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Specifying Interactive Applications




The evolution of Safety-Critical HMls

Concorde (1976)
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The evolution of Safety-Critical HMls

¢ L . -
Concorde (1976) Airbus A380 (2005) @9 Todd Lappin
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https://www.flickr.com/photos/telstar

The evolution of Safety-Critical HMls

visualize

interact

Concorde (1976) Airbus A380 (2005) @9 Todd Lappin
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Programming HMIs with procedural languages : the “callback hell”

startBtn.addEventListener ("click", function () { % :
startBtn.disabled = true; Start Finish
status.innerText = "Started._ Please_ confirm."; Started. Please confirm.
confirmBtn.disabled = false;
confirmBtn.addEventListener ("click", function () {
confirmBtn.disabled = true;
status.innerText = "Confirmed. Please finish.";

finishBtn.disabled = false;

finishBtn.addEventListener ("click", function () {
finishBtn.disabled = true;
status.innerText = "Process complete.";
P
DN
b
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Programming HMIs with procedural languages : the “callback hell”

startBtn.addEventListener ("click", function () { 5 -
startBtn.disabled = true; Start Finish
status.innerText = "Started. Please confirm."; Started. Please confirm.
confirmBtn.disabled = false;

confirmBtn.addEventListener ("click", function () {
confirmBtn.disabled = true;
status.innerText = "Confirmed. Please finish.";
finishBtn.disabled = false;

finishBtn.addEventListener ("click", function () {
finishBtn.disabled = true;
status.innerText = "Process complete.";
IDH
DN

b;
[Myers (1991): Separating application code from toolkits: }

Eliminating the spaghetti of call-backs
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Smala : a UIDL used in safety-critical applications

Magnaudet, Chatty, Conversy, Leriche, Picard, and Prun (2018): Djnn/Smala: A
Conceptual Framework and a Language for Interaction-Oriented Programming

PRECH GFD (CONTR

contrleft (1408 |Motor top (118 [Motor bottal /5% [BTP

324y) [cooLnG 180< |[cooune |43k (coolne [ 8% (sTaR

contr right (118

auxsatr [15.00 1698 oonG 180 Backwater [144%

Antoine and Conversy (2017): Volta: The First All-
Electric Conventional Helicopter

Cousy et al. (2022): AEON: Toward a concept of operation and tools for
supporting engine-off navigation for ground operations
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Programming with (almost) Smala — 08

Component root {
Int count 3
Spike zero
(count == 0) -> zero
Frame f ("ICE_,2025", 300, 50)
Font _ ("arial.ttf", 20)
FillColor _ (150,150,150)
Component btnl {
Rectangle r (0,0,100,f.height)
r.press -> { 2565 =: green }
r.release -> { 1560 =: green }
FillColor _ (0,0,0)
Text _ ("decr", r.x + 30, 13)
}
btnl.r.release -> { last count - 1 =: count }
zero ->! btnl.r
(count > 0) -> btmnl.r

. // restart button + counter label
Exit e (0)
f.close -> e

} 4/21



Programming with (almost) Smala — 08

Component root {
Int count 3;
Spike zero; (count == 0) -> zero;
Frame f ("ICE_2025", 300, 50) {
Font _ ("arial.ttf", 20) {
FillColor btnl (150,150,150) {
Rectangle r (0,0,100,f.height) {
FillColor _ (0,0,0) {
Text _ ("decr", r.x + 30, 13) {}
};
};
r.press -> hg; hg: 255 =: green;
r.release -> dhg; dhg: 150 =: green;
};
btnl.r.release -> dec; dec: last count - 1 =: count;
zero ->! btnl.r; (count > 0) -> btnl.r;

// restart button + counter label
}
};
Exit e (0) { f.close -> trigger };
} 4/21



Programming with (almost) Smala

Component root {
Int count 3;
Spike zero; (count == 0) -> zero;
Frame f ("ICE_2025", 300, 50) {
Font _ ("arial.ttf", 20) {
FillColor btmnl (150,150,150) {
Rectangle r (0,0,100,f.height) {
FillColor _ (0,0,0) {
Text _ ("decr", r.x + 30, 13) {}
};
};
r.press -> hg; hg: 255 =: green;
r.release -> dhg; dhg: 150 =: green;
};
btnl.r.release -> dec; dec: last count - 1 =: count;
zero ->! btnl.r; (count > 0) -> btnl.r;

// restart button + counter label
}
};
Exit e (0) { f.close -> trigger };
}

ICE 2025

press decr

decr

ICE 2025

x
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Programming with (almost) Smala — 08

Component root {
press decr

Int count 3;

Spike zero; (count == 0) -> zero;
Frame f ("ICE_2025", 300, 50) { ICE 2025 5 ®
Font _ ("arial.ttf", 20) { decr rem: 3
FillColor btnl (150,150,150) {
Rectangle r (0,0,100,f.height) { release decr

FillColor _ (0,0,0) {
Text _ ("decr", r.x + 30, 13) {} il i
}; decr I restart
};
r.press -> hg; hg: 255 =: green;
r.release -> dhg; dhg: 150 =: green;
};
btnl.r.release -> dec; dec: last count - 1 =: count;
zero ->! btnl.r; (count > 0) -> btnl.r;

// restart button + counter label
}
};
Exit e (0) { f.close -> trigger };
} 4/21



Programming with (almost) Smala

Component root {
Int count 3;
Spike zero; (count == 0)
Frame f ("ICE_2025", 300, 50) {
Font _ ("arial.ttf", 20) {
FillColor btnl (150,150,150) {
Rectangle r (0,0,100,f.height) {

FillColor _ (0,0,0) {
Text _ ("decr", r.x + 30, 13) {}

};

s
r.press —> hg; hg: 255 =: green;

r.release -> dhg; dhg: 150 =: green;

-> zero;

};

btnl.r.release -> dec; dec: last count - 1 =: count;
zero ->! btnl.r; (count > 0) -> btnl.r;

// restart button + counter label

}

};
Exit e (0) { f.close -> trigger };

}

ICE 2025

- x

press decrl r

ICE 2025

decr

release decrl

ICE 2025
decr I restart

decr:
\

ICE 2025

decr I restart
I

|
decr
A\l

ICE 2025

estart \

8@

rem: 3

/
rem: 2
- x|y

/
rem: 1

!
- Xy
/

rem: 0
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Formalizing Smala

We would like to:
» specify formally what programs do
» prove properties of source programs
» specify and prove the correctness of compilation to imperative code

We need formal semantics for Smala !
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Formalizing Smala

We would like to:
» specify formally what programs do
» prove properties of source programs

» specify and prove the correctness of compilation to imperative code
We need formal semantics for Smala !

Interface Description Language Based on Bigraphs

PreViOUS WOI’k: blgraph|ca| semantics fOF Smala [Na\pom Allignol, and Picard (2022): Towards a User }

» Has been used to specify/prove program properties by model checking
» Rocq mechanization in progress

> Not sure its good for proving compilation algorithms
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Formalizing Smala

We would like to:
» specify formally what programs do
» prove properties of source programs

» specify and prove the correctness of compilation to imperative code
We need formal semantics for Smala !

PreViOUS WOI’k: blgraph|ca| semantics fOF Smala [Na\pon‘ Allignol, and Picard (2022): Towards a User }

Interface Description Language Based on Bigraphs
» Has been used to specify/prove program properties by model checking
» Rocq mechanization in progress

> Not sure its good for proving compilation algorithms

This work: a new relational model (mechanized in RROCQ)
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Smalite: a Formalized UIDL




Execution Model

(Eo, Ao)

where
ICE 2025 _ ox E,' . Path — Value
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Execution Model

(Eo, Ao)

(Ex, A1)
¢ ;
evo TO

Trigger btnl.r.press

ICE 2025 - x
decr rem: 3

ev := Trigger path | Assign v path

N mIn -« -

Path — Value
Path

Event

Event
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Execution Model

(o, Ao) : o (B A) — (B, Ao) ~-- oo -
evo TO eviy Tl
Trigger btnl.r.press Trigger btnl.r.release
where
ICE 2025 _ ox E,' . Path — Value
Ai C Path
ev; € Event
T; C Event

ev := Trigger path | Assign v path | Activate path | Deactivate path
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System Initialization — Example

ICE 2025 B &

decr rem: 3

Int count 3;
Frame f ("ICE_,2025", 300, 50) {
FillColor btnl (150,150,150) {
Rectangle r (0,0,100,f.height) {
Text t ("decr", r.x + 30, 13) {}
}s
};
FillColor btn2 (150,150,150) {
Rectangle<d> r (0,0,100,f.height) {
Text t ("restart", r.x + 30, 13) {}

count — 3




System Initialization — Example

ICE 2025 B &

decr rem: 3

Int count 3;
Frame f ("ICE_,2025", 300, 50) {
FillColor btnl (150,150,150) {
Rectangle r (0,0,100,f.height) {
Text t ("decr", r.x + 30, 13) {}
}s
};
FillColor btn2 (150,150,150) {
Rectangle<d> r (0,0,100,f.height) {
Text t ("restart", r.x + 30, 13) {}

count — 3
f.height — 50




System Initialization — Example

ICE 2025 B &

decr rem: 3

Int count 3;
Frame f ("ICE_,2025", 300, 50) { ...
FillColor btnl (150,150,150) {
Rectangle r (0,0,100,f.height) { ...
Text t ("decr", r.x + 30, 13) {}
}s
};
FillColor btn2 (150,150,150) {

Rectangle<d> r (0,0,100,f.height) { ...
Text t ("restart", r.x + 30, 13) {} ...

count — 3
f.height — 50
f.btnl.r.x—20
f.btnl.r.height — 50
f.btnl.r.t.x+— 30




System Initialization — Example

ICE 2025 B &

decr rem: 3

Int count 3;
Frame f ("ICE_,2025", 300, 50) { ...
FillColor btnl (150,150,150) {
Rectangle r (0,0,100,f.height) { ...
Text t ("decr", r.x + 30, 13) {}
}s
};
FillColor btn2 (150,150,150) {

Rectangle<d> r (0,0,100,f.height) { ...
Text t ("restart", r.x + 30, 13) {} ...

count — 3
f.height — 50
f.btnl.r.x—20
f.btnl.r.height — 50
f.btnl.r.t.x+— 30




System Initialization — Example

ICE 2025 B &

decr rem: 3

Int count 3;
Frame f ("ICE_,2025", 300, 50) { ...
FillColor btnl (150,150,150) {
Rectangle r (0,0,100,f.height) { ...
Text t ("decr", r.x + 30, 13) {}
}s
};
FillColor btn2 (150,150,150) {

Rectangle<d> r (0,0,100,f.height) { ...
Text t ("restart", r.x + 30, 13) {} ...

count — 3
f.height — 50
f.btnl.r.x—20
f.btnl.r.height — 50
f.btnl.r.t.x+— 30

.btnl
.btnl.r
.btn2

Hh Hh Hh b
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System Initialization — Example

ICE 2025 B &

decr rem: 3

Int count 3;
Frame f ("ICE_,2025", 300, 50) { ...
FillColor btnl (150,150,150) {
Rectangle r (0,0,100,f.height) { ...
Text t ("decr", r.x + 30, 13) {}
}s
};
FillColor btn2 (150,150,150) {

Rectangle<d> r (0,0,100,f.height) { ...
Text t ("restart", r.x + 30, 13) {} ...

count — 3
f.height — 50
f.btnl.r.x—20
f.btnl.r.height — 50
f.btnl.r.t.x+— 30

.btnl
.btnl.r
.btn2

Hh Hh Hh b
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System Initialization — Rules

0 Ky proc, || E K proc, || A
k. proc | E, A
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System Initialization — Rules

0 K. proc. |} E b proc. | A
k. proc | E, A

0,Ek,elv
EEy (ty x €)p, I E[re.x = V]

E & (Component<_> x {€}), || E

E H:‘\« p(rx.x) ‘U E/
E' k. (Component<_> x {ps}), | E”
E £, (Component<_> x {p; ps}), | E”
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System Initialization — Rules

0 K proc, | E e proc, | A
k. proc | E, A

k" (Component<d> x {ps}), | 0

b (ps)rx I A
B (Component<a> x {ps}r, LJ A) U {rex}
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Reaction to an Event

E, AL, proc(event) || E', A, (T N {Trigger p | Spike p € proc})

program initial event
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Reaction to an Event

E,Ak.. proc(event) | E', A", (T N {Trigger p | Spike p € proc})
pre-state post-state emitted events
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Reaction to an Event

emitted events

\ initial event propagated events
T ={eventyU{ev | E,A T, E A proc | ev}

E, AL, proc(event) || E', A',(T N {Trigger p | Spike p € proc})
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Reaction to an Event

state update

T ={eventyU{ev | E,A T, E A proc |} ev}

E,A Tk,..proc | E',A
E, AL, proc(event) || E', A',(T N {Trigger p | Spike p € proc})
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Propagation of Events — Example

decr

3

ICE 2025

Int count 3;

Spike =zero;

x

—

(count == 0) -> zero;

FillColor btni (150,150,150) {

Rectangle r (0,0,100,f.
r.press -> hg;

};

btnl.r.release -> dec;

zero

->1

r.release -> dhg;

btnl.r;

height) {
hg: 255 =: green;
dhg: 150 =: green;

dec:

(count > 0) -> btnl.r;

last count - 1 =:

ICE 2025

count;

T ={event} U{ev | E.A, T E' A"t proc | ev}
E, T,E',A"F proc,
e proc L E'VA
E, AW, proc(event) | E’, A',(T N{Trigger p | Spike p € proc})

Trigger btnl.r.release
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T ={event} U{ev | E.A, T E' A"t proc | ev}
E, T,E',A"F proc,
E,A, T b proc || E'A
E, AW, proc(event) | E’, A',(T N{Trigger p | Spike p € proc})

Propagation of Events — Example

ICE 2025

D &

ICE 2025
—
decr rem: 2

Int count 3;
Spike zero; (count == 0) -> zero;

Trigger btnl.r.release

Trigger dhg

FillColor btnl (150,150,150) {
Rectangle r (0,0,100,f.height) { ... };
r.press -> hg; hg: 255 =: green;
r.release -> dhg; dhg: 150 =: green;
};
btnl.r.release -> dec; dec: last count - 1 =: count;
(count > 0) -> btnl.r;
10/21

zero ->! btnl.r;



T ={event} U{ev | E.A, T E' A"t proc | ev}
E, T,E',A"F proc,
E,A, T b proc || E'A
E, AW, proc(event) | E’, A',(T N{Trigger p | Spike p € proc})

Propagation of Events — Example

ICE 2025

D &

ICE 2025
—
decr rem: 2

Int count 3;
Spike zero; (count == 0) -> zero;

Trigger btnl.r.release

Trigger dhg
FillColor btnl (150,150,150) { T = Assign 150 btnl.green
Rectangle r (0,0,100,f.height) { ... };
r.press -> hg; hg: 255 =: green;
r.release -> dhg; dhg: 150 =: green;
};
btnl.r.release -> dec; dec: last count - 1 =: count;

(count > 0) -> btnl.r;
10/21
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T ={event} U{ev | E.A, T E' A"t proc | ev}

Propagation of Events — Example for| B4 TEA

E,A, T b proc || E'A
E, AW, proc(event) | E’, A',(T N{Trigger p | Spike p € proc})

ICE 2025 — X ICE 2025 — X
Int count 3;
Spike zero; (count == 0) -> zero;
Trigger btnl.r.release
Trigger dhg
FillColor btnl (150,150,150) { T = Assign 150 btnil green
Rectangle r (0,0,100,f.height) { ... }; . :
r.press -> hg; hg: 255 =: green; Trlgger dec
r.release -> dhg; dhg: 150 =: green; Assign 1 count
};
btnl.r.release -> dec; dec: last count - 1 =: count;

zero ->! btnl.r; (count > 0) -> btnl.r;
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T ={event} U{ev | E.A, T E' A"t proc | ev}

Propagation of Events — Example for| B4 TEA

E,A, T b proc || E'A
E, AW, proc(event) | E’, A',(T N{Trigger p | Spike p € proc})

ICE 2025 — X ICE 2025 — X
Int count 3;
Spike zero; (count == 0) -> zero;
Trigger btnl.r.release
Trigger dhg
FillColor btnl (150,150,150) { T = Assign 150 btnil green
Rectangle r (0,0,100,f.height) { ... }; . :
r.press -> hg; hg: 255 =: green; Trlgger dec
r.release -> dhg; dhg: 150 =: green; Assign 1 count
};
btnl.r.release -> dec; dec: last count - 1 =: count;

zero ->! btnl.r; (count > 0) -> btnl.r;
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Propagation of Events — Assignments 7= levent} e | EA T E A proc e}

E, T,E',A"F proc,
E,A, T b proc || E'A
E, At proc(event) | E', A',(T N {Trigger p | Spike p € proc})

3 assignment process rooted at r,.x in the program

proc(re.x) = |x: e=: r,.y]

E,A T,E' A E proc || Assign v r,.y

prop
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Propagation of Events — Assignments T = {event] Uev | ELA T.E A proc v}

E,T,E',A'H proc,
E,A, T b proc || E'A
E, At proc(event) | E', A',(T N {Trigger p | Spike p € proc})

ry.X is triggered

proc(ry.x) = |x: e =: ry.ﬂ
Trigger ru.x € T

E7A7 T7 E/7 A, E proc U« Assign Vihy.y

prop
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Propagation of Events — Assignments T = {event} Ufev | ELAT.E' 'K, proc | ev)

E,T,E',A'E proc,
E,A, T b proc || E'A

E, AW, proc(event) | E’, A',(T N{Trigger p | Spike p € proc})

assignment and target parents are active

\ proc(ry.x) = |x: e=: r,.y]

S

ree A r,eA Trigger re.x € T
E7 A7 T7 E/7 A, E proc U« Assign Vihy.y

prop
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Propagation of Events — Assignments T = {event} 0 {ev | A TEVA 2 proc b o)

E,T,E',A'H proc,
E,A, T b proc || E'A
E, At proc(event) | E', A',(T N {Trigger p | Spike p € proc})

expression evaluates to v
proc(ry.x) = |x: e=: r,.y] J
€A ry € A Trigger ry.x € T E,E Foed v

E7A7 T7 E/7 A, E proc U« Assign Vihy.y

prop
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Propagation of Events — Bindings T = {event} U e | ELATE\A K2 proc | ev}

E,T,E',A'E proc,
E,A, T b proc || E'A
E, At proc(event) | E', A',(T N {Trigger p | Spike p € proc})

proc(ry.x) = |x: lhs =><_> rhs]| rex € A
E, T,E'E. Ihs A A B rhs || ev

E,A T,E' A E" proc || ev

prop
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Propagation of Events — Bindings T={event)Ufev | EA T E LA K proc ev)

E.T,EA"E proc,
E,A, T b proc || E'A

E,Ak... proc(event) || E',A',(T N {Trigger p | Spike p € proc})

proc(rx.x) = |x: lhs =><_> rhs]| rex € A
E, T,E'E. Ihs A A B rhs || ev

E,A T,E',A " proc || ev

Trigger x € T x € free(e) Assignvxe T E,E'k, el true
E? T? E/ 'i:lip T? (X) E T E/ E‘TSOP (e)?
ex: zero —>! btnl.r ex: (count == 0) -> zero
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Propagation of Events — Bindings T = {event} Ufev | ELAT.E' 'K, proc | ev)

E,T,E',A'H proc,
E,A, T b proc || E'A

E,Ak... proc(event) || E',A',(T N {Trigger p | Spike p € proc})

proc(rx.x) = |x: lhs =><_> rhs]| rex € A
E, T,E'E. Ihs A A B rhs || ev

prop

E,A T,E' A E" proc || ev

prop

reA reA re.x ¢ A
A A I—‘::f,p T! (re.x) | Trigger ry.x A A I—‘::Zp Al (re.x) || Activate ry.x
ex: (count == 0) -> zero ex: (count > 0) -> btnl.r
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Propagation of Events — Children Activation T = {eventhUev | E,ATE\A K, proc § ev}

E,T,E',A'H proc,
E,A, T b proc || E'A
E, At proc(event) | E', A',(T N {Trigger p | Spike p € proc})

proc(rx.x) = |Component<a> x {ps}|
Activate re.x € T B (psi)rx I Activate y

prop

E,A T,E',AE proc || Activate y

prop
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Propagation of Events — Children Activation T = {evntyUfev | EA T E LA K proc er)

E,T,E',A'H proc,
E,A, T b proc || E'A

E, AW, proc(event) | E’, A',(T N{Trigger p | Spike p € proc})

proc(rx.x) = |Component<a> x {ps}|
Activate re.x € T Eo (psi)rx I Activate y

E,A T,E',A " proc || Activate y

B (x: Ths =><a> rhs),, || Activate ry

prop

'icnv (Component<a> X {PS})rX U, Activate ry.x

prop
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Propagation of Events — Children Activation T = {event} Ufev | ELAT.E' 'K, proc | ev)

E,T,E',A'H proc,
E,A, T b proc || E'A
E,Ak... proc(event) || E',A',(T N {Trigger p | Spike p € proc})

proc(rx.x) = |Component<a> x {ps}|
Activate re.x € T B (psi)rx I Activate y

prop

E,A T,E',A " proc || Activate y

B (x: Ths =><a> rhs),, || Activate ry

prop

" (Component<a> x {ps}), | Activate ry.x

prop

and similar rules for children deactivation
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— T ={event} U{ev | E,A T, E' A'E proc | ev}
State Update — Example for B4 TEA
E,A, T b proc || E'V A
E, At proc(event) | E', A',(T N {Trigger p | Spike p € proc})

ICE 2025 B & ICE 2025 — N

>
Trigger btnl.r.release )

Trigger dhg

Assign 150 btnl.green
T = (¢ Trigger dec

Int count 3; Assign O count

Spike zero; (count == 0) -> zero; Trigger Zero

\ Deactivate btnl.r...

FillColor btni (150,150,150) {

Rectangle r (0,0,100,f.height) { ... };
r.press -> hg; hg: 255 =: green;
r.release -> dhg; dhg: 150 =: green;

};

btnl.r.release -> dec; dec: last count - 1 =: count;

zero ->! btnl.r; (count > 0) -> btnl.r;
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— T ={event} U{ev | E,A T, E' A'E proc | ev}
State Update — Example for B4 TEA
E,A, T b proc || E'V A
E,Ak... proc(event) || E',A',(T N {Trigger p | Spike p € proc})

ICE 2025 — X ICE 2025 - X
decr I restart - resiart Trigger btnl.r.release )
% Trigger dhg
Assign 150 btnl.green
T = (¢ Trigger dec
Int count 3; Assign O count
Spike zero; (count == 0) -> zero; Trigger Zero
Deactivate btnl.r...
FillColor btni (150,150,150) { E = {count + 1; green — 255; red — 150;...}
Rectangle r (0,0,100,f.height) { ... }; ,
r.press -> hg; hg: 255 =: green; E’ = {count ~ 0; green — 150; red — 150; ...}
r.release -> dhg; dhg: 150 =: green;
};
btnl.r.release -> dec; dec: last count - 1 =: count;

zero ->! btnl.r; (count > 0) -> btnl.r;

14/21



— T ={event} U{ev | E,A T, E' A'E proc | ev}
State Update — Example for B4 TEA
E,A, T b proc || E'V A
E,Ak... proc(event) || E',A',(T N {Trigger p | Spike p € proc})

secr | resten - resiar Trigger btnl.r.release )
% Trigger dhg
Assign 150 btnl.green
T = (¢ Trigger dec
Int count 3; Assign O count
Spike zero; (count == 0) -> zero; Trigger Zero
Deactivate btnl.r...

FillColor btni (150,150,150) { E = {count + 1; green — 255; red — 150;...}
Rectangle r (0,0,100,f.height) { ... }; ,
r.press -> hg; hg: 255 =: green; E’ = {count ~ 0; green — 150; red — 150; ...}
r.release -> dhg; dhg: 150 =: green;

};

btnl.r.release -> dec; dec: last count - 1 =: count; A= {btnl; btnl - I }

zero ->! btnl.r; (count > 0) -> btnl.r; A= {btnl;...}
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T ={event} U{ev | E,A T, E' A'E proc | ev}

State Update — Rule o | EATEA

E,A, T b proc || E'V A
E,Ak... proc(event) || E',A',(T N {Trigger p | Spike p € proc})

Vp v, Assignvpe T = E'(p) = |v|

E,A, T Ky proc 4 E', A
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State Update — Rule T = {event} U{ev | E,A, T, E', A"t proc | ev}

E,T,E',A"H proc,
E,A, T b proc || E'V A
E,Ak... proc(event) || E',A',(T N {Trigger p | Spike p € proc})

Vp, (Vv, Assignv p ¢ T) = E'(p) = E(p)

E.ATH

update

proc || E', A
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State Update — Rule T = {event} U{ev | E,A, T, E', A"t proc | ev}

E,T,E',A"H proc,
E,A, T b proc || E'V A
E,Ak... proc(event) || E',A',(T N {Trigger p | Spike p € proc})

Vp, Activate p€ T = pc A
Vp, Deactivate pe T = p ¢ A
Vp, (Activate p ¢ T ADeactivate p¢ T) = (pe A < peA)

E,A T .. proc | E/, A’

update
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T ={event} U{ev | E,A T, E' A'E proc | ev}

State Update — Rule o | EATEA

E,A, T b proc || E'V A

E,Ak... proc(event) || E',A',(T N {Trigger p | Spike p € proc})

Vp v, Assignvpe T = E'(p)=|v|
Vp, (Vv, Assignvp ¢ T) = E'(p) = E(p)
Vp, Activate p€ T = pc A
Vp, Deactivate pe T = p ¢ A
Vp, (Activate p ¢ T ADeactivate pg¢ T) = (pe A < pecA)

E,A, T Ky proc 4 E', A

Some contradictory programs:

Int x 0; Component ¢ { ... }
a -> al; al: 42 =: x; a -> c;

a -> a2; a2: 84 =: x; a ->! c;

Rejected by static analysis
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Safe Reactions — Issue

. _. . Trigger a
a: 0 =: y; T =< Assignyo0
(x/y > 10) -> ¢t 277
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Safe Reactions — Issue

. _. . Trigger a
a: 0 =: y; T =< Assignyo0
(x/y > 10) -> ¢t 277

x € free(e)  Assignvx e T  EE-edtrae
E, T,E'E. (e)?
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Safe Reactions — Issue

_. . Trigger a
a: 0 =:y; T =1 Assigny0
(x/y > 10) -> ¢t 277
x € free(e) Assign v xw
JE R (e)?
proc(ry.x) = |x: lhs =><_> rhs| rex € A
T ths A A B rhs || ev

E,A T,E A proc | ev
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Safe Reactions — Issue

. _. . Trigger a
a: 0 =: y; T =< Assignyo0
(x/y > 10) -> ¢t 277

x € free(e) Assign v xw

s 1y E, '%:m (6)7
proc(ry.x) = |x: lhs =><_> rhs]| ry.
T ths HThs || ev

/m,’ﬁ’, A proc | ev

T = {event} U{ev |

E,A Tk, proc | E',A
E, Ak, proc(event) || E',A', (T N{Trigger p | Spike p € proc})
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Safe Reactions — Issue
. _. . Trigger a
a: 0 =: y; T =< Assignyo0
(x/y > 10) -> ¢t

T = {event} U{ev |

}

L only says t is not triggered
E.ATFh,..proc{ E' A

E, Ak, proc(event) || E',A', (T N{Trigger p | Spike p € proc})
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Safe Reactions — Issue
. _. . Trigger a
a: 0 =: y; T =< Assignyo0
(x/y > 10) -> ¢t

T = {event}U{ev | E,A T, E' A 1 proc || ev}
E, T,E' A 12 proc,
E,A T k. proc | E',A
E, Ak, proc(event) || E',A', (T N{Trigger p | Spike p € proc})
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Safe Reactions — Rules T:{event}U{ev\E/‘A,T.E'.A'%::; proc | ev}

E, T,E',A'F proc,
E,A, T b proc || E'A
E,Ak... proc(event) || E',A',(T N {Trigger p | Spike p € proc})

Vx € free(e), Vv, Assignv x ¢ T E.E'k,elv v € {true,false}
E, T, E't (e)? E, T, E't (e)?

E, T,E' 1. Ihs
E, T,E' A 12 x: |hs =><_> rhs

safe
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Safe Reactions — Rules T = {event] Ulev | ELA T.ELA'E proc v}

E.T.E,A' 5 proc,
E,A, T b proc || E'A

E,Ak... proc(event) || E',A',(T N {Trigger p | Spike p € proc})

a: 0 =: y;
(x/y > 10) -> t

Vx € free(e), VW E.E'k,elv v € {true,false}

____—FE, T,E'# ()7 E, T.E'H, (e)?

E, T,E' 1. Ihs
E, T,E' A 12 x: |hs =><_> rhs

safe
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Safe Reactions — Rules T~ fevent} Ufev | 64T A ¥ poc L

E.T.ELA .
. proc L E/VA'

ment) U E' A, (T N{Trigger p | Spike p € proc})

a: 0 =: y;
(x/y > 10) -> t

Vx € free(e), VW e W
_—E T, EH (a7 _—E T E'H (e

E, T’W

—£ A k. x: lhs =><_> rhs

safe

17/21



Safe Reactions — Rules T:{event}U{ev\E‘A,T.E'.A'H;,pmcl}ev}

E,T,E,A'E proc,
E,A, T by proc L E'V A
E,Ak... proc(event) || E',A',(T N {Trigger p | Spike p € proc})

Trigger . x € T = E,E'k, el v
E,T,E A Y (x: e=:y),

safe

and other syntax-directed rules...
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Future Work — A verified compiler for Smala




A prototype compiler for Smalite

parsing | pParsed elaboration Smalit
s . > Smalite
Smalite L

build propag graph

Y
PropFlat |« PropGraph
p_Jtransitive closure P P

scheduling

:

Y

Clight generation CompCert printing
Obc i.-.g.-.g. ..... > Clight [------ N 5] Assembly

Bourke, Brun, Dagand, Leroy, Leroy (2009): Formal Verifica-
Pouzet, and Rieg (2017): A For tion of a Realistic Compiler
mally Verified Compiler for Lustre
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A prototype compiler for Smalite

parsing | pParsed elaboration Smalit
Smalite r;ma e
build propag graph
Y

PropGraph

:---1 PropFlat |«
_Jtransitive closure

scheduling

Y
Clight generation CompCert printin
Obc i.-.g.-.g. ..... > Clight [------ N 5] Assembly :
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A prototype compiler for Smalite

parsing Parsed elaboration » Smalit - . Full
Smalite g malite Smala
build propag graph :
Y H e
(o : Other
;-1 PropFlat |« PropGraph RECEPTLIPRLS
p_Jtransitive closure P & UIDLs

scheduling

Y
Clight generation CompCert printin
Obc i.-.g.-.g. ..... > Clight [------ N 5] Assembly :
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Compiling a Smalite program typedet struct ¢

int root$count;
unsigned char root;
} root;

void fun$root$reset (root *self) {
(*self) .root$count = 3;
Component root { }(*wlﬂ.mot=1

Int count 3;
typedef struct {

Splke Zero; (count == 0) ~> zero; unsigned char root$f$elab$2$btni$r$release;
Frame f (" ICE\_,2025" N 300 N 50) { unsigned char root$zero;
Font _ ("arial.ttf", 20) { } benirelease;
FillColor btnil (150 N 150 N 150) { e void fun$btni$release(root *self, btni$release *out) {
1 -> dhe: (*out) .root$zero = 0;
r.release g5 (*out) .root$f$elab$2$btni$rérelease = 1;

if ((*self).root$f$elab$2$btni$elab$s) {
(*self) .root$f$elab$2$btni$green = 150;

dhg: 150 =: green;

}; ¥
btnl.r.release -> dec; if ((*self).root$f$elab$2$elab$e) {
(*self) .root$count = (*self).root$count - 1;
dec: last count - 1 =: count; 3
if ((*self).root$count == 0) {
if ((*self).root$elab$l) {
} if ((xself).root$f$elab$2$elab$6) {
} . (*out) .root$zero = 1;
N
¥
} ¥

}

// handle other count and zero events

¥
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Dynamicity in Smala
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Dynamicity in Smala

del_rect (Process src, Process data) {
grect = find (&src, "../..")
delete grect
¥

Component root {
Frame frame ("dyn_rect", 600, 600)
FillColor fg_color (#373700)
OutlineColor fg_color_outline (#FF0000)
NativeAction na_del_rect (del_rect, root, 1)
Layer things { }
frame.press -> (root) {
addChildrenTo root.things {
Component grect {
Rectangle rect (frame.press.x, frame.press.y, 100, 100)
rect.press -> na_del_rect rcreate process
}
}
}

}
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Dynamicity in Smala

del_rect (Process src, Process data) {
grect = find (&src, "../..")
delete grect
¥

Component root {
Frame frame ("dyn_rect", 600, 600)
FillColor fg_color (#373700)
OutlineColor fg_color_outline (#FF0000)
NativeAction na_del_rect (del_rect, root, 1)
Layer things { }
frame.press -> (root) {
addChildrenTo root.things {
Component grect {
Rectangle rect (frame.press.x, frame.press.y, 100, 100)
rect.press -> na_del_rect
}
}
}
}

delete process

20/21



Conclusion

What we did:
» Relational semantics for a minimalist User Interface Description Language

> A prototype compiler

» Both implemented in RROCQ

Future work / Open questions
» Prove compiler correctness
» Support for full Smala (dynamicity, native actions, etc)
» Equivalence with bigraphical semantics, model checking

» Interactive / graphical semantics

Open to questions and collaborations :)
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