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TELECOM

UML Profiles

UML Profiles are defined as a formal part of the UM
1.4 specification

g Specific way to define the use of the UML
aSubset of the UML model elemen
aSpecializations of UML concepts,
aLimitations and specific requirements for the used concepts,
O Extra (meta)attributes that can be added to the UML models

Must be defined within a metamodel
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TELECOM

UML profiles: Understanding Diagrams

Common syntax: UML syntax
QO Except for new elements

But various semantics

g Various way of making these diagrams

0 Methodology
e RUP
« ROPES
o efcC.
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UML Profiles for Embedded Systems and T
Protocols

Profile for Performance, Scheduling and Time
0 Profile defined at the OMG
0 Addresses more specifically real-time systems

Rose RT Profile

0 Toolkit

o Capsule

e Ports

e Protocols

e Communication channels

0 Methodology
e RUP

TAU G2

0 Toolkit based on UML 2.0 elements issued from SDL
0 Methodology
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TELECOM

Context

Design of real-time embedded system is complex
QO Equipments’ heterogeneity
aFunctionalities to offer are more and more complex

g Actual methodologies
QAre informal (e.g. UML)

e No formal validation

aTake into account a limited amount of constraints
e Real-time constraints

Formal methods
aHardly no industrial use
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TELECOM

Propositions

ldea: let us enrich UML
O UML operators are informal
0 UML lacks advanced temporal operators such as time intervals
0 UML has no methodology (no validation)

Proposition: Semi-formal UML-based environment
0 Semantics given by mapping to a Formal Description Techni

What formal language?
0 Well-defined formal semantics
0 Logical and temporal operators
0 Tools

=> TURTLE UML profile (Timed UML and RT-LOTOS Envir onment)
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TELECOM

Methodology

Intensive simulation
Reachability analysis
Formal proofs

Translation to RLOTOS validation (RTL)

Detailed design
Activity diagram
(Behaviour)

. DLS_'QD Analysis
ass diagram Scenarios
(Architecture)
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TURTLE: Comparison with UML 1.5

UML 1.5

Class diagram
0 Parallelism is implicit
0 Associations = documentatic

Behavior diagram
0 Operation calls
0 Delay with pre-determined duratiol

Industrial tools
0 Implementation-oriented simulation

0 Sequence diagram based testing

TELECOM

TURTLE

Extended class diagram
0 Explicit parallelism

0 Explicit association between class
(ﬁarallellsm, synchronizatior
through gates, etc.)

Extended activity diagrams
0 Data sending/ receiving on gates

0 Advanced temporal operators
e Time intervals

Tools
0 TTool + RTL + Aldebaran / CADP
0 Generation of reachability graphs
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TELECOM

Chronology of TURTLE

1999
0 First definition of operators
2000 -2001
0 Definition of a methodology supporting validation
0 Modeling and translation rules
0 Translation from TURTLE to RT-LOTOS partially impleented
g 2002
0 New operators (temporal operators, new diagra
0 Methodological extensions
g 2003
0 First release of the TURTLE toolkit (Ttool)
g 2004
0 TURTLE 2.0

e« UML 2.0-based extensions
g 2005
0 TURTLE analysis
0 TURTLE deployment

0 Code generation
e Java

[Ty

[Ty
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TELECOM

Labs and People Involved in TURTLE

LAAS / CNRS

0 Jean-Pierre Courtiat
ENSICA

0 Pierre de Saqui-Sannes
Concordia University

0 Ferhat Khendek
ENST

0 Ludovic Apvrille
ENST Bretagne

0 Christophe Lohr
Alcatel Space Industries

0 Thesis
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TELECOM
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Online Documentation

http://labsoc.comelec.enst.fr/turtle/HELP/
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gExamples of TURTLE modeling

Ludovic Apvrille - UML - 2005. Slide #14



|. Introduction

UML Profile
5 The TURTLE Profile
=) 5 Design with TURTLE
g Analysis with TURTLE
Deployment with TURTLE

Ludovic Apvrille - UML - 2005. Slide #15



TELECOM

A TURTLE Design

Class diagram

QArchitecture of the system

e INnstances
— Tclasses
— Tobjects

o Relations between these classes / obje
Activity diagram
aBehavior of classes
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Tclasses and Gates

Tclass Id Wi

Attributes

Gates

Operations

Behavior Description

TELECOM

Gate &

InGate

|
s OutGate &
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TELECOM

Example of Tclasses

supérieure des
télécommunications

TrainingTTool & TrainingTTool

<<stant=>

+ counter = 4 : Matural;

+ counter= 4 : Matural:
- test: Boalean;

- test : Boolean;

+ hello ; Gate; + hello : Gate;
- e - QutGate; - bye - OutGate;
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Relations between Tclasses: TURTLE'’s ol
Composition Operators

Default relation
a Parallel

Communication relations
0 Synchro
a Invocation

0 Note: Tclasses exchange information exclusivelydbhgh communication
gates

Others
O Seguence
0 Preemption

There can be only one composition relation between two tclasses
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Parallel Composition Operator

TClass1

< <start==

TClass2

<<stants=

TELECOM

TClass1

< astar==

Parallel

TClass2?

Zestarts=
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TELECOM

Synchronization Composition Operator

g Synchronization between 2 gates of two different
tclasses

Data can be exchanged when synchronization occur

g A synchronization gate can be involved in only one
synchronization relation

For example, let's assume that T1.91 is synchronide
with T2.g2

2gl can synchronize with g2

2gl!1 can synchronize with g2?x:nat

2gl!1 can synchronize with g2!1

agl!x1?yl:nat can synchronize with g27?x2:natly2
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synchro &

Synchronization Composition Operator

T2

1 EF
<<stant=>
+ g1 Gate;
T
=<sta
+ gl : Gate;

{synchronization gates)

Synchro &

+ g2 Gate;

double click!

T2

{1l =T2g2}

+ 02 Gate;

TELECOM
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Seqguence Composition Operator

Semantics

TELECOM

O T1-seq->T2 means that T2 executes once T1 hamsitated its execution
e A new instance of T2 is executed

Note: the association must be directed to the created instance

T

<<dstart==

Sequence

&

T2

no “start”!
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TELECOM

PARIS

télécommunications

Sequence Composition Operator (Cont.) g

Note: T2 on previous slide had no “start”

If T2 has a “start”

0 When the system is started
e Aninstance of T1 is started
e Aninstance of T2 is started
o There is no relation between these two instances threy execute in parallel

0 Once T1 has terminate

e Another instance of T2 is started
e There is no relation between the two instances ofZT

T1

Zaztat=>

Sequence

&

T2

( &
<zztart=>

N—
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Preemption Composition Operator

Semantics

TELECOM

0 T1 - preempt -> T2 means that, when T2 can perfomeof its first action,
T1 is terminated and T2 executes

Note: the association must be directed from the preempted
Instance to the executed one

T

Preemption &
T

No “start’!
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TELECOM

Invocation Composition Operator

Modeling of an operation call

0 Caller is suspended until the callee unblocks it
o Operation call
e Return from operation call

Data can be exchanged
0 From the caller to the callee when the operationllaa performed
0 From the callee to the caller when returning fronperation call

Example: a basic calculator
0 Experimentation with your first activity diagram!
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Invocation Composition Operator: Example

“: TURTLE Toolkit: U:»RT-LOTOS TURTLEModeling’, Training',Calculatorl.xml

File Edit Diagram V&Y View Tool

Help

TELECOM

PARIS

école nationale
supérieure des
télécommunications

=10 ]

HEILC

ok o 2

@ TURTLE Toolkit UIRT-LOTOSTURTLEM ;
o i. Interaction Overview Diagram
@ E8 Class Diagram
@ & Calculatar
@ Zf T1
o R valigation
E"E\Jalidated TClasses
Syntax analysis
D Mo error found
@ Actions -= TURTLE gates

‘]

[ & Class Diagram

E20E2 IHHH*IIH\ EE

EEEEE

T

Z<sta=

+ result : Matural;

- printResult : Gate;
+ substractRequest . Gate;

IC

Calculator

<<start=

+u Matural,
+4y Matural;
+ result : Matural;

{ T1.substractRequest = Calculator substract }

+ substract : Gate;

4]

ll

Capture the main window
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TELECOM

Invocation Composition Operator: Example

T1 Calculator

!

[ substract Monat Menat ]

[suhstractHequest!ﬁ!??result]

Y

[printHesuIt!result]

®

result=ux-y

[ substract Iresult ]

:
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TELECOM

PARIS

Activity Diagrams S

£ An activity diagram must be provided for each Tclas

g9 TURTLE activity diagrams extend UML activiyt
diagrams with two main features

aSynchronization operators
QO Temporal operator
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Activity diagrams
Operators

®
®

[ Q% l [g!x ] [g!x‘?\;f:nat]

[]

[d]

. Logical and Temporal TELECOM

vl atency
D elay
= |
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TELECOM

PARIS
T U R I I— = ypes i

télécommunications

Boolean

a not :bool->bool

o and :bool,bool->bool
a or :bool,bool->bool

5 Natural

Q + :nat,nat->nat

Q :nat,nat->nat

Q * :nat,nat->nat

0 min ‘nat,nat->nat

0 max :nat,nat->nat

Q < :nat,nat->bool
Q > :nat,nat->bool
Q <= :nat,nat->bool
Q >= :nat,nat->bool
Q == :nat,nat->bool
0 div ‘nat,nat->nat

0 mod ‘nat,nat->nat

0 divs ‘nat,nat->nat
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TELECOM

Example: Enhancing the Calculator

The calculator must be able to perform several operations
0 Subtract operation orsubstractgate
0 Add operation oraddition gate

Subtract and Add can be performed at the same time
Two subtract operations cannot be performed at the same tin

Two add operations cannot be performed at the same time
0 T1 makes subtract operations
0 T2 make add operations

An add operation takes between 5 and 6 time units
A subtract operation takes exactly 10 time units
Model T1, T2 and Calculator
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TELECOM

PARIS

Enhancing the Calculator: Class Diagram o

télécommunications

Calculator
Zdstart==
T1 & - + ¥ Matural;
Invocation '
Zostates had +v : Matural;

+ result : Matural; + result: Matural;

1
I
- printResult ; Gate; : + gdd ; Gate;

+ substractRequest : Gate; + substract ; Gate;
{ T1.substractRequest = Calculator. substract

T2

<<start=>

Invocation &

+ result : Matural;

1
- printResult : Gate: :
+ addRequest : Gate;

{ T2 addReguest= Calculator.add }
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TELECOM

PARIS

Enhancing the Calculator: Activity Diagrams =

télécommunications

| addRequestisIT result |

N +
[printHesuIt!result] ¢__ t

[ substractRequestisl7 Fresult | | substractRequesti715?resul ¢

[ substract Mnat Yyenat l

[addHequest!resultHD?resultl

printResultlresult

® @® [printHesuIt!result]

substract Iresult add Iresult
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TELECOM

PARIS

Using Operators of Activity Diagrams e

télécommunications

[] [action3]

latena

action | delay

acti@

delay?

== [=
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Advanced Concepts on Composition TELECOM
Operators

Use of composition operators might be ambiguous

0 Instances created at startup
o ‘start” stereotype
o For each tclasses pointed out by preemption relatis

Qa Instances created at run time
e Sequence relation

0 On which instances exactly are applied those comipms operators?
Problematic

0 Multiple compositions operators
0 Priorities between compaosition operators
0 Tinstances vs. Tclasses

Examples on next slides!
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TELECOM

Multiple Preemption Relations

Synchro &Eh 12 L4
|
' Preemption &
{Tdd=T10g1} :
1
1
T4 & T1 &F
<<start=x <estart=»
+ 04 Gate; + 01 : Gate;
T3 &
l
+ 03 Gate;
Preemption &
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Priorities of Composition Operators

Synchro &

|
{T404=T1.01}

T4

<<zta

&

==

+ 04 Gate;

TELECOM

T2 &

Preemption &

T

+ 01 Gate;

T3 &

.
\

+ 03 Gate;

Seguence &
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Use of Multiple Sequence Operators

Synchro &

|
{T404=T1.01}

T4

<<zta

ek

==

+ 04 Gate;

TELECOM

Sequence @&

T1

+ 01 Gate;

T2 &
+ g2 Gate;
- {Synchro &
1T202=T303}
T3 &

g
\

+ 03 Gate;

1
Sequence &
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TELECOM

Use of Multiple Sequence Operators (Cont.)

télécommunications

Synchro &

{T404=T1.01}

Sequence @ T2 &

|

T4 i T1 I

<=start== Z<start=x 1

|
L + 2 Gate;

+ g4 Gate; + g1 : Gate;

+ gdhis : Gate;

| Synchro &

Sequence @&

{T4odbis=TZ.02}
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Using Tobjects instead of Tclasses

TELECOM

5 TURTLE Class diagram

aDescribe

the static architecture of the system under design

O But: describe also the dynamics of the systems -> notion of
Instances

For descri
For descri

use of tobj

ning one instance of a Tclas-> use of a tclas

ning several instances of the same tclass
ects

Example on next slides!
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TELECOM

Use of Tobjects: Example

5 Webserver having several clients

Clients can connect to the web server

Each client can be distinguished with an identifier
Request of clients are conveyed through a medit

Modeling of the system: 3 clients, a webserver, aral
medium
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TELECOM

Webserver: Class Diagram

télécommunications

cl1:WehClient
“estart==

idl= 1 {1 wvehClient.sendReguest = Medium.paort? _i

id=1; ) ~ )

id_received: cl1_WehClientgetData = Medium partl_o}

Synchro &
Medium
WebClent & Zistarte” { Medium_part_i = WehSemner sendData
e cl2\WehClient +tr_delay =10 Matural; Medium.port_o = YWehServer.getRequest }
- Natural * zastarter +id1 : Matural;

0] IRl +id2 : Matural; WebhServer
+id_received : Matural; id=2; : Synchro & 2xstarts>

id_received; " Ao . " . .

_ _ = ' porl_i: InGate, I + computing_delay = 6 : Matural;
+ sendReguest. QutGate, Synchro & +portZ_i: InGate, : +id : Matural;
+ getData ..InthE, . \ +pot3_i: InGate: \
- dataReceived - Gate, ! +portl_o: OutGate; ! + getRequest : InGate;
{ tl2_WebClientsendRequest = Medium.port2_i | * Fm:g—ﬂ : 8“{231'3; + sendData - QutGate,
) ) +portd_o: OutGate;
cl2_WehClient.getData = Medium.port2_o = '
- J portz_o} +por_ - InGate:
+port_o: QuiGate;
cl3WehClient &
Zestart>> Synchro &
id=3; .
id_received; 1
{cl3wvwehClient.sendRegquest = Medium.port3_i
cl3_WehClient.getData = Medium.port3_o }
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Webserver: Activity Diagram (WebClient)

[sendHequeat!id ]

:

[getData?id_received ]

[id_received =id]

[notdid_rg ceive}ﬁ iy ] \

[dataHeceived ]

TELECOM
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Webserver: Activity Diagram (Medium and TELECOM
Webserver)

¥

[portt_ivid1 | [portz_izid1 |

[porta_izid1 |

k

tr_delay

port_alid1

|
-

port_i%id?
tr_delay

b

"l
pnrﬂ

r

alid2

pnnz alid2
port3_olid2

[getﬂequest?id ]

camputing_delay

|sendData!id |
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TELECOM

Advanced Data types: Tdatas

g TURTLE supports two types
aNatural
aBoolean

Data structures: Tdatas!
aSet of Natural and Boolean

Using Tdatas
aDeclared as other attributes

QUsed as in C language
o C.fieldl =5
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TELECOM

Example on Tdatas

télécommunications

PDU

Z=Thatax=

+ sehder : Matural;
+ receiver : Matural;
+ data : Matural;
+walid : Boolean;

Client [ Cerver &
{ Client.send = Server.oet
+sand | Gate, Client.get = Server.send + et Gate:
+get: Gate, . + send ; Gate;
- got: Gate; | '
:
Synchro &

send!pdu If client has an attribute names pdu of tye
PDU

Ludovic Apvrille - UML - 2005. Slide #47



|. Introduction

UML Profile
5 The TURTLE Profile
Design with TURTLE

=) o Analysis with TURTLE
Deployment with TURTLE

Ludovic Apvrille - UML - 2005. Slide #48



Methodology

Translation to RILOTOS

TELECOM

Validation (RTL)

Detailed design
Activity diagram
(Behaviour)

Intensive simulation
Reachability analysis
Formal proofs

Design
Class diagram

(Architecture)

Analysis
Scenarios
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TELECOM

A TURTLE Analysis

Purpose
aExemplify very basic scenarios
aNominal scenarios
QError scenarios

Interaction Overview Diagram
aLinking between scenarios

Sequence Diagrams
aScenarios
aOMessage exchange
QTiming constraints
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TELECOM

y PARIS
TURTLE's IOD Cor

télécommunications

®
.

L —— |

ref]

Scenaria
T

+ (]
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Example

ref,

Connection_Setup

ref

DataExchange

ref.]

CaonnecltionFelease

TELECOM

PARIS

école nationale
supérieure des
télécommunications
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Using Choices

ref.]

sd1

(]

(]

=3

[l

ref,]

sd3

0

(1 re=13]

TELECOM

PARIS

école nationale
supérieure des
télécommunications
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TELECOM

TURTLE’s Sequence Diagrams
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TELECOM

Message Semantics

Synchronous message
aSender and receiver must synchronize
g Asynchronous message
a0 Sender writes message on a channel
O Receilver reads message from the char
g Various possible semantics for channels

Default semantics
aNo delay
QTotal ordering
QFIFO buffer at receiver’s side
01 channel is settled for each trio (sender, receiver, message)

Ludovic Apvrille - UML - 2005. Slide #55



TELECOM

Absolute and Relative Time Constraints

n

@{2.3}

{8,101
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Simulating with Time Constraints

~:Last simulation trace

Time: TURTLE action{s):

Values:

RT-LOTOS action:

TELECOM

PARIS

école nationale
supérieure des
télécommunications

=10l x|

Action Mo:

Mend__tc_ 0] RTC__Dend_tc
Channel__h__1Z2__11__OUTh__aut | I1.h

M.go__tc_ 0| RTC__O.go_tc

Channel__b_12_ 1__INk | Channel_b_12_ 1__ OUTh
ATC_ 1.end_tc | H.cancel_tc_ 1

Channel_h__12__ 1N__IMN.b__in | 12h

11 begin__tc_ 0 | RTC__O.hegin_te
Channel_a_ 11_12_ OUTa_ out | 12a
_M__12__oUTa
Channel_a__ 1M1_12_ INa_in| HM.a

Channel_a__ 11__12_ IMN.a | Channel__a

ATC_ Tago_tc | Mend__tc 1

@% Zoom -

@g Zoom +

0 Close
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TELECOM

PARIS

U S I N g TI Mmers s

11 |2 télécommunications

data

15,151

%{timer:timeﬂ, duration=10}

ref ] computeData

sendData

ref] ref,!

datallk DataResend
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Using Timers (Cont.)

%{timerztimeﬂ}

dataRetranzmit

dataOlk

TELECOM

PARIS

école nationale
supérieure des
télécommunications

7\<{tirner=timer1}-
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= DOTTY 2>

Using Timers (Cont.) ()

{ data

&)

[1_ timerl set<10>

)

4

Faa

{1 _timerl__setidBegin__te_ (<05}

comnputelata cornputelata [1_fimerl exp

__to__0<0%)

Pt ifgn
computeData

ifho__tc__0<0xdomputelatal

ifend__te__0<0b3

i go__to__ 00K T1__timerd_i &opo

/’

Projection oh all gates except the one used
for the management of time constraints

o @,

thend__te_ CROFL_timerl__elpdatalk

I L
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TELECOM

Non-Implementability Issue

5 Temporal constraints may reduce possible paths
aNo path at all!
aTemporal inconsistencies

Instances execute their events on their own
QaDistributed system

QAt choice node, they may not all execute the same scenario
leading to deadlock situations
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Temporal Constraints Reducing Logical TELECOM
Paths

ref.d

s

é 1513} RIRED!
y b y

Deadlock situation if action "b_in" is
fired after 13 time units: action
“b_out” never happens
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Temporal Constraints Reducing Logical TELECOM
Paths (Cont.)

ifa  ouf)

[ref ] 3-(10 10y
s 5.8 {1015}
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Deadlock situation : action “b_out” P ito<02)
never happens — -

g
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Non-Implementability due to Logical TELECOM
Constraints

ret.] rer]
msc msc?
11 13 i 12
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Non-Implementability due to Logical TELECOM
Constraints (Cont.)
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Non-Implementability due to Logical TELECOM
Constraints (Cont.)
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|. Introduction

UML Profile
5 The TURTLE Profile
Design with TURTLE
g Analysis with TURTLE
= Deployment with TURTLE
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TELECOM

Methodology with Deployment

Form_al - Code generation
validation
(3) Deployment: (4) Code (Java) ,)|=ecuton

components + DD&
/

S
Generation (2) Design:

AN

: (1) Analysis:
an
executio CD +ADs |OD + SDs
of Java - E /7
code Automat @
Form_al _ synthgsis Formal
validation

validation
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TELECOM

What is a UML Deployment diagram?

Set of execution node
0 nodes may host artifacts

Links between nodes

erver:Server
A

client:Client

<<client>> <<server>>
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TELECOM

TURTLE Deployment diagrams

TURTLE artifacts
0 Set a classes modeled in a TURTLE designs

TURTLE Deployment diagrams

O Execution nodes
e May hosts TURTLE artifacts

0 Links between nodes
o Interconnection of Artifacts’ gates
o Formal specification
— Parameter: delay, loss rate
— Pseudo FIFO
» Actions in the same time slot may be reordered
o For Java code generation
— Protocol: UDP, TCP, RMI
— Ports
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Example of TURTLE Deployment Diagram

Artifact PkgClientis defined here,

and used there

Z: TURTLE Toolkit: U\RT-LOTOS\ TURTLEModeling NOTERE | HttpBasicAut' i denmio_ 01 .xml
File Edit Diagram V&Y Code Generation View Tool Help

TELECOM

PARIS

école nationale
supérieure des
télécommunications

=10} |

1 = E = g - 11 [
HE alal [x[neln][a]e] f]alw]n] [B [ [x]x]ela 2] ~_
W8 TURTLE Toolkit - 5% Deployment at Eureco
@ Juf TURTLE And -
@ B2 TURTLE De| - :
®- &3 TURTLE De| || B2 Deployment Diagram |
& BE TURTLE De| |
& 2 TURTLE De| - 7| |~ &
© 39 TURTLE De| : / =
@ 9% TURTLE De| - 7
S : i
@ %8 yalidation : / i
; <<Gtation SUN== <<PC Linux== G
: chaland thesac B
{ delay=2
. Implementation = LUDP
: Origin port= 3214
i PkoClient D Bactinatieorpat="1245 o PlkaServer D
B o PlkgClignt.Client.socket_in= PkgServer. Server.socket [out .
§§ {clientjar, user code} PkotClient. Client.socket_out = PkaServer. Server.socketl in } {Server]ar, usercode;

-

| ¥

Give as input to RTL the lastest RT-LOTOS specification to obtain a simulation trace
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