, this
course is "composed of" a number of modules, an orderline is "part of" an order, a parcel is
"composed of" items, and so on. In the UML, you can adorn the association end at the side of the
"whole" with a diamond to clarify that the association has a "whole-part" meaning.

AGGREGATION

[9a ) (1.*] [ couRsE

COURSE K> MOBULE
(1.1] [1.*]

ORDER (€@ OSSER
[0..1] [0..*]

PARCEL (@ ITEM

The diamond comes with two flavours: a white diamond representing a "shared" aggregation and a
black. The white diamond represents a shared aggregation. Intuitively, this means that the parts
can be shared by different wholes. If course modules can be shared across courses, then this
would be an example of a shared aggregation.

AGGREGATION

* SHARED aggregation

Bl (1.7
s COURSE
COURSE K >—— MODULE

* Description:

shared Indicates that the Property has shared aggregation
semantics.

Precise semantics of shared aggregation varies by
application area and modeler

The black diamond represents a composite aggregation, which is intended as a stronger form of
ownership, meaning that the parts are owned by only one whole. The order lines being part of an
order, and the items being part of a parcel are examples of a composite aggregation.



AGGREGATION

* COMPOSITE aggregation

[1.1] [1.%]

ORDER
ORDER .— LINE

[0.1] (0.*]

PARCEL |@p——— [TEM

* Description®:

composite | Indicates that the Property is aggregated compositely, i.e.,

the composite object has responsibility for

the existence and storage of the composed objects.

So the advice for good modelling is to use conventional binary associations with appropriate role
names to avoid confusion in a model reader's mind.

AGGREGATION

CONCLUSION
* Aggregation = syntactic sugar
* "Normal" binary associations have the same expressive power

Use (conventional) binary associations with appropriate
role names to avoid confusion in @ model reader's mind.

[0.1] [0.*
PARCEL ITEM

part_of composed of

4. Implicit Associations - Navigation and Parallel Paths

4.1. Fuente. KULeuvenX: UMLx UML Class Diagrams for Software Engineering

(Copia Textual - Literature Review).
4.1.1. Derived/implicit association.

4.1.2. Navigation & information need satisfaction
4.1.3. Parallel paths

Implicit Associations

The fact that you can navigate over several consecutive associations implies that there are implicit
associations between classes. In this example, there is an implicit association from the student to
faculty that represents to which faculty a student belongs and which students a faculty has.


https://youtu.be/TmAu-vSDjDg
https://youtu.be/Sjw2SeWeBVc
https://youtu.be/djd2yehZxJI

Implicit Associations

* This implies the presence of implicit associations between
classes *» This implies the presence of implicit associations between
classes

Implicit Associations

Student

I
Program << offers Facutty

>> offered_by Student Faculty

<< registered student

>> registered for
-.bﬂ:h Bys. Econ.
G ‘ bach Canonical Law

muster-~ .

Kareg'Dieltjens

Hplen Jansens @)

_________ Som Johrfsons

So, we have an association between students and faculty that represents which faculty a student
belongs to and which students a faculty has. Note that such implicit association is not drawn on
the diagram. But you have to be aware of its existence while reading a diagram.

Implicit Associations

* Cardinality of implicit associations can be derived
from cardinality of base associations
* belongs_to = subscribed for + offered by
+ [1..*] followed by [1..1] = [1..*]
* has = offers + subscribed student

* [1.*] followed by [0..*] = [0..*] |M PLICIT ASSOCIATIONS

gt i * Investigate implicit associations to determine
Student o bscted or Program
0." 1.* | offers
has

* Navigability of information
» Satisfaction of information needs

offered_by | 1.1
Faculty

belongs_to 1..*

Navigation

By connecting multiple associations in a chain we can navigate from one end of the model to
another. This navigability of associations determines the navigability of information in an
information system: when applications are built based on a UML class diagram the associations in
that diagram will define how in an application a user can navigate from one piece of information to
another. As a result of this, the navigation paths will also impact the possibilities to satisfy
information needs.

Let's look at an example. I have logged into the ERP system of my university and this means that
in the class professor one instance has been selected, namely me. Now what I want to do in the
ERP application is to find the students I'm teaching to. In order to navigate to my students the first
thing I will have to do is to navigate to my courses. In the ERP-system I have a button 'Search via
courses'. This corresponds to navigating in the UML diagram from the professor to the class
courses:



T ——— e
* e e 0 O s s = Pro'essor
e £ e i S ek e s i e

[ o o
assigned to 1. o e == |
Sy e il
b - - T
0.+ | teaches 0..* | teaches
Course
0% [ hasinisp 0.* | hasinisP
taken_by 0.* taken_by| 0..*
o> 1.* * 1%
Student — o Program Student b Program
|_for subscribed subscribed_for

Now, I will select one course: I choose for the first one, the “business information systems”
course. By clicking the 'show' button, I will navigate to the students who follow that course. And
what do I see? The application offers me a list of students but not just a flat list. It will group the
students according to the program these students are subscribed to. At the right appears a version
which returns a wrong answer to the question the professor asked.

P e e
Professor
Professor Snoeck wants to have the
sssignedtd 1% Professor list of students for the course
asgned 1. “Business Information Systems”
- Navigation along this path returns
0..* | teaches . all students subscribed in all
&5 e e N o0.*|| teaches programs in which the course
Course e e = . ) appears
- . . 1..* contains
. p— - 5 0
0.”* | hasin ISP == =

Program 0..*
Student

So, we see that clearly the non-availability of the grey link going directly from course to students
hampers the satisfaction of the need to know how many students are subscribed in the course
business information systems. So, wrong associations and missing associations are detrimental to
information need satisfaction.

Parallel Path

An important thing we have to take into account when reading a UML class diagram, is that -based
on our domain knowledge- we may assume that certain 'intuitive' constraints are imposed, but
which in fact are not part of the UML class diagram. This is particularly the case when a UML class
diagram contains parallel paths to navigate from one class to another.

For example, here we can see that we can navigate along the blue path from course to students.
This gives us the students that are subscribed to a course. We can also navigate along the green
path. In the first leg of this path, we navigate from course to program and we find all the
programs the course is a part of. In the second leg, we navigate from program to student, and so
we find all the students of that program. So, this green path gives us the students that are



subscribed to a program the course is part of. Clearly, navigating along the blue path will give you
another set of students than when navigating along the green path.

PARALLEL PATHS

* Parallel paths do not ensure ending up with the same object(s)
Course
1% .Macmfmnomrcs
Course ion Systems
e Laand Religion
o e O
LGET o Program
Student
& ) ‘\
MarigHaven@ ==\ = ===~ -—______ s
taken_by| O..* part ud T - ‘\". bqfna s. Eng.
- 1% N - TReesnm TN \ \
Student Program | || TTmeeal
subscribed subscribed_for Peter| nrtenso >>registeredfor T mm====-obaol Rz

<< registered student \ bach Canonical Law
Elisa Smith O
* Navigating along the blue and the green path yields different sets of objects

Let's illustrate this with a concrete Level 0 example. Here you find 3 students, 3 programs and 6
courses. The orange lines indicate the relationships between students and courses: which student
has taken which course in his or her individual study program. The purple lines show the
relationships between courses and programs: which course is part of what program. And the black
lines tell which student is registered for what program. Let us now start from the course Object
Oriented Programming. Navigating along the blue path, means navigating from the course to the
students taking that course. We find Maria Haven. Navigating along the green path, means first
navigating to the programs this course is part of. We find the bachelor of Computer Science. We
then navigate to the students registered for this program and We find Peter Martens and Elisa
Smith. So the two paths yield a different set of students.

This paper continues in UML ADVANCED

Copia textual by Ing. Larry Obando

Contact:

WhatsApp: 00593984950376

email: dademuchconnection@gmail.com

Copywriting, Content Marketing.



