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Compilation scheme for Esterel in the Eclat compiler
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e⦇ ℓ⦈𝜌,  𝛼 =⟦ ⟧ kℓ, x,𝜌,  𝛼e

k =

case state isℓ
when enum(IDLE ) => ℓ s
 t1 ⋯  tn

end

=

case state isℓ
when enum(IDLE ) => rdy  := false ; ℓ ℓ s
 t1 ⋯  tn

end

 rdy  := true( ℓ  ; state enum(IDLE ):=ℓ ℓ  )
where

invariant: once rdy  is true, the FSM reenters ℓ
in the initial state enum(IDLE  at the next instantℓ)

,  x
naming convention:
-  (id of the current FSM)ℓ
- state  (state variable)ℓ
- IDLE  (initial state)ℓ
- rdy  (when result is rdy)ℓ
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Compiling “nothing”
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Page 1 sur 2https://www.mathcha.io/editor

 

 

⟦ =()⟧𝜌,  𝛼
case state is ℓ
when enum(IDLE ) =>ℓ
end

k
kℓ, x, : result variablex

 : continuationk

 : list of outer traps𝜌
 : mark used for 𝛼

     compiling loops
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Compiling valued signals 23/11/2025 00:3607-emit
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⟦ =emit ( ) y a ⟧𝜌,  𝛼
case state is ℓ
when enum(IDLE ) =>ℓ
end

k;
kℓ, x,

<= y a

⟦ =?y⟧𝜌,  𝛼
case state is ℓ
when enum(IDLE ) =>ℓ
end

k;
kℓ, x,

:=?x y

 : result variablex
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Compiling sequences
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⟦ =
case state is ℓ
when enum(IDLE ) =>ℓ

case state is ℓ
when enum(IDLE ) => ℓ s

 t1 ⋯ tn
end

=
case state is ℓ
when enum(IDLE ) => ℓ s'

  t'1 ⋯ t'm
end

end

  t1 ⋯ tn
  t'1 ⋯ t'm

s⟧𝜌,  𝛼
kℓ, x,

⟦e⟦ =
where

⟧𝜌,  𝛼
ℓ, y,

⟧𝜌,  𝛼
kℓ, x,

s'
 ; e e'

e'
 is a fresh name)y(

 : result variable for y e
the continuation of e
is the begin of e'

starting by the begin of e
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Exemple

23/11/2025 00:36slide09-seq-exemple
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⟦ = case state is ℓ
when enum(IDLE ) =>ℓ

case state is ℓ
when enum(IDLE ) => ℓ
        42; y <= s'
end

=
case state is ℓ
when enum(IDLE ) =>ℓ
        43;z <=
end

end
42; 43; y <= z <=⟧𝜌,  𝛼

kℓ, x,

⟦⟦  =
where

⟧𝜌,  𝛼
ℓ, x ,0

⟧𝜌,  𝛼
kℓ, x,
s'

(42);yemit

(42)yemit

(43)zemit

(43)zemit k
s'

s

k

 is a fresh name)x( 0
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Compiling conditionals
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⟦ =
case state is ℓ
when enum(IDLE ) =>ℓ
   if  then   elsea

case state is ℓ
when enum(IDLE )=> ℓ s

 t1 ⋯ tn
end

=
case state is ℓ
when enum(IDLE )ℓ ⇒ s'

  t'1 ⋯ t'm
end

end
  t1 ⋯ tn   t'1 ⋯ t'ms⟧𝜌,  𝛼

kℓ, x,

⟦e⟦ =
where ⟧𝜌,  𝛼

ℓ, x,

⟧𝜌,  𝛼
kℓ, x,e'

if  then  else a e e' s'
k NB: in the 

general case, 
need to 
duplicate    k

k is what remains to do in 
the instant, e.g.: 
 (rdy  := true; ℓ
  state enum(IDLE )) :=  ℓ ℓ
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Local signals

12/11/2025 10:42slide6-signal
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 ⟦signal  in  y e⟧𝜌,  𝛼 = ⟦ ⟧𝜌,  𝛼e
NB: assumes that 
name  is declared y
only once (renaming
by the compiler)

kℓ, x, kℓ, x,
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Compiling exit
23/11/2025 07:58slide6-exit
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𝜌,  𝛼 =

NB: the continuation     is cutk

case state is ℓ
when enum(IDLE ) =>ℓ
end

 := true y
note that y ∈ 𝜌

kℓ, x,⟧⟦exit y
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Compiling traps, using an internal state machine
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⟦ ⟧𝜌,  𝛼
kℓ, x, =

case state isL
when enum(IDLE ) => L s
 t1 ⋯  tn

end

e⦇ L, x⦈ y ⋅ 𝜌 ,  𝛼( )=where

(  and WAIT are fresh)L

trap  in  y e
s

else if rdy  then   y ∨ L
else state enum(WAIT) ):=  L

k; (if disjonction_traps( ) then () 𝜌  false ;y :=
case state is ℓ
when enum(IDLE ) =>ℓ

end

when enum(WAIT) =>
case state isL
when enum(IDLE ) => ()   L t1 ⋯ tn
end ;

else if rdy  then   y ∨ L
else state enum(WAIT) ):=  L

k
(if disjonction_traps( ) then () 𝜌

disjonction_traps(   x , ⋯  x1 n)
    := x ∨ ⋯ ∨ x  1 n internal state machine (with id L)
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Compiling suspend
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case state isL
when enum(IDLE ) => L s
 t1 ⋯  tn

end

e⦇ L, x⦈𝜌,  𝛼=where

( and WAIT are fresh)L 

case state is ℓ
when enum(IDLE ) =>ℓ

end

when enum(WAIT) =>
s( ; if rdy  then   else state enum(WAIT))L :=  ℓk
if ?  theny state enum(WAIT) else ((:=  ℓ

case state isL
when enum(IDLE ) => ()L
  t1 ⋯ tn

end
); if rdy  then   L
   else state enum(WAIT)):=  ℓ k

⟦ ⟧𝜌,  𝛼=suspend   e
when y

kℓ, x,

internal state machine (with id L)
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Loop in Esterel 23/11/2025 12:50slide12-exemple
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emit A ;
loop
  emit B;
  pause; emit C;
end; 
emit D

A
B B

C
dead code

B
C

B
C

B
C
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Compiling loops
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⟦loop   end  ⟧𝜌,  𝛼

 rename( )e

= case state is ℓ
when enum(IDLE ) =>ℓ

case state is ℓ
when enum(IDLE ) => ℓ s
  t1 ⋯ tn

end

=
case state is ℓ
when enum(IDLE ) => ℓ s'

   t'1 ⋯ t'm
end

end
  t1 ⋯ tn   t'1 ⋯ t'ms

⟦e

⟦ =
where

⟧𝜌,  
ℓ, x,

⟧𝜌,  
ℓ, x,

s'
e | 1 (not the end  

       of a loop)

2

    (((( ))))

inspired by Tardieu's 
approach for compiling loops

reincarnation: renaming traps and signals

𝛼 ⩴
2  (end of loop)| 

𝛼, 1111max( )= 𝛼

kℓ, x,

The continuation of 
the body is the start 
of the renamed body
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Compiling pauses
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⟦ pauseQ ⟧𝜌,  =
1111

each pause is labeled with a unique name  (not visible in source programs)Q
pause labels are not renamed when compiling loops, thus ensuring looping

case state is ℓ
when enum(IDLE ) =>ℓ
end
when enum( ) =>Qstate enum( ):=  ℓ Q

⟧𝜌,  = case state is ℓ
when enum(IDLE ) =>ℓ
end

state enum( ):=  ℓ Q

k

NB: the transition 
associated to Q
already have been 
compiled in the first 
part of the current loop 

2222

kℓ, x,

kℓ, x,
(end of loop)

⟦ pauseQ
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Example of compilation
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emit A ;
loop
  signal B in
  emit B;
  pause ; emit C;P
  pause ; emit DQ
end 
; emit E

⟦ ⟧𝜌,  𝛼
case state isℓ
when enum(IDLE )ℓ ⇒

end

when enum( )P ⇒A <= true ; 
B <= true ; state enum( ):=  ℓ P
C <= true ; state enum( ):=  ℓ Q

when enum( )Q ⇒
D <= true ; 
B1 <= true ; state enum( ):=  ℓ P

=

note the renaming of B

NB : the reincarnation of the loop 
stops after the first pause (for all
possible paths). No code generated.

kℓ, x,
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Parallel execution (1/3)
23/11/2025 14:30slide16-par1
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emit A ;
[  ||  ]e e'⟦ ⟧ =𝜌,  𝛼

( ,  are fresh)ℓ ℓ', y, y'

case state is L
when enum(IDLE ) =>L

end
state enum(IDLE ) ;:=  L L

k

e⦇ ℓ⦈
e'⦇ ℓ'⦈; 𝜌,  𝛼

𝜌,  𝛼
;

WRONG !

(reexecuting 

   the past)

NB: by construction, 
each time rdy  ℓ
[resp. rdy ] is true, ℓ'
the FSM returns 
to state enum(IDLEℓ)
 [resp. enum(IDLE ]ℓ')

kL, x,
, y
, y'

if rdy  & rdy  then  ℓ ℓ' x := x, x' ;0 ( )
else 

A <= true ;
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Parallel execution (2/3)
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⟧ =𝜌,  𝛼

(  , WAIT are fresh)ℓ,  ℓ', y y'

A <= true ;

case state is L
when enum(IDLE ) =>L

end

s s'; ;

when enum(WAIT) =>

k

state enum(IDLE ):=  L L
k

case state isℓ
when enum(IDLE ) => ()   ℓ t1 ⋯ tn
end ;
case state isℓ'
when enum(IDLE ) => ()  ℓ' t'1 ⋯ t'm
end ;

kL, x,
emit A ;
[  ||  ]e e'⟦

if rdy  & rdy  thenℓ ℓ'
else state enum(WAIT):=  L

if rdy  & rdy  thenℓ ℓ'
else 
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Parallel execution (3/3)
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⟧ =𝜌,  𝛼

(  , WAIT are fresh)ℓ,  ℓ', y y'

case state is L
when enum(IDLE ) =>L

end

s s'; ;

when enum(WAIT) =>
state enum(IDLE ):=  L L

k

case state isℓ
when enum(IDLE ) => ()   ℓ t1 ⋯ tn
end ;
case state isℓ'
when enum(IDLE ) => ()  ℓ' t'1 ⋯ t'm
end ;

kL, x,
[  ||  ]e e'⟦

if rdy  & rdy  thenℓ ℓ'
 
else 
(if disjonction_traps( ) then () else  )𝜌

disjonction_traps(  x , ⋯  x1 n)
    := x ∨ ⋯ ∨ x  1 n

state enum(WAIT):=  L

if rdy  & rdy  thenℓ ℓ'
 
else 
(if disjonction_traps( ) then () else  )𝜌 k
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