UML

Class:  groups objects with similar characteristics  
(abstraction of individual properties and focus on essential common properties)

Level 0: instances or object level (for class student: Henry, Calvin, Ana,..)
Level1: model/diagram level

Modelling: abstraction   Level 0-> level 1
Validation of a model level 1->level 0  (=reasoning on an example)

Class:
1. Template (object type)
“intent” = definition of class membership (ex. is a student if signed up)
(captures characteristics of objects in a class)

2. “extent” of a class (which objects are in a class)

Class definition (=description of when an object is a member of that class)

Attributes:
Objects in a class are described by attributes(name, student number,…)
Each object has a value for an attribute(Calvin, Ana,….)
Each attribute has a data type(INTEGER, STRING,…) 

Instance = a specific representation of an object


Association:
Relates classes and represents a collection of links between objects (of these classes)
Represents a type of link, with specific characteristics: (like optional or mandatory to have a link with other objects)
Minimum or maximum amount of objects we will find on the other side of the association.        [min,max]
[0, *]
[image: Diagram, schematic

Description automatically generated]
Student can be registered for min 1, max many programs : 
An association can be written in 2 directions. These directions are called “roles” of the association.
Role from student to program is “registered for” (role name is put next to the destination class of the role)
Or role name in the middle,( role name is not mandatory)
[image: ]
Unary association: connects a class to itself (ex. people are related to each other) 
[image: ]
(Erik supervises Bart and Jan. Bart and Jan are supervised by Erik.)



















Ternary association: 3-way association  (when not possible to know exactly which used what)
(for supplier: look at all project product pairs to determine the general rule)
[image: ]
1. So for this example, in order to determine what to write next to the "supplied by" role,
2. we need to consider all project-product pairs, and see how many suppliers we find.
3. The role will most likely not be mandatory: some products will not be used by all projects.
4. For those pairs, we won't find any suppliers. So the minimum is 0.
5. For the maximum, it depends on the rules. If within a project, a product always has
6. to be supplied by the same supplier, then the maximum is one. If you can source a product
7. from many suppliers within the context of a single project, it may be many.












Exercise Ternary associations 
[image: ]

Generally, an optional mandatory association end does not induce any constraint. So, the interesting part to look at, is the mandatory constraint on the side of pub.
The mandatory constraint on the side of pub means that each possible combination of a student and a beer corresponds with at least one pub.

2 or more pairs could be in 1 pub, 1 pair could be in many pubs.
[image: ]
The minimum 1 on the side of pub means that for each pair of (student, beer) there is at least one pub.
On the other hand, for a pair (student, pub) it is not mandatory to have a beer. So, given a student, there could be pubs that this student didn't visit. 
Likewise, for a pair (beer, pub) it is not mandatory to have a student. So, given a pub, there could be beers that have never been drunk in that pub. (a,b)




the mandatory constraint on the side of pub means that each possible combination of a student and a beer corresponds with at least one pub where the student has drunk that beer.
The other association ends are optional. So a (student, pub) pair doesn't need to always have a beer drunk by this student in that particular pub.
And similarly, a (pub, beer) pair will not always have a corresponding student who drunk this beer in that pub.

There are no students that never drunk beer.























Aggregation : 
(some associations convey “part of” relations or composition) (ex. course is composed of a number of modules)
White diamond: shared aggregation
Black diamond: composite aggregation

Shared aggregation: parts can be shared across different wholes
[image: ]
Course modules can be shared across different courses

[image: ]
Composite aggregation: stronger form of ownership
Parts are owned by only 1 whole
The composite object has a responsibility for the existence and storage of the composed objects
A part object is to be included by at most 1 composite object at a time
If a composite object is deleted, all of its part instances are deleted with it.
Note: a part object may be removed from a composite object before the composite object is deleted (and thus part object not deleted)(allowed)

The diamond could be removed , no problem (is syntactic sugar) 
(best to use conventional binary association with appropriate role names)

Implicit associations: 
(Associations can be used to navigate from 1 object to the next along consecutive paths. This implies the presence of implicit associations between classes.)
[image: ]
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Parallel paths: do not ensure ending up with the same objects
When you have 2 paths to navigate from 1 class to the another, then the sets of paths will be different
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Description automatically generated]
She will ask ternary associations

[image: ][image: ]
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Consider the following diagram, modelling which student drank what beer in what pub.

BEER [0.7] [1.7] PUB

[0..*]

STUDENT

Which of the following statements are true?
Remember: With true we mean "Always true, for every valid instantiation of the model". With false we mean that the statement is not
necessarily always true: there could be an instantiation of the model where the statement is not true.

[ Every student has drunk at least one beer in some pub.
[] Each student has drunk at least one beer in each pub.

[J Ineach pub, each beer has been drunk at least once by each student.

| D There could be a pub where no one ever drank a beer.
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So, 4 students and 4 beers, means 16 pairs.

@ = student @ drank beer @

For each of these pairs, there needs to be at least one pub.
> Two or more pairs could be in the same pub.
One pair could appear in many pubs.

If we draw a sample instance diagram, it could look like this:

PUB

BEER

STUDENT
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* SHARED aggregation
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* Composite aggregation is a strong form of aggregation that requires a
part object be included in at most one composite object at a time.

* It a composite object is deleted, all of its part instances that are objects
are deleted with it.

P 1.1 [ ORDER
ororn j@—— ¢

[R] 0.1

paRCEL (@1 i1em

+ NOTE. A part object may (where otherwise allowed) be removed from a
composite object before the composite object is deleted, and thus not
be deleted as part of the composite object.
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we can see that Sam Johnsons belongs
to the Faculty of Economics and Business

Through their subscription to the
Master of Information Management,

we can see that Peter Martens and Elisa
Smith also belong to the faculty of
Faculty

of Economics and Business. And, then,
finally, through her subscription to the
bachelor computer sciences

we see that Elisa Smith belongs to the
Faculty of Science.
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* Cardinality of implicit associations can be derived
from cardinality of base associations
+ belongs_to = subscribed for + offered by
* [1.%] followed by [1.4] = [1.]

* has = offers + subscribed student
+ (1.4 followed by [0.] = [0..*]
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* Parallel paths do not ensure ending up with the same object(s)
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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.
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STUDENT

* If there are two students (Alice and Bob), and three beers (Stella, Leffe, Hoegaarden),
then the six combinations (Alice-Stella, Alice-Leffe, Alice-Hoegaarden, Bob-Stella,
Bob-Leffe, Bob-Hoegaarden) need a link to at least one pub. Could all be in the same
pub (e.g. "Domus"), or in different pubs (some in Domus, some in Leffe-Café).
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How to understand multiplicities?

a link to BEER M—@— PUB

[0."

STUDENT

each/every
o.1

some

+ This implies that statements of the following format are true:

« For example:

Fvery student has drunk each beer in some pub is true cachfeveny

* Weaker statements, are also true
Every student has drunk some/at least one beer in some pub is tru
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How to understand multiplicities?

* When evaluating a statement, consider what multiplicity is targeted, and test every combination.

+ Sometimes, you need to reformulate the statement, e.g. by negating it.

EXAMPLE

* There could be a pub where no one ever drank beer.

+ Consider (pub, student) pai
+ Consider (pub, beer) pair

+ Consider (student, beer) pairs
need one pub, but could a refer o the same pub, while a second pub has never been visited

> leads to 0..* beers
leads t0.0..* students

statement s true
statement is true

true

« Three times true, 5o true overall.
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BEER

* If there are two students (Alice and Bob), and three beers (Stella, Leffe, Hoegaarden),
then the six combinations (Alice-Stella, Alice-Leffe, Alice-Hoegaarden, Bob-Stella,
Bob-Leffe, Bob-Hoegaarden) need a link to at least one pub. Could all be in the same
pub (e.g. "Domus"), or in different pubs (some in Domus, some in Leffe-Café).

PUB

STUDENT
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Explanation
The statement is true

full explanation

. 0.* 1.*
Reservation B Restaurant

as at
1.*
served_by

X 0.*
Dish
has_eaten serves

"In order for a reservation to exist, there always has to be at least one dish."

In the diagram there are two paths that link reservations and dishes. On path goes via restaurant. Via this path,
areservation always is linked to a restaurant, but a restaurand does not necessarily serve dishes. So via this
path, the existence of a reservation does not imply the existence of a dish. On the other hand, the path via
person enforces that the existence of a reservation requires the existence of a dish, because a reservation is
always made by at least 1 person and a person needs to have eaten at least 1dish. As all paths need to be
taken into account, this statement is true.
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* There can be two associations between two classes.
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UNARY ASSOCIATION

* A Unary associations connects a class with itself

supervised_by

PERSON

supervises
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Ternary association

PROJECT

PRODUCT

SUPPLIER

supplied by,

[0.7]

supplied_by :
PROJECT x PRODUCT —» SUPPLIER

Mandatory 7
No: a product may not have been used by a project

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

Many otherwise = [0..%]




