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Plan of the Chapter

O The UML notation is used as document - core in
SE processes (such as the V model)

0 Syntax and semantics of class model elements
and their visualization in diagrams

> Class Invariants

> Constraints

» Operations

> Pre- and Post-Conditions

0 Syntax and semantics of state machines
Specify system components for test and verification
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The UML ...

Q... is the Unified Modeling Language
0 ... is a normed data-structure, a ,technical format”

of model-elements (that may contain other model-
elements) with consistent naming for

> various system descriptions
> various code formats
Q... has various external representations
> as XMI exchange format (XML-formal)
> as ECore Model
> as UML diagrams
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The UML offers the advantage ...

U

... of being a basis for
Integrated Development Environments

(IDE's like ArgoUML, Poseidon,
Eclipse + Plugins like Papyrus,
Rational Rose, Prodigé, ...)
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The UML offers the advantage ...

Q.. to offer ,object-oriented" specifications

Q ...to offer a formal, mathematical semantics
(well, at least to some parts of the UML)

Q... to be fairly widely used in industry, even
if not always supported entirely or used
in similar variants like SysML

0 ... is the basis for a whole software-engineering
paradigm called Model-Driven Engineering (MDE).
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The UML 2.0 Diagrams (for corresp. models)

0 UML, Version 1.1 : 9 types of diagrams

O UML, Version 2.0 adds

4 more types of diagrams

> structure composition

> communication

» packaging

> temporal constraints (timing)
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The UML 2.0 Diagrams (for corresp. models)

Diagram
Structure Behaviour
Diagram Diagram
b JA)
! ! ! I | |
. C omponarnt Object Activity Use Case State Machine
Class Diagrarm : . . ) .
Chagrarm Chagrarm Chagram Diagram Chagram
Cormposite .
S Deployrment Package Interaction
Diagram Chagrarm Chagrarm Chagrarm
il
I |
Static View Sequence Ir'rtera::.tmn
Diagrarm Overview
Diagram
Architectural View
Communication Tirning
) . Diagrarm Diagram
Dynamic View
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Principal UML diagram types (1)

- Structure and  Vizualization
> Use Case Models and Use Case Diagrams
~ Sequence Models and  Sequence Diagrams
» State Machines and  State Charts
> Class Models and  Class Diagrams
» Object Graphs and  Object Diagrams

All these Model Elements are described in a
UML-document itself, the ,Meta-Object-
Framework™ (MOF)
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Principal UML diagram types (1)

@ Use Case Diagrams (.Diagrammes des cas d'utilisation") :
models the system operations by

> the interactions of the system with the external world
(external agents communicating with the system seen as a black box.)

> Just the priciple cases, the alternatives, the extensions

Emphasis on (top-level) functionality !
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Example: Use Case Diagram (Analysis)

S

j - — —| Systéme de Gestion Universitaire Simplifie ﬁ

inzcrit une personne
Etudiatt ='inscrit & un mocdule

valide un maodule

‘ / ifprime un diplome d————" | -

Enzeignant

SyztemeBancaire

Secretaire

Le secrétariat recoit les demandes dinscription d'une personne & un module.

Elle demande & nom de la perzonne &t du module. Elle vérifie que la personne est
inzcrite & l'universite et a les pré-requis, encaizse le paiement en vérifiant =i besaoin
auprés ou systéme bancaire

Sitout est O, elle inscrit 'etudiant. sinon elle signale une erreur
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Example: Use Case Diagram (Design)

Wt marwrar Bimscinry

0

|
S 1
e iy —turn
e Moz karsd
sinchudes T mme __ i
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Principal UML diagram types (2)

0 Interaction Diagram (.Diagrammes d'interaction"):
the interacion between objects for realizing a functionality
~ SequenceDiagram: privileged temporal description of
exchanges of events. Notions of utilization scenarios.

> Collaboration Diagram: centered around objects and
top-level collaborations of them.

2017 - 2018 B. Wolff - GL A - Revision of UML 14



Example: Sequence Diagram (analysis-level)

0 SequenceDiagram: privileged temporal description of
exchanges of events, in particular exchanges between
the stake-holders and the system.

> no messages between actors
(outside the model)

> no intern messages of the system
(this is described in a design-level sequence diagram)

> No loops, conditions, etc.

A9 Objectives:
» describe particular use-cases
. describe al |
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Example: Sequence Diagram (analysis-level)

O

I Web Browser Web Server
| |
Click ,Intro Page*
L PageRequest |
|
ImageRequest > |
|
Insert Data .- |
|
ClickBut ,Submit” Transit Form Data |
(HTTP POST) >
|
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Example: Sequence Diagram (design-level)

webServer: dynamicRenderer: dataManager: staticRenderer:
HTTPPworkProc PageRenderer DataAccessMgr StaticPageRdr

reqEditPage() >L | |

| getData() >
Data D ‘
e N ‘
create newlLink:
S T » LinkData | |

777777 aIt [Cancel OR Timeout] ‘ \ |
sel e
- [else] &y insLinkData() > | |
g Okcode | |
persistLinkData(newLink) >
‘ < getData() ‘
Data
> updCurrentPage()
| g Okcode
icP

1P Qk,@@é@ 77777777777777777777777777 updStaticPages()

B ‘ 1l succesUpdate()
L + > N |
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Principal UML diagram types (3)

Q  State Charts (ou « machine a états »):
a description of behaviour by (hierarchical) automata

> interesting if an object reacts on
events (asynchronous as well as synchronous)
by the external environment

> or if the internal state of an object leads to
a somewhat interesting life-cycle of an object
(transitions between well-characterized states of the
object)
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Example: State Chart

(design level)

Display Ssarch J_r’i}.
Results riveagate|url) [ELinkiun]) ety

wEarch

Mavigate (i) [sCateg oryiul]]

navigate|ur) [isCategory(uijfbrowse 1o URL
e

™
s

Y

— .
.—)[ Display Categery Moda
J

7

change calegony et

radvwigate(url) [EBLinkiur)) Rty

Edit Mode

change

apply
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Summary: State Charts

A Two types can be distinguished:
»  Semantics of Diagrams for

requirements analysis: many.

»  Semantics of Diagrams for

system design: many.

Can be interpreted in by automata,
process calculi, Labelled Transition
Systems (LTL) in several, reasonable

ways (depends on context and application).

2017 - 2018 B. Wolff - GL A - Revision of UML

20



Main UML diagram type: Class Diagrams

Class Diagrams (.Diagrammes de classes") :

the static structure of the DATA of the system

>

>

>

>

the classes of interest to be represented in the system
the relations between classes

the attributes and the methods

the types, required/defined interfaces ..

can be used for top-level views as specific interfaces
for local code ...

2017 - 2018 B. Wolff - GL A - Revision of UML
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Example: A Class Diagram

Promotion . Diplome
ArmméeSortie %— mom: String : cliplu:ume
credits: int

validerDiplome ()
inscrire (nom: 3tring,id: String)

saPromo
1
crudkancs N Mention
L Etudiant . m,:,jrﬂ;are mom: String Pnlenzlons
x nom: String _ - possede
adresse: String -
id: String
x*
*
Res

<<enumeration>>

stat: ReslE
ResUE

enCours

acquise

UE

nonicoguise

uprepare -
code: String
* . modules
nom: String -
nblredits: int
nbMin: int
. nbMax: int

[—

acguis
n

requis
k.
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A propos Class Diagrams (1)

O Model-Elements

classname
> Class
classname
> Attributes attribute
> OPCf‘GTiOnS classname
attribute
(me'l'hods) operation(args)
> Packages
(grouping mechanism
for parts of a class model)
2017 - 2018 B. Wolff - GL A - Revision of UML 23



A propos Class Diagrams (2)

O Model-Elements

>

Association
(with optional roles
cardinalities)

Aggregation
(« has a » relationship
with weak linkage)

Coposition
(« has a » relationship
with strong linkage)

Specialization
(modeling of a .is-a"
relationship between classes)

2017 - 2018
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A propos Class Diagrams (3)

0 Model-Elements
> Visibilities
( optional public
and private, see more later)

> N-ary associations

> Association Class

> templates with parameter
(usually classes)

class

+ attribute

- operation(args)

“Q“

\

class
parameter
class

2017 - 2018
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A propos Class Diagrams (4)

Model-Elements

> Annotations

... typically on classes

... can be informal text as
well as a mathematical notation
or OCL (see next part 1)

This is a key
component

class

assoc class

self.a->forall
(y| self.b->exists
(z| z.a=Db))

2017 - 2018 B. Wolff - GL A - Revision of UML
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A propos Class Diagrams (1)

O Semantics: Classes are:

types of objects

tuples .attributes™ AND

association ends (« roles »),

which are collections (Set, Sequence, Bag) of
references to other objects

objects may be linked via references
to each other into a state called ,.object graph®

cardinalities, etc. are INVARIANTS in this state.

2017 -

2018 B. Wolff - GL A - Revision of UML
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A propos Class Diagrams (2)

O  Attributes

> can have simple type (Integer, Boolean,
String, Real) or primitive type (see Date example) only |

> in diagrams, attributes may NOT have
collection type (use therefore associations)

> Inarequirement analysis model, everything
is public by default (we will refine this notion later)
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A propos Class Diagrams (3)

2 operations (in an analysis class diagram)

> we will only distinguish operations linked
to a use-case diagram

> we will sometimes not even link them to a specific
class - this will come later.

0 operations (in an design class diagram)

> a complete interface;
can be compiled from a JAVA Interface !
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Class Diagrams in Requirements Analysis

The static aspects of a model were represented by

> The class diagram
Classes with their attributes
Class hierarchies via inheritance
Relations between classes (associations + cardinalities)
The .roles” at the association ends give an intuitive semantics
> The invariants make the description complete ...
ce qui n'est pas exprimable directement dans le diagramme
Plages de valeurs ou contraintes sur des attributs
Contraintes complexes sur une association isolée
Contraintes globales sur un ensemble d'attributs/associations

- : ble di s |

2017 - 2018 B. Wolff - GL A - Revision of UML 30



More Specific Details in UML 2

Modifiers:
Visibilities: Classe static
+: public abstract
- private nom: type = waleur
#: protected nom(nom: type=valeur): type
/ - derived T
........................ Parameter modes:
in (par défaut)
out
Objet: Classe : Classe in out
Instances: E—
e . <<datatypess> CCRMUMET AT L 0T <<interfaces> CLutilityss>
Stereotypes. Date Couleur Affichable Math
isEefore (d:Date): boolean Vert atficher () _PI: float
isAfter|d:Date): boolean Orange effacer() _E: float
=jd:Date): boolean Rouge tailler(...) ginfangle:float): float
e )
B. Wolff - GL A - Revision of UML 31
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More Specific Details in UML 2

ol cardinality
Citerne typeC q---------"""1&i= e bk Achat
t¥pEC: Cﬁrhurant i achats date: Date
niveau: int prix: float
priximit: float
n%veauA%armE: float | 4 4 * Poste poste
niveauMin: float numero® int
courant prixlnitaire: float 1
cptVolume: float
cptPrix: float
ﬁr DU generalisation

PosteAutomatique PosteManuel

The I’O/GS Were USGd tO +ouvert: boolean
navigate accross associations

for a:Achat, the OCL expr a.poste denotes an instance of Poste.
for c:Citerne, the OCL expr c.achats denotes an instance of Achat

for p: Poste, the OCL expr p.courant corresponds to a collection
of 0 or 1 instances of Citerne.

Lezracj?g”l %% cf!asse peut servir de roIeBp\% Igfef%lﬂt (si as Ignagrt]lallqmte 39



More Specific Details in UML 2

Cardinalities in associations can be:
> 1,2, or an integral number (no expression !)
> * (for « arbitrary », ...)
> aninterval like 1..*,0..1, 1.3, (not like 1..N)

0 on donnera systématiquement les cardinalités

O Attention a la distinction: une instance (1), au plus
une instance (0..1), une collection d'instances (* ou 1..*)

Multiplicities on attributs and classes can be:

. T
Singleton Couleur
typeCodage: String[0.. l]"”gor 1 String,
EGE: int[3] not string of
length O or 1 1!
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More Specific Details in UML 2

Contraints on associations

For generalisation: 0.1 0.1
Personne

> complete, incomplete

> disjoint, overlapping

{ complete, disjoint }
Between associations I

> XOr Homme Femme

Collection Types may e { xor Jer

o 0..1 conjoint
now also be specified !ll
> no duplicates, unordered

0..1 conjointe

. * { set }
> duplicates, unordered
. Cl 1 Cl 2
> no duplicates, ordered === * { bag H—v
> duplicates, positioned * I ordered set }
* { sequence }

2017 - 2018 B. Wolff - GL A - kevision o1 uML oS54



More Specific Details in UML 2

N-ary Associations

Association with attributes

Association « qualified »

Code propre a
un distributen

i

Catalogue

version: int

fournisseur

Code propre aub]

s T
f -
£ Article 1
code: int erie: int 1=
#* 0.1 noierie: int
Vetement Outillage

Etudiant

nom: String

Suit le cours

0.

Module

ECT3: int

code: 3tring

1

Enseignant

nom: String

Personne

nom: String

*
Société 1
nom: String |
I
I
Emploi
galaire: float
dateRecrutement: Date
duréeContrat: Durée

2017 - 2018
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Putting all together ...

Client

nom: String

telephone: String

ajouter nom: 3tring, telephone: String)

1 [titulaire

*1 places

Réservation

date: Date
numero: int

Abonnement

nmumero: int

0.1 |p— —

Inspiré de: « UML 2.0 Guide de référence »,
Rumbaugh et alli., CampusPress, 2005

Artiste

nom: String
cachet: int

1”3*!

Distribution

Spectacle

1”3*2

Comédie Musicale

nom: String q

Théatre

Concert

ResIndiv
Xor
{xory =T,
0.1
Billet
0.1 1

siege:int

Représentation

jour: Date
heure: Heure

2017 - 2018
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Principal UML diagram types (5)

Object Diagrams (.Diagrammes d'objects") :

denote a concrete system state,

typically used in connection with a Class Diagram
> attributes have concrete values

> associations were replaced by directed
arcs representing the links

can be used for debugging purposes ...
(semantics: fully clear).

2017 - 2018 B. Wolff - GL A - Revision of UML
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Q

Example Object Diagram

Corresp.
Object

Diagram

John's 1st: SavingsAccount E

. accounts

AgencyBank: Bank B

bankname =  AgencyBank
Padress = 1010127128

balance = 10,000.00
id = 1234567390
interestRate = 1,2

minimumBalance =

John's 2nd: CheckingAccount & |

username = John Doe il —
. accounts
password = johnny o
accounts =

balance = 125476

i = S9EVES43

John's 3rd: CreditCardAccount 5

. accounts

balance = 78914

id = 4445556667

crediLimit = 500000
interestRateCnBalance =
interestRateOnCazhidvance =

2017 - 2018
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Example Object Diagram

D Class ........................... '- ........... 1.. ...........

........................... (o
Bank
o Aecownt =
1 1
Dlagram - a1 = :I
. -g.'l a e ﬂ] .
» R [ 2
% "OE - - . . a1 o]
b . of =]
_____ 4 ] ] n ] a
» L kAR cbookean | ] in 3 4
.......... ¥ TR TR o & v o 3 ) i
: .

..... 4 )
................... o 5 ,
.................... . )
.................... -

| CreditCardAeecunt
e Hing A e e st | | Sarvinega Aot |
al
ol Tt [§1 flost
n ik ol #1 I - E'Eﬂ |
...... 4] | % I
...... ] ] | &%
% ] % -
3 Thod o
B in 7
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Summary: Object Diagrams

0 Object Models denote a concrete State
of a Class Model; Class Diagram denote
(essentially) a Signature of the elements in the
state, as well as the possible operations on them.

Multiplicities and Cardinalities express
INVARIANTS on (valid) Object Models
to a given Class Model - with this respect,
serves as Specification of States.
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