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Objectives

Reactive vs algorithmic parts
UML extensions

Esterel Studio for UML

Example 1: Fuel management

Example 2: Trusted Third Party (TTP) protocol

Conclusions: Key features & benefits
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Object Oriented approach

® Interfaces separation / internals representations / behaviors
e formalization of similarities / specialization

Graphical specification
* readability, ease of use

Graphical simulation

* animation of the specification
® co-simulation

Formal Verification
e conformity to specification

Code Generators:
® time saving
®* no programming (coding) error - EsTEREL )
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The reactive part is smaller in size

However, it concentrates much of the complexity
In the specification

Calcul Reactive
20% 20%

Reactive
50%

(source: Dassault Aviation)
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‘Reactive part Algorithmic part
Interaction through events Interaction through

messages
Messages are handled
sequentially

Parallelism
between objects
within objects

® pounded consumption of resources
e CPU

® memory
® |ogical and temporal predictability
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> Reactive
part

Algorithmic
> part
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The UML standard allows extensions
® stereotypes

UML for Real Time background work
® Objectime and Rational proposal

e stereotypes and approach coming from ROOM method

Esterel Studio for Rational ROSE

® |s a prototype, commercially available soon
® adopts UML for Real Time stereotypes

® + Synchronous semantics
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UML extensions
for Reactive Systems (1/2)

UML Entity Corresponding UML-RT Stereotypes Constraints
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A structure diagram for each reactive class

=» static construction of the graph of instances
parameters
Interconnections

SyncCharts replace StateCharts
=» weak and strong preemption

=» possibility to exploit simultaneity of events
=» mandatory priorities on transitions
=» power of expression of textual Esterel for actions
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ROSE class diagram

Structure diagram
(now in Rose, soon in Esterel Studio)

ESTEREL )
y e—

LY




Rose Class Diagram

3

3

Esterel Studio SyncCh

2

-

nodul e reservoir
i nput commande;
out put niveau : float;

|
oop
await init;

end | oop

Capsule name
and its interface

Subcapsuls
activation and
connexion

Behavior
traduction in
textual form
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<<capsule>>
RESERVOIR
-<<port>> R() : |_ETAT_RESERVOIR
.<<p0 it>> R(): |_ETAT RESERVOIR -<<port>> T( : |_TRANSFERT_RESERVOIR_NOURRICE
B<or>T0 ¢ | e e T [®<<port>> Nou_d() : |_TRANSFERT_RESERVOIR_NOURRICE
.< <plug_in>> Teaps() O Temr:s & _cycle - -<<p0rt>> Nou_g() : |_TRANSFERT_RESERVOIR_NOURRICE
- - - - [B<<plug_in>> Temps() : |_Temps_de_cycle

BE——— s <<capsule>> <<capsule>>
DEBITS RESERVOIR ETAT RESERVOIR QUANTITE_RESERVOIR DEBITS_RESERVOIR_DOUBLE

!

4 types of tank
o fud tanks

2 eXternaI tank <<cagpsule>> <<caps.1|e>>

BIDON BIDON_DOUBLE

2 Central tank (anE B<<port>>T()

o tall wing tank ~ —Bisdaity:
=> inheritance

Inheritance

<<capsule>> <<apsule>>
DEBITS_BIDON ETAT_BIDON
(from Bidons) (from Bidons,

<<capsule>> <<capsue>>
QUANTITE_BIDON DEBITS_BIDON_DOUBLE
(from Bidons) (from Bicbns)




exterieur gauche interieur gauche : central : BIDON interieur_droit : exterieur droit
: BIDON BIDON DOUBLE BIDON " BIDON

avant_gauche : derive : RESERVOIR avant_droit :
RESERVOIR DOUBLE RESERVOIR

5 e voilure_droite :
voilure gauche : ) \ RESERVOIR
RESERVOIR

nourrice_gauche : nourrice_droite :
NOURRICE NOURRICE

moteur_gauche : moteur_droit :
MOTEUR G MOTEUR D
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% Rational Rose - Carburant. mdl - [Clazs Diagram: Bidons / Main]

[ Carburant
{3 Use Caze View
=-[7 Logical Wiew
Packages
=7 Carburant
-[B] Packages
Main Clazzes
=-J Eidans

|-0=0 |_ETAT_BID
7 [T} QUANTITE_
7-[¥ DEBITS_BID
= |_BIDOM
-2 Associations
i Mateurs

A-(CJ Mourices

7-(CJ PRINCIPAL
i Reservoirs
A-(C7 utilitaires

f- 2, Assaciations

2 Associations

&
B
B
&
B
&

peulass
IR_DOUBLE
BERnIoirs)

IR

ESERWOIR_NOURRICE
RT_RESERWOIR_WOURRICE
RT_RESERWOIR_WOURRICE
de_cycle

efat

<sportr: R : |_ETAT_BIDON

% <4plug_in+> Tempz() : |_Temp
$dportr> T0 1 |_TRANSFERT
dportr> Mou_d() : |_TRANSF

T TornICE

<port:+ Nou_g() : |_TRANSFERT_RESERWOIR_NOURRICE

<4apsy
ETAT_RESE
(from Reze

- i

debj

L etat

Zdcapsules:
DERITS_BIDOW_DOUBLE

Z4capsuless
OUANTITE_BIDON

ETAT_RIDON

|

I

s [ ol | ntld g
[ e

<4 0apslie- -

<ecapsuless
DEBITS_BIDCOH
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Proprietel

>

[Ai.Digpo_alim or Ay Dispo_alim or
Cent.Dizpo_alim

orf BE_Dizpo_alim or Bl.Dizpo_alim ]
and Den_Dalim/ bugl

reservoir avant

[Av_Dizpo_alim or Cent.Dispo_alim or
BE.Dispo_alim or Bl.Dizpo_alim)
and Ai.Dalim/ bugl

—_— T T

#—=={ reservoir voilure
"'\-\.\_\_\_\_\_\_'_'_'_'_'_,_-"

[Cent.Dizpo_alim or BE.Dizpo_alim
or Bl.Dizpo_alim )
and Av.Dalim/ bugl

bidon wentral

[BE.Dispo_alim or Bl_Digpo_alim])
and Cent.Dalim/ bugl

bidon externe L [BE.Dispo_alim ) and
' BI.Dalim/ bug1

L owest
priority

Observer is to
check property:

« Fuel collector
asks

fuel transfer from
first available tank
in a given order »

Highest
priority

1,
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1.5 person x month

® specification

® object structure design and SyncCharts
The program

® 17 SyncCharts
® 4600 Esterel generated lines

Efficient code generation (ADA on power PC 601
66Mhz):

* 350 LS (using Esterel code generation optimizations)

Used In operations at Dassault Aviation
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Example 2
Trusted Third Party (Thomson CSF)

SPV Registratiop

Client Certificate:
&

Registration
Forms

Public Key Infrastructure

———» Secured Protocol
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Modeling

* methodological support

with UML Approach : structuration
 structure and behavior was mixed with dynamics in previous model

graphic formalism => introduction of //

« Parallelism in cryptographic computations and database access

Validation
® Design patterns for observer, proof of properties
® Co-simulation

Integration
® Coupling with C/C++ functions (algorithms)
* Benchmarking (Esterel versus C/C++)
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Two main objectives
® Security
e Efficiency

Requirements
® to treat several users requests simultaneously

* to allow non-blocking communication with
Database

* to maximize the utilization of time slots available
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<<capsule>>
Dispatcher
-
<input>> Datagram() : Fifo
<port~>> UnitsBusy () : |P_Busy
<port>> ToUnits() : IP_ToUnit

<output>> AllUnitsBusy ()

<<capsule>>
tedT hirdParty

<port>> InPort() : IP_P2_TTP
<input>> Datagram() : Fifo
<port~>> ResponsesToClient() : IP_AddDatagramReq

<<capsule>>
RevalidationUnits

(from Revalidati onUnitg

<port>> ToDispatch() : IP_Busy

<port~>> FromDispatch() : IP_ToUnit
<port>> ToDB() : IP_Units

<port~>> Datagrams() : IP_AddDatagramReq
<input>> Ms()

<<capsule>>
DataBase

(from Database)

<port>> UnitDBConnect() : IP_DB
<port>> Rnd(): IP_TTPRandoms

<<capsule>>
Revalid ation Units
-
<port>> ToDispatch() : IP_Busy
<port~>> FromDispatch() : IP_ToUnit
<port>> ToDB() : IP_Units
<port~>> Datagrams() : IP_AddDatagramReq
<input>> Ms()

<<capsule>>
RevalUnit

(from RevalUnit)

<input>> Datagram() : Fifo
<input>> Ms()

<output>> Busy ()

<output>> DatagramSent() : Fif o
<port~>> RevalPort(): IP_DB




Unitl :
Revalunit

RevalUnit

RevalUnit
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[ Signal 1o et 1 |
This signel is emited o the revshdston
| em Tolints Tolint_170atagiam) | it mambwed

BlinitsBusy Unit_1_Busy/

i Signal to unit 2 | This sigrel i amited Io the revakdation
LﬂTdJlﬁTdJrﬂ:_H?Dmﬂ J writ reumibiensd b it Bhe fies) sl is Al

BlinitsBusy Unit_? Busy/

i Signad to wnit 3 | This sigral is emited 10 the sevaldation
wril rumbesad three § the recond uni
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IIUHHW.HIL!_IW
[ Satwation ==
vl AL ikl Ly

Mo s Ll aetall i

ESTEREL )
' ., EFTNTEEENTEY

 ——



Use of a Design Pattern :FIFO
® potential asynchrony of the communication

<<capule>>

(more than 10 instances in TTP Modeling) BidirectionalFIFO

<port>> Rnd() : IP_Random
<porn>> LFifo(): IP_Fifo

orn>> RFifo) : IP_Fifo

One Channel package (2 FIFOs)

<<capule>>
FIFO
]

<input>>In() : Fifo
<output>> Out() : Fifo
<input>> Random()
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X before Y pattern
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P1 : Does a revalidation unit always send a response
datagram at the latest Z millisecond after the
corresponding revalidation request ? (30 minutes sur
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Model and performances
® 10 class diagrams

® 10 structure diagrams

® 9 synccharts

® 45 Input, 8 output

® 1500 lines of esterel generated code
* 8000 lines of C generated code
e 2 000 000 reachable states

® 4 person x months

* performance identical to C++ handwritten code for 10 users
(no optimisation)
® co-simulation
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Uniform and standard object-oriented framework
for analysis and design

Clear separation between reactive and algorithmic parts

Possibility to use libraries of available application oriented
components

Formal verification and automatic tests generation

Automatic generation of very compact code
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