Asynchronous modeling in
railway systems
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Different types of models

Models are targeting a specific goal:
* Requirements
 Architecture
« Specification
* Property verification

e Design
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Different modeling technologies

« SysML Requirements
e AADL Architecture

e ASN.1 Interfaces
Precision

e SDL Functional behavior

« Matlab Control laws

e Lustre Logical control \/

e B Mathematical predicates
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* Mainly binary information

* Logical operation

Needle position
depending on train
presence

Open door if facing a
platform
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Upcoming systems

ERTMS: European Rail Traffic §'é

Management System deals
with:

A

e Speed

e ACCG I e ratl 0 n '\d Satellite navigation?

Control Centre

1 1 Voice comms
e CO m m U n I Catl O n On board train detection ;s
Movementauthority Intelligent
Advisory speed Lr::'a‘; -
//' [

Keynodes
Limited signalling

Limited train detection
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Needs

e Higher abstraction models
« Asynchronous high level representation

 Synchronous locally (GALS)
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Solution

» SDL models

» Asynchronous semantic of execution

> Executable => verifiable

» Use SDL to describe the overall
behavior

» How does it relate to a local
synchronous approach ?

PRAGMADEV

modeling and testing to

< adi

Specification and
Description Language
isan ITU-T
recommendation
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EXxperiment

Radio Block Center from ERTMS recommendation
« Matlab model with synchronous state machines

e Translated to an SDL model with asynchronous state

machines
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Synchronous
port: logic
based

(

Mode_SR,
Mode_UN,
Mode_SE,
Mode_PT,
Mode_IS,
Mode_SE,
Mode_RV,

cl
[Mode_FS, Mede_0S,

Mode_SH,
Mode_SL,
Mode_TR,
Mode_SF,
Mode_NL,
Mode_SN,
Mode_Spare]

pDeconnexion_selon_mode

cIntl

{

[DenxRq]

c3
[msg155,msgl56,msgl159,msgl50, msg_rbc_204] k

Imsg24_pa2,

pCennexien_decennexion_train ]
msg24_p57

o [DenxRq]

Asynchronous
port: message
based

- [

[1 [information_train] k

pDeconnecter_le_train_sortie_REC cInt2

Ju
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DcnxRg.msg_rbc_204,msgl50
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Pas_de_train
*état initial

etat_connexion_train = enum_etat_connexion. Init;
/état de connexion inconnu®/

envoi_msg24_pd2 = false;
envoi_msg39 = false;
envoi_msg32 = false;
envoi_msg24_ps7 = false;
envoi_msg24_p58 = false;

[msg 155 _recu == true]

Connexion_demandee_train ™ Deconnexion_demandee_train
I*réception du message 1557

entry

etat_connexion_train = enum_etat_connexion. Connexion_en_cours,
I*en cours de connexion, message 32 émis*/

envoi_msg32 = true;

I*réception du message 156

entry

etal_connexion_train = enum_etat_connexion. Deconnecte;
envoi_msg39 = true;

I"train déconnecté, message 39 émis™

[msg155_recu == trueg]

during: during:
envoi_msg32 = false; envoi_msg39d = false;
exit exit:

envoi_msg32 = false;

envoi_msg39 = false;
e

[msg159_recu == true]
[msg156_recu == true]

[msg156_recu == true]

Session_etablie Deconnexion_demandee RBC

FFECIEDUU“ du message 1597 i=ordre de déconnexion demandé®/

entry: .
B e :trgy.:mnex\m train = enum_etat_connex ion Deconnexion_en_cours;
[Ftrain connecté, envoi des paquets 57 et 58% 1 - L = _etat_ 3 L_en_t 3

emvoi_msg24 pd2 = true;

emoi_msg24_p57 = trug; envoi_msg24_p5e = true; I*en cours de déconnexion, message 24 paguet 42 émis*

[ordre_deconnexion == true || msg150_recu == tue
during; |l msg_rbc_204_recu ue]

B during:
envoi_msg24_p57 = false; _
envoi_msg24_p58 = false; Z;;{PUT\SGZ‘LMZ = false;

exit
envoi_msg24_p57 = false;
envoi_msg24_p58 = false,

-

ervoi_msg24 pd2 = false,
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[mode == enum_mode.UN | mode == enum_mode.SF ...
~ mode enum_mode.|S | mode == enum_mode. NL ...
odes_UN_SF_IS_NL_SH_RV mode == enum_mode. SH | mode == enum_mode. RV]
FUN, SF, 1S, NL, SH, RV

I* 2 déconnecter®/

entry: deconnecter =1;

[ mode ~= enum_mode. UN & mode ~= enum_mode. SF ...
y, & mode ~= enum_mode. IS & mode ~= enum_mode NL ...
& mode ~=enum_mede.SH & mode ~= enum_mode.RV]

[moede ~= enum_mode SB]

INnputs

Init [(mode == enum_mode SL | mode == enum_mode.SB)...

& mode_prec ~= enum_mode.Spare]

init - pas de demande de déconnexion® I*(SL ou SB) et mode précédent différent de spare®
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M odes_SL_SB_sans_debut_mission

I* se déconnecter®/

entry. deconnecter = 0;

mode ~= enum mode.SL & mode ~= enum mode.SB]

T- +

enfry: deconnecter =1,

=

Mode_UN, Mode_SF,
Mode_I5, Mode NL.

[mode == enum_mode.SB & mo
*3B et mode précédent vaut sp

Mode_SL,Mode_SB.Mode_SR,Mode_0S,
Mode_FS,Mode_PT,Mode_TR

Mode_SB_avec_debut_mission

I*le train fait un début de mission®

I*ne pas déconnecter le train®
entry: deconnecter = 0;

Model simulator showed

the behavior was

e

Mode_UN,Mode_SF,Mode IS,
Mode_NL ,Mede_SH.Mode_RV

equivalent.
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Mapping the semantic

» Sensors are evaluated on a clock base, mapping of
synchronous reading to asynchronous information is straight
forward.

» Outputs might be sent to synchronous based designs,
mapping of asynchronous information to synchronous signals
Is also straight forward.

Alyechos D

time
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Conclusion

The usual synchronous approach can be replaced by an
asynchronous one:

* Resulting models are functionally equivalents.
Asynchronous pros:

» Closer to the requirements.

 Easier to read.

» Handles large and complex systems.
Asynchronous cons:

« Difficult to verify but possible on a limited space.

» Not part of the cultural background.
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