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Limbaje de modelare

Ingineria software se sprijina pe modelare:
Produsul fina — programul — este un model executabil
Modelarea necesita un limbaj adecvat pentru:

Comunicarea intre parteneri

Exprimarea proceselor de dezvoltare si a artefactelor pe
multiple nivele de abstractizare

Limbajul UML (Unified Modeling Language)
Profile UML pentru diverse domenii si tehnologii

Un model consta in una sau mai multe diagrame
precum si in informatiile aditionale stocate in cadrul
proiectului

FIS — conf.dr.ing. Dan Pescaru



-

Limbaje de modelare structurate

Programarea structurata
Fara instructiuni go to
Structuri de control conditionate (if, switch) si ciclice (for, while)
Stil de proiectare top-down a programelor
Programare structurata — modelare structurata
(analiza si proiectare structurata)
Exprima caracterul monolitic si procedural al sistemelor stil Cobol

Decompozitia functionala — dezvoltare top-down orientata
functional
Tehnici de vizualizare
« Diagrame de flux de date (Data Flow Diagrams DFD)
+ Diagrame Entitate-Relatie (Entity-Relatioship Diagrams ERD)
+ Diagrame structurale (Structure Charts SC)

o

_——————
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Diagrame de flux de date

Una dintre tehnicile cele mai raspandite de modelare din istoria
ingineriei software
Astazi este pusa in umbra de modelele orientate pe obiecte

Se bazeaza pe decompozitia functionala

Context Diagram
Level "0" Diagram

P \ \“\\ ’
’,r \\:'\\\\ kT
\\ .
Level “1" Dlagrarns @ @ . @ @

Madule
Specification
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Diagrama de context

Consta in:
Un singur proces
Un numar de entitati externe
Fluxuri de intrare-iegire intre proces si entitatile externe

Denota locul sistemului in mediul in care va evolua, stabilind
granitele cu acesta

ScreeningDetails 0

MowvieDetails

B Distributors

Customers Mowvies on the

Weh

TicketOrder

Ex: un sistem de reclaméa pe Web a unui lant de cinematografe (Maciaszek, 2005)
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Diagrama de nivel 0"
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Denumita si diagrama de ansamblu
(CRUD = Create, Read, Update and Delete)

1
hMowvieDetails

CRUD
Mowviedctar

g

TicketOrder ScreeningDetails

CRUD
Manage . ;
screening_time +

cinerma_location
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Diagrama de nivel "1”

Balansarea fluxurilor (intre procese), module de stocare a datelor
Decompozitie a proceselor de pe nivelul “0” (ex. CRUD MovieActor)

-

1.1
Movie Details

Create
MowieActor

tlovie Details

15
MowieActor

MovieDetails
Database 1

Dizplay
MaovieActor
YWebpage

tavie Details

1.2

Movie Details

Update
hdowieActor

tovie Details

Retrieve
Wlowiesctor

Dalete
hoviedctor

rrovig=title +
duratio
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Modele Entitate-Relatie (ER)

O tehnica de modelare a datelor

Diagramele ER pot sa contina doar trei elemente de modelare:
entitati, relatii si atribute

O Entitate este o structura de date conceptuala reprezentand
un fapt sau regula distinct identificabila in problema

O Relatie reprezinta o asociere intre instantele entitatilor

Un Atribut este o pereche data-valoare de tip:
Valoare singulara
Valoare multipla (atribut compus) — in general de evitat

FIS — conf.dr.ing. Dan Pescaru



ER “Crow’s foot notation”

Atributele apar in cadrul entitatilor

Nume, tip, daca este cheie (pi — primary identifier), daca
trebuie sa aiba o valoare (m — mandatory)

Multiplicitatea relatiilor
Participare in relatie optionala sau obligatorie

listed_as

position M2

SN

movie_code  <pix N5 <M=
movie_title VA0 actor_code  <pi= NS <M>

director W20 actor_name WADE

movie
actor

FIS — conf.dr.ing. Dan Pescaru
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Limbaje de Modelare Orientate pe Obiecte

Unified Modeling Language (UML) “...is a language for specifying,
visualizing, constructing, and documenting the artifacts of software
systems, as well as for business modeling and other non-software

systems.” (UML, 2003b, p.1-1)

in UML modelarea vizuala consta in principal in aranjarea asa numitilor
clasificatori
Un Clasificator este un element de modelare care descrie comportamentul
sau structura sistemului printr-o reprezentare vizuala
Exemple de clasificatori: class, actor, use case, relationship

La rularea sistemului, clasificatorilor le corespund obiectele

Un Obiect este o bucata de cod care are:
« Stare — definita de valorile atributelor
Comportament — definit de operatiile care le poate executa

|dentitate — care il diferentiaza de alte obiecte (chiar cu aceiasi stare i
comportament)

FIS — conf.dr.ing. Dan Pescaru
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Tipuri de Diagrame UML

Class Diagram (state structure)
Use Case Diagram

Interaction Diagram

Statechart Diagram

Activity Diagram

Implementation Diagram

FIS — conf.dr.ing. Dan Pescaru
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UML Class Diagram
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Class diagram (diagrama de clase)
Exprima in mod static structura modelelor (numita si model de
stare)
Vizualizeaza clase (si interfete), structura lor interna si relatiile lor
cu alte clase (interfete)
“‘a Class is the descriptor for a set of objects with similar
Structure, behavior, and relationships” (UML, 2003, p.3-35)

Atributul este o caracteristica (tipizata) structurala a unei clase
Poate fi: data membru, variabila membru, variabila de instanta sau
camp

Operatia este o caracteristica comportamentala a unei clase
Poate fi: functie membra sau metoda

4

FIS — conf.dr.ing. Dan Pescaru
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Elemente de Modelare la o Diagrama de Clase

ClassB

attribute
attribute2 0..n association? 0.1 | ClassA

operation () VN
operation2() " “.association .n

%

aggregation unidirectional association
1..n 0
ClassD L ClassC

«p

FIS — conf.dr.ing. Dan Pescaru
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Diagrama de Clase ca o Diagrama de Structura Statica

— -

listed_as

position : double

movie

actor
mov!e_c.ode ' dOI..]ble 0.* actor code : double
movie_title : String 0.+ tor . Stri
director . String . actor name : String

FIS — conf.dr.ing. Dan Pescaru
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Caracteristici de Stare si Comportament

——

Movie

movieTitle : String
movieCode : double
director : String

Movie(movieCode : double, title : String, director : String)
addListedAs(l : ListedAs) : wid

remoweListedAs(l : ListedAs) : woid

getMowvieTitle() : String

setMovieTitle(property 1 : String) : woid

getMovieCode() : double

setMovieCode(property1 : double) : wid

getDirector() : String

setDirector(property1 : String) : void

equals(o : Object) : boolean

FIS — conf.dr.ing. Dan Pescaru
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Proiectarea Diagramelor de Clase

hovieSearcher

MOYIE ONLY :int=1
ACTOR OMLY :int= 2
MOWIE AMD ACTOR :int= 3

MavieSearcherd

pethlovies()

displaymoviesByDirector)
dizplayMoviesByLeadingActorsd
displaymoviesByLeadingActorsByStoredProceduren)
displavSearchhaviesByStoredProcedurad
displaymoviesByActord
displaymoviesByaActorCode)
dizplayioviesByTitled
displavactorsBymovieTitle(

displayAc torsByMovieCode)

retriewalld)

display

displaymovied

dizplayactord

maing

conn

-

Connection

FIS — conf.dr.ing. Dan Pescaru
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Connectiong

readalld

quenyg

closeResult]
getleadingActorsByQuen
getleadingActorsByStoredFrocedured)
searchmoviesByStoredProcedured
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Proiectarea Diagramelor de Clase

ListedAs

position ; double

Actor

actorCode : double
actortame ; String

ListedAs(
petPosition(
setPosition)
pethlovield
sethloviel
getictor

act setActor

-

Movie

rriavie

movieTitle : String
movieCode : double
directar : String

Actar)
addListedAs0
removelistedfsh
petActorCoded
setActorCoded
getactartlamed
setActorMamen
equals)

1
listedAs
0.1

O
Collection
[from il

1
listedAs
0.1

Movied
addlistedAs)
removelistedAs(
nethovieTitled
setMovieTitled
pethovieCoded
sethovieCode
getDirector)
setDirectord
equals

FIS — conf.dr.ing. Dan Pescaru
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Diagrame Use Case

Principala tehnica UML de modelare la nivel de analiza a
comportamentului

Expresivitatea acestor diagrame nu rezida neaparat in
reprezentarea grafica. Puterea reala a acestor diagrame sta mai
ales in specificatiile textuale asociate

Diagramele Use Case (cazuri de utilizare) reprezinta o piesa
importanta in definirea functionalitatii sistemului

Un Actor este un rol pe care cineva sau ceva il joaca relativ la
un Use Case.
Actorul comunica cu un caz de utilizare (prin relatia de

«communicate») si astepta o reactie de la acesta — o valoare sau
un alt rezultat observabil

FIS — conf.dr.ing. Dan Pescaru
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Elemente de Modelare Use Case

% e © ©

Actor 1 Use Case 1 Use Case 3
assodgiation
generalization generalization
<<communicate>> /”' <<include>>

unidirectional

Actor 2 Use Case 2 Use Case 4

L] ==

Use Case 5

FIS — conf.dr.ing. Dan Pescaru
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Diagrame Use Case. Exemplu

<N

Cinema Emplayee

Create/Update/Delete MovieActor

———— =
Carparate
Database Database

-

Create/Update/Delete Screenings
Datahase

~

MovieGoer Display MovieActor Details

s=extend=>

//__\\1 <zinclude== ©

Retrieve MaovieActar Details

=<include>=

Display Screenings Details

Retrieve Screenings Details

CSS—S—S8S—SG—S—$S—S—S
FIS — conf.dr.ing. Dan Pescaru
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Diagrame Sequence

Diagramele Interaction reprezinta principala tehnica de
modelare la nivel de proiectare a comportamentului

Exista doua tipuri de diagrame Interaction: Sequence si
Collaboration

Diagramele Sequence (diagramele de secventa) sunt
reprezentari grafice a secventei mesajelor dintre obiecte
Secventa poate fi reprezentata prin plasarea mesajelor unul sub celalalt

Optional se poate recurge si la 0 numerotare a mesajelor care sa denote
ordinea lor

Obiectul care receptioneaza un mesaj va activa metoda
corespunzatoare acestuia

Timpul in care fluxul de control ajunge la un obiect se numeste
activare
Se reprezinta printr-un dreptunghi ascutit pe linia de viata a obiectului

FIS — conf.dr.ing. Dan Pescaru
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Diagrame Sequence. Reprezentarea Mesajelor

: Class1 : Class3

|
\_L _ _1'_mﬂ)_ . _ Class2 | asynchronous
| message
object creation ™ % mzf(lg-—*”JP

1

message

== s/nchronous
callback S o message to self
mesage 2AA. M40

{method reply) T

|

|

|

|

|

|

|

|

| 21.1.1. m5()
| J "M
|

|

|

|

|

|

|

|

synchronous
message

L ———B—— e
FIS — conf.dr.ing. Dan Pescaru
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Diagrame Sequence. Exemplu

e ) s

[
searcher : . Connection . Statement
MovieSearcher
1. Connection( } conn :
Connection JOBC interaces
2. readall( )
>
2.1, guery(sqgl : String)
-
2.1.1. createStatement( )
-
2.1.1.1. executeQuery(s : String)
| 2
2.1.2. Movie(movieCode : double, title : String, director : String) “Moa
> ————

2.1.3. Actor(code ; double, name : String) - Actor

2.1.4. ListedAs(m : Mowie, a ; Actor, position : double) - ListedAs

E— —

FIS — conf.dr.ing. Dan Pescaru
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Diagrame Collaboration (Communication)

[ —
2.1, quenisgl : Strng)
-
1. Connection( 2.1.2. MovieimavieCode : double, title : String, director : String)
searcher : = COnn : > : Maovie
MoviaSearcher 2. readAll ) Connaction
¥ 2.1.3. Acloricode  doubke, name : String)
s
2.1.1 . createStatement] )
F
1 2.1.4. ListedAs(m ; Movie, & ; Actar, posifion : double)  Actor
: Connection it ' 1 ok P :
2.1 .‘I.I-e:u:e::#eﬂmry{s - &tring ) LhldAs
: Statement
R ————————————————mIm——_— R ——

FIS — conf.dr.ing. Dan Pescaru
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Diagrame Statechart

Diagramele Statechart nu sunt specifice modelarii orientate pe
obiecte

Surprind starea unui obiect si actiunile care conduc la
schimbarea starii acelui obiect

Reprezentate pentru fiecare clasa in parte care are o schimbare
de stare demna de luat in seama pentru model

Starea unui obiect (instanta de clasa) se schimba cand se
modifica valoarea unor atribute ale sale

Starea are o anumita durata care corespunde cu intervalul de
timp dintre doua tranzitii

event-signature [guard-condition] /action-expression

FIS — conf.dr.ing. Dan Pescaru
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Diagrame Statechart. Exemplu

e —
Movie Details
K nown

buy it[ finances approved ] fsendPurchaseQrder()

Purchased for
Screening J

screen it movie arrved ]

Screening
Currently
Screening
[ schedulet() -
[opentrg date | [closipg date ]

Scheduled for withdraw Withdraw n from
Screening ‘ Screens

SSSSSNBaaaaaaaaoao_—" —
FIS — conf.dr.ing. Dan Pescaru
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Diagrame Activity

Diagramele Activity sunt automate cu stari care
reprezinta un calcul, actiunile executate si tranzitiile
rezultate din efectuarea actiunilor

In mod normal o diagrama Activity este atasata unei
Implementari de operatii sau unui caz de utilizare

Action states (actiunile de stare) sunt actiuni care nu
trebuie intrerupte de evenimente externe. Ele nu
trebuie sa aiba nici o tranzitie de iesire bazata pe
evenimente explicite

Tranzitiile de iesire dintr-o actiune de stare sunt
rezultatul incheierii activitatilor din acea stare

FIS — conf.dr.ing. Dan Pescaru
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Diagrame Activity. Exemplu

—

control package : get EMovie activity
CAdmin . — ]
T T ——— _Jobjectfiow
object ﬁ mediator package

MDataMapper
_ W
decision find EMovie
T
— — ]
== e —

H\""-\-\.

.
find it by QID N where is it?
[incache] [notincache ]
'
entity package : check if clean i
Eldentityt ap T
foundation package :
FReader
<§5' clean?

refrieve it from the
database

[dlean ]
getitfrom the entity package :
cache — EContact
T ———_—_—_—____—, —_—

FIS — conf.dr.ing. Dan Pescaru




Diagrame Implementation

Sunt modele pentru implementarea fizica a sistemului

Evidentiaza componentele sistemului, structura lor i
dependentele. De asemenea arata cum sunt ele plasate pe
diverse calculatoare din retea
Exista doua tipuri de diagrame:

Component

Deployment

Diagramele Component arata structura componentelor, inclusiv
interfetele lor si implementarea dependentelor

Diagramele Deployment arata instalarea pentru rulare pe
calculatoarele din retea

FIS — conf.dr.ing. Dan Pescaru
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Diagrame Component

“A component diagram shows the dependencies among
software components, including the classifiers that specify them
(for example, implementation classes) and the artifacts that
implement them; such as, source code files, binary code files,
executable files, scripts.” (UML, 2003b, p.3-169)

“A component represents a modular, deployable, and
replaceable part of a system that encapsulates implementation
and exposes a set of interfaces.” (UML, 2003b, p.3-174)

O componenta expune un set de interfate care reprezinta
serviciile oferite de elementele care compun componenta

Componentele pot fi conectate la alte componente prin
inglobarea lor fizica in acestea (relatii de tip «reside» sau
«implementy)

Pentru ilustrarea gruparii componentelor se pot utiliza Pachete

FIS — conf.dr.ing. Dan Pescaru
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Diagrame Component. Exemplu

SearchController |\
1 |

-~

O~ >0

< <interface>> = <interface> >
searchActor searchMovie

ActorSearcher

5‘

1 |
\ Movie_actor /
N , //
N
X A
- AN VAN

' - ~
v e N v Y,

&l = &l
< <Entity> > < <Entity>> < <Entity>>
Ackor ListedAs Mavie
™~

~
e

g
MaovieSearcher

< <implement > < <implement =
NEemo >,

g <implement>3 s
A , s
=N VA S
L4

<<filez=
Movie_Actor.jar

THL—=S—abjD——$—_—— S

FIS — conf.dr.ing. Dan Pescaru
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<<interfaces >

< <interface> =

searchMovie searchActor
| |
&l H
MaovieSearcher ActorSearcher
| — — — - |
¥ N /--f"{| ¥ {I
<<Entity>> <<Entity>= <<Entity> >
Maovie Listedas Actor
I P4
I
~ e
~ |
h =
S e 5
MovieDB
TrHL—————tt_—__— ===
““

FIS — conf.dr.ing. Dan Pescaru
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Concluzii

—_—

Limbajul UML este un limbaj de modelare standard
pentru sistemele software orientate pe obiecte

Limbajele potrivite pentru modelare structurata sunt:
Data Flow Diagrams (DFDs), Entity-Relationship
Diagrams (ERDs) si Structure Charts

UML include diferite tipuri de diagrame precum:
Class, Use Case, Interaction, Statechart, Activity
si Implementation.

Modelarea orientata pe obiecte in UML este centrata
pe clase dar este condusa de diagramele Use Case

FIS — conf.dr.ing. Dan Pescaru
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Concluzii

_——————

Diagramele Interaction reprezinta principala tehnica
de modelare la nivel de proiectare a
comportamentului

Diagramele Statechart surprind starea unui obiect si
actiunile care conduc la schimbarea starii acelui
obiect

Diagramele Activity sunt automate cu stari si
reprezinta un calcul

Diagramele Implementation sunt modele pentru
iImplementarea fizica a sistemului

FIS — conf.dr.ing. Dan Pescaru
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