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Limbajul unificat de
modelare, UML

1. Modelarea




Modelarea

e Un model este o simplificare a unui anumit sistem, care
permite analizarea unora dintre proprietatile acestuia

Retine caracteristicile necesare
e Folosirea de modele faciliteaza abordarea problemelor
complexe, comunicarea si intelegerea
Divide et impera
e Exemple:
Formalismul matematic
Reprezentarile din fizica

e Orice limbaj ,intern” poate fi folosit pentru modelare,
insa intr-un context formal este nevoie de standardizare

m v
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Limbajul unificat de
modelare, UML

2. Limbajul unificat de modelare




Scurt istoric

e Intre 1989 si 1994 erau folosite mai mult de 50 de limbaje de
modelare software, fiecare cu propriile notatii

e Ultilizatorii doreau un limbaj standardizat, o lingua franca a
modelarii

e La mijlocul anilor '90 trei metode s-au dovedit mai eficiente:

Booch (Grady Booch): potrivita mai ales pentru proiectare si
Implementare, cu dezavantajul unor notatii complicate

OMT, Object Modeling Technique (Jim Rumbaugh): potrivita
pentru analiza si sisteme informatice cu multe date

OOSE, Object Oriented Software Engineering (lvar Jacobson):
aceasta metoda a propus asa-numitele cazuri de utilizare, care
ajuta la intelegerea comportamentului sistemului in ansamblu



Precursorii UML oot

Class nama

Class namea has

Attributes
Operations

Attributes
Dperations

e Booch

Object Model MNotation

Wultiplicity of Associations:

Class Exactly one
Class name Class name
Attrinutes Attrioutes
Operations Operations — | Class
Clags name Wany (ZEro ar more)
O M T —¢  Cass Optional (zero or onej
Generalization (Inheritance): Aggregation:
Superclass ﬁsglear::hr
iw Jacobson Use Case
Subclazs-1 Subclass-2 Part-1-Class Part-i-Class




Scurt istoric

e 1994: Jim Rumbaugh, creatorul OMT, a parasit General
Electric, alaturandu-se lui Grady Booch la Rational Corp.

e 1995: Ivar Jacobson, creatorul OOSE, a venit la Rational
lar ideile lui, Tn special conceptul de cazuri de utilizare,
au fost adaugate ,,Metodei unificate”

e Metoda rezultata a fost numita ,Limbajul unificat de
modelare”, UML

e 1996: Formarea de catre Rational a consortiului
,Partenerilor UML" din care faceau parte giganti precum
Hewlett-Packard, Microsoft si Oracle



UML

e Limbaj pentru specificarea, vizualizarea,
construirea si documentarea elementelor
sistemelor software

Un limbaj grafic care ne permite sa reproducem

,pe hartie” ceea ce este produs in procesul de
dezvoltare a unui sistem software

Poate fi folosit si pentru alte sisteme, cum ar fi
procesele comerciale (engl. “business processes”)



Versiuni si standardizare

e lanuarie 1997: a fost propus spre standardizare UML 1.0
n cadrul OMG (Object Management Group)

e Noiembrie 1997: a fost adoptata versiunea UML 1.1 ca
standard de catre OMG

e Martie 2003: a fost lansata versiunea UML 1.5
e Octombrie 2004: versiunea UML 2.0
e lunie 2015: versiunea UML 2.5

e UML este standardul ISO/IEC 19501:2005
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UML

e Ca orice limbaj, UML are:
Notatii (alfabetul de simboluri)

Sintaxa si gramatica (reguli pentru combinarea
simbolurilor)

e UML este un instrument de comunicare

e UML nu este o metodologie de dezvoltare

Dar este determinat de cele mai bune practici in
domeniu

11



Limbajul unificat de
modelare, UML

3. Clasificarea diagramelor UML 2.0




Clase de diagrame :

e Diagrame de structura
o Prezinta elementele unei specificatii independent de timp

e Includ: diagramele de clase, ,
, Obiecte, pachete si structuri compuse

e Diagrame de comportament
e Prezinta trasaturile comportamentale ale sistemului

e Includ: diagramele de activitati, Si
, precum si cele
o Diagrame de interactiune
Scot in evidenta interactiunile dintre obiecte

Includ: diagramele de secvente, comunicare, interactiuni generale
(interaction overview) si cronometrare (timing)

o Legenda: utilitate practica mare, , micéa
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Diagramele UML 2.0 :

Diagrame de structura:

ce contine sistemul

Clase
Componente
Desfasurare
Obiecte

Pachete

Structuri compuse

Diagrame introduse in UML 2.0

Diagrame de comportament:
ce se intampla in sistem

o Activitati

o Masini de stare

o Cazuri de utilizare
Diagrame de interactiune:

fluxurile de control si date
dintre componentele sistemului

e Secvente

e Comunicare

e Interactiuni generale
e Cronometrare
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Diagramele UML 2.0

Diagram
[}
Structura Bahaviour
Diagram Diagram
I | I | I I
Diagram Diagram Diagram Diagram Diagram
Composite .
Structure Deployment Package Interaction
Diagram Diagram Diagram
£
| I
saquence Interat_tlcun
Diagram ﬂ'frer'.rlew
Diagram

Communication
Diagram

Timing
Diagram
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OCL si XM

e Object Constraint Language (OCL)

Pe langa diagrame, UML mai dispune de un limbaj
suplimentar pentru descrierea unor reguli care se
aplica elementelor din model, de exemplu constrangeri

e XML Metadata Interchange (XMI)

Standard pentru transferul de metadate intre diferite
Instrumente de modelare UML

Mai simplu, un limbaj in care se pot salva modele UML,
iIndependent de instrumentele de modelare folosite

16



Limbajul unificat de
modelare, UML

4. Diagramele UML 2.0




1. Diagrama cazurilor de utilizare| ¢

e Descrie interactiunile dintre utilizatori si
sistem

O
/'\ Retrage bani

Client
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Actori si cazuri multiple :

o
operat

O

Sistem de comanda
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Gr

\

Selecteaza suma O
j:/, X
\. Client
pnt

Chi

anularitatea

Introduce PIN

\

/

A

&

Un caz de utilizare trebuie sa satisfaca un scop pentru actor
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Avantaje

e Suma cazurilor de utilizare este intregul sistem

e Permit comunicarea cu persoane fara cunostinte
tehnice IT

e Partitioneaza functionalitatea, ghideaza
dezvoltarea iterativa

e Ajuta planificarea si testarea
e Ajuta la crearea manualelor de utilizare
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Actori primari si secundari :

L

Customer Credit referem:e agency

beneficiaza la parte

22



ldentificarea actorilor e

Identity a “thing" from your requirements

Is the “thing" an actual
person interacting with
the system?

Yes

No

s the "thing" something
that | can change within
the system's design?

The "thing" is probably not an actor. The “thing" is probably an actor, Lo .
Anything that you can affect and Be careful when it comes to people; Exemplu: timpul poate fi un actor
have some control over when some people can be considered
designing your system is likely part of your system.

to be considered a part of your system.
23



Generalizarea actorilor 2

Administrator

Themore [N
general "User"
actor

The
Generalization
Arrow

Themore LN
specialized
"Administrator” actor

,2note” (comentarii)

Administratorul poate face
tot ce face si utilizatorul,
dar si ceva in plus
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Relatiile dintre

cazurile de utilizare

e Reutilizare: include

(ontent Management System

g— T

, (reate a
/\_new Blog Account

:/ - —
. —

X

S l\< <include>>

Check Identity

X

7.
Administrator |\ 5 SSOu:> Author

= "~ Credentials

Create a Database

\_new Personal Wik /

Doar Check Identity
este conectat cu
Author Credentials
Database
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Relatiile dintre

cazurile de utilizare e

e Generalizarea cazurilor de utilizare:
reutilizare cu modificari

Content Management System m

(reate a

“\,_new Personal Wiki
‘\ <<indude>> |
; "
; Check Identity ) i
Administrator , ' <<indude>> Author
N - (redentials
(reate a new Database
Blog Account
RV

(reate a new (reate a new
Regular Blog Account Editorial Blog
Account
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2. Dilagrama de clase :

e Clasa
(lassName (lassName (lassName ‘ (lassName '
Attribute Attribute Operation
Attribute Attribute Operation
gperation ‘
peration A A

(ClassName
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Vizibilitatea trasaturilor

e Public e Pachet
e Protejat e Privat
Name Public Protected  Package

(Notation)

(+) (#)

Less accessible to other
parts of the system

More accessible to other
parts of the system

o000
0000
X X X
| X X
o0
o
/Test Eﬁ\
Class
[=! Fields
-# _internalField

47 _privateField
¥ _protectedField
¥ _protectedInternalField
¥ _publicField
=/ Methods
¥ InternalMethod
4¥ PrivateMethod
,'¥ ProtectedInternalMethod
»¥ ProtectedMethod

% PublicMethod
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Vizibilitatea in C# si Java :

# Java
Assembly One Assembly Two Package One Package Two
Subclass

Alpha i AlphaSub Apha 14 Subclass AlphaSub

Bota Gamma Beta Gamma
Yisibility of the members of Alpha: Yisibility of the members of Alpha:
Modifier Alpha |[Beta |AlphaSub |Gamma Modifier Alpha |Beta AlphaSub |Gamma
public ki b i i public W W Y ki
protected internal b ki M protected ki i ki M
internal ki b M M no modifier® v i M M
protected W M k4 M private Y M M M
private * b M M M

(* also called package private)

(* private is the default access-level for members if nathing is
specified)
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Reprezentarea atributelor :

e Inline (In interiorul claseil)
e Prin asociere

An attribute
by association
/
/

' BlogAccount ,I

Inline : .

: I - — | -name:String - I
attributes ~ +publicURL : URL e BlogEntry

~
/ -~
/7 \ ~

Visibility | Name | Type |

30



Vizibilitatea atributelor s

e De obicel private sau protejate

e Nu se recomanda vizibilitatea publica, decat:
e Pentru constante
e Pentru atribute read-only

(ontentManagementSystem

- createdBy : String = "Adam Cook Software Corp.” {readOnly}

public class ContentManagementSystem
{

private readonly string createdBy = "Adam Cook Software Corp."™;
}

31



Opera

le

=t

7’
’
7’

Visibility ﬁ

BlogAccount

-name : Strin
+ publicURL : URL
- authors : Author [1..5]

- = = AN operationﬁ

+ addEntry() : void

Name Parentheses for Return Type
Paramenters

32



Parametrii si tipurile de return |:

BlogAccount

-name: S[nnc[|J
+ publicURL : URL
- authors : Author [1..5]

+ addEntry(newEntry : BlogEntry, author : Author) : void

BlogAc(ount

-name: Stnnﬂ
+ publicURL : URL
authors Author [1..5]

+ addEntry(newEntry : BlogEntry, author : Author) : boolean
+ BlogAccount(name : String, publicURL: URL) <

Constructor

33



Trasaturi statice

e Trasaturi (features) = atribute si operatil
e [rasaturile statice se subliniaza

Math

+ Abs(val : double) : double
+ Sinfangle : double) : double

+ Explval : double) : double
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Relatii intre clase

Smnger(lassrelationsli;>

<Wealm Class relationship |
Dependency Association
Dashed Arrow Simple Connecting Line
When objectsofone | When objectsof one | When one dass owns but
class work briefly with | class work with shares a reference to
objects of another class | objects of another class| objects of another class
some prolonged
amount of time

When one class
contains objects of
another class

Whenone classisa
type of another dass
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0000
o000
o000
o0
o
Dependenta
e O clasa foloseste pentru scurt timp o alta clasa
e Trimiterea unui mesaj, de exemplu apelul unei metode din
clasa Math
o Instantierea unei clase intr-o metoda
e Primirea unui obiect ca parametru intr-o metoda
o Crearea si returnarea unui obiect dintr-o metoda
glient supplier
The Dependency Amﬁ
v .'fi.,(j‘ \
\
enefits ~ .0 \
EﬂndL:\' ""ﬁ ______ = Employ Userlnterface I» ------- \.eea2>  BlogEntry

dependency
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Asoclerea

e O clasa foloseste un timp indelungat o alta clasa
e De obiceli, o clasa are un camp instantiat din cealalta

clasa

Association Line ﬁ

\
\
\
\
\

Association Name
(optional)

has »

7
4
/7
7’

1
A
| BlogAccount if “blog

- entries ___leogintry
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Directia de citire

e Directia de citire este de obicei de la stanga la

dreapta si de sus in jos

e Directia de citire se poate indica explicit

e Sageata care indica directia de citire nu trebuie pusa

pe linia de asociere!

CourseEvent

<« can host

Room

0,1

38



Validarea asocierilor e

Course

name: String Association name

prequisites: String
isCumrent: boolean

1

e Fiecare obiect | este predat ca | 0 sau mai multe | cursuri

e Fiecare curs | este pentru | un singur | obiect

0.*
CourseEvent Room
is allocated io— )
startDate: date DIE:E Dca(e - ypomNumber: String Course = obiect
duration: int ' capacity: int Course event = curs
Multiplicity

39



Asociere complexa

Masina canduce Manager
1 1
1
Zi libera
gestioheaza 0.7
1 0 * poa a
Pensie cantribuie la Angajat -
1 1.5 -
2 * F”:l g
B Yacanta
a.=*

poate pafticipa la

a.”*

Curs de pregatire

40



Asociere unidirectionala :

e Numai o clasa ,stie” de cealalta
e Manager va avea un camp de tip Adresa si nu invers

Manager | locuieste la ) Adresa
1

hasm &

]
| BlogAccount lf ;( e >|’ BlogEntry !

I !
1 L

The “No Navigability The Navigability
(ross Arrow

41



Cardinalitatea (multiplicitatea) | 2

asocilerll °

Concept A Concept B
i | Oricat de multe
cuncﬂn_ﬂ -y _‘;n"“ﬂ 2 Una sau mai multe
Concept A Concept B i rire 1 §i 8
1.8
Concept A Concept E
Exact 18
18
| Loneepin LoD Multime specificaté
1,3,5,7,11

Cardinalitatea * contine mai putine informatii

42



Asocleri multiple

Tutor

name: String
payrolINumber: int
yearsOfExperience: int

can teach

Course

1

owns

name: String

prequisites String

0..

-

43



Asocileri multiple

Customer Bank
banks with
1.7 1.7
Customer Account Bank
holds isheld at
1 1..
Customer Bank
i
Account
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Agregarea

e O clasa are dar partajeaza obiecte din
cealalta clasa

Aggregation
Diamond

L}

/

, | OWns =
| Author F)

- blogs

BlogAccounts b

Calculator

Procesor

>

1.7

Placa video

Este o relatie de tip ARE-UN / ARE-O

1.7

Placa de sunet

45



Agregarea

Calculator

Procesor

Placa video

class Program

{
gtatic wvoid Main(string[] args)
{
Procesor procesor = new Procesor():
PlacaVideo placaVideo = new PlacaVideo():
PlacaDeSunet placaDeSunet = new PlacaDeSunet ()
Calculator calculatorl = new Calculator (procesor, placaVideo, placaDeSunet);
Calculator calculatord = new Calculator (procesor, placaVideo, placaDeSunet):
¥
H
public class Calculator
{
private Frocesor _procesor;
private FlacaVideo _placaVideo;
private FlacaDeSunet _placaDeSunet;
public Calculator (Procesor procesor, PlacaVideo placaVideo, PlacalDeSunet placaDeSunet)
{
_Procesor = procesor;
_placaVideo = placaVideo;
_placaDeSunet = placaDeSunet;
}
¥

Placa de sunet

public class Procesor

{

public class PlacaVideo

{

{
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Compunerea

e Atributele compun clasa

Composition
Diamond

N

MainBody

/
/
‘ BlogEntry I‘ :
1
.

Introduction I

Carte

Pagina

47



Compunerea

public class Carte
{
private List<PFagina> pagini;

public Carte ()
{

_pagini = new List<FPagina>()};

public class FPagina
{

Carte

Pagina

48



Implementarea :

e Din punct de vedere al implementarii,
asocierea, agregarea Si compunerea
presupun introducerea unui atribut (camp)

e Daca nu sunt evidente sau foarte importante
distinctiile privind agregarea sau
compunerea, este mai simplu sa se
foloseasca numai relatiile de asociere &

49



Generalizarea (mostenirea) :

: o The more
‘ Article I— = = = = 7| generalized classes
--------- The Generalization
Arrow

| BlogEntry l ‘ WikiPage i
\ /
\ /
\ /

\ /

The more
specialized classes

Este o relatie de tip ESTE-UN / ESTE-O

50



Regula 100% 2

e Toate definitile clasei de baza trebuie sa se
aplice tuturor claselor derivate

Fiinta Fiinta
# varsta # varsta
+ mananca() + mananca()
+ doarme() + doarmel()
+ se joaca() + SE JUECS'O
ﬁ K + Zboara
Caine Om ﬁn
+ latra() - nume - nume

+ munceste()

+ muncester)
+ vorbeste() + vorbeste() A
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Corectitudinea generalizarilor

Localizare

N

Avion

Aeroport

52



Recomandare s

e Compunerea ar trebui preferata mostenirii

» Mostenirea este cea mai puternica forma de
cuplare

o In general, compunerea este mai usor de
gestionat
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Clase si operatii abstracte

Store

+ store(articles : Article(]) : void
+ retrieve() : Articlef]

BlogStore

+ store{articles : Articlel]) ; void
+ retrieve() ;: Article|]

Abstract
operationsin
italics

]

(oncrete
operationsin
regular font

]

virtuala ——

<<virtual>> f}f ‘t\

Instrument

+ canta()

Pian

+ cantal)

abstracta ——

AN

Vioara

+ canta()

Instrument

+ canta()

Pian

+ canta()

Vioara

+ cantal()
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Interfete

<<interface>>
EmailSystem

+ send(message : Message) : void

The interfaceﬁ

SMTPMailSystem

-name : String

+ getName() : String
+ send(message : Message) : void

The abstract class

VendormailSJstem

+ send(message : Message) : void

The concrete clasﬁ

Pian.

Pian'

00
0000
( X X X
[ X X )
( X )
o
<<inteface=>
Instrument
+ canta()
'u"iuara
Instrument
+ canta()
Vioara
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Template-uri :

: OE ¢ B
listOﬂhirqgs onageenl listOfThings LT L L
-elements : E - elements : E
+ add(E newElement) : int + add(E newElement) : int
- remove(int index) : boolean - remove(int index) : boolean

<<bind>> <E-> Blogkntry >
| ListOfBlogEntries i

De exemplu: List<int> — tipul este specificat in implementare
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Constrangeri (in OCL) :

e Tipuri de constrangeri:

e Invariante
e Pre-conditii
o Post-conditii

self.url—:»nﬂIEmpl)'h

BIu-gEnIry

-url : URL
- rating : int {rating >=0}

+ updateRating(newRating : Int) : void

context BlogEntry::updateRating(newRating:int) : void
pre:rating >=0
post:rating <=5

57



Recomandari

e Nu introduceti prea multe informatii in diagrama

e |gnorati atributele si operatiile necritice

e Aratati intr-o diagrama numai clasele relevante

pentru un caz de utilizare
e Nu includeti clasele sistem (string, Dictionary

etc.)

e Nu includeti prea devreme informatii despre
Implementare (navigabllitate, vizibilitate)
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3. Diagrama de obiecte o
e account : BlogAccount h(““—$

entry : BlogEntry

Contains
Entg : ElﬂgElﬂr_'! —
category : Category

: Actionlistener

-+ void actionPerformed{ActionEvent e)

Arata cum se comporta
obiectele intr-un anumit
scenariu, cum interactioneaza

ui : Userlnterface ui ; Userlnterface

Asocierile corespund

gpﬁﬂna.mﬁ asocierilor dintre clase

entry : BlﬂgEnl[‘!
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Template-uri :

List0fThings sl ol
- glements : E

+ add{E newElement) : int
- removelint index) : boolean

listOfBlogEntries ; ListDfThings <E-> BlogEntry>

De exemplu: List<ClasaDeBaza> — tipul derivat din ClasaDeBaza este specificat
Tn momentul executiei
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4. Diagrama de activitati :

Action I

(reate new Blog
Account

Activity
final node

Ask System to
= = = = - (reate new Blog
Account

\4

Select Account
Type
/
Enter Author's
Details

\4

P

Verify Author's
Details
i
”’
b
b
[authorized) “ [not authorized)

Edge |

Aceste diagrame descriu logica
procedurala, procesele

Sunt asemanatoare schemelor logice,
j dar suporta si paralelismul
Decision

S
N

v

N4

mail Blog Account
ummary to Author,

Reject
Application

i Merge | “merge” = Tmblnare 61



Activitati si actiuni :

e Activitatea este procesul modelat
e O actiune este un pas din activitate

Activity Activity
name frame

Wash (ar

1
1
(> >®
N ”
~ I 7’
< e ' i rd

’
~ | -

~ rd
Actions 5
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Decizii si imbinari :

e Conditiile trebuie sa fie complete si mutual exclusive
e Pasul urmator trebuie sa fie unic determinat

| Outgoing edge |
7

’ [wordCount = (] Noti
; ’ otify Blog Entry
. | j [authorized] 7 < p }( <an't be empty }
Incoming edge 7 - ’
/
/
\ y 2 ’ [wﬂre:ifu unt ?nqn&n W
’ { ] o

\‘ - ’ > %(}L wordCount <1000] = Save Blog Entry &

- < > / \ A

/ ! A\ A"
/ : Il . }
[wordCount >=10001 - Notify Blog Entry "‘

\

: /
[not authorized] , ~_ <\ toolong
™ 4 Decision Iil Merge 5
-~

7
7/
/
7
7
Guard
conditions
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Teste incomplete

BAD! Two guards may
evaluate to trye .

.
-~
-

[item in stock) >

\ litem out of stock] >

2%

[rush order]

>

[item in stock and rush order]

\4

—

[item in stock and not rush order) >

[item out of stock and rush order)

- 2

[item out of stock and not rush order]

Modify so that only one

outgoing quard evaluates to

true, asin these diagrams

>

[rush order]

-

—><

)

[item in stock] > é [else]

(item out of stock] > ? [rush o:del]

[else]

>
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Procese paralele :

“fork” = ramificatie
“‘join” = reunire

Prepare
Motherboard

' A
r Y

Fork 5 Join Iﬁ

Prepare
(ase
._9 lnslali lnstall
Motherboa:d Orwes
Prepare
Molherboard

Se folosesc pentru procese sau fire de executie multiple
La reunire, se asteapta terminarea tuturor actiunilor incidente

Install Video Card,
Sound Card, O
and Modem
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Evenimente de timp :

Wait 3 days

@ —| shinorder | )E }@ Perioada de asteptare

T Second
limeout

I p,[:‘lg'igg.:%ﬂ, Eveniment de timp recurent
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Apelarea altor activitati :

Prepare
(ase
.9 lnsraN lnstall Install Video Card, O
Sound Card,
Motherboard Drwes aad Moders
- Prepare
Motherboard

Prepared motherboard

o> >E)>®
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Semnale

Send
signal node

Receive
signal node

I
1
.9. Calculate Send Request for
Total Credit Card Approval

|
Receive Update Order
Response Status

Receive Process Shi o .
) e | @  Asteapta tot timpul
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Intreruperi si terminari de flux |:

Receive | ; Process : Ship

.................

2 Second
timeout

X S @ Un flux se poate termina fara a termina
Results

intreaga activitate

Daca se mai poate imbunatati solutia in
2 secunde, este foarte bine, daca nu, se
returneaza rezultatul existent

Dupa 2 secunde, se returneaza orice
0% rezultat disponibil, imbunatatit sau nu

Improve Search
Results
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Partitii

1st Level Support

Log Complaint

[else)

(culoare)

Advanced Support

Investigate Problem

felse]

{known problem)

Inform Customer of Fix

L

Product Engineering

Investigate Severity

[else] Add to Change Request
Database for Next Release
[urgent]

[workaround exists]

Inform Customer
of Workaround

Add to Change Request
Database for Critical Patch

$<

®

.

thorm Customer of Statua
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Adnotari

(1st Level Support)
Log Complaint

[known problem)

(Advanced Support)
Investigate Problem

[workaround exists)

(Advanced Support)
Inform Customer
of Workaround

{1st Level Support)

Close Call

<>

(Product Engineering)
Investigate Severity

=

e Reques

(Product Engineerinq)J
{

(Product Engineering)
Add to Change Request
Database for Critical Patch

[etsel ~| AdditoChan
Database for Next Release
[urgent]

\[/<
J

(Product Engineering)
Inform Customer of Status
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Conectorl o

Connector |

/

7
/
>G>0
>G> ®
/
/
Connector |

Un conector este reprezentat de obicei de o singura litera
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Alte exemple

Completare
formulare

Werficare
formulare

[formulare incorecte] -
<>

[formulare corecte]

Introducere
inforrmatii
candidat

Candidatul
trebuie sa
fie admis

[cu taxa)

Plateste
taxa

[fara taxal

Inscriere

Client Comanda

Contahilitate Transport
Face
comanda
Preia
comanda

Trimite Preia Frocesare

numar card informatii card comanda
Procesare Impachetare

infarmatii card

Expediere

Inregistrare
transport

ﬂitere

Primire
comanda

notificare
transport

Motificare
contabilitate




5. Diagrama de secvente

e Arata modul cum lucreaza sistemul, ceea ce
poate fi mai greu de inteles doar din descrierea
statica a structurii

e O diagrama corespunde unui singur scenariu

e Include in principal obiecte si mesaje
Un mesaj este in general un apel de metoda

e Indica ordinea evenimentelor
Timpul reprezinta aici ordinea, nu durata
Pentru durata, se foloseste diagrama de cronometrare
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Participanti

participant

participant : ParticipantClass

Time

participant1 : ParticipantClass

message

participant? : Participant(lass2

A "Send
Message” Event

A *Receive
Message” Event

participant1 : Participant(lass

participant2

-
-
&

The Message
Caller

Activation Bar
{optional)

Y

*n

The Message
Receiver

)

Message Receiver
Activation Bar

(optional)

message{arguments) -
S e D
," The Message
,' The Message Sig natuna":J

Return Arrow
{optional)
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Mesaje imbricate

Initial Message
Caller

participant1: ParticipantClass

participant2 participant3
initialMessage{arguments) nestedMessage1(arguments)
; T ’D
: ‘\nestedMessageZ(arguments) '

The Initial
Message

Messages nested
inside
Initial Message
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Tipuri de mesaje

- A Synchronous Message

= An Asynchronous Message

<. ........................ A Return Message

<<(reate>>

>

<<destroy>>

pl:Qass| AParticipant Creation Message

’X A Participant Destruction Message

participant 1 : ParticipantClass1 I

| participant? : ParticipantClass2 |

The “drapped”
participant box
notation

-»I participant3 - Participant(lass3

: areate{arguments) :
= -
.:-"* <<(reates> i
o # - - nr
.-"' o -F B
- - - - :
Creating two | <<destroy>> "X
participants | i
; H
! '
i '
! "
- . << destroy>>
' T [l
[ " ¥
i L
i &
i

Destroying two
participants

X
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Diagrama complexa

<<HiN>> o <ontrolier .
admin : Admisistrator RecoantGrestionld Createdew s comnt(ontrotler
r— aeateNewBloghs ounts

sekcslogkccm:!:pﬁz e ’

eoner AuthorDetails (author : AuthorDetaik)

<<HW>>
a4 - Author(redentinsDB

<A > >

<<reate>>
> - AuthorDetails
dicSubmitl) ' aeauNrwhgda'rﬁogk(wn(a.nhomem’s AuthorDetads)
T -
\ ' checuthoeDetalisiauthorDetals : AuthorDetais)
\ '
\ - <<aeatelauthorDetails)>>
\ ’
' newAccount ;
\ )@_ =P RegularBloghccount
‘\ << destroy> > -
\ emailBlogDetaibid newAccount P.equm&\ow(ooé)
“ ; sendEmail(email  Email)
Aeuntseatediintificationd) '
< : . <..-.....-.’.-...--I -
\
The GickSubman message
o has an syacheonius
anow
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Fragmente

e Controlul secvential natural poate fi extins cu
ajutorul fragmentelor de interactiune, introduse
in UML 2.0

e Fragmentele sunt asemanatoare structurilor de
control dintr-un limbaj de programare

Optional Fragment ( “if<then™ )
Alternative fragment ( “if-then-else-if - - - or “case” )
Break Fragment ( “break™ )

Loop Fragment ( iterations or “loop” )
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Fragmente optionale :

sd sample J

client order inventory Interaction

{J . =2 Fragmenl
1

Interaction
Fragment
Operation __

|

L]

|
Mama: =

{optional) yew_nust] :

1 1

//,,/. er_custinfo()

Interaction //: =

=

Fragment
guard

create order

/

= Interaction Fragmanl
Operand

locate_item
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Fragmente alternative :

sd sample
client order invento Interaction
Interaction - : : Y = Fragment
Fragment [ i |
Operation '1‘2"_.—-_%_ ! ! :
Mame: Alt :
(Allarnaliva) i‘:;fylnw_ﬂushm] : :
P l
i . i
e = ———— - i
Interaction == i I
Fragment =:+IFH_E“5‘I= nal :
quare . get_custinfo() !
. I \
] I
Cr_order
[ ] |

Interaclion Fragmeani
Operands
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Bucle

Customer

Cashisr

loop

[while items remain]

1.0 unloadltem{itemCost)

1.1 tallyltemicost)

T —

1.2 requestPayment

.{ _____________
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Paralelism

par
search_google()

search_ask()
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Referinte

<<utor>> o <ontrofler .
2drmin : Admisistrator kecoontCoeationl Createdew s coent{ontrolier
&)
Select Account Type

T

enterAuthorDetails (Juthar : AuthorDetalls)

dickSubmit)

s o]
L

' ma:chnPqudJ.lmqk(wn!unbolDeu!s : Auther Details)

ccount{reatedhintification()

<MW >
acd : Author(redentissDB

<AV >

L

checiAuthoe DetalisiauthorDetals : AuthorDetadss)

sd Select Blog Account Type J

=

' <<qreate(authorDetails) > >

> newAccount |

RegularBlogAccount

+ emilBlogDetail newAccount : qullar&o;&ua;fﬂ

[checked = true)

4  sendEmaliemail - Email)

<<actors>> ui:
admin : Administrator AccountCreationUl
createlewBloghccount)
g -
selectBloghccountTypeltype) ¢
=

<<0estroy>>

.l
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6. Dilagrame de comunicare :

1.messaged()

pharkdpantt s R Jortdnt: Similare diagramelor de secvente,
2 messageB() : dar se concentreaza pe legaturile
dintre participanti
The iniil message that Nested messages Diagramele de secvente si cele de
causes nested messages invaked when . .
t0 be invoked 1messageAl)is invoked comunicare pot fi transformate
' A automat unele n altele
1. messageh () 11.1 messaged()
partidpantl; | ——™ particpant2; | \ ——™ participant3 :
ParticipantClassA [ I Particpant(lassB | 'lIl R ParticipantClassC
2. messageB() 1.2messageD() - Mesaje imbricate (1 — 1.1, 1.2)
1.messageA()
participant1 : | — e participant2 :
ParticipantClassA | —» | ParticipantClassB
" =, 2a.messageB() .
~_ +2b.messageB()
%7~ message(()
All of th .
ar,e;ﬂv,ékifa'{’ﬁié‘iﬂﬁeﬁ Mesaje concurente (2a, 2b, 2¢)
time, i.e., concurrently
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Alte tipuri de mesaje 2

The looping
constraint

-
rd
-

1.messageA() ‘Ii=u.:9]

participant1: participant2 :

ParticipantClassB

ParticipantClassA

l 1.messig ehl)

A

1. messaged() is
invoked by the
participant on itself

participant1:

} »> participant2 :
ParticipantClassA | » | ParticipantClassB

The quard
condition
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Diagrama complexa :

<<actor>>

admin : Administrator \l.aeateuewA«oum()

42 accwnt(realedNotifxation()\ \Z-W'K‘A((OUNTVDG(KYDG}
4.di(k5ubmit()\ \3.mterAuthorDelaﬂs(]

ul:
AccountCreationUl

4.1 createNewRegularBlogAccount(customerDetails : CustomerDetails)

\:l <<reate>>
= ' A4.1.5 <<destroy>>*

createNewAccountController : | — authorDetails :
AuthorDetails

CreateNewAccountController
4,11 checkAuthorDetadts{authorDetails : AuthorDetails)

<<actor>>
acd : AuthorCredentialsDB

4.1.3 email(newAccount)
[checked = true]

4.1.4 sendEmail{email : Email)
[checked = true]

<<actor>>
5 : EmailSystem

4.1.2 <<ceate{authorDetails)>>
[checked = true)

newAccount :
RegularBlogAccount
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/. Diagrama masinilor de stare

e Obiectele pot reactiona diferit in functie de stare

e Diagramele masinilor de stare se realizeaza pentru un
singur obiect

Pot descrie comportamentul unui obiect de-a lungul mai multor
cazuri de utilizare

Nu sunt potrivite pentru a descrie colaborarea mai multor obiecte
e Sunt folosite intens in anumite tipuri de aplicatii software
si hardware, precum:
Sisteme critice de timp real

Bancomate
Jocuri (de exemplu “first person shooter”)
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ii, declansatoare, conditii | °

Astate Atransition 'V'
pending ' | ﬁnali%@
I
/

Stari, tranzit

liftswitch .} :
Off lower switch On reject : complete
Initial fejecked
pseudaostate Final state

lift/lower switch = declansatoare (triggers)

keystrake [input < required_length]

(- Brewing ,\
Ldm‘brew wifee — = — J‘ - —| Dobehavior / keystroke [input = required_length]/
@ —>| Gateing submit input Processing
input | input

Stari active — ce face (de exemplu prepara cafeaua)

Stari pasive — cum este (de exemplu becul e stins sau aprins)
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Diagrama complexa

anulat planificat

Di itil
deschis 1SpOril
pEMtrU

student inscris

loc dispon

inchis

ibil # adauga student

Flanificat I

anulat

anulat ! inscrier

oc
dispaonibil

(=
L

anulat
inchis

student inscris
nici un loc disponibil

student ren
loc disponiby

fadauga pe lista de asteptare

Linta
il / adauga din lista de asteptare

Inchis
pentru
inscrieri

anulat

aprobat
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8. Diagrama de componente

e Pentru proiectele mal complexe, este greu de
trecut de |la analiza direct la definirea claselor

e O componenta este o parte incapsulata,
reutilizabila si inlocuibila a sistemului

e Componentele comunica prin interfete, pentru a
asigura cuplarea slaba

e Componentele pot fl compuse din cateva clase
sau pot reprezenta subsisteme de mari
dimensiuni
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Notatii pentru componente :

<<component>> {l <<subsystem>> E
ConversionManagement WorkflowEngine

Provided
interfaces

1

Required 5
interface

i
C’J FeedProvider

CI DisplayConverter

<<COMponent>: DataSource
ConversionManagement

<<gomponent>> E

ConversionManagement

<<provided interfaces=
FeedProvider,
DisplayConverter
<<required interfaces>=
DataSource

<<artifacts>> )
conversionManagement jar

<<interface>> <<interface>>
FeedProvider DisplayConverter
+ getFeed(String id} : Feed + getView(String id) : View

<<component>> E

Realization
arow
ConversionManagement

Required and provided interfaces
are shown using the stereotyped L serusecemen Dependency
dlass notation :. ------------ arrow

<<Interface>>
DataSource

+ lookup(String id) : Record

Inventory System

UML 1.x
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Notatii pentru interfete

FeedProvider
P Databource
<<omponent== E {"C {{cnmpunent:»::il
DisplayConverter | ConversionManagement & BlogDataSource
o=

FeedProvider
O——
{<mmpunmt}>£| Databource ___} Datadource {{cumpunent>>E
DisplayConverter | ConversionManagement O BlogDataSource
o=

<<(0mponent= E ............ } {<mmpnnmt}}E

ConversionManagement BlogDataSource
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Clasele componentelor :

<<Component>:
BlogDataSource E

DataSource

O— <—

<<Components=
BlogDataSource E

<<provided interfaces >
DataSource

<<required interfaces=>=

Logger
<<realizations ==
Elog,
Entry
<<artifacts=>
<<components> E blogData.jar
BlogDataSource
Notatie compacta

Blog I% Entry
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9. Diagrama de pachete

e Sistemele software pot avea sute de clase
e Pachetele modeleaza grupuri de clase

e Majoritatea limbajelor de programare importante au un corespondent
al pachetelor

C#:. namespace
Java: package

e Deseori, diagramele sunt folosite pentru a indica dependentele dintre
pachete

e Pachetele pot cuprinde orice element UML, nu doar clase
De exemplu: cazuri de utilizare
e Componentele corespund nivelului conceptual (mai generale)

e Pachetele corespund nivelului logic, in corespondenta cu faza de
Implementare
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security |

Pachete
1 ]
1 1

Credentials

ldentityVerifier

COM::acme::
search

—
indexing

security

Credentials

IdentityVerifier

Organizarea logica
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Clase in pachete

ClassA
{from packagel)

ClassA
(packagel)

package2::ClassA |
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Dependente

1

C -0

USErS

User

]
Bl i security |

Java: import
C#: using

search |

1
indexing ..
- " 3
accounts 1

util

..... > security I
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10. Diagrama de desfasurare

e Corespunde nivelului fizic: modeleaza elemente
fizice ale sistemului
Fisiere executabile
Entitati hardware

e Arata cum sunt atribuite entitatile software catre
cele hardware si cum comunica acestea

e Poate include hardware, firmware, sisteme de
operare, medii de executie, drivere etc.

Dar trebuie sa cuprinda doar detaliile importante
pentru audienta
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Dispozitive si artefacte

< <device>> <<artifact>> O
Desktop PC Jdpacman.jar
hardware software

<< artifact>> ; D <<antifact>> D
3dpacman.jar Jopaoman.jar Jdpacman.jar
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Dispozitive si artefacte

<< devices >
Desktop PC

O

<<artifact>>
Jdpacman_jar

{{ilr'tl'faE[}}D <<deploy=>> ;;’_

Jdpacman.jar

<< device> >
Desktop PC

<< device> >
Desktop PC

3dpacman.jar

< < fevite> >
Server

activation. jar

axis.jar
commons-discovery. jar
commons-logging.jar
Jjaxrpc.jar

saaj.jar

tog4y.jar

wsdldjjar

mail jar

xml-apis.jar
xercesimpl.jar

< <artifact>> O
myapplication jar

< <device==
Server

O

<< artifact ==
logd).jar

Organizarea fizica
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Instante de noduri

<< device> >

svrl - Sun Blade Server

read traffic |~ %
Ty

: LoadBalancer

il

- | write traffic |

<< devige>=

sur : Sun Blade Server

swr2 - Sun Blade Server

<< device=>
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Comunicatia intre noduri

<< devices> <<T(P/IP>= << devices>
Desktop PC Server
< < fdovices = << dovige=>
Server Server
<< pgecutionEnvironment = << fMl= << gxaculionEmvironment ==

Web Server

EIB Container
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Exemplu

Thin Client

Rich Client

Firewall

Web Server

Application Server

Thin Client

Firewall

<<fevice>>
Sun Server

Database

< <geationEnviranments >
Web Server

PetAdoptionStore. war

<<RMl>>

Rich Client

<<fevice>>
Sun Server

< <precutionEnvironments>>

EJB Container

PetAdoptionStore. war

<< 0B(==

Database
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11. Diagrama HE

structurilor compuse :

[ Owning I . .
Blogkntry = = = = = = = = = = - R I Arata cum lucreaza
obiectele in interiorul
bluglntm:lntmductinr: bIngMain:Maiandylu T Multiplicity unel Clase Sau cum
. » indeplinesc un scop
. - Sy - H..’
= = Userservices 5 Maintenance
Parts P—\] . - Wiki
Un port reprezinta un mod . :
distinct de utilizare a unei ‘; n
. . - . . \ '
clase, de obicei de catre tipuri v
. . . . !
diferite de clienti E
nres
Updateable VersionControl

UserServices Maintenance

Porturile pot grupa

Wik interfete inrudite

Viewable Rollback
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12. Diagrama de cronometrare |:

CreateNewRegularBlogAccount J

: EmailSystem | 5

Sending Email

Idle

: AuthorCredentialsDB

Checking Details

Idle

: CreateNewAccountController

Details Verified

Creating Account

Idle

Folosita mai ales pentru sisteme de timp
real sau incorporate

Arata starile unui obiect si momentele de
timp cand se afla obiectul in aceste stari

+ AccountCreationUl

Displaying Results
Waiting for Feedback
Accepting new Account Details

Idle

: Administrator

Waiting for a new Account to be Created
Entering new Account Details
Idle

Time (seconds)

Time 0 1t 2t 3t 4 5t 6 7t 8 9 W0t M
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Notatii alternative :

The regular Timing
Diagram notation :
qood when fewer states
need to be shown.

Recomandata pentru putine stari

Recomandata pentru multe stari

The alternative Timing
Diagram Motation :
good when many states

need to be shown.

| & tttess) —>|
o Stated [r—
2
= State3
=
= State?
o j
Statel
= State3
g1
'E State2 T
(=¥
S Statel —
- I N N R N (N R T O A |
I N P N I D I
Time 0 1t 2t 3t 4t 5t 6t 7t Bt 9t 10t 11t
L]
£ —>| | | s>
=
=] ' ]
:E. ' ]
& State 1 o State? X State3  Stated
1l e i
E State1 M Statel Sate 3 State 4
(="
=
N N N N T TR N TR O A
L T I O L L
Time 0 1t 2t 3t 4t 5t 6t 7t Bt 9t 10t 1t
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13. Diagrama

interactiunilor generale :

ind ; InteractionDverview! ]

sd  Interactiond |
|mess.1@:(ﬂller: Mcssagn(allﬁl |mrssagel=c[ciucl-r#.css.lg:ﬁmucrl |mcssa.;:ﬁ:{cwcri: r#.cssagcﬁ:miwdl
" [Ml:l - ) )
-
/ bar() o
g =
o bar) -
T =
’ . L]
£ ' "
/ H '
/’
y

f". od  Imteraction? I ol Imtemactiond |

Each “hetion’is Dy T.messageAll 1. messageni]
aninteraction in -d participant? : —® | participani: particpant1 : — | particpant2:
5. cowen flgit ParticipantClassi — | Participant(lass® ParticipantClassi ———p | Participant(lasss
Y 2 messages() 1, messagedl}
A
M\
o Interactiond |
\\ 1.messageAll
participant1 - = | particpant?:
PartipantClassh [T g | Farticipant(lasss
2. messages()

sd Imteractions |

foall

=

harfl

|messagecaller: Messagecaler| | messsgeReceiver - MessageRecever| |messageReceiver? : Message Receiverd |
i 1]

Bar(}

Arata cum interactioneaza
mai multe entitati pentru a
realiza un caz de utilizare
(sau un scop)

Poate fi vazuta ca o
diagrama de activitati,
dar fiecare actiune este
o interactiune completa
descrisa de o diagrama
distincta
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Diagramele UML si ciclul de ees
dezvoltare software 3
e Perspectiva logica e Modelul vizualizarii 4+1

o Clase, masini de stare,

secvente s.a.

e Perspectiva de proces
o Activitati

Logical View

e Perspectiva de

dezvoltare
e Pachete, componente

e Perspectiva fizica

Physical View

Process Yiew

—

Use Case View }

=4

Development View

o Desfasurare
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Diagramele UML si ciclul de
dezvoltare software

e Faza modelarii cazurilor de utilizare
e Faza modelarii domeniului

Diagrame statice de structura, diagrame de secvente

e Faza modelarii proiectarii

Diagrame de clase, de masini de stare, de activitati

e Faza modelarii implementarii
Diagrame de componente, de desfasurare
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Concluzi

e UML este un limbaj pentru specificarea,
vizualizarea, construirea si documentarea
elementelor sistemelor software

e Este un standard de facto pentru modelarea
software

e UML 2.0 are 13 diagrame, clasificate 1n:
Diagrame de structura
Diagrame de comportament
Diagrame de interactiune
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e Majoritatea diagramelor incluse 1n acest curs
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