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Quiz time
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Fred Brooks em “No Silver Bullet" menciona balas de
prata para se referir a:
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lobisomens complexidade no desenvolvimento de SW
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O gque contribul para o sucesso de projectos de
Engenharia de Software?
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O gque nao é parte do Software?

Points

Remove -
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A de sistema e utilizacdo ‘ Bibliotecas

‘ Relatorio de todo o passado na empresa B \Websites de suporte e manutencgao




MDS 2018/19 © Departamento de Informatica, FCT/UNL 10 - Interaction Diagrams

O gque nao é parte do Software?

Points

Remove -
1000

A e Utiiesene O OURSROMANURE () | 4 Bibliotecas

©

4>

©

‘ Relatorio de todo o passado na empresa @ B \Websites de suporte e manutencgao




MDS 2018/19 © Departamento de Informatica, FCT/UNL 10 - Interaction Diagrams

O que faz a deontologia profissional ?

o/

types .00 ¢ ’
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A Regula relacdes e comportamento dos ‘ Regula relacdes e comportamento dos
profissionais com Sociedade e Clientes profissionais com Empregadores e Colega

‘ Regula relacées e comportamento dos

profissionais com familia e amigos B Estabelece um codigo moral ao profissional
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O que faz a deontologia profissional ?
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Let us go back to the analysis
process for a while...
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Previously...

e We have been studying:
o Use Cases
o Activity Diagrams
o Class Diagrams
e Wesaw how activity diagrams can be used to detail use cases
e Today, we revisit and analyze the use cases in greater detail (refine)
o Realizing Use Cases
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Why is use case realization important?

e Tounderstand which analysis classes interact with each
other in order to realize the behavior described in the Use
Case

e Tounderstand which message instances of those classes
have to be exchanged in between classes in order to produce
a certain behavior

o Which are the main operations of the analysis Classes?
o Which are the main attributes of the analysis classes?
o Which are the main relations between analysis classes?

e If necessary, update the Use Case model, requirements, and
analysis class model
o Essential to keep consistency !
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What is Use Case Realization?

e A use case realization shows how classes collaborate to
realize system functionality

e Use caserealizations are an implicit part of the model
backplane

o There is exactly one use case realization per use case
o Youtypically do not show them in diagrams

use case use case realization
1 «frace» 1 .7 i T
Place Order Mo vvvcomccmncn- " «uUse case realization» )
\ Yy Place Order L
dependency = @ Ttteeeoooia-a--"7T
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Use case realization

e Set of Classes that interact in order to realize the Use Case

Behavior
o e.g.Inthe “Borrow Book” Use Case, the librarian in that Use Case

»n «u

can interact with the “Book”, “Lending Registration” and “User”
analysis classes to be able to realize the Use Case

Functional Requirements Specification High Level System Specification

Use case Analysis Class Diagram
Interaction Diagram
Special Requirements

Refined Use Case

Use Case Realization >
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We are using the iterative method

e Analysis Class Diagrams tell a “story” about how the classes

interact so that their instances work together in building the
Use Case behavior

e The Interaction Diagrams show how class instances cooperate

to realize that behavior

e We can find new requirements in the process of refining them
e The Use Cases can berefined even further
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Interaction Diagrams

(Previously known as Sequence Diagrams in UML 1.%)

17
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What is an interaction?

e |[nteraction are units of behavior of a context classifier

o Theclassifier sets the context to an interaction

o Inthe Use Caserealization, the Use Case is the classifier that sets
the context

o When we detail an interaction, it is common to find new
operations and attributes in the analysis classes

m Therefore, we have to update and synchronize the class
diagrams!
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Main Elements in an Interaction: Lifeline

e Lifeline - asingle participant in an interaction

jimsAccount[id = "1234" | : Account

\ 7\ A\ J

Y L3 A
name selector type
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10 - Interaction Diagrams
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Main Elements in an Interaction: Lifeline

e Lifeline - asingle participant in an interaction
o Name - used to refer to the lifeline

jimsAccount)[ id = "1234" | : Account

A\ J

Y Y
selector type
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Main Elements in an Interaction: Lifeline

e Lifeline - asingle participant in an interaction
o Name - used to refer to the lifeline
o Selector - Boolean expression to specify a particular participant
instance (if it does not exist, the participant can be any instance of the

corresponding type)

jimsAccounfl[ id = "1234" ]J: Account

3 \ | VRN J

il Ll M
name selector type
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Main Elements in an Interaction: Lifeline

e Lifeline - asingle participant in an interaction
o Name - used to refer to the lifeline
o Selector - Boolean expression to specify a particular participant
instance (if it does not exist, the participant can be any instance of the
corresponding type)
o Type - Classifier name that the lifeline represents

jimsAccount[id = "1234" ][: Account

\ 7\ \ J

il Ll M
name selector type
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Main Elements in the interaction: Lifeline

e Alifeline represents how a classifier instance participates in the

interaction

e Lifelines are represented with the same icon as their type and have

a vertical dashed “tail” when used in sequence diagrams

jim:Person

/

\

name classifier
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:OrderProcessing

Orders.jar @
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Main Elements in an Interaction: Message

e A message represents a specific communication between two
lifelines in an interaction
e This may include:
o Calling an operation - a call message

o Creating and Destroying instances
o Sending a signal

FACULDADE DE
CIENCIAS E TECNOLOGIA
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Messages kind

Synchronous (sender waits for answer)
Asynchronous (sender does not wait for answer)
Return (returns focus of control)

Create (new lifeline)

Destroy (lifeline)

Found (unknown origin)

Lost (unknown destiny)

—_—)

FACULDADE DE
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~‘Name

10 - Interaction Diagrams

Semantics

Syntax
aMessage (aParameter ) ~ Synchronous The sender waits for the receiver to return from
message executing the message
aMessage(aParameter) _ Asynchronous The sender sends tl?e message and continues execut-
message ing — it does not wait for a return from the receiver

o -

Message return

The receiver of an earlier message returns focus of
control to the sender of that message

«create» aMessage()

Object creation

The sender creates an instance of the classifier
specified by the receiver

«destroy»

>{ A

Object
destruction

The sender destroys the receiver

If its lifeline has a tail, this is terminated with an X

Found message

The sender of the message is outside the scope of the
interaction

Use this when you want to show a message receipt,
but don’t want to show where it came from

FACULDADE DE

CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA

Departamento de Informatica

Lost message

The message never reaches its destination

May be used to indicate error conditions in which
messages are lost
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Interaction Diagrams

e Show communication among objects

e Goal:
o Specify the Use Case realization
o Specify how to realize an operation

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA
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10 - Interaction Diagrams
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There are four types of interaction diagrams

Sequence diagrams
Communication diagrams
Interaction overview diagrams
Timing diagrams

FACULDADE DE

CIENCIAS E TECNOLOGIA
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Sequence diagrams vs Communication diagrams

e Both specify the same information
e Eachfocuses indifferent aspect
e Sequence Diagram (time oriented)
o Shows how messages are organized
o Do not show how to get the reception object
e Communication Diagram (space oriented)
o Show the static and dynamic relations in between objects
o The sequence of messages is explicitly shown
o Timeis not one dimension

FACULDADE DE

CIENCIAS E TECNOLOGIA
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Sequence diagrams

Show interactions between lifelines as a
time-oriented sequence of events

30
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Use case: AddCourse

ID: 8

Brief description:
Add details of a new course to the system.

Primary actors:
Registrar

Secondary actors:
None.

Preconditions:
1. The Registrar has logged on to the system.

Main flow:
1. The Registrar selects "add course".

2. The Registrar enters the name of the new course.

3. The system creates the new course.

Postconditions:
1. A new course has been added to the system.

Alternative flows:
CourseAlreadyExists

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA

Departamento de Informatica

10 - Interaction Diagrams
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Analysis class diagram corresponding to the

use case AddCourse

RegistrationManager

FACULDADE DE

CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA

Departamento de Informatica

0..x
Course

courses

fL.*

registration

0.*

LE Student
students
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The Sequence Diagram (sd) AddCourse realizes
the behavior specified in the AddCourse use case

sd AddCourse )
synchronous lifeline
i message =
:RegistrationManager
:Registrar
N .L addCourse( "UML") f object creation message
The Registrar selects P
"add course".
«create»
The system creates N = uml:Course
the new Course. N
\ < ....................................... Tj\ E \
notes can form ! \ ; aciyalion \ objectis
a "script” : message : . created at
describing the | return | ' this point
flow ! ’ !

FACULDADE DE
CIENCIAS E TECNOLOGIA
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Interaction diagrams are not verbatim
transcriptions of the use case

Use case: AddCourse

ID: 8
Brief description:
Add details of a new course to the system. <d AddCourse )
Primary actors: synchronous lifeline
Registrar % message
‘Registrati
Secondary actors: ‘Registrar \ egleationianages
None. ¢ ) , 4
D 4 addCourse("UML") = | object creation message
Preconditions: The Registrar selects
1. The Registrar has logged on to the system. add course’
: «create»

Main flow: The system creates B uml-Course
1. The Registrar selects "add course". the new Course. ,
2. The Registrar enters the name of the new course B W — . ! \
3. The system creates the new course. . " ;  activation P objectis

oy ) a "script" ' message ! : created at
Postconditions: describing the | return 1 1 this point
1. A new course has been added to the system. flow - ! -

Alternative flows:
CourseAlreadyExists

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA 34
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10 - Interaction Diagrams

The first two steps of the flow are not relevant
at analysis - user interface is a design matter

Use case: AddCourse

ID: 8

Brief description:
Add details of a new course to the system.

Primary actors:
Registrar

sd AddCourse )

Secondary actors:
None.

Preconditions:
1. The Registrar has logged on to the system.

Main flow:

1. The Registrar selects "add course".

2. The Registrar enters the name of the new course
3. The system creates the new course.

D

The Registrar selects
"add course".

Postconditions:
1. A new course has been added to the system.

Alternative flows:
CourseAlreadyExists

synchronous
message

:Registrar \

—

lifeline

‘RegistrationManager

object creation message

addCourse( "UML" ) i /

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA

Departamento de Informatica

«create»
The system creates B, umi:Course
the new Course.
A — . : \
notes can form \ y acilvation ! objectis
a "script" ' message ! . created at
describing the | return 1 1 this point
flow ' : '
35
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The DeleteCourse use case

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA

Departamento de Informatica

Use case:DeleteCourse

ID: 8

Brief description:
Remove a course from the system.

Primary actors:
Registrar

Secondary actors:
None.

Preconditions:
1. The Registrar has logged on to the system.

Main flow:

1. The Registrar selects "delete course".

2. The Registrar enters the name of the course.
3. The system deletes the course.

Postconditions:
1. A course has been removed from the system.

Alternative flows:
CourseDoesNotExist

10 - Interaction Diagrams
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This second example illustrates
self-delegation and object destruction

10 - Interaction Diagrams

sd DeleteCourse )

:Registrar

% :RegistrationManager uml:Course

< ....................

_:._ deleteCourse( "UML" )»

. 3 /
nested activation

1
I
]
]

self-delegation

findCourse( "UML" )

«destroy»

object is
deleted at
this point

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA
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Sequence diagrams basic syntax summary

_ aChain aHotel
object ———»| HotelChain Hotel

window
Userinterface

|
I
I
I

makeReservation{):void | makeReservation():void
freer ] S

\ iteration
message | | 3?[

|
I
I
I
I
I

for each day] isRoom:=available(:hoolean
onditi
.(c o aReservation
[isRoom] e
Reservation
—p.
aNotice
Confirmation
Ll
creation
activation bar Te———
I If a room is available for

|

_— - I each day of the stay, make I

K< tion :\ lifeline i) a reservation and send a :
|

| : confirmation,

FACULDADE DE
CIENCIAS E TECNOLOGIA
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Interaction diagrams design

39
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Interaction diagrams can become fairly complex

: Customer : Deposit : Receipt || : Deposit - Receipt
panel item receiver ||pasis item printer
% start 5 | i |
activate —cmdis E] : ! :
client new item A e exists()
insertltem(ltem) u
inc I:I !
receipt 5 i 'I :
> prmtRecleEt . print(Logo, Date) 3
pnntOn(ostreargngtNarp : U
getValue | :
et = Soaree-R kit !
delete . ! | |
————* message ™
9 delete | D

——  signal E

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA
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10 - Interaction Diagrams

Sequence diagram for the scenario “authorized
car to leave the parking garage™

[:vmwwmo:§] rsmmoos.mj rcm«m] l:m'aow-] [:Wweoma] f:naunfcosu-]

1: Read

|
2: Read (d)

u

N 9. DisplayViior{ vakor)

3: ReadEstado(s)

4. RReadEstaco{estado) le
e — = = e e - e - - - |

5 ReagEreraca(id=)

Bl o e e an s e - " — — - - ——

-
& RiNReadEre ada|entraca) ' U

10: (valok)
i

12: (verde)

J/ ! 11 Aconder(verde)
e
|
|

13: AbrrCancela

' 14 (cancls aberta) ¢
- - |\
' i

15 (veicudo sai)

|
16: DotoctarPassagon(passagem detectada)

e = = - e e - e e e e e e e e - -

! &

| A7: FecharCancela() |

!

FACULDADE DE
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\ '
18: CriarSaida(saida) :] '
H 19: incLugaresDaponivos()

20 :WEnuMMm

X
PR !‘.A-__ e S e S R e S R e S e e e N e S e e S S e o T et
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Constructing a sequence diagram can be
challenging - we need guidelines

e Itis not always obvious how to build the SD
o Control objects are involved when we detect that the interface
object leads/controls the execution
o The SD can start to be built by using the three types of objects
as guides.
e Some construction rules:
o The first message is always sent by an actor
o The first message is always received by and interface object
o Add acontrol object when the interface object becomes a
decision maker

FACULDADE DE
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Rule #1: when starting, the system is seen as a
black box

X

; : , PassSingleToll
: VehicleDriver GateManagement
1: Read
2: (green)
3: (amount)
| Sequence Diagram with
the system represented
as a black box
C & o erooons u

Departamento de Informatica
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Rule #2: All messages from/to actors pass by
an interface object

X

: SingleToll Control&Data
- VehicleDriver | =<<interface>>
1: Read

2: CheckGizmo

3: RtnCheckGizmo
4: (green) e S i

5: DisplayAmount(amount)
6-(@molnt) | [Sererisermrmiesiestrsessind
< ..................

| Sequence Diagram with
o ’ an interface object

FACULDADE DE
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Rule #3: we need control objects for complex
functionalities

x

- VehicleDriver

1]
. .

- Single - Gate
Toll Processor

<<interface== <<control=>

1: Read

10: (green
ki _(_q _ )

12: (amount

DataManagement

2: CheckGizmo(id)

5: RtnCheckGizmo
R R e

2: DisplayAmount(amount

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA

Departamento de Informatica

3: CheckGizmo(id)

<4: RtnCheckGizmo(ok)

6: GetType(id)

s 7: RtnGetType(type)

8: GetPrice(type) 7

~—

<9: RtnGetPrice(amount)

13: AddUsage(id, amount)

| S

L

Sequence Diagram with
an interface object and
a control object

10 - Interaction Diagrams
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10 - Interaction Diagrams

Rule #4: Control objects centralize processing
involving entity objects

X

: ) - SingleToll Gate . Gizmo : Vehicle . Price : Usage
- VehicleDriver | =<interface== Processor Table Details
: =<=control== ;
M 1:Read i |
m 2: CheckGizmo(id) | o
e L 3: Check Gizmo(id)
4: RinCheckGizmo(ok)
5: RtnCheckGizmo(ok)
6: GetType(id)
7: RtnGetType(tipe)
e E e
8: GetPrice@ype) : ;
9: RtnGetPice(amount)
P TR SRS ST LESLIR ik PREREREs
10: (green)
==y (11: DisplayAmount(amount)
i 13: AldUsage(id, ainount)
........... >E]
FACULDADE DE
Fc CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA

Departamento de Informatica

Sequence
Diagram with an
interface object
and a control
object
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Rule #5: the interface objects can be several at
the same time

FCt

R

: Display

: Light

_ VehicleDriver| ««interface=>|jk<interface=4

: Sensor
k<interface==

: SingleToll
<<interface>3

'
'
'
i

1:iRead

P2 CheckGizmol(i

15: (amount)
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12: (gree

1 Turjt)n(green)

14: DisplayAmp{yint(amount)

P,

GateProcessol

<zcontrol=>

: Gizmo

: Vehicle

: Usage Details

Price Table

3: CheckGizmo(id)

6: RtnCheckGizmo(ok)

13: DisplayAmount(amou

4: CheckGizmo(id) |
=
S: RtnCheckGizme(ok)

7: GetTypeiid)

8: RinGetTypsditype)

9: GetPrice(type)

£ 10: RtnGefPrice(amount)

16: AlddUsage(id, amount)

10 - Interaction Diagrams
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Rule #6: the interface objects can be
hierarchically connected

FCt

R

: Display

: Light

_ VehicleDriver| ««interface=>|jk<interface=4

: Sensor
k<interface==

: SingleToll
<<interface>3

'
'
'
i

1:iRead

P2 CheckGizmol(i

15: (amount)
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12: (gree

1 Turjt)n(green)

14: DisplayAmp{yint(amount)

P,

GateProcessol

<zcontrol=>

: Gizmo

: Vehicle

: Usage Details

Price Table

3: CheckGizmo(id)

6: RtnCheckGizmo(ok)

13: DisplayAmount(amou

4: CheckGizmo(id) |
=
S: RtnCheckGizme(ok)

7: GetTypeiid)

8: RinGetTypsditype)

9: GetPrice(type)

£ 10: RtnGefPrice(amount)

16: AlddUsage(id, amount)

10 - Interaction Diagrams
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You can also use an alternative notation for stereotyping your
lifelines (remember these decorations from class diagrams?)

X oo KO0 9000

: Gizmo : Vehicle : Price _ Usage
GateProcessor Table Detalls

: VehicleDriver  Display _ Sensor : SingleToll

-

:IRead ! 2: CheckGizmofi

3: CheckGizmo(id) | . CheckGizmo(id)

5: RtnCheckGizmo(o-f

6: RtnCheckGizmo(ok)
[ e 7: GetTypefid)

8: RtnGetType(type) [
e e G e
9: GetPricg(type) o
10: RtnGefPrice(amount)
B s ey i s s
11: Turp@n(green) )
n

12 (gre En) - b -t e 13: DisplayAmount(amou
ez

14: DisplayAmpunt(amount)

3 1S (amount) <= -----f-===-~ T e e e e
________ 16: AxddUsage(id, amount)
. { []
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This is also a strategy for identifying relevant
design classes

W..L.(:.)-ILOFO- I_O ----6-----.6--6-@-Q.:

" VehicleDriver  Display - Sensor : SingleToll GateProcessor ' ' Table Details
n
! 1:iRead | 2. CheckGi id) | H L
L w w w - - L - - ol =c lerno( A | ] : | ] | ] | ] | | | ] | ] | ] N | ] | ] |} | ] | ] | ] | ] | ]
S CheclothioM) | cheactmE

6: RtnCheckGizmo(ok)

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

7: GetTypelid)
8: RtnGetType(type)

A RN T ] PSR S
9: GetPricg(type) 5
10: RtnGefPrice(amount)
F ARty Bt ——
11: Turp@n(green) oh

12: (gregn) e b -t e 13: DisplayAmount(amou
<

4:Di
TR { ~ __ 14 DisplayAmpynt(amount) _____|

16: AddUsage(id, amount)
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Let's make a break for a small
Quizz
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Qual das seguintes frases nao caracteriza um ator num
diagrama de casos de uso?

A. Um ator nao comunica directamente com outros
actores.

B. Um ator pode especializar outro ator.

C. Um ator pode representar o papel de um utilizador no
sistema.

D. Um determinado utilizador de um sistema deve ser
sempre representado pelo mesmo ator.
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Que combinacdo de actores comunica com o Use Case D:
(escolha a resposta correcta) [uma respostaj.
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Como € que modelaria a seguinte situagdo em UML 2.0:
O director do laboratério faz um teste ao laboratério junto com o seu assistente. O
assistente tem sempre de escrever o protocolo durante o teste do laboratorio.
(escolha a opcao mais correcta) [uma respostaj.

lab director

assistent

lab director

assistent
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Continent

name PK = name PK
size language

Cada pais deve pertencer a um continente.
Um pais pode estar em nenhum continente.
Um pais pode falar dois idiomas.

Dois continentes diferentes nao podem ter o mesmo tamanho.
Nenhuma das anteriores.
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[B3] O diagrama UML abaixo apresenta algumas restricdes nas cardinalidades das classes
A,B e C. Qual das seguintes combinagdes € possivel? Note que a cardinalidade da classe C,
denotada por |C|, indica o numero de objetos da classe.

|A| =10; |B| = 20; |C| =10
|A| =0; |B| =10; |C| =1
|Al=0;[B|=0;|C| =1

|A| =0; [B|=10; |C|=0
Nenhum das anteriores
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Combined fragments and
operators

58
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Combined fragments and operators

e Combined fragments divide a sequence diagram into different
regions with different behaviors
e Fragments are composed of:
o Anoperator
m Determines how the operands execute
o One or two operands
o Zeroor more guard conditions
m Determine if operands are executed, or not
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Combined fragments and operators

sd OperatorSyntax )

>
5
@)

a( )

combined fragment

- .
- e e e ew o e

e oo Bo ww oom vl e e me mm e v e e e ad

' dCondition1 ;-‘ 1
name Opera;tor [guardCo ] ) b() ] - operand
"""""""" ' [guardCondition2] _ : |

: ' ; > operand

: c() > :

E i \:\ any guard conditions must

be placed above the first
message in the operand

C
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Combined fragments divide a sequence diagram
into different areas with different behavior

sd OperatorSyntax )

a( )

>
o

combined fragment

- e e e ew o e

e oo Bo ww oom vl e e me mm e v e e e ad

' dConditiont ;-‘ 1
name Opera;tor [guardCo ] ) b() ] - operand
"""""""" ' [guardCondition2] _ : |

: ' : > operand

: c() > :

E i \:\ any guard conditions must

be placed above the first
message in the operand
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An operator determines how its operands will
execute

sd OperatorSyntax )

>
5
@)

a( )

combined fragment

- e e e ew o e

e oo Bo ww oom vl e e me mm e v e e e ad

' dConditiont ;-‘ 1
name Opera;tor [guardCo ] ) b() ] - operand
"""""""" ' [guardCondition2] _ : |

: ' : > operand

: c() > :

E i \:\ any guard conditions must

be placed above the first
message in the operand

C
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Guard conditions determine whether their
operands execute

sd OperatorSyntax )

>
5
@)

a( )

combined fragment

- e e e ew o e

e oo Bo ww oom vl e e me mm e v e e e ad

' dConditiont ;-‘ 1
name Opera;tor [guardCo ] ) b() ] - operand
"""""""" ' [guardCondition2] _ : |

: ' : > operand

: c() > :

E i \:\ any guard conditions must

be placed above the first
message in the operand

C
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Types of combined fragments

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA
Departamento de Informatica

Alternative (alt)
Option (opt)

Iterate (loop)
Interruption (break)

[o]Ke)

Reference (ref)

Parallel (par)

Region (region)

Weak sequence (seq)
Strong sequence (strict)
Negative (neg)

lgnore (ignore)
Consider (consider)
Assertion (assert)
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Alternative (alt) creates multiple mutually
exclusive branches (as in a switch)

e The alternative to execute depends on the value of the guard
o The guard “else” is supported - its operand executes only if
none of the other guard conditions is true

sd OptAndAliSyntax

/

A

opt [condition] f )

opi()

A 5, S—

[condition1]
op2()

op3()

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

...................................................................
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}

do this if condition is true

do this if conditiont is true

do this if condition? is true

do this if none of the other
conditions are true
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Option (opt) creates a single branch

e Special case of an alternative where only one of the operands

may execute
o Similar to anif... then, without any else

sd OptAndAltSyntax )
A B .C D
opt [condition] f ) : E E
E op10) ; § ; do this if condition is true
alt [condition1] ; ‘ i
: o0p2() J E E do this if condition1 is true
E [condition2] ' b :— }
! op3() ! ] ! do this if condition2 is true
; [else] -.r ---------- -E ---------- T
: op4() : l R do this if none of the other
: ! ! o conditions are true
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Example of using (opt) and (alt)

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA

Departamento de Informatica

Use case: ManageBasket

iD: 2

Brief description:
The Customer changes the quantity of an item in the basket.

Primary actors:
Customer

Secondary actors:
None.

Preconditions:
1. The shopping basket contents are visible.

Main flow:
1. The use case starts when the Customer selects an item in the
basket.

2. If the Customer selects "delete item”
2.1 The system removes the item from the basket.
3. If the Customer types in a new quantity
3.1 The system updates the quantity of the item in the basket.

Postconditions:
None.

Alternative flows:
None.

67



MDS 2018/19

Analysis class diagram for this use case

© Departamento de Informatica, FCT/UNL

Use case: ManageBasket

iD: 2

Brief description:

The Customer changes the quantity of an item in the basket.

Primary actors:

10 - Interaction Diagrams

/

Preconditions:
1. The shopping basket contents are vis

Main flow:
1. The use case starts when the Custor
basket.

2. If the Customer selects "delete item"

Customer ManageBasket
Secondary actors:
None.

ShoppingBasket

getltem():ltem

ltem

quantity:int

setQuantity():int

Product

productld :String
name:String
description:String
price:double

3. If the Customer types in a new quantity

2.1 The system removes the item from the basket.

3.1 The system updates the quantity of the item in the basket.

Postconditions:
None.

Alternative flows:
None.

FACULDADE DE
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Sequence diagram for this use case

Use case:ManageBasket sd Mana geBasket )
ID: 2
Brief description:
The Customer changes the quantity of an item in the basket.
Primary actors: :Customer :ShoppingBasket item:ltem
Customer ' .
: ]
Secondary actors: : getltem () :
None. > >

Preconditions:
1. The shopping basket contents are visible.

[changeQuantity] E

Main flow: alt
1. The use case starts when the Customer selects an item in the )
basket. setQuantity()

2. If the Customer selects "delete item"
2.1 The system removes the item from the basket.

3. If the Customer types in a new quantity . . )
3.1 The system updates the quantity of the item in the basket. Opt[ 'tem'qqant'ty =0 ]

]
¥
1
i 1
Postconditions: ' ! «destroy» '
None. : ! .
Alternative flows: g ' i
None. ' : "
------------- '________-—-_ ] )
: """""" = = TETARSS Somiemae B SASm = i Balaialiadied
ManageBasket ) ' [deleteltem] > !
E : I !
* * * << 1 1
ShoppingBasket 1 0. ltem i % Product , estroy» J >|<
H
getliem ():ltem quantity:int productld :String ' :
— name:String . !
setQuantity():int description:String T !
price:double . .
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loop & break syntax

sd LoopAndBreakSyntax )

loop min

times then
while condition
is true loop —————— |loop min, max [
(max — min)
times

15
w

ondition] )

op1()

loop while

condition loop [condition]
is true

(@]
©

N
—
N

on breaking
out of the loop
} do this

this does not
happen if break
executes

op3
break J p3()

break must | —
be global
relative
to loop

o
)
=

T e A e T L A
N

N O AN . NN U JEVIDICUDIDIDIN OUON WU\ SRR WO B '
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Iteration (loop)

e Optional guard: [<min>, <max>, <Boolean-expression>]
o loop min, max [condition] works as follows
loop min times
while the condition is true
loop (max - min) times
e Aloop without max, min, or a condition is an infinite loop
e |[fonly minisgiven,then max =min
e The condition is usually a Boolean expression, but may also be
arbitrary text, provided the intent is clear

o Inthis case, automatic code generation will be harder... :-(
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Common loop idioms

while(true) Keep looping forever loop or loop *
{ body }
fori=ntom Repeat (m-n) times loopn, m
{ body }
while( booleanExpression ) Repeat while booleanExpression is loop [ booleanExpression |
{ body } true
repeat Execute once then repeat while loop 1, * [ booleanExpression |
{ body } booleanExpression is true

while( booleanExpression )

forEach object in collection Execute the body of the loop once loop [ for each object in collectionOfObjects ]
{ body } for each object in a collection of
objects
forEach object of class Execute the body of the loop once loop [ for each object in ClassName ]
{body} for each object of a particular class
FACULDADE DE
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Interruption (break)

e When the break guard condition evaluates to true, the break
operand executes and the loop terminates
e The break represents an alternative which is executed in turn of
the rest of the fragment
o Similartoabreakinacycle
o Therest of the loop after the break does not execute!

m Example: break enclosingloopify >0

™ I I
loop(1 OJ |

T
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loop and break example

RegistrationManager L 0.7 Course
_ courses
findCourse( name : String ) : Course 0..*
findStudent( name : String ) : Student
registration
0.."
1 0..*
Student
students
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loop over a collection to find a specific element

sd FindCourse( name : String ) : Coursed
:RegistrationManager| | courses course:Course
' : '
1 ] 1
B : '
. :
. 1 '
loop [for each course in coursesu courseName = 'etName() ;
A ]
: B
break [name = courseName] ) : :
i I
' 1
course : :
A Gh R B T . ; :
; :
null : :
AL T R L L T T TR T = ! :
; ; }

FACULDADE DE
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Interaction occurrences

FCt

e Sometimes, a particular sequence of sent message occurs very

often

e |nstead of drawing that sequence over and over again, we

should reuse it
o drawing the same sequence over and over again is tiresome
and error-prone

e Interaction occurrences are references to another interaction
e When aninteraction occurrence is placed into an interaction,

the flow of the interaction it references is included at that point
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Consider the following analysis class diagram

FACULDADE DE
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SecurityManager
1
1
RegistrationManager Q.. Course
courses
0"
registration
0..”
2L Student
students
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.. and the LogOnRegistrar use case
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Use case:LogOnRegistrar

iD:4

Brief description:
The Registrar logs on to the system.

Primary actors:
Registrar

Secondary actors:
None.

Preconditions:
1. The Registrar is not logged on to the system.

Main flow:
1. The use case starts when the Registrar selects "log on".

2. The system asks the Registrar for a user name and password.

3. The Registrar enters a user name and password.
4. The system accepts the user name and password as valid.

Postconditions:
1. The Registrar is logged on to the system.

Alternative flows:
InvalidUserNameAndPassword
RegistrarAlreadyl.oggedOn
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The use case could be refined into the
LogOnRegistrar sequence diagram

sd LogOnRegistrar )

X

:Registrar :SecurityManager

= logOn{ userName, password )

- P

$
i
¥

authenticate( userName, password )

FACULDADE DE
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C

For a lot of much more interesting use cases,
we can how reference the LogOnRegistrar

sd ChangeStudentAddress )

X

:Registrar |:SecurityManager| | :RegistrationManager|| theStudent:Student
. s : '

ref LogOnRegistrar )
——————— ! __ interaction

gccurrence

theStudent = findStudent( name )

- e e am e ma

setAddress( newAddress )

-1
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10 - Interaction Diagrams

We can use this to create reusable sequence
diagrams for common interactions

sd FindStudent( name : String ) : Student )

A

:Registrar :RegistrationManager

findStudent( name )

I
!
1

'
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We can use this to create reusable sequence
diagrams for common interactions

sd FindCourse( name : String ) : Course )

X

:Registrar :RegistrationManager

[ ]

findCourse( name ) N :

B S :

1 1
1 ]
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We can use this to create reusable sequence
diagrams for common interactions

“sd RegisterJimForUMLCourse ) o

A

:Registrar :RegistrationManager theCourse:Course

ref

theStudent = FindStudent( "Jim" )

ref

theCourse = FindCourse( "UML")

i, RO

register( theStudent )
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Gates are inputs and outputs of interactions

Use a gate when you want
an interaction to be
triggered by a lifeline that
is not part of the
interaction

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA
Departamento de Informética

/

gates

N

sd FindStudent )

:RegistrationManager

]

findStudent( name ) '

sd FindCoursﬂ

:RegistrationManager

findCourse( name ) ;

10 - Interaction Diagrams
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Gates provide added flexibility in the reuse of interactions:
use them when some of the messages arrive from the output
and you don’t know in advance where they might come from

sd RegisterJimForUMLCours§

X

:Registrar

theCourse:Course

:RegistrationManager

D theStudent = findStudent( "Jim" )

D theCourse = findCourse( "UML" )

J

ref J

FindStudent

gate

register( theStudent )

\ ref

FindCourse

_..-.:'---..........-__-.........._........_-

FACULDADE DE
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Gates can also be used in messages to the

same lifeline

sd GetStudentsOnUMLGourse )

x

uml:Course

‘Registrar :RegistrationManager
— getRegisteredStudents( "UML" ) L
uml = findCourse( "UML" )
ref
FindCourse
<‘,¢ -

FACULDADE DE
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Continuations allow an interaction fragment to terminate
in such a way it can be continued by another fragment

sd GetCourseOptio:y

A

:Registrar

:RegistrationUl

name = get course name

<

option = get option

]
]
' g

alt ) E [option == add]
C addCourse )

: [option == remove] ,

(  removeCourse

[option == find]

( findCourse

P~

A -

™ continuation

FACULDADE DE
CIENCIAS E TECNOLOGIA
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Depending on which
option is selected, the
interaction terminates
at one of the three
continuations

10 - Interaction Diagrams
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You can use continuations to decouple interactions
(here, GetCourseOption from HandleCourseOption)

sd HandleCourseOptiogJ

A

‘Registrar :RegistrationUl|| :RegistrationManager

ref ) _
GetCourseOption

T

addCourse( nam

\ 4

SN - .

( removeCourse)

removeCourse( name )

- ~findCourse )

findCourse( nama )

continuation

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA 88

Departamento de Informatica



MDS 2018/19 © Departamento de Informatica, FCT/UNL 10 - Interaction Diagrams

Interaction diagrams at the design level

e |ndesign we may refine key analysis interaction diagrams or
create new ones to illustrate central mechanisms such as object
persistence

e You may introduce new mechanisms such as

o Object persistence

o Object distribution
o Transactions
O
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Use case: AddCourse

ID: 8

Brief description:
Add details of a new course to the system.

Primary actors:
Registrar

Secondary actors:
None.-

Preconditions:
1. The Registrar has logged on to the system.

Main flow:
1. The Registrar selects "add course".

2. The Registrar enters the name of the new course.

3. The system creates the new course.

Postconditions:
1. A new course has been added to the system.

FACULDADE DE
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Alternative flows:
CourseAlreadyExists
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We could create an analysis sequence diagram

for it

sd AddCourse )

“add course”.

oy
The system creates

the new Course.

A

T s |

:RegistrationManager

:Registrar
= R
The Registrar selects | ™ addCourse( "UML )>

!,-....-----.

«create»
umi:Course

- - - - - - - -
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We can refine it to include a Ul lifeline (the interface)
and a controller lifeline (RegistrationManager)

sd AddCourse - design )

X

:Registrar

:RegistrationUl

:RegistrationManager

addCourse( "UML" )

:DBManager

B E
addCourse( "UML") |
> s
uml = Course("UML" :
----~-—~-—-—--———£-------2-> uml:Course ;
save(uml) E §
P C ]
RS e ;
(e . | | | |
T i | 5 : E
This illustrates the central mechanism for persistence
that must be used throughout the system
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Parallel (par)

e Allthe operands execute concurrently (interleaved)
o Search Google, Bing and Ask in any order, possibly in
parallel
L1

par )
search_google()

search_ask()

IF
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Parallel (par)

FCt

e Allthe operands execute concurrently (interleaved)

O

o o 0O o o 0o o o o o o

FACULDADE DE

a->b->c->d
a->b->d->c
a->c->b->d
a->c->d->b
a->d->b->c
a->d->c->b
c->a->b->d
c->a->d->b
c->d->a->b
d->a->b->c
d->a->c->b
d->c->a->b

(any sequence where b is after a, really)

CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA
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A B - @ D
N

| ¢ | |

| I P |
B T

| | : d :

! ! [
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Critical region (critical)

e The execution traces may not be interleaved with events of
other lifelines
o add() or remove() could be called in parallel, but each should
be run as a critical region

o |
pr ) ——
Sl critical |
g:

N J--
critical J |
remove() >¢
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Critical region (critical)

(any sequence where the sub-sequences a->b, or b->a, are not
interrupted)

FCt

e The execution traces may not be interleaved with events of

other lifelines
o The execution is performed without any interruption

FACULDADE DE
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a->b->c
b->a->c
c->a->b
c->b->a

10 - Interaction Diagrams

A B . @ D F
criltical F | | | : :
| | | | |

a | | | | |

| ) | | | |
e B N
B
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Weak sequence (seq)

e Theoperands execute in parallel in the different lifelines, with a
restriction: events received in the same lifeline, originated by
different operands, occur in the same sequence as the one of the
operands

o Search google, possibly in parallel with Bing and Yahoo, but
search bing before yahoo (because they are in the same
lifeline) = |

seq ) I |
search_google() |

search_yahoo()
|

T
|
I
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Weak sequence (seq)

FCt

e Theoperands execute in parallel in the different lifelines, with a
restriction: events received in the same lifeline, originated by
different operands, occur in the same sequence as the one of the

operands A :B - @ :D -

o a->b->c->d : : ; ; :

o adaboc IR TV

o b->c>a->d T ey

o boascod ey )

o b->a->d->c | | | | |
(a before d, b before c)
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Strong sequence (strict)

FCt

e Theoperands execute in strict sequence
o Search Google, Bing, and Yahoo, in strict sequential order

FACULDADE DE

CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA
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strict |

search_yahoo()

1
|
1

10 - Interaction Diagrams
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Strong sequence (strict)

e Theoperands execute in strict sequence
o a->b->c

‘A ‘B C ‘D ‘E
strlict i i i i
——3 | | | |

9 4 | | |
1k,
R I | B | J__)
| | | 177°¢
| ! | —
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Negative (neg)

e |dentifies sequences that may not occur
o |f wereceive back a timeout message, this means the
system has failed

«remote» login() |

FACULDADE DE
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Ignore (ignore)

e List messages that are deliberately omitted
o lIgnore get() and set() messages, if any

ignore{get,sety |
add()

<
remove() -
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Consider (consider)

FCt

e List messages that were intentionally included

10 - Interaction Diagrams

o Consider only add() or remove() messages, ignore any other

FACULDADE DE
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consider{add,removey

add()

remove()

>
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Assertion (assert)

e Represents the only valid behavior in a given point in the
interaction
o commit() message should occur at this point, following with
evaluation of state invariant
o any other continuation would be wrong

{t==complete}
I
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Communication diagrams
Emphasize the structural aspects of an interaction
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sd AddCourses )

sequence number message

N/

1: addCourse( "UML" ) ——>
2: addCourse( "MDA" ) —»

uml:Course

lifeline

/

T 1.1: «create»

7

:Registrar link

:RegistrationManager

l 2.1: «create»

mda:Course

object creation

message

FACULDADE DE
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Communication diagrams syntax is similar to that of
sequence diagrams, but the lifelines have no “tails”

sd AddCourses

/

sequence number message

N/

1 addCourse( "UML" ) —»
2: addCourse( "MDA" ) —»

lifeline

‘ uml:Course |/

T 1.1: «create»

I :RegistrationManager

:Registrar

N——/

7

link

\L 2.1: «create»

I mda:Course I object creation
message
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lifelines are connected by links that provide
communication channels for the messages

sd AddCourses )

sequence number message

N/

1: addCourse( "UML" ) ——>
2: addCourse( "MDA" ) —»

uml:Course

lifeline

/

T 1.1: «create»

/

:Registrar link

:RegistrationManager

\L 2.1: «create»

mda:Course

object creation

message

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA

Departamento de Informética

108



MDS 2018/19 © Departamento de Informatica, FCT/UNL

10 - Interaction Diagrams

Sequencing and nesting are indicated by numbering

each message hierarchically

sd AddCourses )

sequence number message

N/

1: addCourse( "UML" ) —»
2: addCourse( "MDA" ) —»

uml:Course

lifeline

/

T 1.1: «create»

7

:Registrar link

:RegistrationManager

\L 2.1: «create»

mda:Course

object creation

message

FACULDADE DE
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Message sequence:

Sequencing and nesting are indicated by | _iicourserumL?)

numbering each message hierarchically e )

2.1. <<create>>

sd AddCourses ) o
/ lifeline
sequence number 7ssage umnl:Course
1: addCourse( "UML" ) — T 1.1: «create»
2: addCourse( "MDA" ) —»
/ :RegistrationManager
:Registrar link \L T e—
mda:Course object creation
message
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Iteration - an iteration clause specifies the
number of times to repeat a message to send

iteration specifier
\

sd PrintCourses ) \iteration clause
AL

1.1 * [for i = 1 to n]: printCourse(i) —

1: printCourses( ) —»

-\

£ N

:Registrar

:RegistrationManager

l 1.1.1: print()

[[]:Course
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Although the UML specification does not enforce it, we
will use the same syntax as for sequence diagrames:

*[loop min, max [condition]]

iteration specifier
. \
sd PrintCourses ) \ iteration clause
AL
e ™\

1.1 * [for i = 1 to n]: printCourse(i) —

£ N

1: printCourses( ) —» . .
:RegistrationManager
:Registrar l 1.1.1: print()
[[]:Course

FACULDADE DE
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What if the stored courses are not in some kind of
indexed collection? This solution assumes they are!

iteration specifier
\

1: printCourses( ) —»

sd PrintCourses ) \ iteration clause
AL

-\

1.1 * [for i = 1 to n]: printCourse(i) —

£ N

:Registrar

:RegistrationManager

l 1.1.1: print()

[[]:Course
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If we remove the indexation assumption, we
can still show the role and multiplicity

sd PrintCourses )

1: printCourses( ) —¥%

:Registrar

:RegistrationManager

courses *

l 1.1:* print()

‘Course
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sd PrintCourses )

1: printCourses( ) —¥%

:Registrar

:RegistrationManager

l 1.1: * print()

courses *

‘Course
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the collection with the *// parallel iteration specifier

sd PrintCourses )

1: printCourses( ) —¥%

:Registrar

:RegistrationManager

l 1.1: *// print()

courses *

‘Course
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Branching sends the message only if the
condition is true

sd RegisterStudentForCourse) 1.1: student = findStudent( "Jim" ) >

1.2: course = findCourse( "UML") —

£ N

:RegistrationManager

1: register ( "Jim", "UML" ) —

<4—— 1.4 [lfound] : error()

‘Registrar l 1.3 [found] : register( student )
guard condition
found = (student 1= null) & (course != null) B] course:Course

1: register (“Jim”, “UML”)
1.1: student = findStudent( “Jim”)
1.2: course = findCourse( “UML”)
1.3: [found] : register( student)
Ol o oom 1.4: ['found]: error()

UNIVERSIDADE NOVA DE LISBOA 1 17
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Shortcomings of Communication diagrams

e Branchingis hard to represent clearly
e Communication diagrams tend to become cluttered fast
e |tis better to show complex branches on sequence diagrams
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Sequence vs communication diagrams

Sequence diagrams Communication diagrams
e FEasytoreadandunderstand e Lessdemandingregarding
e Themessage order is very discipline while constructing
clear and intuitive o Wedon’t know the
e Show proper structures for exact place where the
cycles, concurrency, object will stay
alternatives, etc e The message order canbe
e Require discipline while added later
being constructed e ...butarepoorer
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Modelling concurrency
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Concurrency is a key consideration in design

e UML 2 supports concurrency in several ways:
o Active classes
Forks and joins (activity diagrams)
par operator (sequence diagrams)
sequence number prefixes (communication diagrams)
multiple traces (timing diagrams)
orthogonal composite states (state machines)

O O O O O
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Active classes

e |Inconcurrency, each active object has its own thread of execution
e Active objects are instances of active classes

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA 12 2

Departamento de Informatica



MDS 2018/19

© Departamento de Informatica, FCT/UNL

10 - Interaction Diagrams

Consider a security system embedded system

X

SecurityGuard

/

Security system

A
v

DeactivateSystem

A
y

ActivateAll

ActivateFir

A
Y

eOnly

X

A
Y

TriggerSensor

Fire
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Use case DeactivateSystem
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Use case:DeactivateSystem

ID: 1

Brief description:
Deactivate the system.

Primary actors:
SecurityGuard

Secondary actors:
None.

Preconditions:
1. The SecurityGuardhas the activation key.

Main flow:

1. The SecurityGuarduses the activation key to
switch the system off. .

2. The system stops monitoring security sensors and
fire sensors.

Postconditions:
1. The security system is deactivated.
2. The security system is not monitoring the sensors.

Alternative flows:
None.

10 - Interaction Diagrams
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Use case ActivateAll

Use case:DeactivateSystem

ID: 1

Brief description:
Deactivate the system.

Primary actors:
SecurityGuard

Secondary actors:
None.

Preconditions:
1. The SecurityGuardhas the activation key.

Main flow:
- The SecurityGuarduses the activation key to
switch the system off. ;
2. The system stops momtormg security sensors and
fire sensors.

Postconditions:
1. The security system is deactivated. '
2. The security system is not monitoring the sensors.

Alternative flows:

FACULDADE DE None' :
c CIENCIAS E TECNOLOGIA 125
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Use case TriggerSensor
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Use case: TriggerSensor

ID: 3

Brief description:
A sensor is triggered.

Primary actors:
Fire
Intruder

Secondary actors:
None.

Preconditions:
1. The security system is activated.

Main flow:
1. If the Fire actor triggers a FireSensor
1.1 The Siren sounds a fire alarm.

2. If the Security actor triggers a SecuritySensor

2.1 The Siren sounds a security alarm.

Postconditions:
1. The Siren sounds.

Alternative flows:
None.

10 - Interaction Diagrams
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Active classes have instances that are active

objects
active class \
1
ControlBox Siren
1
1 1
SecuritySensorMonitor | FireSensorMonitor

1 1
0.” 0.
SecuritySensor FireSensor
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Sequence diagram for ActivateAll

sd ActivateAll )
. :SecuritySensor :FireSensor . :Securit :
:ControlBox : . : y 3
:Security Guard Monitor Monitor Flrasansor Sensor :Siren
activate() E f
soundActivatedAlarm ()
par i monitor()
loop 1, * [Hfire] ) fire = isTriggered ()
critical )
fire()
soundFireAlarm ()
monitor() ) - ) ]
loop 1, * [(lintruder) & (Ifire)] )
: intruder = isTriggered () i
opt [lfire]
intruder()
soundintruderAlarm ()
FACULDADE DE
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sd ActivateAll

)

. :SecuritySensor :FireSensor . :Securit :
:ControlBox . . : y 5
:Security Guard Monitor Monitor iFiressnsor Sensor :Siren
activate() E f
soundActivatedAlarm ()
par i monitor()
loop 1, * [Hfire] ) fire = isTriggered ()
critical )
fire()
soundFireAlarm ()
monitor() ) - ]
loop 1, * [(lintruder) & (Ifire)] )
: intruder = isTriggered () i
opt [lfire]
intruder()
soundintruderAlarm ()
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A critical section represents an atomic behavior
that can’t be interrupted

sd ActivateAll

)

:Security Guard

:ControlBox

:SecuritySensor
Monitor

:FireSensor
Monitor

:FireSensor

:Security

Sensor

:Siren

activate()

soundActivatedAlarm 0

1
t
1

par

: monitor()

loop 1, * [Hfire] )

fire = isTriggered ()

critical )

fire()

soundFireAlar

m ()

monitor()

loop 1, *[(lintruder) & (fire)] )

T intruder

isTriggered ()

v

opt [lfire]

intruder()

soundintruderAlarm ()
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Both loops have a semantics of a repeat... until - they
execute once, set the variable used in their condition, and

then repeat while it is true

sd ActivateAll

:Security Guard

)

. :SecuritySensor :FireSensor . :Securit
:ControlB / . : y :Si
ontrolBox Monitor Moqttor :FireSensor re——— :Siren
activate() E f
soundActivatedAlarm ()
par i monitor()

loop 1, * [Hfire] )

fire = isTriggered ()

crit

cal )

fire()

soundFireAlarm ()

monitor()

loop 1, * [(lintruder)

& (ffire)] )

intruder =

i
H

isTriggered ()

v

opt [!

ire]

intruder()

soundintruderAlarm ()
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sd ActivateAll

:Security Guard

)

. :SecuritySensor :FireSensor . :Securit
:ControlB / . : y :Si
ontrolBox Monitor Moqttor :FireSensor re——— :Siren
activate() E f
soundActivatedAlarm ()
par i monitor()

loop 1, * [Hfire] )

fire = isTriggered ()

i
H

critical )
fire()
soundFireAlarm ()
monitor() i h
loop 1, * [(lintruder) & (!fire)] )
: intruder = isTriggered () |

v

opt [!

ire]

intruder()

soundintruderAlarm ()
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10 - Interaction Diagrams

If we have several fire sensors, we have to loop

and check each of them

sd ActivateAll )
. :SecuritySensor :FireSensor i [s]:Security "
: 1B A . : :
:Security Guard ConirolBox Monitor Monitor [f]: FireSenso Sensor Siren
activate() i
soundActivatedAlarm ()
par monitor()

loop 1,* ['fire] )

loop [for each f in FireSensor] )

fire = isTriggered ()

break [f:ire] l

critical )

fire()

soundFireAlarm()

monitor()

loop 1, * [(lintruder) &

(tfire)] /|

loop [for each s in SecuritySensoru

intruder = isTriggered ()

B

P

break [intruder & ((fire)] )

intruc‘er()

soundintruderAlarm()
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Concurrency in communication diagrams

sd ActivateAll )

Q 1: activate () ——>

1.3 A : soundFireAlarm ()
1.3 B : soundintruderAlarm ()

A

:SecurityGuard

1.1 A : monitor()

:ControlBox

___........u-} ,
:Siren

\J

T

:FireSensorMonitor

1.1.1 A * [lfire] :

fire = isTriggered() l

:FireSensor

1.2A
fire()

: 1.2B:

intruder()

T 1.1 B : monitor()
\4

:SecuritySensorMonitor

l 1.1.1 B *[(lintruder) & (lfire)]

intruder = iéTriggered()

:SecuritySensor

10 - Interaction Diagrams
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What if we have multiple fire sensors?

e |tis possible toshow nested loops, but the diagram

gets too cluttered
e Go back to sequence diagrams, where this can be

better represented
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Did you really understand
Sequence Diagrams?
Test yourself at:

FCt
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