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Scientific Field

Asynchronous
concurrent systems

Interleaving semantics

(IR

Formal modelling of concurrent systems

- Behavioural specification languages
 Property specification languages
Compiler construction, code generation

Functional verification

* Model checking
« Equivalence checking
Quantitative analysis

» Timed, probabilistic, stochastic
Real-life case-studies and applications

Verification platform

CADP (> 50 tools + 17 libraries)
http://cadp.inria.fr
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http://cadp.inria.fr/

The Bluesky for I-Automation Project

Minalogic, FUI 13 call (2012-2016)

Partners: Crouzet Automatismes (now InnoVista Sensors),
VM2M, Motwin, Inria, LCIS

Objectives:

® Simple solution for distributed automation applications

® Hardware, software, communication infrastructures, and services
® New generation of em4 PLCs connected to the loT

emy,

» RemOTE PLC

® Formal validation services for a rigorous development of distributed
applications embedded on PLC networks
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Organization of the Project
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Design Flow based on Formal Methods

% designer of PLC applications
v

executable shsliic properties service
em4 deS((c;rFl{rit)lon (TL) (GRL)
J

em4soft

test

scenarios
(SPTL)

A 4
test system
stimuli responses

test generation and model checking and
execution equivalence checking

verdicts verdict + diagnostic

SYNCHRONOUS ASYNCHRONOUS
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GRL: A Formal Description Language
for GALS Systems

GRL (GALS Representation Language)

® GALS system: Globally Asynchronous and Locally “ Environment )
Synchronous —

® Principles of GRL.:
> Blocks: synchronous components
> Environments: external constraints .

> Mediums: asynchronous communication [[ Medium (s) ‘]
> Formal semantics (process calculus) —
® Tool support: -
translators em4soft > GRL - LNT m

and CADP tools

Environment (s)

e eSS
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Asynchronous Validation Flow

gﬁ

esigner of
LC applications

abstract

GRL2LNT

description
(GRL)
[ 4
Q )
properties -——ﬂ translation
(TL) T
v
Q
formulas

(MCL)

EVALUATOR

verdict +
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Example:
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| translator
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em4soft g

CADP + SEQ2SIM
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network

block In_Controller (in Open_Cmd : bool;

alloc

perm

temp

c2:=

B16
end bl

out Green Light : bool: ... out Door Open : bool)

Exit PLC

block Out_Controller (in Open_Cmd : bool;
out Door_Open : bool)
{receive Open_Distant_Cmd : bool;
send Decrease_Counter : bool} is

allocate Block_Or as B01,
Block_Timer_BW [true, false] as B02,
Block_Timer_AC [0, 5, Cycle] as B05

temp cl: bool

Yellof BO1 (Open_Cmd, Open_Distant_Cmd, ?c1);

B02 (c1, ?Decrease_Counter);

end block

BO5 (Decrease_Counter, _, ?Door_Open, ?_,? ,?_,?)

GRL2LNT + CADP

v d

GRL
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<]
testing
scenarios
q (SPTL)
=]
environment
constraints
(SPTL)
(c |

TESTIUM

> test stimuli
generator
(constraint

> resolution)

Synchronous Validation Flow

SPTL (Synchronous Programming Testing Language)

system
responses

system under test
(black box)
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Example: Irrigation System

Sonde d'humidité

{ Thermométre
£ T
}. PU-I-‘.I'-S‘_ ‘
Capteur B SR
deniveauﬁ
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TESTIUM

SPTL
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system
responses

Execution of a Testing Scenario

i . W AR TiEE
Ooe Tt ok

3 et 108 - rgation ble g -
[ BB icher Eston Mode Afichage Contstiess Opbons Fentire 1

s |

scenario Normal £1<5
var time tl

time t2 t1>5

True
begin
{Humid = 35;Temp=28;tl.start}
[Humid = 35;Temp=(pre(Temp)+5) (t1>5)]|
{Humid=36;Temp=60;t2.start} |
[Humid=36;Temp>60; Temp<65(t2>5)]
end
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Bluesky Project: Summary

Results

emy,

® New generation of PLCs from InnoVista Sensors EERETESE
® Languages et tools for validating distributed PLC applications

> GRL and GRL2LNT tool: PhD of Fatma JEBALI
(http://hal.inria.fr/tel-01511656/en)

> SPTL and TESTIUM tool: PhD of Mouna TKA
(http://lwww.theses.fr/2016 GREAM020)

Ongoing Work

® Enhancing the validation flow to automate the testing of PLC networks
® PhD of Lina MARSSO: Formal Methods for Testing Networks of Controllers

co-supervised Inria — LCIS (ARC6 2016-2019)
with the collaboration of Innovista Sensors

v d
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http://hal.inria.fr/tel-01511656/en
http://hal.inria.fr/tel-01511656/en
http://hal.inria.fr/tel-01511656/en
http://hal.inria.fr/tel-01511656/en
http://hal.inria.fr/tel-01511656/en
http://www.theses.fr/2016GREAM020
http://www.theses.fr/2016GREAM020
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Testing Flow for GALS Systems

GALS System Property

EVALUATOR

test scenario + oracle CADP
TESTIUM 1 (fail, inconclusive, pass) sed2sim
| e o e o o o o == =
.= |
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Thank you!

More information:



http://convecs.inria.fr/

