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Model-Based Design

Spécifications abstraites de haut niveau ﬁ #

executables
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CRITICITE

Systémes qui ne doivent pas échouer
- Systemes de contrdle de vol
- Systémes ferroviaires automatiques

- Systémes de controle de centrales

Etat de l'art: certification industrielle du processus de développement, parfois
avec des methodes formelles, ex. SCADE

Question scientifique : peut-on mecaniser les définitions formelles et produire
une preuve de correction bout-a-bout?



FORMALISATION MECANISEE

Assistant de Preuve

- Outils pour aider la formulation de théorémes ainsi que le l )
]

développement et la vérification de leurs preuves
- Mizar, Isabelle, HOL, Coq, ACL2, PVS, Agda, ...



KLEIN et al. 2009

FORMALISATION MECANISEE KUMAR, MYREEN, NORRISH et OWENS 2014
LEROY 2009

Assistant de Preuve ‘)

- Outils pour aider la formulation de théorémes ainsi que le
développement et la vérification de leurs preuves (}

- Mizar, Isabelle, HOL, , ACL2, PVS, Agda, ...
1

Formalisations mécanisées existantes
seL4 : un micro-noyau verifié avec Isabelle
CakeML : un compilateur vérifié pour un langage fonctionnel avec HOL

Formalisation mécanisée avec Coq du langage C et de la preuve de correction
de sa compilation vers du code Assembleur.
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LE PROJET VELUS HALBWACHS, CASPI, RAYMOND et PILAUD 1991
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Langages pour le
Model-Based Design

Scade 6, Lustre

+ Assistants de Preuve
Coq

Défis

1. Mécaniser les sémantiques

2. Prouver la correction des algorithmes de compilation

Focus : réinitialisation modulaire (modular reset)
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node euler(x0, u: double)
returns (x: double);
let
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X0 0.00 1.55 3.62 5.46
u 15.00 20.00 17.00 12.00
X+01xu 1.50  3.50 5.20 6.70
X 0.00 1.50 3.50 5.20



EXEMPLE

L FBY | « node ins(gps, xv: double)
1 I ®>alarm returns (x: double, alarm: bool)
3 |—T 1J 50 var pxa, xe: double; k: int;
let

L FBY WaLa\rgN 50 alarm L> k =0 fby (l( + 1);
X

g alarm = (k >= 50);
o.oJ xe = euler((gps, xv) when not alarm);
xXe

9ps e pxa = (0. fby x) when alarm;
WHEN [ u euler X = merge alarm pxa Xe;

XV >_|_ - tel
gps 0.00 1.55 3.62 546 --- 86.52 88.40 90.91
XV 15.00 20.00 17.00 12.00 --- 18.00 23.00 20.00
R 0 1 2 3 49 50 51
alarm F F F F F T T
xe 0.00 1.50 3.50 520 .- 77.35
pxa e 77.35  77.35

X 0.00 150 350 520 --- 7735 7735 7735 ... ;
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L FBY | « node ins(gps, xv: double)
1 I ®>alarm returns (x: double, alarm: bool)
3 |—T 1J 50 var pxa, xe: double; k: int;
let

L FBY WaLa\rgN 50 alarm L> k =0 fby (l( + 1);
X

g alarm = (k >= 50);
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EXEMPLE

L FBY | « node ins(gps, xv: double)
1 I ®>alarm returns (x: double, alarm: bool)
3 |—T 1J 50 var pxa, xe: double; k: int;
let

L FBY WaLa\rgN 50 alarm L> k =0 fby (l( + 1);
X

g alarm = (k >= 50);
o.oJ xe = euler((gps, xv) when not alarm);
xXe

9ps e pxa = (0. fby x) when alarm;
WHEN [ u euler X = merge alarm pxa Xe;

XV >_|_ - tel
gps 0.00 1.55 3.62 546 --- 86.52 88.40 90.91
XV 15.00 20.00 17.00 12.00 --- 18.00 23.00 20.00
R 0 1 2 3 49 50 51
alarm F F F F F T T
xe 0.00 1.50 3.50 520 .- 77.35
pxa - 77.35  77.35

X 0.00 150 350 520 --- 7735 7735 7735 ... ;



EXEMPLE

[

FBY |

node ins(gps, xv: double)

+ . .
1 + ®>alarm returns (x: double, alarr!'l. bool)
0 |—T . 50 var pxa, xe: double; k: int;
let
L FBY W&E‘EN oxa ajarmL X = merge alarm pxa xe;
1 :>_, S k =0 fby (k + 1);
o.oJ pxa = (0. fby x) when alarm;
gps e xe = euler((gps, xv) when not alarm);
WHEN culer H*€ alarm = (k >= 50);
XV >_|_ - tel
gps 0.00 1.55 3.62 5.46 86.52 88.40 90.91
XV 15.00 20.00 17.00 12.00 18.00 23.00 20.00
R 0 1 2 3 49 50 51
alarm F F F F F T T
Xxe 0.00 1.50 3.50 5.20 77.35
pxa /7735 7735 ...
X 0.00 1.50 3.50 5.20 7735 7735 7735 ... 6
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EXEMPLE

node nav(gps: double, xv: double, s: bool)
returns (x: double, alarm: bool)
var r: bool, c: bool;
let
(x, alarm) = merge c
(gps when c, false)
((restart ins every r)
((gps, xv) whenot c));

c = true fby (merge c (not s when c)
(s whenot c));
r = false fby (s and c);
tel

ins




COLAGO, PAGANO et POUZET 2005
EXEMPLE

node nav(gps: double, xv: double, s: bool)
returns (x: double, alarm: bool)
var r: bool, c: bool;
let
(x, alarm) = merge c
(gps when c, false)
((restart ins every r)
((gps, xv) whenot c));

c = true fby (merge c (not s when c)
(s whenot c));
r = false fby (s and c);
tel

ins

Il faut un moyen de
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VELUS : UN COMPILATEUR LUSTRE VERIFIE
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LUSTRE

node euler(x0, u: double)
returns (x: double);
let
x = x0 fby (x + 0.1 * u);
tel

node ins(gps, xv: double)
returns (x: double, alarm: bool)
var pxa, xe: double; k: int;
let
k =0 fby (k + 1);
alarm = (k >= 50);
xe = euler((gps, xv) when not alarm);
pxa = (0. fby x) when alarm;
x = merge alarm pxa xe;
tel

node nav(gps: double, xv: double, s: bool)
returns (x: double, alarm: bool)
var r: bool, c: bool;
let
(x, alarm) = merge c
(gps when c, false)
((restart ins every r)
((gps, xv) whenot c));
c = true fby (merge c (not s when c)
(s whenot ¢));
r = false fby (s and c); 8
tel



LUSTRE

node euler(x0, u: double)
returns (x: double);
let
x = x0 fby (x + 0.1 * u);
tel

node ins(gps, xv: double)
returns (x: double, alarm: bool)
var pxa, xe: double; k: int;
let
k =0 fby (k + 1);
alarm = (k >= 50);
xe = euler((gps, xv) when not alarm);
pxa = (0. fby x) when alarm;
X = merge alarm pxa xe;
tel

node nav(gps: double, xv: double, s: bool)
returns (x: double, alarm: bool)
var r: bool, c: bool;
let
(x, alarm) = merge c
(gps when c, false)
((restart ins every r)

((gps, xv) whenot c));

¢ = true fby (merge ¢ (not s when c)
(s whenot ¢));
r = false fby (s and c);
tel

C

struet euter {
bool i;
double px;

b

struct ins
int
double px
struct euter xe;

b

strut funinstates {
e

b

struct nav {
bool ¢;
bool x

b

struct funsnavistep |
doutle x;

bool atar;

double fungeulerdstep(struct euler sself,
jouble x0, double 1) {
register dowsle x;
if (self>D) {

s a0
Fetse {
X = self-opx

selfoi - false
SeLf->px = x + 0.100000000000000085 +

vold funseutersreset(struct euler sself) {
elf>i « true;
self-px = 0

void unkinststntstruct ins ssel,

© funsinssstep sout,
Goubte gpe, doubte 3 {
register dousle steptx;

if (out->atamm) { out>x = self->pe; }

steptx + funseuler$step(6(self->xe), gps, x);
ept;

xe - st
outoox = xe;

b
self-px = out->x;
, 5

weld fudtnsdrest(atruct ios 3010 {

selfo>
lun!au\evsyesu(h(ss” e

vt funfnavistap(struct mav sl
R

douste xv, baol 5) {

struct funsinsgstep outsinsrsstep;

register bool c;

register double inse;

register bool alr,

£ (seUf->r) ( funsins$reset(s(self->insr)); }
Selfor « 5 6 selfoc;

i Garso ¢

outo + gps;
ot >a\am < rase;
}e
Funsinstatep(s(sels>insr, soutsinsrssien, gos
S = outSinsrsstep.x;
utSinsrsstep. atarn;

out-satare - alr;
3
self-oc = em;

+

Void funsnavsreset(struct nav sself) {

1o = false;
Funsinsgreset (s(self->inse);

struct nav selfs;

bool volatile alarss;

int main(void) {
sruct fogravistn autbsens
register double
register double xv;
register bool 5;

Funsnavsreset(aselis);
while (true) {
g5 - volatile_losd(sgpss);
v = volatile_Toad(sx$);
5 = volatile_load(as$);
Funsnavsstep(sselfs, soutsstep, gps, xv, $);

volatite_store(sxs, 03
Velotite store(satares, sutSstep-atarn);

L i



LUSTRE

node euler(x0, u: double)
returns (x: double);
let
x = x0 fby (x + 0.1 % u);
tel

node ins(gps, xv: double)
returns (x: double, alarm: bool)
var pxa, xe: double; k: int;
let
k =0 fby (k + 1);
alarm = (k >= 50);
xe = euler((gps, xv) when not alarm);
pxa = (0. fby x) when alarm;
X = merge alarm pxa xe;
tel

node nav(gps: double, xv: double, s: bool)
returns (x: double, alarm: bool)
var r: bool, c: bool;
let
(x, alarm) = merge c
(gps when c, false)
((restart ins every r)
((gps, xv) whenot c));
¢ = true fby (merge ¢ (not s when c)
(s whenot ¢));
r = false fby (s and c);
tel

C

struct euter {
bool i;
double px;

b

struct ins
int
double px
struct euter xe;

b

st funinstates {
e

b

struct nav {
bool ¢;
bool x

b

struct funsnavistep |
doutle x;

bool atar;

double fungeulerdstep(struct euler sself,
jouble x0, double 1) {
register dowsle x;
i aton ¢
Faset
X = selfpx;
}

selfoi - fal

Se1F-px = x + 0. 1000000000060950

void funfeutertreset(struct euler sself) {
elf>i « true;
self-px = 0

void untinstotetstruct ins ssel,
© funsinssstep sout,
Goubte gpe, doubte 3 {
register dousle steptx;

if (out->atamm) { out>x = self->pe; }
se
e = steps)
outoox = xe;

b

self-px = out->x;

, 5

ot unnatress(ateuc s antf) {

selfo>
m;m.ms,.mmsm >xe))i

void funbmavtstep(struct nav ese
e,
douste xv, baol 5) {
struct funsinsgstep outsinsrsstep;
register bool c;
register double inse;
register bool alr,
£ (seLf->r) ( funsins$reset(s(self->ins)); }
Selfor « 5 6 selfoc;
i Garso ¢

outox + gps;
ot >a\am = fatse;

}e
funbinssstep(a(sels-sinsr, Goutsinsristen, gps, X

1o = false;
Funsinsgreset (s(self->inse);

steptx + funseuler$step(6(self->xe), gps, x);

struct nav selfs;

ool volatile atarss;

int main(void) {
sruct fogravistn autbsens
register double
register double xv;
register bool 5;

Funsnavsreset(aselis);
while (true) {
g5 - volatile_losd(sgpss);
v = volatile_Toad(sx$);
5 = volatile_load(as$);
Funsnavsstep(sselfs, soutsstep, gps, xv, $);

volatite_store(sxs,
T AR A vy




LUSTRE

node euler(x0, u: double)
returns (x: double);
let
x = x0 fby (x + 0.1 % u);
tel

node ins(gps, xv: double)
returns (x: double, alarm: bool)
var pxa, xe: double; k: int;
let
k =0 fby (k + 1);
alarm = (k >= 50);
xe = euler((gps, xv) when not alarm);
pxa = (0. fby x) when alarm;
X = merge alarm pxa xe;
tel

node nav(gps: double, xv: double, s: bool)
returns (x: double, alarm: bool)
var r: bool, c: bool;
let
(x, alarm) = merge c
(gps when c, false)
((restart ins every r)
((gps, xv) whenot c));
¢ = true fby (merge ¢ (not s when c)
(s whenot ¢));
r = false fby (s and c);
tel

C

struet euter {
bool i;
double px;

b

struct ins
int
double px
struct euter xe;

b

strut funinstates {
e

b

struct nav {
bool ¢;
bool x

b
struct funsnavistep |
doutle x;

bool atar;
double fungeulerdstep(struct euler sself,

jouble x0, double 1) {
register dowte x;

i aton ¢
Faset
X = selfpx;

selfoi - false
SeLf->px = x + 0.100000000000000085 +

void funfeutertreset(struct euler sself) {

elf>i « true;
self-px = 0

void unkinststntstruct ins ssel,

© funsinssstep sout,
Goubte gpe, doubte 3 {
register dousle steptx;

if (out->atamm) { out>x = self->pe; }
steptx + funseuler$step(6(self->xe), gps, x);
xe = stepbr;
outoox = xe;

b

self-spx = out-ax;

'

vt funfnavistap(struct mav sl
R

douste xv, baol 5) {
struct funsinsgstep outsinsrsstep;
register bool c;
register double inse;
register bool alr,
£ (seLf->r) ( funsins$reset(s(self->ins)); }
Selfor « 5 6 selfoc;
i Garso ¢

outo + gps;
ot >a\am < rase;
}e
Funsinstatep(s(sets-insr, sousinsristes, gps, 1);

::";::5‘,,§,ms,u =Houcle ep rinci pa le

struct nav selfs;

ool volatile atarss;

int main(void) {
sruct fogravistn autbsens
register double
register double xv;
register bool 5;

Funsnavsreset(aselis);
while (true) {
g5 - volatile_losd(sgpss);
v = volatile_Toad(sx$);
5 = volatile_load(as$);
Funsnavsstep(sselfs, soutsstep, gps, xv, $);

volatite_store(sxs, 0
Velotite store(satares, sutSstep-atarn);

weld fudtnsdrest(atruct ios 3010 {

selfo>
lunlau\evsyesu(h(ss” e



LUSTRE ASSEMBLEUR

node euler(x0, u: double)
returns (x: double);
let
x = x0 fby (x + 0.1 * u);
tel

node ins(gps, xv: double)
returns (x: double, alarm: bool)
var pxa, xe: double; k: int;
let
k =0 fby (k + 1);
alarm = (k >= 50);
xe = euler((gps, xv) when not alarm);
pxa = (0. fby x) when alarm;
x = merge alarm pxa xe;
tel

node nav(gps: double, xv: double, s: bool)
returns (x: double, alarm: bool)
var r: bool, c: bool;
let
(x, alarm) = merge c
(gps when c, false)
((restart ins every r)
((gps, xv) whenot c));
c = true fby (merge c (not s when c)
(s whenot ¢));
r = false fby (s and c);
tel
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CORRECTION ?

compilation

sémantique sémantique
Lustre Assembleur

« equivalence »

Remarque : on veut en réalité la direction opposée, appelée raffinement,
c'est-a-dire les comportements observables de C sont aussi des comportements
observables de S.



EXEMPLE PLUS SIMPLE : SEMANTIQUE INTUITIVE DU RESET MODULAIRE

node nat(i: int) r >—|
returns (n: int) I_ FBY —L>"

let 1 . _
n=1 fby (n + 1); i T ! > nat _> n
tel

++
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EXEMPLE PLUS SIMPLE : SEMANTIQUE INTUITIVE DU RESET MODULAIRE

node nat(i: int) I_ — L> r>

returns (n: int)

let 1 i
n=1 fby (n + 1); i T |> nat —>n

tel

r F
i 0
nat(i) 0
(restart nat everyr)(i) O
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EXEMPLE PLUS SIMPLE : SEMANTIQUE INTUITIVE DU RESET MODULAIRE

node nat(i: int) I_ — L> r>

returns (n: int)

let 1 i
n=1 fby (n + 1); i T |> nat —>n

tel

r FF
i 0 5
nat(i) 0 1
(restart nateveryr)(i) 0 1
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EXEMPLE PLUS SIMPLE : SEMANTIQUE INTUITIVE DU RESET MODULAIRE

node nat(i: int) I_ — L> r>

returns (n: int)

let 1 i
=i fby (n + 1); i T '>_ pat >n

n =

++

tel
r F [F T
i 0 5 10
nat(i) 0o 1 2
(restart nateveryr)(i) 0 1 10

10



EXEMPLE PLUS SIMPLE : SEMANTIQUE INTUITIVE DU RESET MODULAIRE

node nat(i: int) I_ — L> r>

returns (n: int)
1

let 1 i
n=1 fby (n + 1); i T |> nat >n

++

tel
r FF T F
i 0 5 10 15
nat(i) o1 2 3
(restart nateveryr)(i) 0 1 10 11

10



EXEMPLE PLUS SIMPLE : SEMANTIQUE INTUITIVE DU RESET MODULAIRE

node nat(i: int) I_ — L> r>

returns (n: int)
1

let 1 i
n=1 fby (n + 1); i T |> nat >n

++

tel
r FF T F F
i 0O 5 10 15 20
nat(i) 01 2 3 &4
(restart nateveryr)(i) 0 1 10 11 12

10



EXEMPLE PLUS SIMPLE : SEMANTIQUE INTUITIVE DU RESET MODULAIRE

node nat(i: int) I_ — L> r>

returns (n: int)
1

let 1 i
n=1i fby (n + 1); i 3y > nat >”

++

tel

T F F T

r F
5 10 15 20 25

F
i 0
nat(i) 0
(restart nat everyr)(i) O

2 3 4 5
1 10 11 12 25

[EY
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EXEMPLE PLUS SIMPLE : SEMANTIQUE INTUITIVE DU RESET MODULAIRE

node nat(i: int) I_ — L> r>

returns (n: int)
1

let 1 i
n=1i fby (n + 1); i 3y > nat >”

++

tel

T F F T F

r F
5 10 15 20 25 30

F
i 0
nat(i) 0
(restart nat everyr)(i) O

2 3 4 5 6
1 10 11 12 25 26

[EY
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EXEMPLE PLUS SIMPLE : SEMANTIQUE INTUITIVE DU RESET MODULAIRE

node nat(i: int) I_ — L> r>

returns (n: int)
1

let 1 i
n=1i fby (n + 1); i 3y > nat >”

++

tel

T F F T F

r F
5 10 15 20 25 30

F
i 0
nat(i) 0
(restart nat everyr)(i) O

2 3 4 5 6
1 10 11 12 25 26

[EY

10
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EXEMPLE PLUS SIMPLE : SEMANTIQUE INTUITIVE DU RESET MODULAIRE

++

node nat(i: int) I_ — L> r>

returns (n: int)
1

let 1 i
n=1i fby (n + 1); i 3y > nat >”

tel

T F F T F

r F
5 10 15 20 25 30

F
i 0
nat(i) 0
(restart nat everyr)(i) O

2 3 4 5 6
1 10 11 12 25 26

[EY

Peut étre implémenté dans un langage récursif d'ordre supérieur
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1

let 1 i
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r F
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EXEMPLE PLUS SIMPLE : SEMANTIQUE INTUITIVE DU RESET MODULAIRE

++

node nat(i: int) I_ — L> r>

returns (n: int)
1

let 1 i
n=1 fby (n + 1); i T |> nat >n

tel

T F F T F

r F
5 10 15 20 25 30

F
i 0
nat(i) 0
(restart nat everyr)(i) O

2 3 4 5 6
1 10 11 12 25 26

[EY

Peut étre implémenté dans un langage récursif d'ordre supérieur
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EXEMPLE PLUS SIMPLE : SEMANTIQUE INTUITIVE DU RESET MODULAIRE

r FF T F F T F

I 0 5 10 15 20 25 30

(restart nateveryr)(i) 0 1 10 11 12 25 26
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EXEMPLE PLUS SIMPLE : SEMANTIQUE INTUITIVE DU RESET MODULAIRE

r FF T F F T F

count r 0 0 1 1 1 2 2
i O 5 10 15 20 25 30

(restart nateveryr)(i) 0 1 10 11 12 25 26

10



EXEMPLE PLUS SIMPLE : SEMANTIQUE INTUITIVE DU RESET MODULAIRE

r FF T F FoT F
countr 0 O 1 1 1 2 2
i O 5 10 15 20 25 30
mask i 0 5

(restart nateveryr)(i) 0 1 10 11 12 25 26

10
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r FF T F F T F
count r 0 O 1 1 1 2 2
i 0 5 10 15 20 25 30
mask? i 0 5
nat( mask? i) 0 1

(restart nateveryr)(i) O 1 10 11 12 25 26
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EXEMPLE PLUS SIMPLE : SEMANTIQUE INTUITIVE DU RESET MODULAIRE

r FF T F F T F
count r 0 0 1 1 1 2 2
i 0 5 10 15 20 25 30
mask? i 0 5

nat( mask?i) 0 1

mask, i 10 15 20

(restart nateveryr)(i) 0 1 10 11 12 25 26

10
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r FF T F F T F
countr 0 0 1 1 1 2 2
I 0 5 10 15 20 25 30
mask? i 0 5

nat(rnaskgi) 0 1

mask i 10 15 20

nat( mask} i) 10 11 12

10 11 12 25 26

(@)
=

(restart nat every r)(i)
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r F F T F F T F
countr 0 O 1 1 1 2 2
i 0 5 10 15 20 25 30
mask? i 0 5

nat(rnaskgi) 0 1

mask i 10 15 20

nat( mask} i) 10 11 12

mask? | 25 30

10 11 12 25 26

(@)
=

(restart nat every r)(i)
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EXEMPLE PLUS SIMPLE : SEMANTIQUE INTUITIVE DU RESET MODULAIRE

r F F T F F T F
countr 0 O 1 1 1 2 2
i 0 5 10 15 20 25 30
mask? i 0 5

nat( mask?i) 0 1

mask i 10 15 20

nat( mask} i) 10 11 12

mask? | 25 30
nat( mask? i) 25 26

(@)
=

(restart nat every r)(i) 10 11 12 25 26

10



EXEMPLE PLUS SIMPLE : SEMANTIQUE INTUITIVE DU RESET MODULAIRE

r F F T F F T F
countr 0 O 1 1 1 2 2
i 0 5 10 15 20 25 30
mask? i 0 5

nat(rnaskgi) 0 1

mask i 10 15 20

nat( mask} i) 10 11 12

mask? | 25 30

nat( mask? i) 25 26

10 11 12 25 26

(@)
=

(restart nat every r)(i)

10
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Vi, HiFelxs; Ff(xs)|lys Vi, Hi(x) =ys,
HEx = f(e)
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Instanciation de noeud

Vi, HiFelxs; Ff(xs)|lys Vi, Hi(x) =ys,
HEx = f(e)

Reset modulaire
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SEMANTIQUE FORMELLE

Instanciation de noeud

Vi, HiFelxs; Ff(xs)|lys Vi, Hi(x) =ys,
HEx = f(e)

Reset modulaire

Vi, Hi(y) =rs; r = bools-of rs
Vi, Hi-e | xs; VR, -f <maskjffxs> |l maskFys Vi, Hi(x) = ys;

HEx = (restart fevery y)(e)

"



SEMANTIQUE FORMELLE

Instanciation de noeud

Vi, HiFelxs; Ff(xs)|lys Vi, Hi(x) =ys,
HEx = f(e)

Reset modulaire

Vi, Hi(y) =rs; r = bools-of rs
Vi, Hi-e | xs; VR, kf(maskf;xs) || masklys Wi, Hi(x) = ys;

HEx = (restart fevery y)(e)

Relation universellement quantifiée : nombre non borné de
contraintes

"



STC : SYNCHRONOUS TRANSITION CODE

Proposer un nouveau langage intermédiaire

- Sémantique invariante par permutation
- Reset sépare

- Variables d’état et instances explicites
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STC : SYNCHRONOUS TRANSITION CODE

Proposer un nouveau langage intermédiaire

- Sémantique invariante par permutation
- Reset sépare

- Variables d’état et instances explicites

ordonnancement optimisation de fusion

i-traduction
= ===p NLustre Stc Obc

s-traduction

génération

clight f---»

12



SEMANTIQUE INTUITIVE DE STC

Etats de départ S,

Jarrivée S Contraintes de transition Ftat intermédiaire |/
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SEMANTIQUE INTUITIVE DE STC

Etats de départ S,

o, Contraintes de transition Ftat intermédiaire |
d'arrivée S
system driver {
sub x: ins; S s’

transition(x0, y0, u, v: double, r: bool)
returns (x: double)
var ax: bool;

X, ax = ins<x>(x0, u);
reset ins<x> every (. on r);

13



SEMANTIQUE INTUITIVE DE STC

Etats de départ S,

o Contraintes de transition Etat intermédiaire |
d'arrivee S
driver
system driver { //////EEEQETF;?T\\\\\&
sub x: ins; s s

transition(x0, y@, u, v: double, r: bool)
returns (x: double) Six] 1]
var ax: bool;

X, ax = ins<x>(x0, u);
reset ins<x> every (. on r);

13



SEMANTIQUE INTUITIVE DE STC

Etats de départ S,

o, Contraintes de transition Ftat intermédiaire |
d'arrivee S
driver
system driver { ///////dggmﬂrr‘;}\\\\\\>L
sub x: ins; S s’
‘ ins

transition(x0, y@, u, v: double, r: bool) ~ Treset

returns (x: double) SiK IIx] S'[X]

var ax: bool;

X, ax = ins<x>(x0, u);
reset ins<x> every (. on r);

13



SEMANTIQUE INTUITIVE DE STC

Etats de départ S,

o Contraintes de transition Etat intermédiaire |
d'arrivee &
driver
system driver { //////HEELETF;?T\\\\\&
sub x: ins; S s’
‘ ins ins ‘
transition(x0, y0, u, v: double, r: bool) ~ Treset ~default ™
returns (x: double) Six] 1Ix] S'[X]
var ax: bool;
{
X, ax = ins<x>(x0, u);
reset ins<x> every (. on r); S %
}

I3 13



SEMANTIQUE INTUITIVE DE STC

Etats de départ S,

o, Contraintes de transition Ftat intermédiaire |
d'arrivée S
driver
system driver { m
sub x: ins; S s’
‘ ins ins ‘
transition(x0, y0, u, v: double, r: bool) ~ Treset ~default ™
!
returns (x: double) Six] 1Ix] S'[x]
var ax: bool; )
{ driver
X, ax = ins<x>(x0, u); m
reset ins<x> every (. on r); S %

}
] |

SI I "



SEMANTIQUE INTUITIVE DE STC

Etats de départ S,

o, Contraintes de transition Ftat intermédiaire |
d'arrivée S
driver
system driver { m
sub x: ins; S s’
‘ ins ins ‘
transition(x0, y0, u, v: double, r: bool) ~ Treset ~default ™
!
returns (x: double) Six] 1Ix] S'[x]
var ax: bool; )
{ driver
X, ax = ins<x>(x0, u); m
reset ins<x> every (. on r); S %

}
] | |

s o~ K S'Ix] 3



LE LANGAGE CLIGHT

Mécanisation en Coq de la syntaxe, de la sémantique et des algorithmes de
compilation du langage C.

Clight

- langage intermédiaire de CompCert
- trés proche de C

- opérations de bas niveau (adresses, structures, ...)



MODELE SEMANTIQUE DE CLIGHT

- modéle mémoire : blocs contigus
- variables et registres
- etat séemantique (E, L, M)
E identifiants vers adresses

L identifiants vers valeurs
M adresses vers octets

15



CORRECTION : CORRESPONDANCE ENTRE OBC ET CLIGHT

Conséquences du modéle mémoire de CompCert

- aliasing
- alignement
- permissions

- tailles de types

Manipulation de structures et de pointeurs



REYNOLDS 2002
CORRECTION : CORRESPONDANCE ENTRE OBC ET CLIGHT

Conséquences du modéle mémoire de CompCert

- aliasing
- alignement
- permissions

- tailles de types

Manipulation de structures et de pointeurs

Solution : utiliser des assertions de Logique de Séparation
MEPxQ



PREDICAT DE CORRESPONDANCE D'ETAT

bool c
bool r

alignement| | |
C insr 9

int k
alignement
// \\ bool il|| [}
i pX

nav

ins insr

double px || \\
alignement |

double px \\

euler xe
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PREDICAT DE CORRESPONDANCE D'ETAT

bool c
bool r
alignement

nav

int k
alignement

. double px ]
// \\ bool il|| [}
: alignement |
double px \\
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(]
©
x
euler xe




PREDICAT DE CORRESPONDANCE D'ETAT
= bool ¢
_LLUTree = bool r|| |
A ----------------- —_

) .. alignement
C r insr ~A 9

int k
alignement

. double px ]
// \\ bool i|| [}
: alignement |
double px \\

1ns 1nsr
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x
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THEOREME FINAL

Théoréme (correction de Vélus)

Soient une liste de declarations D, un nom f, deux listes de flots de valeurs xs
et ys, un programme NLustre G et un programme Assembleur P tels que
compile D f = OK (G, P) et G-f(xs) || ys, alors, il existe une trace infinie
d’evenements T telle que

P lasu Reacts(T) et bisim-I0°fxsys T
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