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EXAMPLE

[Caspi et al. (1987); Colaco, Pagano, and Pouzet (2017)]

-
e

0.1

x0

FBY

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

[Caspi et al. (1987); Colaco, Pagano, and Pouzet (2017)]

LFBY K

node ins(gps, xv: double)

+ . .
g i ®>alarm returns (x: double, alarn.'l. bool)
o |—T ) 5 var pxa, xe: double; k: int;
let
L FBY WaLa‘rénN oxa alarmL k =0 fby (k + 1);
g :>—> >x alarm = (k > 50);
o.oJ xe = euler((gps, xv) when not alarm);
gps > pxa = (0. fby x) when alarm;
WHEN alm | X = merge alarm pxa Xxe;
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
k 0 1 2 3 49 50 51
alarm F F F F F T T
xe 0.00 1.50 3.50 5.20 77.35
pxa 77.35  77.35
X 0.00 1.50 3.50 5.20 7735 7735 77.35 4116
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[Colago, Pagano, and Pouzet (2005)]
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WITHOUT MODULAR RESET

node euler(x0, u: double, r: bool)

returns (x: double);
let

x = if r then x0 else x0 fby (x + 0.1 * u);
tel

node ins(gps, xv: double, r: bool)
returns (x: double, alarm: bool)
var k: int;
let
X = merge alarm
((0. fby x) when alarm)
(euler((gps, xv, r) whenot alarm));
alarm = (k > 50);
k = if r then 0 else 0 fby (k + 1);
tel

(x, a) = ins(gps, xv, r);
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WITHOUT MODULAR RESET

[Caspi (1994); Hamon and Pouzet (2000)]

WITH MODULAR RESET

node euler(x0, u: double, r: bool)
returns (x: double);
let

x = if r then x0 else x0 fby (x + 0.1 * u);

tel

node ins(gps, xv: double, r: bool)
returns (x: double, alarm: bool)
var k: int;
let
X = merge alarm
((0. fby x) when alarm)
(euler((gps, xv, r) whenot alarm));
alarm = (k > 50);
k = if r then 0 else 0 fby (k + 1);
tel

(x, a) = ins(gps, xv, r);

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

(x, a) = (restart ins every r) (gps, xv);
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GRAPHICAL MODULAR RESET CONSTRUCT

ins

Simulink
N,
Aops 4R xt
Axv a
Subsystem
Reset
gps X
XV a

ins
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A SIMPLER EXAMPLE: INTUITIVE SEMANTICS

node nat(i: int) r>
returns (n: int) |_Jr FBY
n m
let Ll . > _ >n
n=1 fby (n + 1); i T |> nat —
tel
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[Hamon and Pouzet (2000)]
A SIMPLER EXAMPLE: INTUITIVE SEMANTICS

node nat(i: int) I_ — L> r>
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1

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

Could be implemented in a higher-order recursive language /
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Node instantiation
Hrexpe | es  Fpode fles) d xs  H(x) = xs

Hbegnx = f(e)

Modular reset

H(y) =rs r = bools-of rs
Hbexpe Il es k. Froge f(mask] es) |} mask; xs  H(x) = xs

Hleqnx = (restart fevery y)(e)

Universally quantified relation: unbounded number of constraints
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[Bourke et al. (2017)]

VELUS: A VERIFIED LUSTRE COMPILER
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A PROBLEM WITH THE COMPILATION FROM NLUSTRE TO OBC

class driver {
instance x: ins, y: ins;

reset() { ins(x).reset();

node driver(x0, y0, u, v: double, r: bool) () s FERCHEL)

returns (x, y: double)

var ax, ay: bool: step(x0, y0, u, v: double, r: bool)

returns (x, y: double)

let var ax, ay: bool
x, ax = (restart ins every r)(x0, u); { r ey
te{, ay = (restart ins every r)(ye, v); 47 o 8 Sl meseEl) e

X, ax := ins(x).step(x0, u);
if r { ins(y).reset() };
y, ay := ins(y).step(y6, v)
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Propose a new intermediate language

- Invariant semantics under permutation
- Separate reset construct

- Explicit state: state variables and instances
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COMPILATION WITH STC

scheduling fusion optimization

i-translation
= == NLustre [=————————p

node driver(x0, y0, u, v: double, r: bool)
returns (x, y: double)

var ax
let
X, ax
y, ay
tel

’

ay: bool;

(restart ins every r)(x0, u);
(restart ins every r)(y0, v);

s-translation

O

system driver {
sub x: ins, y: ins;

transition(x0, y0, u, v: double, r:

returns (x, y: double)
var ax, ay: bool;

X, ax = ins<x>(x0, u);
reset ins<x> every (. on r);
y, ay = ins<y>(y0, v);
reset ins<y> every (. on r);

bool)
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COMPILATION WITH STC

scheduling fusion optimization

i-translation
= = =% NLustre Obc -=

node driver(x0, y0, u, v: double, r: bool) system driver {

s-translation

returns (x, y: double) sub x: ins, y: ins;
var ax, ay: bool;
let transition(x0, y0, u, v: double, r: bool)
X, ax = (restart ins every r)(x0, u); returns (x, y: double)
y, ay = (restart ins every r)(y0, v); var ax, ay: bool;
tel {

reset ins<x> every (. on r);
reset ins<y> every (. on r);
X, ax = ins<x>(x0, u);
y, ay = ins<y>(y0, v);
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COMPILATION WITH STC

scheduling fusion optimization
i-translation s-translation '
system driver { class driver {
sub x: ins, y: ins; instance x: ins, y: ins;
transition(x0, y0, u, v: double, r: bool) reset() { ins(x).reset();
returns (x, y: double) ins(y).reset() }
var ax, ay: bool;
{ step(x0, y0, u, v: double, r: bool)
reset ins<x> every (. on r); returns (x, y: double)
reset ins<y> every (. on r); var ax, ay: bool
X, ax = ins<x>(x0, u); {
y, ay = ins<y>(y0, v); if r { ins(x).reset() };
} if r { ins(y).reset() };
} X, ax := ins(x).step(x0, u);
y, ay := ins(y).step(y0, v)
}
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COMPILATION WITH STC

scheduling fusion optimization

i-translation
== =3 NLustre

system driver {
sub x: ins, y: ins;

transition(x0, y0, u, v: double, r:

returns (x, y: double)
var ax, ay: bool;

{
reset ins<x> every (. on r);
reset ins<y> every (. on r);
X, ax = ins<x>(x0, u);
y, ay = ins<y>(y0, v);

bool)

O

s-translation

--’
class driver {

instance x: ins, y: ins;

reset() { ins(x).reset();
ins(y).reset() }

step(x0, y0, u, v: double, r: bool)
returns (x, y: double)
var ax, ay: bool

if r { ins(x).reset();
ins(y).reset() };

X, ax := ins(x).step(x0, u);

y, ay := ins(y).step(y0, v)
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STC INTUITIVE SEMANTICS

Transition system
- Start state S, end state S’

system driver {
sub x:

ins, y: ins;

- Transition constraints - Transient state |

driver

default, r =T

transition(x@, y0, u, v: double, r: bool)

{

retur
var a

X, ax
reset
y, ay
reset

ns (x, y: double)
X, ay: bool;

= ins<x>(x0, u);
ins<x> every (. on r);
= ins<y>(y0, v);
ins<y> every (. on r);
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Transition system
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driver
system driver { e
sub x: ins, y: j_ns; w
s &
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driver

system driver {

i z default, r=T
sub x: ins, y: ins;

s SI

transition(x@, y0, u, v: double, r: bool) ‘ ins ins

returns (x, y: double) ~reset ~ default™ ,

var ax, ay: bool; X Ix S
{ Ao

X, ax = ins<x>(x0, u); _ﬂ/ﬂ”\@n%w
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y, ay = in5<y>(y0, v); S ' . s’
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STC INTUITIVE SEMANTICS

Transition system

- Start state S, end state &' - Transition constraints - Transient state |/
dri { driver
system driver —
sub x: ins, y: j_ns; m
s &

transition(x@, y0, u, v: double, r: bool) ‘ ins ins
returns (x, y: double) F rm default )
var ax, ay: bool; Sx Ix S
{

: driver
X, ax = ins<x>(x0, u);

reset ins<x> every (. on r); default, r =F

y, ay = ins<y>(ye, v); s 5
reset ins<y> every (. on r); ‘ s ‘

(1~Ta L rwrt 2
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CORRECTNESS: PRESERVATION OF THE SEMANTICS

scheduling

i-translation s-translation
====p NLustre > Stc > Obc -==>

A
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ULTIMATE THEOREM

Theorem (Vélus correctness)

Given a list of declarations D, a name f, lists of streams of values xs and ys, an
NLustre program G and an assembly program P such that compile D f = OK (G, P)
and G+ f(xs) || ys, then there exists an infinite trace of events T such that

P Jssu Reacts(T) and bisim-I0°fxsys T
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Theorem (Vélus correctness)
Given a list of declarations D, a name f, lists of streams of values xs and ys, an

NLustre program G and an assembly program P such that compile D f = OK (G, P)
and G+ f(xs) || ys, then there exists an infinite trace of events T such that

P Jssu Reacts(T) and bisim-I0°fxsys T

fuse init-args gen cl-to-asm
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CONCLUSION

Contributions:

- Averified compiler for Lustre with reset
- A single additional semantic rule for the reset
- An intermediate transition system language: Stc

Next goal: State machines
»
VELw

velus.inria.fr
github.com/INRIA/velus
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