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otherwise g
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Expands to code for module M
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System Model System Property

Model
Checker

Counter

Notification example
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(CTL, LTL, CTL*) n*19n0 nz'al? NIYXNXA 117 [N ¢ nnonn NX

NUSMV

7y ooian XNl L,1999-2 nnio "0 .SMV v wTinn winmi nann X0 [3] NuSMV
77TMN 7w 1MNINI DX 211271 0'VNIVIX IRNYT YWONN Kripke 7TIn

Binary ) BDD niax1'a nu7nn nimMar'T 7y ooiann 7Tin 7w mnin1 ngt1a? *o it
Bruno ) FBK-IRST Tomn |2 n21y9 qm'wn nxxINd ¥ WX ,(Decision Diagrams
nu'onaainl (Kessler Center in Information and Communication Technology
nIwoNnn (open architecture) nNINo N11LVZVDIRA AxIY "D .Carnegie Mellon
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J'mNIe nin'x

QYN Yyxann WK 11,12 n'axn v 2w ndn "oxnn NuSMV -1 7Tin% Xnarma 0
JTYX 701 DN

232 NN IT 0'axn NownY? o'’kNnn NuSMV -n Ti

MODULE main
VAR

location: {11,12};
ASSIGN

init(location) := 11;

next (location) := case
(location = 11) : 12;
(location = 12) : 11;

esac;
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Esterel nowa noIN (077
NuSMV nowa n7'a7n N'dIN (07O
'D'N2N D7WNN 12 0799 0fpa DNNIATRN

07PN MWD NNTAN e

(await) V7PN VAV TY AMNYN NTAN e

D7INNKRI V79N MNYN NNTAN @

221720 (lvwn DTN e

QY DITTINNI NIR?T7 'IN'T e

[AY NITTINNI pause |12 NTNIM NNNXD 'INT - @

(Esterel -n N'12IN 11019 NIYX¥NXA) 079 722'0 7D 1AV next NTAN o

.python3 -2 nwyvi winmn
:0'01 NININ 190N INP'72 winmnn '7nd

D'N7Y 050N D'Y'oIN X7 ESTEREL -2 mn T e

TNN YAl NNN X¥N) Esterel -n NN TIpgn 70 @

FALSE n'nn TN 09X |NT2 079N '7222'0 7w NINDID @

0NN D7YNNY w'w NuSMV -2 nnimw ' nawr e
MODULE, DEFINE, MDEFINE, CONSTANTS, VAR, IVAR, FROZENVAR, INIT, TRANS, INVAR, SPEC,
CTLSPEC, LTLSPEC, PSLSPEC, COMPUTE, NAME, INVARSPEC, FAIRNESS, JUSTICE,
COMPASSION, ISA, ASSIGN, CONSTRAINT, SIMPWFF, CTLWFF, LTLWFF, PSLWFF, COMPWFF,
IN, MIN, MAX, MIRROR, PRED, PREDICATES, process, array, of, boolean, integer, real, word, word1,
bool, signed, unsigned, extend, resize, sizeof, uwconst, swconst, EX, AX, EF, AF, EG, AG, E, F, O, G, H,

X, Y, Z A U, S, V, T, BU, EBF, ABF, EBG, ABG, case, esac, mod, next, init, union, in, xor, xnor, self,
TRUE, FALSE, count, abs, max, min

V7PN "INYN NOTAN
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NuSMV -2 ax'™712 IVAR nanwn? (it 722'0 '

. IVAR —— Input
input S; g input_S: boolean;

AWAIT 2tyn nINn¥n NOTan

NN 2TV TN 1'TA1 S V77 722'0 707 T await 7w NI7ID wnnwn? 1w nin y
INAN [9IN2 AXI'M NINI await_S

MODULE main

IVAR —- Input
input_S: boolean;

VAR —— await representation
await_S: boolean;
ASSIGN
init(await_S) := FALSE;
next(await_S) := case
await_S : TRUE;
input_S : TRUE;

TRUE: FALSE;
esac;

.MIYXIN DYO1 727nn 722'0nw yana TRUE nirn'? 7910 await 100190 7w 1Dy i

V79N INVYN NITAN

712'0 75 .09 712'0 757 output NNIT'Z NX 'O,V *712'0 DY NITTIANNY NNIT2
.False 77 7nnixn 07 722'0 75 D X'D NNINN .NuSMV -2 X712 VAR nanwn? i

VAR —- OQutput
output_S: boolean;

output S; —
ASSIGN

init(output_S) := FALSE;



NUSMV -2 '7217an [Iywin NOTan

2 XY NuSMV -2 '"a12an iyw axe

VAR —- global clock representation
global_clock : 0 .. 100;

ASSIGN

init(global_clock) := 0;

next(global_clock) := case

global_clock < 100: global_clock+1;

TRUE: global_clock;
esac;

-N NDIN NINK) DTYX 7Y '910 19017 YWD NIX 7'2an7 'NX7R1 DWIXTA 'XI7'R NIRON

(0"wpa n7pm1 NuSMV

NIX?17 DY NITTIANN

:D'AI0 MY DIY' .NDINA NIXYI7 W' DRN NINT? W' UKD

NOI01NR NX7? 1

NN7I70 N'7'NNY DOTH 'XAN DY N'DI01'R X717 .2

loop
<statement>
end loop
loop loop abort
<statement> = <statement> ; halt
each <delay> when <delay> end loop

:0'NAN D7WN DX 7710 NIRTIZ DY DITTIMNNY DNMIRRN

Dalol Esterel -n nDIMA NIXKYIZ7 'IN'T @

X7 DY 7INDRENANTAN e



VAR —- loops representation
loop_state : {start, middle, end};
loop_step : @ .. 2;

ASSIGN

init(loop_state) := start;
init(loop_step) := 0;

AX717 7271 next -ND N1AN DOYTAN e
NN717W Y212 09RNN XIN D XTIH7 W' Nnton X717 yoswimn 079 722'0 Dy e
nn"non

NINTI? N2y XnAITa V)

next(loop_state) := case
(await_B | input_B) & loop_step = 1 : end;
" loop_state = start : middle;
“.mdUle Foo: loop_state = end : start;
input A,B; TRUE: middle;
output X; esac;
1 next(loop_step) := case
oop . (await_A | input_A) & loop_step = 0 : loop_step+1;
emit X; (await_B | input_B) & loop_step = 1 : loop_step+l;
await A; loop_step = 2 : 0;
await B; es;’él-JE- loop_step;
end loop

next(output_X) := case
loop_state = end : FALSE;
loop_state = start : TRUE;
TRUE: FALSE;
esac;

V79 712'0 70 N1aY NEXT naTan

NuSMV-1 727 n'72nn .Iywn 'voimn TNX 722 127y DX N7 ¢ 079 7220 7D 11y
ININ 0790 722'0 7Y AIX"'N N2OINT DNMIATRN DY .next Y AIXTN KIN

next_statement = " next("™ + new_var_name + ") := case\n"
for input_1line in lines:

next_statement += match_line(input_1line)
next_statement += " TRUE: FALSE;\n"
next_statement += " esac;\n"

.0'"722'0N 727 NNT NOLYNN TWNRD

-2 D'RNNN X' Esterel -2 TR 72 AmMnY NYTI AWK Y90 X' match_line
NuSMV

EMIT Dy NnITTINNN

.TRUE 't next(s) 7w 1DYW 27 nnannn emit S nTI79n 7w nLIWON nnnn

D'2"IX TN await, pause ,NIXTI?7 D'WANN DYXI7'R 7W IWAY [1AWN] NNRY7 W' ,NINT DY
.emit -N N71y9 197 n"pnnY



:emit N1y XAl

MODULE main

VAR —— Output

output_X: boolean;
module Foo: UL
output X; —>  ASSIGN
emit X; init(output_X) := FALSE;
next(output_X) := case
TRUE: TRUE;
TRUE: FALSE;
esac;

present <signal-expression>
[ then <statement> |

[ else <statement> ]|

end present

PRESENT Dy NnTTINnNN

)2 NXM present NTIPON YW N1ann

.0"72I'Y9IX 0N then, else TWUKD

Awawnl,L(N'0NIPIA) 'RNXY DIANY else -1 then -n NINNXN DX N71W DINNN DNNIATN

if (present_statement):
then_sub_statement
else_sub_statement

next_statement +=

next_statement += !

module Foo:
input S;
output X,Y;

present S
then emit X
else emit Y
end present;

21021770 VY9N 7Y next -N NYNXNY DNIX

1

match_line(then_statement)
match_line(else_statement)

condition & then_sub_statement

condition & else_sub_statement

‘present 112V XNAIT

next(output_X) := case
input_S : TRUE;
TRUE: FALSE;
esac;
next(output_Y) := case
! input_S : TRUE;
TRUE: FALSE;

esac;



SEQUENCE Dy NnTTInNN

272 NRTY KININIYA MNXR DNX NITIRD 7w ¥ KIN sequence

<statement_a> ; <statement_b>

NTI9 NINNY [NN NNKR 72 DN7IY XD DT 2100 NITIR92 N7PN1 NNNnn NDIN TWKRD

if (sequence_statement):
sub_statement_a
sub_statement_b

next_statement +=
next_statement +=

module Foo:
input A,B;
output X,Y;

loop

await A;
emit X;

present B
then emit Y
else emit X
end present;

end loop

next(output_X)

next(output_Y)

.(await [120) [N"12 NIMYNN DX MNYWT7 NANRIT X

TN' 220 DMwawnN 91017

match_line(statement_a, dependencies)
match_line(statement_b, dependencies)

sub_statement_a
sub_statement_b

sequence 7¥ nNN7 XNAIT

1= case
loop_state = end : FALSE;
(await_A | input_A) : TRUE;
! input_B & (await_A | input_A)
TRUE:

: TRUE;
FALSE;
esac;

t= case
loop_state = end : FALSE;
input_B & (await_A | input_A)
TRUE: FALSE;

: TRUE;

esac;

J'\I"7'3.|7D oy NITTINNN

<statement_a> || <statement_b> :XIn N'"7'2apm nTIRO 7w n1ann

NNNY [NN NNX 7D IR DN7IY X' NI22apn DITRo N77Nn1 Dnnn NDIN TWKRD

D17 M o

TN' 220 DMwawnN 91017

if (parallel_statement):

sub_statement_a =
sub_statement_b

next_statement +=
next_statement +=

match_line(statement_a)
match_line(statement_b)

sub_statement_a
sub_statement_b

NI oy NN XnaIT



loop next(output_X) := case

[ loop_state = end : FALSE;

await A; (await_A | input_A) : TRUE;

emit X; ! input_B & loop_state = start : TRUE;
| i TRUE: FALSE;

present B esac;

then emit Y

3 next(output_Y) := case
else emit X d loop_state = end : FALSE;
end present; input_B & loop_state = start : TRUE;
1 TRUE: FALSE;
end loop esac;

PAUSE DY NITTINNN

[IVUN 212'07 'MNNY W'Y X'D NIvnwnn pause NTIRON ny'om Esterel N'1dIN2 TWKD
N71V9 DIY Y¥aNN X7 'NdNN [IVUN 212'0a NI .XaN

:NNAN 1 T2 N121 NuSMYV -1 pause 7w XN

nY'sin DN NMIPNRN DX NINT? "1 N'DINN 7W NP0 NYXann ,N'URY e
NX717 /m0In NN 702 nTIoNn
:NuSMV - 2 D'YNYN ¢ DX NN NN 72172y e
-1 NP09N7 012'N7 "X NYDINN WWRD TRUE N 0T NINWN : pause_i o
.JNNX FALSE
mImn (pause=TRUE) N'Xy Ny¥xannw Dy ‘D1 :pause_i_counter o
.NIIDIN N'XYY7 DINWAN XY NIX 12107 7211w Nan 7y nxT . 1-2 oTne

pause: QY NRNAIT

next(pause) := case
(await_A | input_A) & pause_counter = @ : TRUE;
module Foo: pause_counter = 1 : TRUE;
) j_nput A; pause_counter = 2 : TRUE;
output X: TRUE: FALSE;
4 esac;
next(pause_counter) := case
| await A; —_— pause & pause_counter < 3 : pause_counter+1;
= TRUE: pause_counter;
pause; esac;
pause;
pause; next(output_X) := case
: . (await_A | input_A) & (pause_counter = 2) : TRUE;
emit X; TRUE: FALSE;
esac;

ABRO — nann nnaiT

Hello World -> nniIX NidY a1na ,NI'aNd1'on NISWn 071y2 NNo1ion XnaiT X'n ABRO
NIBYN 7U NINPYN DX 12007 NVIYD XNAITY NYNWN XN .11N22'0N NIdNN 7w
Jnwn

:ABRO nd>yn n11an

B-1 A 07N NN NN X' WRD O NIX VIO DX DWNN @
nOWNN 72INNK7 DMA7 )X R 077N e



)2 XM Esterel nowa ABRO 7w winmin

module ABRO: // 22171 N2> NN

input A,B,R; //05p7 "913°0

output O; //10997 9130

loop // IRI9D
[await A | | await B]; // 2222 7annT) WO 0010 W WK TY)
emit O // 0997 233°07 DR 195N NIYAT

when R // 213°077 n92pa N7 DR 2050 novan R

end module // n>15n7 10

:NINQN N7202 NAXIN NDWNAN NIANINN

Instant Inputs Outputs Comment

0

1 AB O

2 A Signal A ignored

3 R Reset

4 A Still waiting for B

5} B O

6 A.B.R Reset, A and B ignored

N2N 0790 NX 72172 ABRO N1DIN 7V 17W DNMIIATRN DX YN TWUKRD

MODULE main

IVAR —— Input
input_A: boolean;
input_B: boolean;
input_R: boolean;

VAR — await representation
await_A: boolean;
await_B: boolean;
await_R: boolean;

VAR — Output
output_0: boolean;

VAR —— global clock representation
global_clock : @ .. 100;

VAR — Tloops representation
loop_state : {start, middle, end};



ASSIGN

init(await_A) := FALSE;
init(await_B) := FALSE;
init(await_R) := FALSE;
init(output_0) := FALSE;

init(global_clock) := 0;

init(loop_state) := start;

next{await_A) := case
loop_state = end : FALSE;
await_A : TRUE;
input_A : TRUE;
TRUE: FALSE;
esac;
next{await_B) := case
loop_state = end : FALSE;
await_B : TRUE;
input_B : TRUE;
TRUE: FALSE;
esac;
next(await_R) := case
loop_state = end : FALSE;
await_R : TRUE;
input_R : TRUE;
TRUE: FALSE;
esac;
next(global_clock) := case

global_clock < 100: global_clock+1;
TRUE: global_clock;
esac;

next(loop_state) := case
input_R: end;

loop_state = start middle;
loop_state = end start;
TRUE: middle;
esac;
next(output_0) := case
loop_state = end : FALSE;

(await_A | input_A) & (await_B | input_B)
TRUE: FALSE;
esac;

: TRUE;



NUSMV niy¥xnxa nin'x

(property) MmN DRN ITA7 071! IR NUSMV -7 Esterel 101N 7w nnn WNKY?
079N N'DIN 72V NNYpENN NN'ion

FAIRNESS nnvan

-0 NPV ."M1AIN” NNIXA 073700 0770 '221'0 7D D RTIT 11'7Y NIM'R Y¥A7 Nn 7y
JIRT "WONN FAIRNESS

.FAIRNESS input_Signal nanxnn nNX 9'on 712'0 ' 1y 37
NP'TA%? NN DONn

DM Esterel noiM 7w 2170 n1ann 7y nniv n7apgnny NuSMV -n n'oin
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check_lItlspec -p "G (input_A & input_B -> X output_O)"

ABRO — 'K Xn2AIT

NNK7 190 O TR 0NN X7 R -1 0'727nn A,B TWUKD D NNX)

[NuSMV > read_model -i /Users/tehila/Desktop/project/ABRO_Esterel.strl20061_NuSMV.smv
[NuSMV > flatten_hierarchy

[NuSMV > encode_variables

[NuSMV > build_model

NuSMV > check_ltlspec -p "G (input_A & input_B & !input_R -> X output_0)"

—— specification G (((input_A & input_B) & !input_R) -» X output_0) is true

NuSMV > check_ltlspec -p "G ((input_A & (!input_R U input_B)) -> (!input_R U ( X output_0)))"
—— specification G ((input_A & (!input_R U input_B)) —> (!input_R U ( X output_0))) is true
NuSMV > check_ltlspec -p "G ((input_B & (!input_R U input_A)) -> (!input_R U ( X output_0)))"
—— specification G ((input_B & ('!'input_R U input_A)) —> (!input_R U ( X output_0))) 1is true



"2 NNAIT

:NNAN Esterel -n N20IN 112y NS0 XNAITA V)

module Foo:
input A,R;
output X,Y,Z;
loop

[

await A;
emit X;
[
present X
then emit Y
else emit Z
end present;
1
each R
end module

:Nan NuSMV -0 TI7 NX 21" 17w DNNIR7RN 79 0790

next(output_X) := case
(await_A | input_A) : TRUE;
loop_state = end : FALSE;
TRUE: FALSE;
esac;

next(output_Y) := case
output_X : TRUE;
loop_state = end : FALSE;
TRUE: FALSE;
esac;

next(output_zZ) := case
! output_X : TRUE;
loop_state = end : FALSE;

TRUE: FALSE;
esac;

Y 7 IMIR¥N'N DX NNNIA A 722'00 NIRYAN D NNXT7 [N Nyd

NN TYX] NNAX7 190 X 0790 712'0 <= A [N1'nd) e
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NuSMvV >
NuSMvV > flatten_hierarchy
NuSMV > encode_variables

NuSMV > build_model

NuSMV > check_ltlspec —p "F(output_Y)"

—— specification F output_Y is true

NuSMV > check_ltlspec —-p "F(output_z)"

—— specification F output_Z is true

NuSMV > check_ltlspec —p "G(output_X -> X output_Y)"

—— specification G (output_X -> X output_Y) 1is true
NuSMV > check_ltlspec —p "G(input_A -> X X output_Y)"

—- specification G (input_A -> X ( X output_Y)) is true

read_model -i /Users/tehila/Desktop/project/Example22_Esterel

.str138302_NuSMV.

smv



V?'IN9A TIP

#!/usr/bin/env python3

import re

import sys

import random

from datetime import datetime

## This project converts Esterel source code to NuUSMV source code
## Author: Tehila Shneider

def writeline(string, file):
file.write(string + "\n")

def handle_module_defintion(string):
#line = re.sub("module”,"MODULE", string)

#line = line.replace("', ")

line = "MODULE main\n"
return line

#spliting the Esterel vars definition to a list of vars
def split_to_vars(string):

if string.startswith("input"):
string = string[len("input"):]

if string.startswith("output"):
string = string[len("output”):]

string = string[:-len("\n")]
string = string.replace(' ', )
string = string.replace(’;', )

vars = string.split(’,")

return vars

#handling the input string on the Esterel program
def handle_input_definition(string):

#split into vars

vars = split_to_vars(string)

#init input block with IVAR
input_block = "IVAR -- Input \n"



# all vars in the input definition are signals translated to boolean input
variables in NuSMV
for var in vars:
input_block +=" input_" + var + ": boolean;\n"
input_var_list.append("input_" + var)
original_input_var_list.append(var)

return input_block

#creating await vars for the input string on the Esterel program
def create_await_definition(string):

#split into vars

vars = split_to_vars(string)

await_block = "VAR -- await representation \n"

#In order to support the await fundtion each input var will have a
corresponding await var
for var in vars:
await_block +=" await_" + var + ": boolean;\n"
await_var_list.append("await_" + var)

return await_block

#handling the output string on the Esterel program
def handle_output_definition(string):

#split into vars

vars = split_to_vars(string)

#init output block with VAR
output_block = "VAR -- Output \n"

# all vars in the output definition are translated to boolean variables in
NuSMV
for var in vars:
output_block +=" output_" + var + ": boolean;\n"
output_var_list.append("output_" + var)
original_output_var_list.append(var)

return output_block

#creating the init statement for all await and output variables
def init_all_vars():
init_string ="

#all await variables should be initialized to false



for await_var in await_var_list:
init_string +=" init(" + await_var + ") := FALSE;\n"

#all await variables should be initialized to false
for output_var in output_var_list:
init_string +=" init(" + output_var + ") := FALSE;\n"

return init_string

# creaing a next block to represent each await variable
def create_next_await_block(is_loop, loop_name):
next_await_block ="
index = 0;

for await_var in await_var_list:
input_var = input_var_list[index]
next_await_block +=" next(" + await_var + ") := case\n"
next_await_block +=" " +input_var +": TRUE;\n"

#end of loop should reset await to FALSE

if (is_loop):
next_await_block +=" "+ loop_name +" =end:
FALSE;\n"
next_await_block +=" "+ await_var + " : TRUE;\n"
next_await_block +=" "+ "TRUE: FALSE;\n"
next_await_block +=" esac;\n"
index +=1

return next_await_block

# creaing a next block for each output variable

def create_next_statement_for_output_var(file_in_one_string,

original_var_name, new_var_name, is_loop, loop_name):
var_next_statement =" next(" + new_var_name + ") := case\n"

in_file = open(sys.argv[1], 'r')
lines = file_in_one_string.split(*;")

inner_pause_counter = -1
await_detected_list = list()

def match_line(sub_line, sub_await_list):
full_await_string ="
full_await_string = concatenate_await_statement(sub_await_list)
nonlocal inner_pause_counter
partial_next_statement ="



#detect and handle parallel statement
if
(re.fullmatch("(?P<process_a>[\w,\W]*\S+[\w,\W]*)\|\|(?P<process_b>[\w,\W]*\
S+H\w,\W]*)", sub_line)):
parallel_match =
re.fullmatch("(?P<process_a>[\w,\W]X\S+[\w,\W]*\|\|(?P<process_b>[\w,\W]*\
S+[\w,\W]*)", sub_line)
process_a = parallel_match.group('process_a’)
process_b = parallel_match.group('process_b")

sub_await_list_a = sub_await_list.copy()
sub_await_list_ b = sub_await_list.copy()

sub_statement_a = match_line(process_a, sub_await_list_a)
sub_statement_b = match_line(process_b, sub_await_list_b)

If (sub_statement_a):

partial_next_statement += sub_statement_a
If (sub_statement_b):

partial_next_statement += sub_statement_b

#detect and handle sequence statements
elif
(re.fullmatch("(?P<statement_a>[\w,\W]\S+[\w,\W]*)\;(?P<statement_b>[\w,\
WIAS+H\w,\W]*)", sub_line)):
parallel_match =
re.fullmatch("(?P<statement_a>[\w,\W]*\S+[\w,\W]*)\;(?P<statement_b>[\w,\W
J\S+[\w,\W1*)", sub_line)

statement_a = parallel_match.group('statement_a’")
statement_b = parallel_match.group('statement_b")

sub_statement_a = match_line(statement_a, sub_await_list)
sub_statement_b = match_line(statement_b, sub_await_list)

if (sub_statement_a):

partial_next_statement += sub_statement_a
if (sub_statement_b):

partial_next_statement += sub_statement_b

#detect and handle await statement
elif (re.match("[\s,\[,\]]*await\s+(?P<new_await_var>\w+)[\s,\[,\\]]*",
sub_line)):
await_match =
re.match("[\s,\[,\][*await\s+(?P<new_await_var>\w+)[\s,\[\]|*", sub_line)
new_await_var = await_match.group('new_await_var’)
if is_new_var_detected(await_detected_list,new_await_var):
await_detected_list.append(new_await_var)
if is_new_var_detected(sub_await_list, new_await_var):



sub_await_list.append(new_await_var)

#detect and handle emit statement
elif (re.match("\s*emit\s+"+original_var_name+"\s*", sub_line)):

If (len(full_await_string)):
partial_next_statement += full_await_string

if (inner_pause_counter>-1):
partial_next_statement += "& (pause_counter =" +
str(inner_pause_counter) + ") "
If (partial_next_statement):
partial_next_statement +=": TRUE;\n"
else:
partial_next_statement += "TRUE: TRUE;\n"

#detect and handle sustain statement
elif (re.match("\s*sustain\s+"+original_var_name+"\s*", sub_line)):
partial_next_statement +=" "
If (len(full_await_string)):
partial_next_statement += full_await_string
if (inner_pause_counter>-1):
partial_next_statement += "& (pause_counter =" +
str(inner_pause_counter) + ") "
if (partial_next_statement):
partial_next_statement +=": TRUE;\n"
else:
partial_next_statement += "TRUE: TRUE;\n"

#detect and handle "present <signal-expression> [ then <statement> | |
else <statement> ] end present" statement
elif
(re.fullmatch("\s*present\s+(?P<present_signal>\w+)\s+then\s+(?P<then_stat
ement>\w+[\w, ]*)\s+else\s+(?P<else_statement>\w+[\w,
I*)\s+end\s+present\s*\;*\s*", sub_line)):
present_then_match
=re.fullmatch("\s*present\s+(?P<present_signal>\w+)\s+then\s+(?P<then_stat
ement>\w+[\w, ]*)\s+else\s+(?P<else_statement>\w+[\w,
I*)\s+end\s+present\s*\;*\s*", sub_line)
present_signal = present_then_match.group('present_signal’)
then_statement = present_then_match.group(‘then_statement')
else_statement = present_then_match.group('else_statement’)

then_sub_statement = match_line(then_statement,
sub_await_list.copy())

signal_name = convert_signal_name(present_signal)

if (then_sub_statement == "TRUE: TRUE;\n"):
partial_next_statement += signal_name + " : TRUE;\n"

elif then_sub_statement:



partial_next_statement += signal_name + " &" +
then_sub_statement

else_sub_statement = match_line(else_statement,
sub_await_list.copy())
If (else_sub_statement == "TRUE: TRUE;\n"):
partial_next_statement +=" ! " + signal_name + " : TRUE;\n"
elif else_sub_statement:
partial_next_statement +="
else_sub_statement

I'" +signal_name +" &" +

#detect and handle "present <signal-expression> [ then <statement> ]
end present” statement
elif
(re.fullmatch("\s*present\s+(?P<present_signal>\w+)\s+then\s+\w+[\w,
[*\s+end\s+present\s*\;*\s*", sub_line)):
present_then_match
=re.fullmatch("\s*present\s+(?P<present_signal>\w+)\s+then\s+(?P<then_stat
ement>\w+[\w, *)\s+end\s+present\s*\;*\s*", sub_line)
present_signal = present_then_match.group('present_signal’)
then_statement = present_then_match.group(‘'then_statement’)

signal_name = convert_signal_name(present_signal)
sub_statement = match_line(then_statement, sub_await_list.copy())
If (sub_statement =="TRUE: TRUE;\n"):

partial_next_statement += signal_name + " : TRUE;\n"
elif sub_statement:

partial_next_statement += signal_name + " &" + sub_statement

#detect and handle pause statement
elif (re.match(r"\s*pause\s*\;*", sub_line)):
inner_pause_counter +=1

#detect and handle " if <Boolean-expression> then <statement> [ else
<statement> ] end if"

elif(re.fullmatch("\s*if\s+(?P<if_statement>\w+)\s+then\s+(?P<then_statement
>\w+[\w, J*)\s+else\s+(?P<else_statement>\w+[\w,
I)\s+end\s+present\s*\;*\s*", sub_line)):

if then_match =
re.fullmatch("\s*if\s+(?P<if_statement>\w+)\s+then\s+(?P<then_statement>\w
+\w, ]¥)\s+else\s+(?P<else_statement>\w+[\w, [*)\s+end\s+present\s*\;*\s*",
sub_line)

if_statement = if_then_match.group('if_statement’)

then_statement = if_then_match.group(‘then_statement’)

else_statement = if_then_match.group(‘else_statement’)

then_sub_statement = match_line(then_statement,
sub_await_list.copy())



if then_sub_statement:
partial_next_statement +=" " + if_statement +" &" +
then_sub_statement

else_sub_statement = match_line(else_statement,
sub_await_list.copy())
If else_sub_statement:
partial_next_statement +=" " +if_statement + " &" +
else_sub_statement

#detect and handle " if <Boolean-expression> then <statement> end if"

elif(re.fullmatch("\s*if\s+(?P<if_statement>\w+)\s+then\s+(?P<then_statement
>\w+\w, [*)\s+end\s+present\s*\;*\s*", sub_line)):

if then_match =
re.fullmatch("\s*if\s+(?P<if_statement>\w+)\s+then\s+(?P<then_statement>\w
+[\w, [*)\s+end\s+present\s*\;*\s*", sub_line)

if_statement = if_then_match.group('if_statement’)

then_statement = if_then_match.group(‘then_statement’)

then_sub_statement = match_line(then_statement,
sub_await_list.copy())
if then_sub_statement:
partial_next_statement +=" "+ if_statement +" &" +
then_sub_statement

return partial_next_statement
#for input_line in lines:
for input_line in in_file.readlines():

match_line_statement = match_line(input_line, await_detected_list)
var_next_statement += match_line_statement

if (is_loop):

var_next_statement+=" " +loop_name + " = end : FALSE;\n"
var_next_statement +=" TRUE: FALSE;\n"
var_next_statement +=" esac;\n"

return var_next_statement

#checking if variable is already in list
def is_new_var_detected(list, var):
for element in list:
if(var == element) :
return False
return True



# converting a variable in the Esterel program to the corresponding varibale in
the NuUSMV program
def convert_signal_name(signal):

for element in original_input_var_list:
if(signal == element) :
return " input_" + signal

else:
return " output " + signal

#creating the await staement for the detected list
def concatenate_await_statement(await_detected_list):
statement ="
i=0
for await_var in await_detected_list:
await_sub_string = "(await_" + await_var + " | " + "input_" + await_var +

my
if (i==0):
statement += await_sub_string
else:
statement +="& " + await_sub_string
i+=1

return statement

#creating the global clock definition
def create_global_clock():
clock_max ="1"
clock_list = list()

clock_var = "VAR -- global clock representation \n"

clock_var +=" global clock: 0 .." + clock_max + ";\n"

clock_init =" init(global_clock) := 0;\n"

clock_next =" next(global _clock) := case\n”

clock_next +=" global clock <"+ clock_max +":
global_clock+1;\n"

clock_next +=" TRUE: global_clock;\n"

clock_next +=" esac;\n"

clock_list.append(clock_var)
clock_list.append(clock _init)
clock_list.append(clock _next)

return clock_list



# creating the statement defining the end of a loop
def create_end_loop_statement(file_string, loop_step):
lines = file_string.split("\n’)
loop_step_statement ="
end_loop_statement ="
counter =0
await_detected_list = list()

for line in lines:
if (re.match("[\s,\[,\][*await\s+(?P<new_await_var>\w+)[\s,\[\]|*",line)):
await_match =
re.match("[\s,\[,\]][*await\s+(?P<new_await_var>\w+)[\s,\[\[]*", line)
new_await_var = await_match.group('new_await_var’)
signal_to_wait_for = concatenate_await_statement([new_await_var])
loop_step_statement +=" " + signal_to_wait_for + "&
loop_step =" + str(counter)+ " : loop_step+1;\n"

#detecting last step to end the loop
if (counter == loop_step-1):
end_loop_statement +=" " + signal_to_wait_for + "&
loop_step =" + str(counter)+ " : end;\n"
counter +=1

return end_loop_statement, loop_step_statement

#creating the representation of a loop (var, init, next)
def handle_end_loop(file_string, loop_condition):
#list representing the end of a loop details
end_loop_list = list()
loop_step = len(re.findall(r"await”, file_string))

loop_condition = loop_condition.split("\n’)
condition = loop_condition[0].replace(' ', )

#VAR block for the end loop statement
end_loop_var = "VAR -- loops representation \n"

end_loop var+=" loop_state : {start, middle, end};\n"
end_loop _var+=" loop_step:0.." + str(loop_step) + ";\n"
end_loop_init=" init(loop_state) := start;\n"

end_loop_init +=" init(loop_step) := 0;\n"

end_loop_statement, loop_step_statement =
create_end_loop_statement(file_string, loop_step)

end_loop_next =" next(loop_state) := case\n”

If condition:
end_loop_next +=" input_" + condition + ": end;\n"



else:
end_loop_next += end_loop_statement

end_loop_next +=" loop_state = start : middle;\n"
end_loop_next +=" loop_state = end : start;\n"
end_loop_next +=" "+ "TRUE: middle;\n"
end_loop_next +=" esac;\n"

end_loop _next +=" next(loop_step) := case\n”
end_loop_next += loop_step_statement

end_loop_next +=" loop_step =" + str(loop_step) + " : 0;\n"
end_loop_next +=" "+ "TRUE: loop_step;\n"
end_loop_next +=" esac;\n"

end_loop_list.append(end_loop_var)
end_loop_list.append(end_loop_init)
end_loop_list.append(end_loop_next)

return end_loop_list

#detecting if the Esterel program contains loop and handling them
def detect_loops(file_string):

#every element in the list should be (loop_var, init_loop,
next_statement_loop)

if
(re.match("[\s,\[,\l,\w,\W]*loop\s+(?P<loop_body>[\w,\W]\S+[\w,\W]*)each(?P
<loop_condition>[\w \W]X\S+[\w,\W]*)", file_string)):

loop_match=re.match("[\s,\[\],\w,\W]*loop\s+(?P<loop_body>[\w \W]*\S+[\w,\
W]*¥)each(?P<loop_condition>[\w,\W]\S+[\w\W]*)", file_string)

loop_body = loop_match.group('loop_body")

loop_condition = loop_match.group('loop_condition")

end_loop_list = handle_end_loop(file_string, loop_condition)

is_loop = True

end_loop_var = end_loop_list[0]

end_loop_init = end_loop_list[1]

end_loop_next = end_loop_list[2]

elif

(re.match("[\s,\[,\],\w,\W]*loop\s+(?P<loop_body>[\w,\W]\S+[\w,\W]*)when(?P
<loop_condition>[\w,\W]\S+[\w,\W]*end\s+loop[\w,\W]*\S+[\w,\W]*)",
file_string)):

loop_match =
re.match("[\s,\[\],\w,\W]*loop\s+(?P<loop_body>[\w \W]*\S+[\w,\W]*)when(?P
<loop_condition>[\w,\W]\S+[\w,\W]*end\s+loop[\w,\W]*\S+[\w,\W]*)",
file_string)

loop_condition = loop_match.group('loop_condition")

end_loop_list = handle_end_loop(file_string, loop_condition)



elif
(re.match("[\s,\[,\l,\w,\W]*loop\s+(?P<loop_body>[\w,\W]\S+[\w,\W]*)end\s+lo
op[\w,\W]*", file_string)):
loop_match =
re.match("[\s,\[,\],\w,\W]*loop\s+(?P<loop_body>[\w,\W]*\S+[\w,\W]*)end\s+loo
p[\w,\W]*", file_string)
end_loop_list = handle_end_loop(file_string, ")

else:
end_loop_list = list()
return end_loop_list

#creating the next definition for pause
def create_pause_next(file_string, pause_counter):
lines = file_string.split("\n’)
pause_next =""
counter =0
await_detected_list = list()

for line in lines:
if (re.fullmatch(r"\s*pause\s*\;*", line)):
signals_before_pause =
concatenate_await_statement(await_detected_list)
If signals_before_pause:
pause_next +=" " + signals_before_pause + "& "
pause_next += "pause_counter =" + str(counter)+ " : TRUE;\n"
await_detected_list = list()
counter +=1
elif (re.match("[\s,\[,\|]]*await\s+(?P<new_await_var>\w+)[\s,\[,\]]*",line)):
await_match =
re.match("[\s,\[,\][*await\s+(?P<new_await_var>\w+)[\s,\[\]]*", line)
new_await_var = await_match.group('new_await_var’)
if is_new_var_detected(await_detected_list,new_await_var):
await_detected_list.append(new_await_var)

return pause_next

#detecting pauses and handling them
def handle_pause_statements(file_string):
pause_list = list()
pause_counter = len(re.findall(r"pause”, file_string))

#there are pause statements in the programs and we should handle them
If (pause_counter > 0):

pause_vars = "VAR -- pause representation \n"

pause vars +=" pause : boolean;\n"

pause_vars +=" pause_counter: 0 .." + str(pause_counter) + ";\n"



pause_init =" init(pause) := FALSE;\n"

pause_init +=" init(pause_counter) := 0;\n"

pause_next =" next(pause) := case\n"

pause_next += create_pause_next(file_string, pause_counter)
pause_next +=" "+ "TRUE: FALSE;\n"
pause_next +=" esac;\n"

pause_next +=" next(pause_counter) := case\n"

pause_next +=" "+ "pause & pause_counter <" +
str(pause_counter) + " : pause_counter+1;\n"

pause_next +=" "+ "TRUE: pause_counter;\n"

pause_next +=" esac;\n"

pause_list.append(pause_vars)
pause_list.append(pause_init)
pause_list.append(pause_next)

return pause_list

#creating the fairness declaration for each input variable
def create_fairness_block():
fairness_block ="

for var in input_var_list:
fairness_block += "FAIRNESS " + var + ";\n"

return fairness_block

#main logic to convert the Esterel program to NuSMV

def convert():
# set input and output files
random_int = str(random.randrange(100000))
out_name = sys.argv[1] + random_int + "_NuSMV.smv"
out_file = open(out_name, 'w")

in_file = open(sys.argv[1], 'r")
module_def =""
VAR_block ="
init_block ="
next_block ="
next_await_block =

end_loop_var =
end_loop_init=""



end_loop_next =
end_loop_list = list()
loop_name = "loop_state"

in_file_to_string = open(sys.argv[1], 'r')

file_in_one_string ="

for line in in_file_to_string.readlines():
file_in_one_string += line

#print(file_in_one_string)

#create global clock representation
clock_list = create_global_clock()
clock_var, clock_init, clock_next = clock_list

#detect if program contains loops with conditions
end_loop_list = detect_loops(file_in_one_string)
iIf (len(end_loop_list)>0):
is_loop = True
end_loop_var, end_loop_init, end_loop_next = end_loop_list

else:
is_loop = False

#detect and handle pause statements
pause_list = handle_pause_statements(file_in_one_string)
if (len(pause_list) == 3):

pause_vars, pause_init, pause_next = pause_list
else:

pause_vars = pause_init = pause_next =""
prev_count =0
for input_line in in_file.readlines():

#detect blank lines

test_line = input_line.strip()

if len(test_line) == 0:

pass

else:
if (input_line.startswith("module")):
module_def += handle_module_defintion(input_line)

elif (input_line.startswith("input")):
split_to_vars(input_line)
VAR_block += handle_input_definition(input_line)
VAR_block +="\n" + create_await_definition(input_line)

elif (input_line.startswith("output")):
VAR_block +="\n" + handle_output_definition(input_line)
else:



new_line = input_line

output_var_index=0

init_block = init_all_vars()
next_await_block = create_next_await_block(is_loop, loop_name)

#all input variables are considered to be fair so validation would be possible
fairness_block = create_fairness_block()

#build_file

#VARS section
writeline(module_def, out_file)
writeline(VAR _block, out_file)
writeline(clock_var, out_file)
writeline(end_loop_var,out_file)
writeline(pause_vars, out_file)
writeline(fairness_block, out_file)

writeline("\nASSIGN\n", out_file)

#init section

writeline(init_block, out_file)
writeline(clock_init, out_file)
writeline(end_loop_init, out_file)
writeline(pause_init, out_file)

#next section
writeline(next_await_block, out_file)
writeline(clock_next, out_file)
writeline(end_loop_next, out_file)
writeline(pause_next, out_file)

for output_var_name in original_output_var_list:
new_var_name = output_var_listjoutput_var_index]
next_statement for i =
create_next_statement_for_output_var(file_in_one_string, output_var_name,
new_var_name, is_loop, loop_nhame)
output_var_index +=1
writeline(next_statement_for_i, out_file)

# file is done, inform user
print("Done converting Esterel program!")

def print_file(file):
open(file, 'r")
for line in file.readlines():



print(line)
#define gloabl vraiables lists

#original input vars in the Esterel program
original_input_var_list = list()

#original output vars in the Esterel program
original_output_var_list = list ()

#the representation for the input vars in the NuSMV program
input_var_list = list()

#the representation for the await var for each input var
await_var_list = list()

#the representation for the output vars in the NuSMV program
output_var_list = list()

if _name__ =='_ main__ "
if len(sys.argv) != 2:
print("usage: python3 esterel2nusmv.py
ESTEREL_PROGRAM_TO_CONVERT.smv")
exit

convert()
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