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&(51+$)*$' $)*+$ 6) %.)*+70$6+ *+4' +1"%*(8 $* 6) 3+.%$''6' 3-,'(96$ 0$)* 3"+ +"33.+*

"6 %.)*+70$6+:

;.6+ %$**$ +"('.)/ ).6' %.)'(&1+.)' 96$ 0" 2.&10('"*(.) &$' ','*42$' < #1+(=$+ $'*

*+4' (23.+*")*$ $* " '.6#$)* 1*1 )1>0(>1$: ?@$'* 3.6+96.( ).6' "00.)' ).6' , ()*1+$''$+

&")' 0" '$%*(.) '6(#")*$:

 !" #$%&'()*+($, %-) ).)+/0-) 1.23(%-)

A@()*$+"%*(.) $)*+$ &$' %.23.'")*' ",")* &$' %.23.+*$2$)*' %.)*()6' B3+.%$''6'C $*

&('%+$*' B%.)*+70$6+C +$)& 0" 2.&10('"*(.) &$' ','*42$' -,D+(&$' "6E96$0' .) '@()*1+$''$

*+4' %.230$E$: ?$**$ %.230$E(*1 "6>2$)*$ 0.+'96$ 0@.) %.)'(&4+$ &$' ','*42$' &$ *"(00$

'(>)(=%"*(#$: ;.6+ +13.)&+$ < %$' &(F%60*1'/ ).6' "00.)' 3+(#(01>($+ &$6E 3"+"&(>2$'

&$ 2.&10('"*(.) %.23.+*$2$)*"0$ G 0"  !"#$%&'()/ ()&('3$)'"D0$ 3.6+ 0" 2.&10('"*(.)

&$ ','*42$' %.230$E$'/ $* 0$'  )*%+', -, ".'+(-&%*('!+ $)*+$ 2.&60$'/ ()-1+$)*' < 0"

2.&60"+(*1 B',)%-+.)('"*(.)' $* 1%-")>$' &$ &.))1$'C:

 !"! #$%&'()*+($, -$%.'*(/0

A" 2.&10('"*(.) 2.&60"(+$ %.)'('*$ $) 0" &(#('(.) &6 ','*42$ $) 0$' 3"+*($' 96( 0$

%.)'*(*6$)* B"33$01$' 2.&60$'C: H) 2.&60$ $'* 6) 1012$)* &6 ','*42$/ %.22$ 3"+

$E$230$ 6) +1'$+#.(+/ 6) %"3*$6+/ 6)$ #"))$/ :::/ 2.&10('1 < 0@"(&$ &@6) 8.+2"0('2$

&.))1: A$ ','*42$ >0.D"0 $'* .D*$)6 < 3"+*(+ &$' 2.&40$' &$' %.23.'")*' $) 8"('")*

%..31+$+ $)*+$ $6E %$' &(51+$)*' 2.&40$' >+I%$ < &$' 21%")('2$' &@()*$+"%*(.):

;06'($6+' "33+.%-$' 3$+2$**")* 0" 2.&10('"*(.) 2.&60"(+$ &$ ','*42$' .)* 1*1 3+.J

3.'1$'/ 0" 3063"+* 1*")* D"'1$' '6+ 0" ).*(.) &$ D0.% 8.)%*(.))$0: H) D0.% 8.)%*(.))$0

$'* 6)$ '*+6%*6+$ D($) %.))6$ $* $230.,1$ %.6+"22$)* 3"+ 0$' "6*.2"*(%($)': K0 " 1*1

3+1'$)*1 3.6+ 0" 3+$2(4+$ 8.(' &")' 0" ).+2$ ?LK M  N JN OKL?PNQ '6+ 0$' 0")>">$'

&$ 3+.>+"22"*(.) 3.6+ 0$' %.)*+70$6+' 0.>(96$' 3+.>+"22"D0$' BR ;A? G ;+.>+"2J

2"D0$ A.>(% ?.)*+.00$+ SC: A" ).+2$ ?LK M TPP OKL?UTQ " 3+.0.)>1 0$ %.)%$3* &$ D0.%

8.)%*(.))$0 &$ 0" ).+2$ ?LK M  N JN $) '@()'3(+")* &$' "33+.%-$' .+($)*1$' .DV$*': A"

).+2$ ?LK M TPP $'* 6)$ ).+2$ .6#$+*$ 3.6+ 0" %.22")&$ $* 0@"6*.2"*('"*(.) &('J

*+(D61$': H) D0.% 8.)%*(.))$0 B=>6+$  :MC , $'* &1=)( %.22$ 0@1012$)* &$ D"'$ 3.6+

+1"0('$+ &$' "330(%"*(.)' %.2304*$': K0 $E('*$ &$6E *,3$' &$ D0.%' 8.)%*(.))$0' G 0$' D0.%'

8.)%*(.))$0' &$ D"'$ $* 0$' D0.%' 8.)%*(.))$0' %.23.'1': H) D0.% 8.)%*(.))$0 %.23.'1

%.)*($)* &@"6*+$' D0.%' 8.)%*(.))$0' %.23.'1' $*W.6 &@"6*+$' D0.%' 8.)%*(.))$0' &$ D"'$:

H) D0.% 8.)%*(.))$0 &$ D"'$ %.)*($)* 0$' "0>.+(*-2$' $* 6) &(">+"22$ &$ %.22")&$

&@$E1%6*(.) BL?? 3.6+ /0-*#('!+ 1!+(&!$ 12%&( C: ?-"96$ D0.% 8.)%*(.))$0 3.''4&$ &$'

$)*+1$' $* &$' '.+*($' &@1#1)$2$)*' "6''( D($) 96$ &$' $)*+1$' $* &$' '.+*($' &$ &.))1$':

X")' 6) D0.% 8.)%*(.))$0 &$ D"'$/ 0@$E1%6*(.) &@6) "0>.+(*-2$ $'* &1%0$)%-1$ 3"+ 0@.%J

%6++$)%$ &@6) 1#1)$2$)* &@$)*+1$: A@"0>.+(*-2$ $E1%6*1 3+.&6(* &$ ).6#$00$' &.))1$'

&$ '.+*($ < 3"+*(+ &$' &.))1$' &@$)*+1$: Y6")& 0@"0>.+(*-2$ " *$+2()1 '.) $E1%6*(.)/ 6)

1#1)$2$)* &$ '.+*($ $'* 12(': ?$* 1#1)$2$)* &$ '.+*($ 3$6* "0.+' &$#$)(+ 0@1#1)$2$)*

&@$)*+1$ &@6) "6*+$ D0.% 8.)%*(.))$0:
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Type Name

Evinput1
Evinput2

Evoutput1

Input1

Input2

Input3

Output1
Output2

Evénements 
de sortie

Données 
de sortie

Evénements 
d’entrée

Données 
d’entrée

Association des événements de 
sortie avec des données de sortie

Association des événements 
d’entrée avec des données d’entrée

 !"#  "# $ %& '()* +)&*,-)&&.( /. (0 &)12. 345 # 677

80 &)12. 345 # 677 19:)&/ ; /. &)2'1.<=.= /.20&/.= -&/<=,1-.((.= :)<1 (0 :1-=.

.& *)2:,. =-2<(,0&9. /. =->&0<? ., /@9A9&.2.&,=B 20-= =)<C1. *.:.&/0&, /. (0*<&.=

-2:)1,0&,.= .& ,.12.= /. /9D&-,-)& +)12.((. /. (.<1 *)2:)1,.2.&," E)<1 19:)&/1.

; *. '.=)-& /. +)120(-=0,-)&B :(<=-.<1= ,10A0<? 0*0/92-F<.= )&, :1):)=9 /.= 1.:19G

=.&,0,-)&= +)12.((.= /.= '()*= +)&*,-)&&.(= 0D& /. :.12.,,1. H (.<1 ,10/<*,-)& /0&=

/.= (0&>0>.= -&/<=,1-.(= .?-=,0&,= IJKLM#NB (0 +)120(-=0,-)& :01 0<,)20,.= ,.2:)1-=9=

IOPM6NB (.<1 A91-D*0,-)& :01 2)/.(G*Q.*R-&> ILS77B J8OMTNB <&. *)&*.:,-)& >9&91-F<.

/. '()*= +)&*,-)&&.(= IEJMUNB (. /-0>&)=,-* /. +0<,.= IVWSM#NB """

X0&= (0 =<-,. /. *. 292)-1.B &)<= 0(()&= <,-(-=.1 (. >10:Q-=2. /. *.= '()*= +)&*G

,-)&&.(= :)<1 1.:19=.&,.1 (.= 2)/<(.= /@<& OY=,Z2. XY&02-F<. SY'1-/. [OXS\" 4&

.C.,B (0 =9:010,-)& .&,1. (@9*Q0&>. /. /)&&9.= ., (. ]<? /@9A9&.2.&,= /.= '()*= .=, ,1Z=

:.1,-&.&,. :)<1 (0 2)/9(-=0,-)& ., (0 *)2:19Q.&=-)& /< =Y=,Z2. >()'0(" ^-&=-B &)<=

:19=.&,.1)&= /0&= (. *Q0:-,1. T <&. 0::1)*Q. /. 2)/9(-=0,-)& /0&= (0F<.((. <& 2)/<(.

.=, <&-F<.2.&, <&. -&,.1+0*. >10:Q-F<. ., &. /9D&-, &- (. *)2:)1,.2.&, -&,.1&. /.

*Q0F<. 2)/<(.B &- (.= 1.(0,-)&= /. *)22<&-*0,-)& .&,1. .<?" E)<1 *.(0B -( =.10 &9*.=G

=0-1. /. (.= 2)/9(-=.1 ; (@0-/. /@<& +)120(-=2. :.12.,,0&, /@.?:1-2.1 (. *)2:)1,.2.&,

QY'1-/. ., (.= -&,.10*,-)&= /.= *)2:)=0&,= /< =Y=,Z2."

 !"!# $%&%'()*+, '+ *-'./(,%0(-1 +0 *.2%1(,*+, '3(10+&%20(-1

3)22. )& A-.&, /. (. :19*-=.1B <&. /9201*Q. /. 2)/9(-=0,-)& 2)/<(0-1. *)&/<-,

; =,1<*,<1.1 (.= 2)/Z(.= .& :(<=-.<1= 2)/<(.= F<- -&,.10>-==.&, .&,1. .<?" 8. :)-&,

/. /9:01, *)&=-=,. /)&* .& (@9(0')10,-)& /< 2)/Z(. /. *Q0F<. 2)/<(." _,0&, /)&&9

F<. &)<= &)<= =)22.= -&,91.==9= ; (0 2)/9(-=0,-)& /.= =Y=,Z2.= QY'1-/.= ., ; (.<1=

-&,.10*,-)&=B /.<? :010/->2.= /. 2)/9(-=0,-)& &)<= =.2'(.&, 0::1):1-9= H (.= ` S^B

SY'1-/ ^<,)20,0 a -&,1)/<-,= :01 I^3SS7bN ., (.= ` S5c^B SY'1-/ 5&:<,dc<,:<,

^<,)20,0 a /9A.()::9= :01 I8OLMbN"

K.>01/)&= :(<= .& /9,0-( (0 +0e)& /)&, (0 *))1/-&0,-)& .&,1. 0<,)20,.= .=, 190(-=9."

E)<1 (.= 0<,)20,.= QY'1-/.= [S^\B *.,,. *))1/-&0,-)& .=, 190(-=9. :01 =Y&*Q1)&-=0,-)&

/@9,-F<.,,.= /. ,10&=-,-)&" Â.* *.,,. 0::1)*Q.B (.= A01-0'(.= =)&, :01,0>9.= :01 ,)<=



 !"! #$$%&'( )* +%, '&-.-/0  !

"#$ %&'()%'#$ #' "#$ *+%,-./$$#)#,'$ 0# '+%,$/'/(,$ 1#&2#,' 3'+# $4,-.+(,/$5$ #,'+#

1"&$/#&+$ %&'()%'#$ %4%,' 0#$ 5'/6&#''#$ #, -())&,7 8(&+ "#$ %&'()%'#$ .49+/0#$

: #,'+5#$;$(+'/#$ <=>?@AB "% -((+0/,%'/(, /,'#+C%&'()%'#$ #$' *%/'# 1%+ "D5-.%,E# 0#$

2%+/%9"#$ #' "D/,F&#,-# 0D&, %&'()%'# $&+ &, %&'+#B 1%+ "D(9$#+2%'/(, 0# $#$ 2%+/%9"#$7

G& 1(/,' 0# 2&# 0# "% '.5(+/# 0#$ %&'()%'#$ : #,'+5#$;$(+'/#$ HIJKLMB "D52("&'/(, 0#

"D#,2/+(,,#)#,' <1+(-#$$&$A #$' /,051#,0%,'# 0& -(,'+N"#&+B -(,$/05+%,' %/,$/ -())#

%$4,-.+(,# "D/,'#+%-'/(, 0#$ %&'()%'#$7 O, #P#'B 0%,$ &, $4$'Q)# +5#"B "# $4$'Q)# 0#

-())%,0# ,D#)13-.# 1%$ "D52("&'/(, 0& 1+(-#$$&$ 1.4$/6&# #' 2/-#C2#+$%7

G#$ 1+(1($/'/(,$ 2/$%,' : &'/"/$#+ &, "%,E%E# 0# )(05"/$%'/(, 9%$5 $&+ "#$ =>?@

1(&+ *%/+# 0# "% 25+/R-%'/(, %&'()%'/6&# $(,' 1+5$#,'5#$ 0%,$ HS+#TU%M7 G%,$ $(, '+%2%/"

0# '.Q$#B "D%&'#&+ 1+5$#,'# &, ,(&2#" (&'/" 0# 25+/R-%'/(,B "# )(0#"C-.#-V#+ 8=@W#+

HS+#TU9M 1(&+ "#6&#" &,# -"%$$# 0D%&'()%'#$ %""/%,' "% -((+0/,%'/(, 1%+ 5-.%,E# 0#

2%+/%9"#$ #' 1%+ $4,-.+(,/$%'/(, 0D5'/6&#''#$ % 5'5 1+(1($5#7 X#''# -"%$$# 0D%&'()%'#

-(,$#+2# "# -(,-#1' 0# )(0&"%+/'5 1(&+ "#$ 2%+/%9"#$ Y 0D#,'+5#B 0# $(+'/# (& "(-%"#7

8%+%""Q"#)#,'B 0%,$ "% "/''5+%'&+# 0#$ ZOGB "% $4,-.+(,/$%'/(, #,'+# %&'()%'#$ %

*%/' "D(9[#' 0# 1"&$/#&+$ '+%2%&\7 8%+)/ -#$ '+%2%&\B "# *(+)%"/$)# %11#"5 ] ^XOZ Y

^#' X(,0/'/(,$ O2#,'$ Z4$'#)$ _ /,'+(0&/' 1%+ H`=!UM 1+(1($# 0#$ )5-%,/$)#$ '+Q$

5"%9(+5$ 1(&+ +#1+5$#,'#+ "% -())&,/-%'/(, #' "% $4,-.+(,/$%'/(, #,'+# %&'()%'#$ Y

$4,-.+(,/$%'/(, 9"(6&%,'# #' ,(, 9"(6&%,'# #,'+# &, (& 1"&$/#&+$ %&'()%'#$7 X#$ )5C

-%,/$)#$ $(,' /,$1/+5$ 0#$ '+%2%&\ %&'(&+ 0#$ ] XZ8 Y X())&,/-%'/,E Z#6&#,'/%" 8+(C

-#$$#$ _ H=(%KUM #' 0#$ ] XXZ Y X())&,/-%'/(, %,0 X(,-&++#,-4 Z4$'#)$ _ Ha/"K!M7

>" ,(&$ $#)9"# /,'5+#$$%,' 0D%0%1'#+ -#$ )5-%,/$)#$ : "% )(05"/$%'/(, 0#$ ZG=7

O, -(,-"&$/(,B 9/#, 6&# "% )(05"/$%'/(, 1%+ %&'()%'#$ .49+/0#$ 1#+)#''# &,# 0#$C

-+/1'/(, 0& -()1(+'#)#,' 0#$ 1+(-505$ 1.4$/6&#$B 1&/$6&# "D(, 1#&' #\1+/)#+ "D52(C

"&'/(, 0#$ E+%,0#&+$ -(,'/,&#$ #' 0#$ -.%,E#)#,'$ 0D5'%'$ 0# E+%,0#&+$ 0/$-+Q'#$B #""#

,D#$' 1%$ $&b$%,'# 1(&+ 05-+/+# "D/,'#+%-'/(, 0#$ )(0Q"#$ 0%,$ &, +5$#%&7

I#$ 0#&\ 1+/,-/1%&\ )5-%,/$)#$ 0D/,'#+%-'/(, /,'#+C%&'()%'#$ $(,' "D5-.%,E# 0#$

2%+/%9"#$ #' "% $4,-.+(,/$%'/(, 1%+ 5'/6&#''#$ 0# '+%,$/'/(,7 G%,$ "% 1+%'/6&# <"% 1"&C

1%+' 0#$ %11"/-%'/(,$ /,0&$'+/#""#$AB -#''# /,'#+%-'/(, #$' $(&2#,' -(,$/05+5# 0# )%,/Q+#

0/+#-'/(,,#""#B -D#$'C:C0/+# 6&# "D(, -(,$/0Q+# 6&D&, )(0&"# %E/' $&+ 0D%&'+#$ )(0&"#$

6&/ +5%E/$$#,' $#&"#)#,' %&\ $/E,%&\ #,2(45$ 1%+ "# )(0&"#  !"#$%7

8%+ %/""#&+$B 0%,$ "# -%0+# 0#$ $4$'Q)#$ : 525,#)#,'$ 0/$-+#'$ <ZOGAB 0#$ )5-%C

,/$)#$ 1#+*(+)%,'$ 0# $4,-.+(,/$%'/(, : -%+%-'Q+# 9"(6&%,' (& ,(, 9"(6&%,' (,' 5'5

5'&0/5$7

G# )%,/Q+# : -(,'+/9&#+ : "% )(05"/$%'/(, )(0&"%/+# 0#$ $4$'Q)#$ 04,%)/6&#$

.49+/0#$ <ZG=AB ,(&$ 1+(1($(,$ 0%,$ "# -.%1/'+# c &,# ,(&2#""# -"%$$# 0D%&'()%'#$

.49+/0#$ : #,'+5#$;$(+'/#$ #' $4,-.+(,/$%'/(,$ '415#$ <HIOATSA 6&/ 1+("(,E# "% $5C

)%,'/6&# 0#$ %&'()%'#$ .49+/0#$ 05R,/$ 0%,$ HS+#TU%M E+d-# : 0#$ )5-%,/$)#$ 52("&5$

0# $4,-.+(,/$%'/(,B /,$1/+5$ 0# -#&\ 05R,/$ 1(&+ "#$ ZOG 0%,$ "#$ ^XOZ H`=!UM7

 !" #$$%&'( )* +%, '&-.-/0

^('+# 5'&0# 1(+'# $&+ "% 25+/R-%'/(, 0# $4$'Q)#$ 6&/ &'/"/$#,' "#$ -(,'+N"#&+$ "(E/6&#$

1(&+ -())%,0#+ 0#$ 1+(-#$$&$ -(,'/,&$7 ID(9[#-'/* #$' "% 2%"/0%'/(, 0#$ 1+(1+/5'5$
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"#$%&'&$&'()*+ $#,-)./ -# &)01*+ "#' ('*)%& / .2$03.'45$&'4% -) .$ "#$.'&3 -# *)5('6)

5)%-# 1$5 .) *7*&80) )% #&'.'*$%& .$ &)69%'"#) -# : 04-).,69)6;'%< = 97>5'-)?

@400) .) 04%&5) .$ A<#5) B?C+ .2'%&)5$6&'4% -# 1546)**#* $()6 .) 64%&5D.)#5 6$5$6&3,

5'*3 1$5 .) 676.) -) *4% 04%'&)#5 )& *)* 154<5$00)* $11.'6$&'E* %4#* 1)50)& -) (35'A)5

6)* &71)* -) 15415'3&3*?

Moniteur 

Processus Programme(s)

Vérification par 

model-checking  

Aide au 
dimensionnement 

de la partie 
opérative

Validation du/des 
programmes

Réglage du temps de 
cycle du moniteur API

Coordination  
des programmes

Performances sur la qualité du
service rendu par le système

Moniteur 

Processus Programme(s)

Vérification par 

model-checking  

Aide au 
dimensionnement 

de la partie 
opérative

Validation du/des 
programmes

Réglage du temps de 
cycle du moniteur API

Coordination  
des programmes

Performances sur la qualité du
service rendu par le système

 !"#  !" # $%&'()*+',- ./ 0* 12*0'+% .2 3/&4')/ &/-.2 5*& 0/ 363+78/

9,2& *:,2+'& ; 0* 4%&'()*+',- ./ )/3 5&,5&'%+%3< -,23 *4,-3 './-+'(% .'=%&/-+/3

%+*5/3 ./ 8,.%0'3*+',- >4,'& (?2&/  !@A! BC/3+ *2+,2& ./ )/3 %+*5/3 12/ 5,&+/-+ -,3

*55,&+3 3)'/-+'(12/3 5,2& ),-3+'+2/& 2-/ 8%+D,.,0,?'/ 5,2& 0* 4%&'()*+',- ./ 363+78/3

D6:&'./3!

E/3 %+*5/3 ./ 8,.%0'3*+',- 3,-+ 0/3 32'4*-+/3 F

 ! G%(-'& 0* H&,-+'7&/ ./ 8,.%0'3*+',- ./3 363+78/3 &%/03!

I! J./-+'(/& 0/3 :/3,'-3 ./ 8,.%0'3*+',- ./ )/3 363+78/3!

K! L*'&/ 2-/ *:3+&*)+',- ./3 363+78/3 5*& 8,.20/3 /- 5&/-*-+ /- ),85+/ 0/2& +*'00/

/+ 0/3 ,:M/)+'H3 ./ 4%&'()*+',-!

N! O,.%0'3/& )D*12/ 8,.20/ *4/) 0/ H,&8*0'38/ ./ 8,.%0'3*+',- P2+,8*+/3 Q6R

:&'./3 ; S-+&%/3TU,&+'/3 12/ -,23 5&,5,3,-3 /+ 12/ 0C,- 4* *55/00/&* 5*& 0* 32'+/

HIOATS!

V! P33,)'/& )D*12/ :0,) H,-)+',--/0 '332 ./ 0* -,&8/ BSJ W NXX ; 2- 8,.20/!

W! Y&*.2'&/ )/3 8,.70/3 .*-3 0/ 0*-?*?/ *.*5+% *2 8,./0R)D/)Z/&!

"! BD/&)D/& 0/3 5&,5&'%+%3 12*-+'+*+'4/3 .*-3 0* &%?',- *++/'?-*:0/ 5*& 0/ 8,.70/!

EC*55,&+ ./ )/ +&*4*'0 /3+ *&+')20% /- +&,'3 *[/3 ),850%8/-+*'&/3 F

•  !"#" $%& '& %$%()*&% '& ("+  & ,-" +%(&

•  " .-,+/0"(+1# '& 2,12,+-(-% 34"#(+("(+.&%

•  " *1'- +%"(+1# *1'4 "+,&
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ProcessusPropriétés 
Quantitatives MODELISATION 

MODULAIRE

SYSTEME REEL 
{Contrôleur logique + 

Procesus}

VERIFICATION 
DE PROPRIETES 
QUANTITATIVES 

MODELES HIOA 
[Freh, 05]

Besoins de modélisation
-Modularité
-Synchronisation de 
haut niveau

HIOA
TS

Module-1
Events

Variables

Traduction  en 
HIOA [PHAVer] 

Model-Checker :
PHAVerNouveau paradigme

de modélisation:
HIOA

TS

Réseau
d'automates
HIOA

TS

Contrôleur 
logique

Programme

Moniteur 
d‘exécution

1

2

3

4

5

6 7
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HIOA
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HIOA [PHAVer] 
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de modélisation:
HIOA

TS

Réseau
d'automates
HIOA

TS

Contrôleur 
logique

Programme

Moniteur 
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 !"# !"# $ %&'()*+,-)*.( &'/ 0)-1'/ &' 2.&03*/-)*.( 1.45 3- 605*+,-)*.( 7.52'33'

 !"! #$%&'() *) ('(+,-)( *) +%.&&) /0%&.(+)

8- ,.213'9*)0 &:4( /;/)<2' 50'3= &:-15</ >?-;@!A= 1'4) B)5' &' 134/*'45/ (-)45'/= C
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4& (#A*/+/,* (%$ &'+,-&+%$ 329"/(%$ @ %*+"#%$B$,"+/%$ @ $2*03",*/$&+/,*$ +21#%$; C*

%D%-14% %$+ '+/4/$# 1,'" /44'$+"%" 4& *#0%$$/+# (% (#A*/" (/E#"%*+$ +21%$ (% $2*03",*/$&7

+/,*$ %*+"% &'+,-&+%$; ?% 0,-1,"+%-%*+ =4,9&4 ()'* FGH -,(#4/$# 1&" '*% &11",03%

-,('4&/"% #+&*+ (,**# 1&" 4)/*+%"&0+/,* ()&'+,-&+%$I '* ,1#"&+%'" (% 0,-1,$/+/,* %$+

#=&4%-%*+ (#A*/; ?& $%0+/,*  ;J 1"#$%*+% '* &4=,"/+3-% (% +"&('0+/,* 1,'" %D1"/-%" 4%

0,-1,"+%-%*+ (%$ &'+,-&+%$ 329"/(%$ @ %*+"#%$B$,"+/%$ @ $2*03",*/$&+/,*$ +21#%$ &8%0

4& $#-&*+/.'% ()'* ,'+/4 ()&*&42$% %D/$+&*+; K*A*I 4)%D%-14% 1"#$%*+# %* $%0+/,*  ; %$+

+"&('/+ 1'/$ &*&42$# &8%0 4% L -,(%4703%0M%" N 1,42#("/.'% OHPQ%";

 ! "#$%&'( )*+',-.&,%$ /0123)%$ 435#&32%$ 6 7058

9:2-53$&,3-5$ ;0<#%$

 ! !" #$% &'()*&($% +,-./0$% 1/23&/.$% 4 $2(.3$%5%).(/$%

?& 04&$$% ()&'+,-&+%$ .'% *,'$ 1",1,$,*$ %$+ '*% %D+%*$/,* (%$ &'+,-&+%$ 327

9"/(%$ 4/*#&/"%$ @ %*+"#%$B$,"+/%$ 5HIOA: "%+%*'$ 1&" R; S"%3$% (&*$ $%$ +"&8&'D $'"

4% L -,(%4703%0M%" N OHPQ%" TS"%UV&W; C* %D%-14% ()HIOA %$+ (,**# $'" 4& A=  ;XI

*,'$ &44,*$ %* "&11%4%" 4& (#A*/+/,* Y,"-%44%;

q

2
5

1

1

=

≤

x

x

&

q’

23
1

−≤≤− x&

Situation discrète 
sourceCondition
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Dynamique
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Invariant

Garde

1

1

≥x

Etiquette

l
1

,    x
1

≥ 3, x’
1

: = 5

l
2

,    x
1

= 1, -1 ≤ x’
1

≤ 0

Affectation
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x
1
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 !"#  ;X Z F2*+&D% ()'* &'+,-&+% 329"/(% 4/*#&/"% HIOA

C* &'+,-&+% 329"/(% 4/*#&/"% @ %*+"#%$B$,"+/%$ HIOA = 〈Q, X, L, T,A,F , I,Init〉
0,*$/$+% %* [

• '* %*$%-94% (% $/+'&+/,*$ (/$0">+%$ Q \

• '* %*$%-94% (% 8&"/&94%$ "#%44%$ X = XI ∪ XO ∪ XLI ,] XI %$+ 4)%*$%-94% (%$

8&"/&94%$ ()%*+"#%I XO 4)%*$%-94% (%$ 8&"/&94%$ (% $,"+/% %+ XL 4)%*$%-94% (%$

8&"/&94%$ 4,0&4%$; G% 14'$I XI ∩ XO = XI ∩ XL = XO ∩ XL = ∅; ?%$ 8&"/&94%$

&11&"+%*&*+ @ XL ,' @ XO $,*+ 4%$ 8&"/&94%$  !"#$%&'() 1&" 4)&'+,-&+%I +&*(/$

.'% 4%$ 8&"/&94%$ &11&"+%*&*+ @ XI $,*+ (%$ 8&"/&94%$ "!"  !"#$%&'() \

• '* %*$%-94% ()#+/.'%++%$ L = LI ∪ LO ∪ LL ,] LI "%1"#$%*+% 4)%*$%-94% (%$

#+/.'%++%$ ()%*+"#%I LO 4)%*$%-94% (%$ #+/.'%++%$ (% $,"+/% %+ LL 4)%*$%-94% (%$

#+/.'%++%$ 4,0&4%$ \



 ! ! "#$%&'( )*+',-.&,%$ /0123)%$ 435#&32%$ 6 705892-53$&,3-5$ :0;#%$  !

• "# $#%$&'($ )$ *+,#%-*-.#% T ⊆ Q× L×G×Q/ .0 %- (q, l, g, q′) ∈ T ,(.+% 1

2  $*  ! %.#* ($% %-*",*-.#% )-%3+4*$% %."+3$ $* )$%*-#,*-.#/ 5(5&$#*% )$ Q/

2 " $%* "#$ 5*-6"$**$/ 5(5&$#* )$ L 7l ∈ LL %- ,"3"#$ 5*-6"$**$ )8$#*+5$ ." )$

%.+*-$ #8$%* +$6"-%$9/

2 # $%* "#$ :,+)$/ 5(5&$#* )$ G/ 38$%*;<;)-+$ "#$ 3.#)-*-.# %"+ (, =,($"+ )$%

=,+-,'($% )$ X $>?+-&5$ %."% (, @.+&$ )8"#$ 3.#A.#3*-.# )$ ?+5)-3,*% 5(5&$#*%

)$ PB P $%* (8$#%$&'($ )$% ?+5)-3,*% )5C#-% %"+ XB D# ?+5)-3,* $%* "#$ 5:,(-*5 ."

"#$ -#5:,(-*5 $#*+$ $>?+$%%-.#% ,E#$% )$% =,+-,'($% )$ X < 3.$E3-$#*% 3.#%*,#*%

$* +,*-.##$(% F

• "#$ @.#3*-.# A 6"- ,%%.3-$ < "#$ *+,#%-*-.# (q, l, g, q′) "#$ (-%*$ )8,G$3*,*-.#% )$%

=,+-,'($% 3.#*+H(5$% XO $* XLB IJ,6"$ ,G$3*,*-.# $%* %?53-C5$ ?,+ "#$ 3.#A.#3*-.#

)$ ?+5)-3,*% )$ P F

• "#$ @.#3*-.# F 6"- )53+-* (, )K#,&-6"$ 3.#*-#"$ )$ 3J,6"$ %-*",*-.# )-%3+4*$

)$ Q/ $# ,%%.3-,#* < 3J,6"$ 3."?($ (q, xC) ∈ Q × (XO ∪ XL) "#$ 3.#A.#3*-.#

)$ ?+5)-3,*% )$ (, @.+&$ ẋC ≥ c(X)/ ẋC ≤ c(X) ." ẋC = c(X)/ ,=$3 c(X) "#$

$>?+$%%-.# ,E#$ )$% =,+-,'($% )$ X < 3.$E3-$#*% 3.#%*,#*% $* +,*-.##$(% F

• "#$ @.#3*-.# I 6"- ,%%.3-$ "# -#=,+-,#* < 3J,6"$ %-*",*-.# )-%3+4*$ )$ QB I$*

-#=,+-,#* $%* "#$ +5:-.# )$ (8$%?,3$ )85*,*% )$% =,+-,'($% )$ X )5C#- %."% (, @.+&$

)8"#$ )-%A.#3*-.# )$ 3.#A.#3*-.#% )$ P F

• "# 5*,* -#-*-,( $%&' )5C#- ?,+ "#$ %-*",*-.# -#-*-,($ q0 ∈ Q $* "# ).&,-#$ )$

(8$%?,3$ )85*,*% )$% =,+-,'($% )$ XO ∪ XL )5C#- %."% (, @.+&$ )8"#$ 3.#A.#3*-.#

)$ ?+5)-3,*% )$ PB

L85*,* 3."+,#* )8"# ,"*.&,*$ JK'+-)$ (-#5,-+$ $%* )5C#- ?,+ "# 3."?($ (q, v) ∈
Q×R !"#(XO∪XL)

.0 v $%* "#$ =,(",*-.# %"+ (8$#%$&'($ )$ +5$(% )$% =,+-,'($% 3.#*+H(5$%B

L85*,* )8"# HIOA ?$"* ).#3 M*+$ &.)-C5 )$ )$"> &,#-4+$% 1

7-9 ?,+ @+,#3J-%%$&$#* )8"#$ *+,#%-*-.# (q, l, g, q′) ∈ T 6"- 3J,#:$ (, %-*",*-.# )-%3+4*$

3."+,#*$ q $# q′/ $* 6"- @,-* 5=.("$+ ($% =,+-,'($% 3.#*+H(5$% )$ X %$(.# (, @.#3*-.#

AB I$ @+,#3J-%%$&$#* #8$%* ?.%%-'($ 6"$ (.+%6"$ (, :,+)$ (8,"*.+-%$/

7--9 ?,+ (853."($&$#* )" *$&?% ),#% "#$ %-*",*-.# 6"- @,-* 5=.("$+ (, =,($"+ )$% =,;

+-,'($% 3.#*+H(5$% %$(.# (, @.#3*-.# F B D# HIOA ?$"* )$&$"+$+ ),#% "#$ %-*",*-.#

q *,#* 6"$ (8-#=,+-,#* I(q) $%* %,*-%@,-*B

N."+ (, &.)5(-%,*-.# )$% %K%*4&$% 3.&?($>$%/ "#$ ,??+.3J$ &.)"(,-+$ $%* %."=$#*

-#)-%?$#%,'($B O(($ 3.#)"-* < (, 3.#%*+"3*-.# )8"# $#%$&'($ )8HIOA $# -#*$+,3*-.#

,??$(5 ()*+,- )8HIOA/ )5C#- @.+&$(($&$#* 3.&&$ 1

R = {i ∈ J1, nK | HIOAi = 〈Qi, Xi, Li, Ti,Ai,Fi, Ii, Initi〉}

∀(i, j) ∈ J1, nK2
,=$3 i 6= j 1 ($% $#%$&'($% )$% %-*",*-.#% %.#* )-%A.-#*% )$"> < )$">

Qi ∩Qj = ∅/ ($% =,+-,'($% (.3,($% #8,??,+*-$##$#* < ,"3"# ,"*+$ ,"*.&,*$ XLi
∩Xj =

∅/ ($% =,+-,'($% )$ %.+*-$ #$ ?$"=$#* ?,% M*+$ )$% =,+-,'($% 3.#*+H(5$% ),#% "# ,"*+$

,"*.&,*$ XOi
∩ (XOj

∪ XLj
) = ∅ 6"- %$ %-&?(-C$ $# XOj

∩ XOi
= ∅ 3.&?*$ *$#" )$%

3.#*+,-#*$% ?+535)$#*$%B P-#%-/ XOi
⊂ Xi $* Xi ∩ XLj

= ∅B

 !"#"$!%& Q$% #.*,*-.#% )-G5+$#*$% ?."++.#* M*+$ "*-(-%5$% ),#% 3$ ).3"&$#* ?."+ ($%

HIOA %$(.# 6"8-( %8,:-+, )8"#$ C:"+$ :5#5+5$ ?,+ "#$ *..('.>/ )8"# 3.)$ )8$#*+5$

?."+ ($ R &.)$(;3J$3S$+ T ." )8"#$ %-&?($ -(("%*+,*-.# :+,?J-6"$B L, *,'($  BU

&.#*+$ ($% #.*,*-.#% "*-(-%5$% *."* ," (.#: )$ 3$**$ *J4%$ ?."+ ($% HIOAB
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"#$%&'%& ()*$)+",%)#$ $#%,%)#$(

 !"#$ #!% & '(%  !)*$ '+$' ,+

*-#.' / 0

x ≤ 3 x -.  

12!#3 4+'

5,!% !+'

.# 1*$ "*' 1' & '(%

*-#.' / 6

ẋ = 2 d(x)/dt = 2 x′ = 2

.# 1*$ "*' 1' &

'(% 1#!( .7 !%'$8

"#..' )'$3* 980:86;

−3 ≤ x ≤ −2 −3 ≤ d(x)/dt ≤ −2 / -. x′

0

x′
-./1

-#$1' & '(% (+<*$ '+$' /

0 '% 1 =*$'!%' 1' >

x ≥ 3 ∧ ¬(x = 5) x >= 3 ∧ ¬(x == 5) x 2. 

0 3 4x..56

#='5%#% ,!

> '(% #='5%* / & x′ := 5 x′ ← 5 x′ == 5
.# !,+"'..' "#.'+$

1' & '(% <.+( <'8

% %' ,+ *-#.' /

(# "#.'+$ 5,+$#!%'

3, !( ?

x′ ≤ x− 1 x′ <= x− 1

 !"#  !" # $%&'&(%)* +%,- ./* HIOA

 ! ! "##$%&'( )%*+,-.$( #%+$ $(#$/0(12($ ,( $/0(-+

0/ 1')(2-/ 3 %4&/)(- ,)/ 5,/ 67/)*/14./ 67,) -8*/', 67',&%1'&/* +/-1/&&')& 6/

689-(-/ .' 9%))/:(%) 6/ 6(;8-/)&* HIOA /& ./,-* ()&/-'9&(%)* 6')* ,) -8*/', )%,*

'5%)* -/&/), ,)/ -/+-8*/)&'&(%) <-'+=(>,/? ()*+(-8/ 6/* @ A,)9&(%) B.%9* C 6/ .' )%-1/

DEF G"HII JFEDKHL! M/.%) 9/&&/ )%-1/? ,) 4.%9 N%)9&(%))/. /*& ,)/ '4*&-'9&(%) 6/ .'

N%)9&(%) 67,) 9%1+%*')& O+=P*(>,/ %, 6/ 9%)&-Q./R 6%)& .7()&/-N'9/ 9%1+%-&/ 6/* 858S

)/1/)&* 67/)&-8/ /& 6/ *%-&(/ /& 6/* 6%))8/* 67/)&-8/ /& 6/ *%-&(/! T()*(? ,)/ '++.(9'&(%)

<.%4'./ /*& 9%)*&-,(&/ +'- .' 9%))/:(%) 6/ +.,*(/,-* 6/ 9/* 4.%9*! E) /;/&? 97/*& 9/&&/ 9'S

-'9&8-(*&(>,/ *&-,9&,-/../ 6/ .' )%-1/ >,/ )%,* '5%)* +-(*/ 9%11/ 1%62./ +%,- '++,P/-

./* -/+-8*/)&'&(%)* <-'+=(>,/* 6/ )%* ',&%1'&/*!

U7(68/ /*& 6/ 68V)(- ,) *9=81' 1%6,.'(-/ +%,- >,7,) ',&%1'&/ =P4-(6/ 3 /)S

&-8/*W*%-&(/* +,(**/ X&-/ -/+-8*/)&8 +'- ,) 4.%9 O1%6,./R /& >,/ ./ 1%62./ <.%4'. 67,)/

'++.(9'&(%) +,(**/ X&-/ 9%)*&-,(& /) 9%1+%*')& 9/* 1%6,./* 6/ 4'*/! D/&&/ -/+-8*/)&'S

&(%) <-'+=(>,/ )%,* +/-1/& 6/ 689-(-/ .' *&-,9&,-/ 67,) HIOA /& 6/ */* ()&/-'9&(%)*

'5/9 67',&-/* HIOA 5(' .789=')</ 6/ 6%))8/* %,W/& .' *P)9=-%)(*'&(%) 67858)/1/)&*!

U' V<,-/  ! 1%)&-/ .' -/+-8*/)&'&(%) <-'+=(>,/ -8*,.&')&/ 67,) HIOA!
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 !"# !"# $ %&'()*&+,-,./+ 0&* HIOA &, 0& 1&2(* .+,&(-3,./+* 0-+* 2+ ()*&-2

 ! !" #$%&'(% )* +&),-'%./$*0 $( %1(230&('%./'&(% /14,$%

4/(*526.1 &7&3,2& 2+& 8/0)1.*-,./+ 062+ *9*,:8& 3/8'1&;&< 1& 3/+3&',&2( *& =&2(,&

*/2>&+, ? 0&* 0.@321,)* '/2( &;'(.8&( 1- 3//(0.+-,./+ &+,(& 1&* -2,/8-,&* 0& 8/021&*"

4& A&*/.+ 06),&+0(& 1&* 3-'-3.,)* *)8-+,.52&* 0&* -2,/8-,&* =9A(.0&* 1.+)-.(&* '/2(

/7(.( 0& 821,.'1&* 3-'-3.,)* 06&;'(.8&( 0.7)(&+,* ,9'&* 0& *9+3=(/+.*-,./+ &+,(& 1&*

-2,/8-,&* &*, A.&+ ()&1" B/2( 0)C+.( 1& 3/8'/(,&8&+, 062+ *9*,:8& 8/0)1.*) '-( 2+

()*&-2 06-2,/8-,&*< .1 &*, +)3&**-.(& 0& 0)C+.( 3/88&+, 1&* ),.52&,,&* -**/3.)&* -2;

,(-+*.,./+* '&(8&,,&+, 1- *9+3=(/+.*-,./+ 0&* )>/12,./+* &+,(& -2,/8-,&*" D-+* 1- 1.,E

,)(-,2(&< /+ ,(/2>& 0& 8-+.:(& '12* F)+)(-1& 0.7)(&+,* ,9'&* 0& *9+3=(/+.*-,./+ 52&

16/+ '&2, 31-**&( *&1/+ G

• 0&2; *,(23,2(&* 0& *9+3=(/+.*-,./+ G 1&* *9+3=(/+.*-,./+* A.'-(,.&* HI -2,/8-,&

)8&,,&2(< I -2,/8-,& ()3&',&2(J HKKL MN.1OPQ< R$$%%& MSTUVQJ &, 1&* *9+E

3=(/+.*-,./+* 821,.'-(,.&* HI -2,/8-,& )8&,,&2(< W -2,/8-,&* ()3&',&2(*J HKLB

MX/-OYQ< 4Z[ZL M\LZOPQJ ]

• 52-,(& ,9'&* 0& *9+3=(/+.*-,./+ G

H.J 16.+,&(-3,./+ -*9+3=(/+&< /^ 1&* ),.52&,,&* +& */+, '-* 2,.1&* &, /^ 1&* .+E

,&(-3,./+* &+,(& -2,/8-,&* *& _/+, *2( )3=-+F&* 0& >-(.-A1&* ()&11&*< 3/88&

0-+* 1&* -2,/8-,&* ? &+,()&*`*/(,.&* M4[OaQ ]

H..J 1- *9+3=(/+.*-,./+ '-( (&+0&bE>/2* +/+ A1/52-+,< /^ 2+ -2,/8-,& )8&,,&2(

)8&, 2+& ),.52&,,& 0& *9+3=(/+.*-,./+ *-+* c,(& A1/52) '-( 1& 3/8'/(,&8&+,

0&* ()3&',&2(*< -1/(* 52& 1&* ()3&',&2(* */+, A1/52)* &+ -,,&+,& 0& 16)8.*E

*./+ 062+& ),.52&,,& 0& *9+3=(/+.*-,./+" K& ,9'& 0& *9+3=(/+.*-,./+ &*, '-(

&;&8'1& 2,.1.*) 0-+* 1&* -2,/8-,&* R$$%%& M4BTPaQ ]

H...J 1- *9+3=(/+.*-,./+ '-( (&+0&bE>/2* A1/52-+, /^ ,/2* 1&* -2,/8-,&* 52. '/*E

*:0&+, 1- 8c8& ),.52&,,& l 0/.>&+, *6-,,&+0(& '/2( _(-+3=.( *.821,-+)8&+,

1&2( ,(-+*.,./+ ),.52&,)& l" B-( 3/+,(&< .1* )>/12&+, 0& 8-+.:(& -*9+3=(/+&

'/2( 1&* ,(-+*.,./+* *-+* ),.52&,,& '-(,-F)&" K& ,9'& 0& *9+3=(/+.*-,./+ ,(:*

()'-+02 &*, 0)3(., 0-+* MK4PPQ &, 2,.1.*) '-( &;&8'1& 0-+* 1&* -2,/8-,&*

=9A(.0&* 0& X'[()* MXXd[PaQ &, 0-+* 1&* HIOA 0& BXef&( Mg(&UY-Q ]

H.>J 16.+,&(-3,./+ ,/,-1&8&+, *9+3=(/+& /^ ,/2* 1&* -2,/8-,&* 02 ()*&-2 +6)>/E
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!"#$% &"# '() *)($+,-..#/#$% 0#. %)($.-%-1$. '1..20($% "$# 2%-&"#%%# '()%(3

42# '() %1".5 6"+"$# 0#. ("%)#. %)($.-%-1$. $# '1"))( 7%)# *)($+,-# 89:;;<5
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 !"!  H1 !" H2# $!%& '%"()'"!* $% +,*!'% $-HIOATS

#$%&'"  H = H1‖H2# %. '%"()'"! /()0(*,

XO ← XO1 ∪ XO2 

XI ← (XI1 ∪ XI2)− XO!

XL ← (XL1 ∪ XL2)"

LO ← LO1 ∪ LO2#

LI ← (LI1 ∪ LI2)− LO$

LL ← (LL1 ∪ LL2)%

R : L→ {!, ?, 12&

l 7→







3 43 *5 l ∈ LO ∪ LL

3 63 *5 l ∈ LI !" (R1(l) 6= 313 (% R2(l) 6= 313) !"

313 *5 l ∈ LI !" (R1(l) = 313 (% R2(l) = 313)
'

q1s ← q01 ,"'" 5.5"5'7 $! H1(

q2s ← q02 ,"'" 5.5"5'7 $! H2 )

Q← Q ∪ {(q1s, q2s)}  

89:; ← <=;;= 89:;>? !

;@89:;=(89:;, (q1s, q2s)) "

()*'$  !" #$%&'($)& *#$%&+ +, #

(q1s, q2s)← A;89:;= >89:;? $

T1 = {q
l,g
−→ q′ ∈ T1 | q = q1s} %

T2 = {q
l,g
−→ q′ ∈ T2 | q = q2s} &

-,.!'' q1s
l1,g1
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*- l1 /∈ L2 ")$/ (

<'* B $! 7' /()0(*5"5(.!)

$'%$! 

-,.!'' q2s
l2,g2

−−−→ q2d ∈ T2 +,!!

*- l1 = l2 ")$/!"

<'* C $! 7' /()0(*5"5(.!#

*- R2(l1) = ,-, ")$/!$

<'* D $! 7' /()0(*5"5(.!%

-,.!'' q2s
l2,g2

−−−→ q2d ∈ T2 +,!&

*- l2 /∈ L1 ")$/!'

<'* E $! 7' /()0(*5"5(.!(

$'%$")

*- R1(l2) = ,-, ")$/" 

<'* F $! 7' /()0(*5"5(."!

F : Q× (XO ∪ XL)→ <8 $! 7' G(+)! ẋC ≥ c(X), ẋC ≤ c(X), ẋC = c(X)""

((q1, q2), xC) 7→

{

F1(q1, xC) *5 xC ∈ XO1 ∪ XL1

F2(q2, xC) *5 xC ∈ XO2 ∪ XL2

I : Q→ P(X)"#

(q1, q2) 7→ I1(q1) ∧ I2(q2)"$

*- Init1 = (q01, d01)  ! Init2 = (q02, d02) ")$/"%

Init = ((q01, q02), d01 ∧ d02)"&



 ! ! "#$%&'( )*+',-.&,%$ /0123)%$ 435#&32%$ 6 705892-53$&,3-5$ :0;#%$  !

"#$ %&'()#*+$ ,-$ %# ,./0.$&+&.* $.*+ %(1#2.00($ %-*$ 23-24.)&+5/# 67 8.9$ -22.*$

%(+-&22#) ,#+ -24.)&+5/# ,.//# $9&+ :

; "&4*#$ [1 : 6]  !" #7 "# <)-*,5&$$#/#*+ %# 2- +)-*$&+&.* t1 ∈ H1 *3#$+ 0-$ $=*,5).>

*&$( -1#, t2 ∈ H2 ?1.&) @47 67AB7 C#92 2# <)-*,5&$$#/#*+ %# 2- +)-*$&+&.* -00-)+#>

*-*+ D H1 #$+ 0#)/&$ #+ ,#++# +)-*$&+&.* #$+ -E.9+(# D 23#*$#/F2# %# +)-*$&+&.*$ T7

G*$9&+#H $& 2- *.91#22# $&+9-+&.* -++#&*+# (q1d, q2s) *3-00-)+&#*+ 0-$ D 23#*$#/F2#

QH .* 23-E.9+# D 23#*$#/F2# Q -&*$& I93D 2- 0&2#7 J* ,-2,92# #*$9&+# 2- <.*,+&.* A
#+ .* -E.9+# D 2- 2&$+# %3-'#,+-+&.* ,.9)-*+# 2#$ -'#,+-+&.*$ %# 2- +)-*$&+&.* t17
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 !"# 67A ; K)#/&#) ,-$ %# 23-24.)&+5/# %# ,./0.$&+&.* L

; "&4*#$ [7 : 12]  !" $7 "# <)-*,5&$$#/#*+ %# 2- +)-*$&+&.* t1 ∈ H1 #$+ $=*,5).*&$(

-1#, t2 ∈ H2 ?1.&) @47 67!B7 "# <)-*,5&$$#/#*+ %#$ %#9M +)-*$&+&.*$ #$+ 0.$$&F2# #+

#22#$ $.*+ -E.9+(#$ D 23#*$#/F2# %# +)-*$&+&.*$ T7 G*$9&+#H $& 2- *.91#22# $&+9-+&.*

-++#&*+# (q1d, q2d) *3-00-)+&#*+ 0-$ D 23#*$#/F2# QH .* 23-E.9+# D 23#*$#/F2# Q -&*$&

I93D 2- 0&2#7 J* ,-2,92# #*$9&+# 2- <.*,+&.* A #+ .* -E.9+# D 2- 2&$+# %3-'#,+-+&.*

,.9)-*+# 2#$ -'#,+-+&.*$ %#$ +)-*$&+&.*$ t1 #+ t27
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 !"# 67! ; N#9M&O/# ,-$ %# 23-24.)&+5/# %# ,./0.$&+&.* L

; "&4*#$ [13 : 23]  !" %7 "# <)-*,5&$$#/#*+ %# t1 ∈ H1 *3#$+ 0-$ F2.I9( 0-) 2-

+)-*$&+&.* t2 ∈ H2 I9& - 9* )P2# *.* F2.I9-*+ QRQ ?1.&) @47 67LSB7 N-*$ ,# ,-$H

2#$ %#9M +)-*$&+&.*$ 0.)+#9$#$ %9 /T/# *./ *# $.*+ 0-$ .F2&4(#$ %# $3-++#*%)#7

"- +)-*$&+&.* t1 #$+ <)-*,5&$$-F2# %O$ I9# g1 #$+ 1-2&%(# D ,-9$# %9 )P2# *.*

F2.I9-*+ %# t27 G*$9&+#H $& 2- *.91#22# $&+9-+&.* -++#&*+# (q1d, q2s) *3-00-)+&#*+

0-$ D 23#*$#/F2# QH .* 23-E.9+# D 23#*$#/F2# Q -&*$& I93D 2- 0&2#7 J* ,-2,92#

#*$9&+# 2- <.*,+&.* A #+ .* -E.9+# D 2- 2&$+# %3-'#,+-+&.* ,.9)-*+# 2#$ -'#,+-+&.*$

%# 2- +)-*$&+&.* t17
; "&4*#$ [24 : 29]  !" &7 "# <)-*,5&$$#/#*+ %# 2- +)-*$&+&.* t2 ∈ H2 *3#$+ 0-$

$=*,5).*&$( -1#, t1 ∈ H1 ?1.&) @47 67LLB7 C#92 2# <)-*,5&$$#/#*+ %# 2- +)-*$&+&.*

-00-)+#*-*+ D H2 #$+ 0#)/&$ #+ ,#++# +)-*$&+&.* #$+ -E.9+(# D 23#*$#/F2# %# +)-*>

$&+&.*$ T7 G*$9&+#H $& 2- *.91#22# $&+9-+&.* -++#&*+# (q1s, q2d) *3-00-)+&#*+ 0-$ D

23#*$#/F2# QH .* 23-E.9+# D 23#*$#/F2# Q -&*$& I93D 2- 0&2#7 J* ,-2,92# #*$9&+#

2- <.*,+&.* A #+ .* -E.9+# D 2- 2&$+# %3-'#,+-+&.* ,.9)-*+# 2#$ -'#,+-+&.*$ %# 2-

+)-*$&+&.* t27
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 !"#  !"" $ 78.3&(*+, -.) /, 01.02'&(34+, /, -'+5')(3('6 "

$ 9(26,) [30 : 40]  !" #! 9, :&.6-4()),+,63 /, t2 ∈ H2 61,)3 5.) ;0'<8= 5.&

t1 ∈ H1 <8( . 86 &>0, 6'6 ;0'<8.63 ?@? AB'(& C2!  !" D! E.6) -, -.)F 0,) /,8G

3&.6)(3('6) 5'&3,8),) /8 +H+, 6'+ 6, )'63 5.) ';0(2=,) /, )1.33,6/&,! I,33,

:'()F 0. 3&.6)(3('6 t2 ,)3 :&.6-4()).;0, /*) <8, g2 ,)3 B.0(/=, J -.8), /8 &>0, 6'6

;0'<8.63 /, t1! K6)8(3,F )( 0. 6'8B,00, )(38.3('6 .33,(63, (q1s, q2d) 61.55.&3(,63 5.)
J 01,6),+;0, QF '6 01.L'83, J 01,6),+;0, Q .(6)( <81J 0. 5(0,! M6 -.0-80, ,6)8(3,

0. :'6-3('6 A ,3 '6 .L'83, J 0. 0()3, /1.N,-3.3('6 -'8&.63, 0,) .N,-3.3('6) /, 0.

3&.6)(3('6 t2!
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 ! ! "#$%&'( )*+',-.&,%$ /0123)%$ 435#&32%$ 6 705892-53$&,3-5$ :0;#%$  !

 !"#$%&'() * " #$% &' ()*+)%,-,). &/0. 12%'$0 &/$0-)*$-'% HIOATS

 !" # $% &! '()*("+,+(- 

T← T ∪ {(q1s, q2s)
l1,g1

−−−→ (q1d, q2s)}!

+. (q1d, q2s) /∈ Q ,/%-"

Q← Q ∪ {(q1d, q2s)}#

 !"#$ % &"#$ '&q1d, q2s(($

A((q1s, q2s)
l1,g1

−−−→ (q1d, q2s))← A1(q1s
l1,g1

−−−→ q1d)%

 !" 0 $% &! '()*("+,+(-&

T← T ∪ {(q1s, q2s)
l1,g1∧g2

−−−−−→ (q1d, q2d)}'

+. (q1d, q2d) /∈ Q ,/%-(

Q← Q ∪ {(q1d, q2d)} )

 !"#$ % &"#$ '&q1d, q2d((  

A((q1s, q2s)
l1,g1∧g2

−−−−−→ (q1d, q2d))← A1(q1s
l1,g1

−−−→ q1d) ∪ A2(q2s
l2,g2

−−−→ q2d) !

 !" 1 $% &! '()*("+,+(- "

g ← g1 #

.(2!&& q2s
l2,g2

−−−→ q2d ∈ T2 $( $

+. l1 = l2 ,/%- %

g ← g ∧ ¬g2 &

+. g 6= <=&>$%< ,/%- '

T← T ∪ {(q1s, q2s)
l1,g
−−→ (q1d, q2s)} (

+. (q1d, q2s) /∈ Q ,/%-!)

Q← Q ∪ {(q1d, q2s)}! 

 !"#$ % &"#$ '&q1d, q2s((!!

A((q1s, q2s)
l1,g
−−→ (q1d, q2s))← A1(q1s

l1,g1

−−−→ q1d)!"

 !" 3 $% &! '()*("+,+(-!#

T← T ∪ {(q1s, q2s)
l2,g2

−−−→ (q1s, q2d)}!$

+. (q1s, q2d) /∈ Q ,/%-!%

Q← Q ∪ {(q1s, q2d)}!&

 !"#$ % &"#$ '&q1s, q2d((!'

A((q1s, q2s)
l2,g2

−−−→ (q1s, q2d))← A2(q2s
l2,g2

−−−→ q2d)!(

 !" 4 $% &! '()*("+,+(-")

g ← g2" 

.(2!&& q1s
l1,g1

−−−→ q1d ∈ T1 $("!

+. l2 = l1 ,/%-""

g ← g ∧ ¬g1"#

+. g 6= <=&>$%< ,/%-"$

T← T ∪ {(q1s, q2s)
l2,g
−−→ (q1s, q2d)}"%

+. (q1s, q2d) /∈ Q ,/%-"&

Q← Q ∪ {(q1s, q2d)}"'

 !"#$ % &"#$ '&q1s, q2d(("(

A((q1s, q2s)
l2,g
−−→ (q1s, q2d))← A2(q2s

l2,g2

−−−→ q2d)#)



 !  !"#$%&' () *+&,"-$.,' #+/& -" ,+01-$."%$+2 ,+0/-"$&' 0'. .3.%4,'. !35&$0'.

"#$% &''$()%*% '+ ,#-.#(&)&#/ .+%+''0'* 1$* '2#/ 3&*/) 4* 456/&%7 '+ ,#-.#(&)&#/

4*( +$)#-+)*( 8*$ 9 *) :5;&,$'* 9 4* '2*<*-.'* 4$ ,+%%*=#$% *() .%5(*/)5* 4+/( '+

6>$%* !?@A? B2+$)#-+)* %5($')+/) 4* ,*))* ,#-.#(&)&#/ .+% (C/,;%#/&(+)&#/( )C.5*( *()

,#/()&)$5 4* D (&)$+)&#/( *) @E )%+/(&)&#/(?
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 !"# !?@A F G#-.#(&)&#/ 4*( +$)#-+)*( :5;&,$'* 9 *) 8*$ 9

 !" #$%&'()*+, &-', $./0%' &-HIOATS

H#$)*( '*( $)&'&(+)&#/( 42$/ %5(*+$ 42+$)#-+)*( HIOATS /* %*1$&0%*/) .+( '+ ,#/()%$,I

)&#/ 4* '2+$)#-+)* ,#-.#(5? G2*() .+% *<*-.'* '* ,+( 4* '+ 35%&6,+)&#/ .+% J -#4*'I

,;*,K&/> L #M '* J -#4*'I,;*,K*% L %5+'&(* '$&I-N-* '+ ,#-.#(&)&#/ 4*( +$)#-+)*( O

35%&6*%? P+/( ,* ,+(7 &' *() .'$( =+,&'* 4* .+((*% .+% $/* )%+4$,)&#/ 4$ %5(*+$ 42+$I

)#-+)*( HIOATS 4+/( '+ ,'+((* 42*/)%5* 4* '2#$)&' $)&'&(5? P+/( /#( )%+3+$<7 /#$(

+3#/( %*)*/$ "QR:*% ,#--* #$)&' 4* 35%&6,+)&#/? P+/( ,* ,+(7 '*( */%&,;&((*-*/)( 1$*

/#$( +3#/( +..#%)5( O '+ ,'+((* 42+$)#-+)*( HIOA 4#&3*/) 4#/, N)%* )%+4$&)( O '2+&4*

4*( (*$'*( (C/,;%#/&(+)&#/( -$')&.+%)&*( O %*/4*SI3#$( T'#1$+/) 4#/) 4&(.#(* "QR:*%?

"#$% $/ +$)#-+)* .#((54+/) 4*( )%+/(&)&#/( +3*, $/* 5)&1$*))* l +$ %U'* /#/ T'#1$+/)7

(+ )%+4$,)&#/ &-.'&1$* '+ -&(* */ .'+,*7 4*.$&( )#$)*( '*( (&)$+)&#/(7 42$/* )%+/(&)&#/

4* )C.* J (*'= '##. L +3*, '25)&1$*))* l *) (+/( +V*,)+)&#/? W&7 +3+/) )%+4$,)&#/7 $/*

(&)$+)&#/ 5)+&) 45XO (#$%,* 42$/* #$ .'$(&*$%( )%+/(&)&#/( ti +3*, '25)&1$*))* l7 +'#%( '+

>+%4* 4* ,*))* /#$3*''* )%+/(&)&#/ 4#&) N)%* '* ,#-.'5-*/) '#>&1$* 4* '+ ,#/X#/,)&#/ 4*(

>+%4*( 4*( )%+/(&)&#/( ti Y6> !?@ Z7 (&/#/ '+ >+%4* *() (+/( %*()%&,)&#/?
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 !"# "#$ % &'()*+,-./ )01 (*,.2(,01 HIOATS )(/1 3( 14/,(50 )* 6 2.)037+80+90' :

;<=>0'

?@*/0 2(/-A'0 B3*1 CD/D'(30E 3( ,'()*+,-./ 141,D2(,-F*0 )@*/ 'D10(* )@(*,.2(,01

HIOATS 0/ */ 'D10(* )@(*,.2(,01 14/+8'./-1D1 B(' '0/)0G7H.*1 I3.F*(/, ,031 F*@*,-7

3-1D1 )(/1 ;<=>0' 01, )D+'-,0 B(' 3@(3C.'-,820 !# ;.*' -33*1,'0' +0,,0 ,'()*+,-./E 30 'D7

1*3,(, )0 3( ,'()*+,-./ )01 2.)*301 J0* K 0, >D8-+*30 K 01, B'D10/,D )(/1 3( LC*'0 "#$M#

 !"#$%&'() * N &'()*+,-./ )@*/ 'D10(* )@(*,.2(,0 HIOATS

 !"!  RTS ! "# $%&'(" )*("+,-(+'& HIOATS

#$%&'"  Rtr! "# $%&'(" )*("+,-(+'& ./01'$

Rtr ← ∅ 

()*!'' 〈Qc, Xc, Lc, Tc,Rc,Ac,Fc, Ic, Initc〉 ∈ RTS +)!

Ttr ← Tc"

()*!'' lc ∈ {l ∈ Lc | R(l) =121} +)#

()*!'' qc ∈ Qc +)$

gself loop ← ∅ 

 !"#$$ t ∈ Tc | q = qc  ! l = lc %!!

& Tc = ∅ '()*"

Ttr ← Ttr ∪ {qc
lc,vrai
−−−−→ qc}#

)$+)$%

Ttr ← Ttr gself loop ← vrai$$

 !"#$$ qc
lc,gc
−−−→ q′c ∈ Tc %!$&

gself loop ← gself loop ∧ (¬gc)$'

Ttr ← Ttr ∪ {qc

lc,gself loop

−−−−−−−→ qc}$(

 !"#$$ t ∈ Ttr %!$)

& t ∈ Tc '()*$ 

Atr(t)← Ac(t)$!

)$+)$"

Atr(t)← ∅$#

Rtr = Rtr ∪ 〈Qc, Xc, Lc, Ttr,Atr,Fc, Ic, Initc〉&%



   !"#$%&' () *+&,"-$.,' #+/& -" ,+01-$."%$+2 ,+0/-"$&' 0'. .3.%4,'. !35&$0'.

Véhicule X

VXR
x ≤ -1

VXA

start_x
x ≥ 10

start_xstop_x
x ≤ -7 ∨ x ≥ -1

FXR1

0tx =
•

start_x

FXR2
tx ≤ 2

1tx =
•

stop_y

FXV
tx ≤ 2

1tx =
•

stop_x

Feu X

tx ≥ 2
tx’ := 0

tx ≥ 2
tx’ := 0
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Configuration

Ressource

Programme 

Tâche
interval tc

Variables globales 

FB1 FB2 

a A b A

a var_Ab 

input_a input_b output_A
Interface d’entrée Interface de sortie

1

2

3

4

5

1 Lecture de « input_a » dans 
l’interface d’entrée

2 Exécution de FB13

4 Ecriture sur l’interface 
de sortie

5 Ecriture concurrente à FB1 
dans la variable « A »
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" I%3 0-'1%;*3F-01/+22%;*3 3+21 )/*%01%&%21 0+22%0193 -; 0+21*H(%;* J'-3 ).%24
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"#$% &'()#*#+, -./+#/(# -% 01'&) 2'(&#*'((%1) 3+% (,&%))/*$%4

5 6%) 01'&) 2'(&#*'((%1) )'(# -,&$*#) /7%& 1% 1/(8/8% -% 9$'8$/::/#*'( ; <%3+%(#*/1

=+(&#*'( >?/$# @ A<=>B CDE>FGH4

5 6% :'(*#%+$ -.%I,&+#*'( -+ 9$'8$/::% -./991*&/#*'( %)# :'('#J&?%4

5 6/ #J&?% -.%I,&+#*'( %)# -% #K9% 9,$*'-*3+%4

5 6%) *(#%$/&#*'() ?'::%L:/&?*(% (% )'(# 9/) &'()*-,$,%)4

5 6.,#+-% -%) 9$'9$*,#,) 3+/(#*#/#*7%) (% 9'$#%$/ 3+% )+$ 1%) 9?/)%) -% 2'(&#*'((%M

:%(# %(#*N$%:%(# /+#':/#*3+%)4

 !" #$%&'()*+($, -*. HIOATS %/0, )1)+234 *0+$3*5

+()& 6 -.(,7(-4 %4 3$%&'()*+($,

O'+) /11'() :'(#$%$ -/() &%##% )%&#*'( 1/ -,:/$&?% -% :'-,1*)/#*'( -.+( )K)#N:%P

%( :%##/(# %( ,7*-%(&% 1%) 9/$#*%) 8,(,$*3+%) -% &?/3+% :'-+1%4

 !"!# $%&'(%'&) *+,+&-.) /' 01/2.)

Q/() 1% &?/9*#$% 9$,&,-%(#P ('+) /7'() 9$,)%(#, +( 2'$:/1*):% :'-+1/*$% 9'+$ 1/

:'-,1*)/#*'( -% )K)#N:%) &':91%I%)4 D1 9%$:%# 1/ &'()#$+&#*'( -.+( :'-N1% 81'0/1 -+

)K)#N:% 9/$ 1.*(#%$&'((%I*'( -%) -*R,$%(#) :'-+1%)4 E( )% 0/)/(# )+$ &% 9$*(&*9%P 1%

:'-N1% 81'0/1 %)# &'()#*#+, -.+( $,)%/+ -.HIOATS 3+* &'(#*%(# -%) :'-+1%) &'(&%$(/(#

1% 9$'&%))+) %# 1% &'(#$S1%+$4 6/ T8+$% G4U 9$,)%(#% 1% :'-N1% 8,(,$*3+% -.+( )K)#N:%

/+#':/#*), )#$+&#+$, &'::% )+*# V

RSystem = RController ∪RProcessus

RController = (〈HMonitor1〉∪RSFC∪RV ariables∪ROutput) ∪
(〈HMonitor2〉 ∪RSFC ∪RThd ∪ROutput)
RProcessus = RActuator ∪RProcess ∪RSensor

'W RSystem, RController, RProcessus, RSFC , RV ariables, ROutput, RThd, RActuator, RProcess, RSensor

)'(# -%) $,)%/+I -.HIOATS %# HMonitor1 %# HMonitor2 )'(# -%+I HIOATS4

6% :'-N1% -+ 9$'&%))+) &'(#*%(# /*()* 1%) :'-N1%) HIOATS 9'+$ 1%) /&#*'((%+$)

AHActuatori
∈ RActuatorBP 1%) 9$'&%))+) 9?K)*3+%) AHProcessi

∈ RProcessBP 1%) &/9#%+$) /(/M

1'8*3+%) AHASensori
∈ RSensorB %# 1%) &/9#%+$) -*8*#/+I AHDSensori

∈ RSensorB4 Q./+#$%

9/$#P 1% :'-N1% -+ &'(#$S1%+$ %)# &':9'), -%) :'-N1%) HIOATS -+ 9$'8$/::% -./991*M

&/#*'( AHSFCi
∈ RSFCBP -+ :'(*#%+$ -.%I,&+#*'( 9,$*'-*3+% AHMonitor1BP -+ :'(*#%+$

-.%I,&+#*'( / #%:9) -% &K&1% (+1 AHMonitor2BP -%) :'-N1%) -%) -,#%&#%+$) -% )%+*1)

; X?$%)?'1- Q%#%&#'$ @ AHThdi
∈ RThdB 9'+$ 1% #$/*#%:%(# -%) )*8(/+I &'(#*(+) *))+)

-+ 9$'&%))+) 9?K)*3+%P -%) :'-N1%) -%) 7/$*/01%) 9/$#/8,%) AHV ariablesi
∈ RV ariablesB %#

-%) :'-N1%) -%) 7/$*/01%) -% )'$#*% AHOutputi ∈ ROutputB4
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z

Processus

Physical

Process

x

O1

z

Actuator

Mor

Sensor

E1x

z

Processus

Physic

Process

x

O1

z

Actuator

Mor

Sensor

E1x

swatchM

Monitor1

Mow

O1

SFC

t1,t2 

t1,t2 

E1

Contrôleur

t1,t2 Mow

Mor

Variable1 Output1

V1 V1

swatchM

Monitor1

Mow

O1

SFC

t1,t2 

t1,t2 

E1

Contrôleur

t1,t2 Mow

Mor

Variable1 Output1

V1 V1

 !"# "#$ % &'()*+ ,-.-/012+ (32. 4546)7+ 826'78604- 7'(-*04- 98/ 2. /-4+82

(3HIOATS

 !"!# $%&'()*+,)%- &. /0%12**.*

 !"#$%& "'()*+!,,%#-& . /)*#(*!-

:+4 8;60'..+2/4 4'.6 (+4 ;'79'48.64 120 8,044+.6 (0/+;6+7+.6 42/ *+ <'.;60'..+=

7+.6 (2 9/';+4424 +. <'.;60'. (+4 '/(/+4 04424 (2 ;'.6/>*+2/? 98/ +@+79*+? 9'2/ 8/=

/A6+/B(-78//+/ 2. 7'6+2/ '2 '2C/0/B<+/7+/ 2.+ C8..+# :8 ;'772.0;860'. +.6/+ *+

;'.6/>*+2/ +6 *+4 8;60'..+2/4 +46 <806+ 98/ *+4 0.6+/<8;+4 (+ 4'/60+ (2 ;'.6/>*+2/# D.+

4'/60+ (2 ;'.6/>*+2/ 8998/8E6 ;'77+ 2.+ C8/08F*+ (+ 4'/60+ (32. HIOATS (2 ;'.6/>=

*+2/# G+9+.(8.6? 98/68,+/ (+4 C8/08F*+4 *',012+4 '2 .27-/012+4 +.6/+ (+2@ HIOATS .+

9+/7+6 984 (3079'4+/ 98/ *32. 2.+ -C'*260'. (04;/)6+ (+ *3826/+# H. +I+6? ;+4 C8/08F*+4

98/68,-+4 *',012+4 '2 .27-/012+4 .3'.6 984 2.+ -C'*260'. ;'.60.2+ J ẋ = 0K? ;+ 120

/+.( 079'440F*+ *8 78E6/04+ (+ *8 (86+ (+ </8.;L044+7+.6 (32.+ 6/8.4060'. 98/ 2. ;'29*+

M0.C8/08.6 (+ 4062860'.? ,8/(+ (+ 6/8.4060'.N#

O0.40? *+ 7'()*+ ,-.-/012+ (32. 8;60'..+2/ ('06 8C'0/ 2.+ 45.;L/'.04860'. .'. F*'=

128.6+ 8C+; *+ 7'(2*+ (2 7'.06+2/ (3+@-;260'.# :+ 7'(2*+ (2 7'.06+2/ -7+6 *3-6012+66+

(+ 45.;L/'.04860'. Mor 9'2/ 0.<'/7+/ 12+ *8 C8*+2/ (+4 4'/60+4 8 -6- 704+ P Q'2/# :+

/>*+ (+ ;+66+ -6012+66+ ('06 A6/+ .'. F*'128.6 (8.4 *38;60'..+2/ (+ <8R'. P ;+ 12+ *+4

7'()*+4 (+4 8;60'..+2/4 .3079'4+.6 /0+. 82 7'.06+2/#

swatchM

Monitor1

O1

Mor

Output1

O1

Actuator

Mor

actionneur

 !"# "# % O49+;64 ,-.-/012+4 (32. 7'()*+ (38;60'..+2/
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" #$%& $'()*$+, %'$ *(-.%$(($ $( %'$ /0)-012$3 4$ 56'($'% #% 76#%2$ $+( " +8*5-9$) 86%)

5:0.%$ 05(-6''$%)3 ;$ 70'-<)$ =6)7$22$, %' 76#%2$ #$ 5$ (>8$ $+( #*9'- 5677$ ?

HActuator = 〈Q, X, L, T,A,F , I, Init,R〉 , 0/$5

Mor ∈ LI $( R(Mor) = @A@

∃ x ∈ XOOutput
| x ∈ XIActuator

 !"#$%& "% '()*%#+& , -%.&!+

4$+ 508($%)+ +6'( #$+ *.%-8$7$'(+ 8$)7$((0'( #$ 508(%)$) 2B*(0( #$+ C)0'#$%)+

8:>+-.%$+ #% 8)65$++%+3 4$+ 508($%)+ 8$%/$'( C*'*)$) #$+ +-C'0%& 0'026C-.%$+ 6%

#-C-(0%& D26C-.%$+E'%7*)-.%$+F3 46)+.%$ 2$ 508($%) #6-( 8)6#%-)$ %' +-C'02 0'026G

C-.%$ " 80)(-) #B%' 8:*'67<'$ 8:>+-.%$ #*H" 76#*2-+* 80) %'$ /0)-012$ #0'+ %'

HIOATS ∈ RProcessus, 2$ 76#<2$ #% 508($%) +$ )*#%-( " %'$ +-782$ ()0'+7-++-6' #B%'$

/0)-012$3

I-'+-, +0%= +- 2B6' /$%( -'(*C)$) #$+ 8:*'67<'$+ #$ +0(%)0(-6' 6% #B:>+(*)*+-+ 0%

56786)($7$'( #% 508($%), 6' 8$%( +B01+($'-) #B0H6%($) %' 76#<2$ 86%) 2$ 508($%)

$( ()0'+7$(()$ #-)$5($7$'( 20 /0)-012$ *2016)*$ 80) %' 76#%2$ #$ 8)65$++%+ 8:>+-.%$

0% 56'()J2$%)3 K6%) 2$+ #*($5($%)+, 2$ +-C'02 26C-.%$ C*'*)* #*8$'# #$ 20 /02$%) #%

7$+%)0'#$ 80) )0886)( " 20 L6'$ #$ #*($5(-6' #% #*($5($%)3

40 9C%)$ M3N0 76'()$ 2B*/62%(-6' (>8$ #% +-C'02 26C-.%$ @+@ C*'*)* 80) 2$ #*($5($%)

$' =6'5(-6' #% 7$+%)0'#$ @&@ #% 8)65$++%+ 8:>+-.%$3 4$ 76#<2$ C*'*)-.%$ 56))$+86'G

#0'( #% #*($5($%) $+( #6''* +%) 20 9C%)$ M3N13 O$%2$+ 2$+ /02$%)+ :0%( $( 10+ #$ 20 L6'$

#$ #*($5(-6' +6'( " -'+(0'5-$) 86%) 61($'-) 2$ 76#<2$ 80)(-5%2-$) #B%' #*($5($%)3

;$ 70'-<)$ =6)7$22$, %' 76#%2$ #$ 5$ (>8$ $+( #*9'- 5677$ ?

HSensor = 〈Q, X, L, T,A,F , I, Init,R〉 , 0/$5,

∃ x ∈ XOProcess
| x ∈ XISensor

 !"! #$%&'()*+($, %- .$,+/0'1-/

 !"#$% /0.0+12#% "3#. )+!/+(44% -56 %* "%& 7(+1(8$%& /$!8($%& )(+*(/0%&

4$+ 8)6C)077$+ #$ 56'()J2$ +$)6'( *5)-(+ #0'+ %' #$+ 20'C0C$+ -++%+ #$ 20 '6)7$ PQR

NSSMSGM TRQPUMV, " +0/6-) 2$ W O$.%$'(-02 X%'5(-6' P:0)(+ Y DOXPF3 P$ 20'C0C$ #$ :0%(

'-/$0% 8$)7$( 20 8)6C)0770(-6' 0-+*$ #$ (6%+ 2$+ 8)65$++%+ +*.%$'(-$2+ #0'+ 2B0%(670($

8)6C)077012$3 P$ 20'C0C$ 0 =0-( 2B61H$( #$ #-Z*)$'(+ ()0/0%& $' /*)-950(-6' =6)7$22$, $'

80)(-5%2-$) 86%) 2%- #6''$) %'$ +>'(0&$ $( %'$ +*70'(-.%$ =6)7$22$+ T[\4Q]^V, TX[] V3

_6%+ 0226'+ '6%+ 088%>$) +%) 20 +>'(0&$ =6)7$22$ 8)686+* 80) T[\4Q]^V 70-+ $'

2-7-(0'( 20 #*9'-(-6' " 20 +6%+G520++$ +%-/0'($ #$+ OXP, +%`+0'($ " '6+ ()0/0%& ?

a K0+ #$ '6(-6' #$ 80)022*2-+7$3 b' '$ 56'+-#<)$ .%$ #$+ ()0'+-(-6'+ +-782$+ 6%

0/$5 1-=%)50(-6'+ 02($)'0(-/$+ D/6-) 9C%)$ M3cF3

a K0+ #$ 8)-6)-(*+ #*9'-$+ $'()$ 2$+ ()0'+-(-6'+3 K6%) */-($) 2$+ 80)022*2-+7$+ -'($)G

8)*(*+, 2$+ )*5$8(-/-(*+ #6-/$'( d()$ 7%(%$22$7$'( $&52%+-/$+3
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Sensor

sx

détection
seuil_bas ≤ x ≤ seuil_haut

non-détection
x ≥ seuil_haut

0=s&

non-détection
x ≤ s

0=s& 0=s

&

x ≥ seuil_bas

s’:=1

Signal 
logique

s

0

1

zone de 
non-détection

zone de 
détection

zone de 
non-détection

Seuil bas Seuil haut
x 

mesurande
du processus 
physique

x ≤ seuil_bas

s’:=0

x ≤ seuil_haut

s’:=1

x ≥ seuil_haut

s’:=0

a) Signal logique "s" en fonction du mesurande "x"

b) Aspects génériques d'un modèle de détecteur

 !"# "#$ % &'()*+,-.+'/ (0, 1'(2*0, (0, ().03.024,

g

1

g

3

g

2

S1

S2

(1)

S3

S4

(2)

S5 S6

g

4

Transition simple
entre deux étapes

Bifurcations alternatives
(choisir entre différentes 

transitions)

avec    g

2 

. g

3

= 0

g

2

. g

4

= 0

g

3

. g

4

= 0

 !"# "#5 % 6780, (0 .4-/,+.+'/, 3'/,+()4)0, 8-4 *- ,'2,93*-,,0 (0, :;< 3'/,+()4)0
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" #$% &' ()*+)( &' *',-%. /'% 0$1+$23'% 4%*'-.54 (' %)(* -$% ,)&63+%6'%.

7+(%+8 9( :;< '%* 9( '(%',23' SFC = (X, S,Ac, So, Tr, block)8 )= >

" X = XI ∪ XO ∪ XS '%* 9( '(%',23' ?(+ &' 0$1+$23'%8 )= XI '%* 3@'(%',23' &'%

0$1+$23'% &@'(*16' A9(+B9','(* 39'% -$1 3' :;<C8 XO '%* 3@'(%',23' &'% 0$1+$23'%

&' %)1*+' A,)&+?6'% -$1 3' :;<C '* XS '%* 3@'(%',23' &'% 0$1+$23'% &@$D*+0+*6

&@6*$-' Astep.XC8

" S '%* 3@'(%',23' ?(+ &'% 6*$-'%8

" Ac '%* 3@'(%',23' ?(+ &'% $D*+)(% &' D)(*1E3'8

" So '%* 3@6*$-' +(+*+$3'8

" Tr ⊆ (S × G × S) '%* 3@'(%',23' ?(+ &'% *1$(%+*+)(%. <@'%* +D+ B9' 3$ -1+(D+-$3'

1'%*1+D*+)( &' ()*1' %)9% D3$%%' &' :;< '%* &6?(+' > 9(' %'93' 6*$-' '( $,)(* '*

9(' %'93' 6*$-' '( $0$3 &@9(' *1$(%+*+)(. G '%* 3@'(%',23' &' *)9*'% 3'% 16D'-*+0+*6%

B9+ %)(* &'% 'F-1'%%+)(% 2))36'(('% &'% 0$1+$23'% 3)G+B9'% &' X '* &'% -16&+D$*%

D)(%*19+*% H -$1*+1 &'% 0$1+$23'% &' X.

" block '%* 9(' I)(D*+)( B9+ $%%+G(' 9( '(%',23' &' 23)D% &@$D*+)( H DJ$B9' 6*$-'

$--$1*'($(* H S. K 1'-16%'(*' 3@'(%',23' &' *)9% 3'% 23)D% &@$D*+)(. L( 23)D

&@$D*+)( '%* 9( D)9-3' (a, quali) *'3 B9' a ∈ Ac '* quali ∈ {N, S, R, P0, P1} '%*
9( B9$3+?D$*+I &' 3@$D*+)( AM > ()( ,6,)1+%6'8 : > ,+%' H N8 O > ,+%' H ! -1+)1+*$+1'8

#N +,-93%+)( I1)(* ,)(*$(*8 #! > +,-93%+)( I1)(* &'%D'(&$(*C.

M)9% -1)-)%)(% 9(' &6,$1DJ' G6(61+B9' -)91 3$ D)(%*19D*+)( &9 ,)&P3' HIOATS

B9+ 1'-16%'(*' 9( 23)D I)(D*+)(('3 :;<. /' -1+(D+-' &' 3$ *1$&9D*+)( &@9( :;< '(

HIOATS 1'-)%' %91 3$ %6-$1$*+)( '(*1' 3'% 60)39*+)(% &9 :;< '* %'% $D*+)(%. L( 23)D

I)(D*+)(('3 :;<N $G+%%$(* %91 &'9F 0$1+$23'% &' %)1*+'% %'1$ $+(%+ *1$&9+* -$1 9( ,)Q

&93' HIOATS ,)&63+%$(* 3'% 6*$-'%8 3'% *1$(%+*+)(% '* 3'% 16D'-*+0+*6% &9 :;<8 '* -$1
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Configuration

Programme 

Tâche
interval tc

Variables globales partagées
a var_Ae

input_a input_c
output_A

Interface d’entrée Interface de sortie

a
S0

S1

S2

SFC1

S3

(t1)

b(t2) c and not b(t3)

d
S0

S1

S2

N

SFC2

(t1)

e<=5.2(t2)

AN A

input_b

b

input_e

input_d

c d

 !"# !"#$ % &'()*+( ,-./( 01/23.45671/ ,-89: 5;(0 < =+10> ?1/0671//(+>

A

SFC2

Var_A

Output_A

VarA

d

e

A
SFC1

a

b

c

Monitor1

syncMor

syncMow

syncS

n

t

i

syncS1t

i

syncS2t

i

syncMow

syncS

n

t

i

syncMor
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Var_A

?syncS1t1

?syncS2t1

var_A’:= 1

?syncS1t2

?syncS1t3

?syncS2t2

var_A’:= 0

Var_A= 0

0

)(var_

=
dt

Ad

Var_A

?syncS1t1

?syncS2t1

var_A’:= 1

?syncS1t2

?syncS1t3

?syncS2t2

var_A’:= 0

Var_A= 0

0

)(var_

=
dt

Ad

output_A

?syncMow

A’:= var_A

A= 0

0

)(

=
dt

Ad

output_A

?syncMow

A’:= var_A

A= 0

0

)(

=
dt

Ad

S0

?syncS2

¬ (d=1)

?syncS2t1 

d=1 

S1

?syncS2

¬ (e ≤5.2)

S2

?syncS2t2

e ≤5.2

?syncS2

S0

?syncS1

¬ (a=1)

?syncS1t1 

a = 1 

S1

S3

?syncS1

¬ (b=1) ∧ ¬ (c=1 ∧ b=0)

?syncS1t2

b=1

?syncS1t3

c=1 ∧ b=0

?syncS1

S2

?syncS1

S0

?syncS1

¬ (a=1)

?syncS1t1 

a = 1 

S1

S3

?syncS1

¬ (b=1) ∧ ¬ (c=1 ∧ b=0)

?syncS1t2

b=1

?syncS1t3

c=1 ∧ b=0

?syncS1

S2

?syncS1

Compute_SFC1

swatchM ≤ 0

Waiting_EoC

swatchM ≤ tc

1)( =swatchM

dt

d

!syncS1, !syncS1t1, 

!syncS1t2, !syncS1t3 

swatchM ≥ 0

swatchM’:= 0

!syncMow

swatchM ≥ tc

swatchM’:= 0

swatchM=0

Output_writing

swatchM ≤ 0

!syncMor

swatchM ≥0

Compute_SFC2

swatchM ≤ 0

1)( =swatchM

dt

d

!syncS2, !syncS2t1, 

!syncS2t2

swatchM ≥ 0

swatchM’:= 0

1)( =swatchM

dt

d

1)( =swatchM

dt

d

Compute_SFC1

swatchM ≤ 0

Waiting_EoC

swatchM ≤ tc

1)( =swatchM

dt

d

!syncS1, !syncS1t1, 

!syncS1t2, !syncS1t3 

swatchM ≥ 0

swatchM’:= 0

!syncMow

swatchM ≥ tc

swatchM’:= 0

swatchM=0

Output_writing

swatchM ≤ 0

!syncMor

swatchM ≥0

Compute_SFC2

swatchM ≤ 0

1)( =swatchM

dt

d

!syncS2, !syncS2t1, 

!syncS2t2

swatchM ≥ 0

swatchM’:= 0

1)( =swatchM

dt

d

1)( =swatchM

dt

d

monitor1 SFC1

SFC2

Variable A

Output A

 !"#  !"# $ %&'()*+ HIOATS ,&-. )/*0*1,)* '* )2 34-.*  !"5

6* 1278(.* 9&.1*))*: )* 1&'()* HIOATS '/-7 1&78;*-. '/*0<=-;8&7 ,<.8&'8>-*

?1&'-)* %&78;&."@ *+; '<378 =&11* A

HMonitor1 = 〈Q, X, L, T,A,F , I, Init,R〉 : 2B*=

+8 n *+; )* 7&1C.* '* DEF: {HSFCi
}i∈J1,nK )/*7+*1C)* '*+ HIOATS 1&'<)8+27; )*+

DEF *; LSFCi
)/*7+*1C)* '*+ <;8>-*;;*+ '- 1&'()* HSFCi

: 2)&.+

$ Q = {ComputeGSFCi}i∈J1,nK∪ HI28;874GJ&F: K-;,-;GL.8;874M

$ X = XI ∪ XL ∪ XO 2B*= XI = XO = ∅ *; XL = {swatchM}

$ L = LI ∪LL∪LO 2B*= LI = LL = ∅ *; LO = (
n⋃

i=1

LSFCi
)∪{syncMow, syncMor}

$ T =
⋃

i∈J1,nK
l∈LSFCi

{ComputeGSFCi
l,swatchM≥0
−−−−−−−→ ComputeGSFCi+1}

∪ {WaitingGEoC
!syncMow,swatchM≥tc
−−−−−−−−−−−−−→ OutputGwriting,

OutputGwriting
!syncMor,swatchM≥0
−−−−−−−−−−−−→ ComputeGSFC1}

?,2. 7&;2;8&7 ComputeGSFCn+1 = WaitingGEoC@

$ A : (q
l,g
−→ q′) →

{

{N+L2;=O%/ APQN} +8 q′ = {OutputGwriting}

∅ +87&7

$ F(q) = { d
dt

(swatchM) = 1} ∀ q ∈ Q

$ I(q) = {swatchM ≤ 0} +8 q ∈ Q = {ComputeGSFCi, OutputGwriting} *;

I(q) = {swatchM ≤ tc} +8 q ∈ Q = {WaitingGEoC}
$  !"# = (ComputeGSFC1, {N+L2;=O%PQN})
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" R(t) =# $# ∀ t ∈ T

%& '()*+& )&, ,(-./&, )0 1(2.-3+&0- &,. ,/'4+&5 6(2 -3+& &,. )& -&1(4/&- +7 87+&0-

)902& 87-/7:+&; .&++& <09&++& &,. = +7 >2 )& +9&?@10./(2 )& +9&2,&':+& )&, 6AB; ,0- +9/2.&-C

D71& )& ,(-./&; &. )& '7/2.&2/- 1&..& 87+&0- E0,<09= +7 >2 )0 1F1+& ,0/872.5 %7 >G0-& H5IJ

'(2.-& 02 &?&'4+& )& 87-/7:+& )& +9/2.&-D71& )& ,(-./& #K0.40.LM#5 %7 )&,1-/4./(2 D(-C

'&++& )902 HIOATS <0/ '()@+/,& +9/2.&-D71& )& ,(-./& )& +7 87-/7:+& ? &,. +7 ,0/872.& N

HOutputx = 〈Q, X, L, T,A,F , I, Init,R〉 ; 78&1

" Q = {outputLx}
" X = XI ∪ XL ∪ XO 78&1 XI = {varLx}; XL = ∅ &. XO = {x}
" L = LI ∪ LL ∪ LO 78&1 LL = LO = ∅ &. LI = {syncMow}

" T = {x
syncMow,true
−−−−−−−−→ x}

" A(x
syncMow,true
−−−−−−−−→ x) =#x′ := varLx#

" F(outputLx) = { d
dt

(x) = 0}
" I(q) =#true# ∀ q ∈ Q

"  !"# = (outputLx, {#?OP#})
" R(syncMow) =# Q#

R2 -@,0'@; +7 '()@+/,7./(2 )0 1(2.-3+&0- /21+0. +& '()*+& )902 '(2/.&0- )9&?@10C

./(2; +&, '()*+&, )&, 6AB S= +9&?1&4./(2 )&, :+(1, )971./(2T; +&, '()*+&, )&, 87-/7:+&, <0/

,(2. '()/>@&, 47- +&, :+(1, )971./(2 &. +& '()*+& )&, ,(-./&, )0 1(2.-3+&0-5 M8&1 1&..&

'()@+/,7./(2 )0 1(2.-3+&0-; (2 G7-72./. )902& 47-. +&, )(22@&, 4-()0/.&, ,0- +&, ,(-./&,

= 47-./- )&, )(22@&, )9&2.-@& &. )970.-& 47-. +&, )7.&, )& 4-()01./(2 )&, )(22@&, N U +&,

:(22&, ,(-./&, ,(2. 4-()0/.&, 70 :(2 '('&2. V5 W-X1& = 1&..& )(0:+& 17-71.@-/,./<0&; /+

,&-7 = +7 D(/, 4(,,/:+& )9727+F,&- )&, 4-(4-/@.@, <072./.7./8&, 4(-.72. ,0- +7 +(G/<0& )&

4-()01./(2 )&, )(22@&, S,.-7.@G/& )& 1(''72)&T &. )&, 4-(4-/@.@, <072./.7./8&, 4(-C

.72. ,0- +7 <07+/.@ '@.-(+(G/<0& )&, G-72)&0-, 1(2.-3+@&, S4&-D(-'721& )& -@71./8/.@ )&

+7 1(''72)&T5

 !"!" #$%&'()*+($, *'+-.,*+(/- %0 1$,+.2'-0.

%& -&,4&1. )& +7 +(G/<0& )& 4-()01./(2 )&, )(22@&, )& ,(-./& &2 D(21./(2 )&, )(22@&,

4-@,&2.&, 70? &2.-@&, &,. 02& 17-71.@-/,./<0& /2)/,4&2,7:+& )0 '()*+& )0 1(2.-3+&0-5 R2

-&8721Y&; /+ 29&,. 47, ,F,.@'7./<0&'&2. 2@1&,,7/-& )& )/,4(,&- )902 '()*+& /2.@G-72.

+& .&'4, )& -@71./(2 )0 1(2.-3+&0- 1(''& )72, +& '()0+& '(2/.(-I5 %& '()*+& )902

1(2.-3+&0- /2>2/'&2. -@71./D S19&,.C=C)/-& = .&'4, )& 1F1+& 20+T &,. 02& 7:,.-71./(2 ,0DC

>,72.& 4(0- .(0.& +&, 727+F,&, 29/'4+/<072. <0& )&, G-72)&0-, ,0- +&,<0&++&, +9/'471.

)0 .&'4, )& 1F1+& )0 '(2/.&0- &,. 2@G+/G&7:+&5 K- +& 17+10+ )& +7 -@G/(2 7..&/G27:+&

47- +& '()*+& 2@1&,,/.& 70 '(/2, 70.72. )9/.@-7./(2, <09/+ F 7 )& 1F1+&, )0 '(2/.&0-

)72, +9Y(-/Z(2 .&'4(-&+ )& D(21./(22&'&2. )0 ,F,.*'& 727+F,@5 [(0- +9727+F,& )& .-*,

G-72), Y(-/Z(2, .&'4(-&+, 47- -744(-. 70 .&'4, )& 1F1+& )0 '(2/.&0-; +& 1(\. )& 17+10+

)&8/&2. 4@27+/,72.5 ](0, 4-(4(,(2, )(21 02& '()@+/,7./(2 7+.&-27./8& )0 1(2.-3+&0-

<0/ 29@8(+0& <0& ,0- 1Y72G&'&2. )9@.7. )& ,&, &2.-@&, &. 2(2 4+0, = 1Y7<0& 1F1+& )0

'(2/.&0-5 R2 &^&.; ,/ 70102& )&, &2.-@&, )0 1(2.-3+&0- 297 @8(+0@; 7+(-, +7 2(08&++& &?@C

10./(2 )0 4-(G-7''& 1(2)0/-7 = +9@'/,,/(2 )& +7 '_'& 87+&0- )&, ,(-./&,5 B& 2(08&70

'()*+& G@2@-/<0& U '(2/.(-` V <0& 2(0, 4-(4(,(2, 4(0- +& '(2/.&0- 7G/. &2 -&,4&1C
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tempsdurée séparant les deux
évènements déclencheurs
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t d
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n d
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cycle moniteur

 !"# 567: ; <9('$'3(#11* )4 1')=%* 3/$/(->4* )4 1'$-"*4( )&*?/,4"-'$ 0/(-')->4*

@ 1'$-"'(A B

C$* $'4.*%%* *?/,4"-'$ )4 0('3(#11* )* %&DEF *+" )/,%*$,9/* +4( ',,4((*$,* )&4$

/.=$*1*$" )4 0(',*++4+ '4 +4( )/"*,"-'$ )&4$ +*4-% +4( 4$* .#(-#G%* )&*$"(/*6 H#$+

%*+ )*4? ,#+I -% +&#3-" )&4$ /.=$*1*$" )&*$"(/* 0'4( %* 1')4%* 1'$-"'(A6 <'11* 0'4(

1'$-"'(7I ,* 1'$-"*4( *$,9#J$* %&*?/,4"-'$ )*+ G%',+ K'$,"-'$$*%+ L%*+ MN<O6 D0(=+ *?/P

,4"-'$ )&4$ G%', K'$,"-'$$*% #Q#$" 1')-2/ %# .#%*4( )&4$* .#(-#G%* 0#("#3/*I 4$ $'4P

.*#4 ,Q,%* )&*?/,4"-'$ )*+ G%',+ K'$,"-'$$*%+ )'-" R"(* *$"(*0(-+ 0'4( 0('0#3*( "'4"*+

%*+ ,'$+/>4*$,*+ )* %&/.=$*1*$" )&*$"(/*6 C$ "*+" )* +"#G-%-"/ >4- 3/$=(* %&/.=$*1*$"

-$"*($* !syncM 0*(1*" )* >4-""*( %# G'4,%* )&*?/,4"-'$ *" )&/1*""(* 4$* -$K'(1#"-'$

*$ )-(*,"-'$ )4 0(',*++4+ -$)->4#$" >4* %*+ +'("-*+ +'$" 0(R"*+ L !syncMorO6 H* %&',,4(P

(*$,* )* %&/.=$*1*$" )/,%*$,9*4( S4+>4&T %&/1-++-'$ )* !syncMorI %* "*10+ $* +&*+" 0#+

/,'4%/6

U ,9#>4* ',,4((*$,* )&4$ /.=$*1*$" )/,%*$,9*4(I 0%4+-*4(+ ,Q,%*+ )4 1'$-"*4( +'$"

)'$, *?/,4"/+ T "*10+ $4%6 8* 1'$-"*4( *+" *$+4-"* *$ +'11*-% S4+>4&T %&',,4((*$,* )&4$

$'4.*% /.=$*1*$" )/,%*$,9*4(6 8*+ 1')=%*+ HIOATS )*+ MN< $* +'$" 0#+ -10#,"/+ 0#(

,* $'4.*#4 1')=%* )4 1'$-"*4(6 V'4+ (*0(*$'$+ %&*?*10%* )* %# 234(* 567W #.*, )*4?

G%',+ K'$,"-'$$*%+ SFC1 *" SFC2 *?/,4"/+ 0#( 4$* "X,9* )* 0/(-')* tcI *" 0#("#3*#$"
%# .#(-#G%* )* +'("-* @ D B6 8* 1')=%* )4 ,'$"(Y%*4( ,'((*+0'$)#$" T ,*" *?*10%*I *"

,'$+"(4-" #4"'4( )&4$ 1'$-"*4( #%"*($#"-K @ 1'$-"'(A BI *+" )'$$/ +4( %*+ 234(*+ 567!

*" 56AZ6

8# +"(4,"4(* )4 1')=%* HIOATS )4 1'$-"*4( @ 1'$-"'(A B *+" ,'10'+/* )&#4P

"#$" )* +-"4#"-'$+ >4&-% Q # )* G%',+ K'$,"-'$$*%+ MN< T *?/,4"*( 0%4+ A +-"4#"-'$+

+400%/1*$"#-(*+6 ['4"*+ %*+ +-"4#"-'$+ +'$" K43#,*+ L%* "*10+ $* +&Q /,'4%* 0#+O +#4K

@ \#-"]K'(]*.*$" B '^ %&#4"'1#"* #""*$) 4$ /.=$*1*$" )/,%*$,9*4( @ SyncP... B6 [('-+
,#4+*+ +'$" T %&'(-3-$* )&4$ /.=$*1*$" )/,%*$,9*4( _
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SFC2

Output_A

A

d

SFC1

a

b

c

Monitor2

syncMor

syncS

n

t

i

syncS1t

i

syncS2t

i

syncS

n

t

i

syncMor

Threshold

Detector TD1

syncTD1

e

A

syncP…

SFC2

Output_A

A

d

SFC1

a

b

c

Monitor2

syncMor

syncS

n

t

i

syncS1t

i

syncS2t

i

syncS

n

t

i

syncMor

Threshold

Detector TD1

syncTD1

e

A

syncP…
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?syncS1t1

?syncS2t1

A’:= 1

?syncS1t2

?syncS1t3

?syncS2t2

A’:= 0

A= 0

e_LE5.2

e ≤ 5.2

!syncTD1

e ≥ 5.2

S0

?syncS2

¬ (d=1)

?syncS2t1 

d=1 

S1

?syncS2

¬ (e ≤5.2)

S2

?syncS2t2

e ≤5.2

?syncS2

S0

?syncS1

¬ (a=1)

?syncS1t1 

a = 1 

S1

S3

?syncS1t2

b=1

?syncS1

S2

?syncS1

monitor2 SFC1

SFC2

Output A

Threshold_Detector TD1

output_A

0

)(

=
dt

Ad

e_GE5.2

e ≥ 5.2

!syncTD1a

e ≤ 5.2

!syncMor

transient = 0

swatchM=0,

transient=0

Compute_SFC1

swatchM ≤ 0

d(swatchM)/dt=1

d(transient)/dt=0

Test_for_transient

swatchM ≤ 0

d(swatchM)/dt=1

d(transient)/dt=0

Compute_SFC2

swatchM ≤ 0

d(swatchM)/dt=1

d(transient)/dt=0

!syncS2t1, 

!syncS2t2 

transient = 1

!syncS2

!syncM

transient = 1

transient’:= 0

!syncS1t1, syncS1t2, 

!syncS1t3 

transient = 1

!syncS1

Wait_for_event

d(swatchM)/dt=1

d(transient)/dt=0

?syncP…, ?syncP…, 

?syncTD1a 

swatchM=0,

transient=0

Compute_SFC1

swatchM ≤ 0

d(swatchM)/dt=1

d(transient)/dt=0

Test_for_transient

swatchM ≤ 0

d(swatchM)/dt=1

d(transient)/dt=0

Compute_SFC2

swatchM ≤ 0

d(swatchM)/dt=1

d(transient)/dt=0

!syncS2t1, 

!syncS2t2 

transient = 1

!syncS2

!syncM

transient = 1

transient’:= 0

!syncS1t1, syncS1t2, 

!syncS1t3 

transient = 1

!syncS1

Wait_for_event

d(swatchM)/dt=1

d(transient)/dt=0

?syncP…, ?syncP…, 

?syncTD1a 

?syncS1

¬ (b=1) ∧ ¬ (c=1 ∧ b=0)

?syncS1t3

c=1 ∧ b=0

 !"# "#?! & A:-B/*) HIOATS 2:,5 /.*0*12/* -* /+ 34,5* "#$6 +7*8 ,9 1:9;<*,5 = 1:>

9;<:5? @
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" #$ %&'()*+,,$-$(. /01($ .&'(,+.+2( /01( -2/13$ /1 4&2)$,,1, /$ .54$ )'4.$1& 61+

-2/+7$ /$ -'(+8&$ /+,)&8.$ 3' 9'3$1& /01($ 9'&+':3$ /0$(.&;$ /1 )2(.&<3$1&=

" #$ %&'()*+,,$-$(. /01($ .&'(,+.+2( /01( -2/13$ /1 4&2)$,,1, /$ .54$ )'4.$1&

61+ ,$ 4&2/1+. > )'1,$ /$ 3' /;.$).+2( /01( ,$1+3 ,1& 1($ 9'&+':3$ > /5('-+61$

)2(.+(1$ /1 4&2)$,,1,? ,$1+3 61+ $,. ;@'3$-$(. 1.+3+,; /'(, 1($ &;)$4.+9+.; /01(

ABC=

" #$ %&'()*+,,$-$(. /01($ .&'(,+.+2( /01( (219$'1 .54$ /$ -2/13$ /1 )2(.&<3$1&?

3$, D .*&$,*23/E/$.$).2&, F 61+ ,2(. )*'&@;, /$ /;.$).$& 1( ,$1+3 ,1& 1($ 9'&+':3$ >

/5('-+61$ )2(.+(1$ /1 4&2)$,,1, 61+ (0$,. 4', /;.$).; 4'& 3$ 4&2)$,,1, 31+G-H-$=

#$ -2/13$ -2(+.2&I /+,42,$ /01($ 9'&+':3$ 32)'3$ D .&'(,+$(. F= C0$,. 1($ 9'&+':3$

32@+61$ 61+ $,. -+,$ > ! 4'& 3$ -2(+.$1& /8, 6101($ .&'(,+.+2( ;.+61$.;$ syncSitj $,.

%&'()*+$? )0$,.G>G/+&$ /8, 61$ 30$J;)1.+2( /01( :32) %2().+2(($3 SFCi ' )2(/1+. > 1($

;9231.+2( /1 ABC= K( &$9'()*$? 3$ %&'()*+,,$-$(. /$, .&'(,+.+2(, ;.+61$.;$, syncSi
3'+,,$ 3' 9'&+':3$ D .&'(,+$(. F > ,' 9'3$1& )21&'(.$ 4'&)$ 610'1)1($ .&'(,+.+2( (0$,.

%&'()*+$ /'(, 3$ :32) %2().+2(($3 SFCi L%&'()*+,,$-$(. /01($ .&'(,+.+2( $( :21)3$ ,1&

3' ,+.1'.+2( )21&'(.$ /'(, 3$ -2/13$ SFCiM= N4&8, '92+& $J;)1.; .21, 3$, :32), %2()G

.+2(($3, SFCi L,+.1'.+2(, D C2-41.$EABC+ FM? 3$ -2(+.$1& ,$ .&219$ /'(, 3' ,+.1'.+2(

D O$,.E%2&E.&'(,+$(. F? /02P +3 /;.$&-+($ ,+ 3' ,+.1'.+2( )21&'(.$ /1 4&2@&'--$ $,.

,.':3$ 21 .&'(,+.2+&$= A+ transient = 1 L.&'(,+.2+&$M? 3$ -2(+.$1& $J;)1.$ > (219$'1 3$,

:32), %2().+2(($3, SFCi $( %&'()*+,,'(. 3' .&'(,+.+2( 9$&, D )2-41.$EABC! F? .'(/+,

61$ ,+ transient = 0 L,.':+3+.;M 3$ -2(+.$1& ;-$. 3$ ,+@('3 !syncMor L,2&.+$, 4&H.$,M $(

%&'()*+,,'(. 3' .&'(,+.+2( 61+ 3$ &$)2(/1+. /'(, 3' ,+.1'.+2( D Q'+.E%2&E$9$(. F= R'(,

3$, /$1J )',? 3$ -2(+.$1& &;+(+.+'3+,$ 3' 9'&+':3$ D .&'(,+$(. F > S=

#0$J;)1.+2( /01( )5)3$ /1 -2(+.$1& /1 -2/13$ D -2(+.2&I F ,$ %'+,'(. > .$-4, (13?

+3 (0$,. 431, (;)$,,'+&$ /$ /+,.+(@1$& .$-42&$33$-$(. 30;)&+.1&$ /01($ 9'&+':3$ /$ ,2&.+$

4'& 1( ABC /$ 30;-+,,+2( /$ 3' ,2&.+$ /1 )2(.&<3$1& $( 7( /$ )5)3$= N+(,+? 3$, -2/13$, /$

.54$ variable $. /$ .54$ output ,$ %1,+2(($(. $( 1( ,$13 $. 1(+61$ -2/13$ /2(. 3$ (2-

$,. output $. /2(. 3$ -2/83$ HIOATS $,. )$31+ /1 -2/13$ variable L92+& 7@1&$ T=ISM=

#' &;)$4.+9+.; D e ≤ 5.2 F /$ 3' .&'(,+.+2( L.IM /1 ABCI .$,. 1( ,$1+3 ,1& 3' 9'G

&+':3$ $= A+ )$..$ 9'&+':3$ ;9231$ /$ %'U2( )2(.+(1$ /'(, 3$ -2/83$ /1 4&2)$,,1, $.

610'1)1( %&'()*+,,$-$(. /$ .&'(,+.+2( /'(, 3$, -2/13$, /1 4&2)$,,1, ($ -'.;&+'3+,$

30;98($-$(. ↑ (e ≤ 5.2) 421& 3$ -2(+.$1&I? '32&, 1( (219$'1 -2/13$ $,. 'V21.; '1 -2G

/83$ /1 )2(.&<3$1& W D O*&$,*23/ER$.$).2&EOR! F= #' 7@1&$ T=IS -2(.&$ 6101( -2/13$

/;.$).$1& /$ ,$1+3 $,. )2(,.+.1; /$ /$1J ;.'., W D $E#KX=I F 421& 3$61$3 e ∈]−∞, seuil]
$. D $EYKX=I F 421& 3$61$3 e ∈ [seuil, +∞[= #0;98($-$(. ↑ (e ≤ 5.2) $,. '32&, -'.;G

&+'3+,; 4'& 3$ %&'()*+,,$-$(. /$ 3' .&'(,+.+2( ;.+61$.;$ !syncTD1a 61+ ,$&. > /;)3$()*$&

30$J;)1.+2( /1 -2(+.$1&? :+$( 61$ 3$ -2/13$ D O*&$,*23/ER$.$).2&EOR! F /;)3$()*$

3$ -2(+.$1& > )*'61$ %&2(. -2(.'(. /1 4&;/+)'. D e ≤ 5.2 F? $. 610> )*'61$ %2+, 61$

3$ :32) %2().+2(($3 ABCI $,. $J;)1.; L'4&8, ABC!M? 3$ -2/13$ ABC! &$,.$ -'Z.&$ /1

%&'()*+,,$-$(. /$ ,' .&'(,+.+2( ,$32( 610$33$ $,. 21 (2( 9'3+/;$=

K( &;,1-;? 3' -2/;3+,'.+2( '3.$&('.+9$ /1 )2(.&<3$1& +()31. 3$ -2/83$ /01( -2(+G

.$1& /0$J;)1.+2( L-2(+.2&IM? 3$, -2/83$, /$, ABC L> 30$J)$4.+2( /$, :32), /0').+2(M? 3$

-2/83$ /$, ,2&.+$, /1 )2(.&<3$1& 61+ ,2(. -2/+7;$, 4'& 3$, :32), /0').+2( $. 3$ -2/83$

/$, /;.$).$1&, /$ ,$1+3 ,1& 9'&+':3$= #0+(.&2/1).+2( /$ -2/83$, /$ /;.$).$1&, /$ ,$1+3

,$&. > 3' )2(,.&1).+2(? 421& 3$ -2(+.$1& -2(+.2&I? /$, ;98($-$(., ',,2)+;, '1 %&'()*+,G

,$-$(. /$, ,$1+3,? 3$ -2(+.$1& -2(+.2&I .&'9'+33'(. ,$32( 1($ 32@+61$ D $9$(. /&+9$( F=



 !  !"#$%&' () *+&$,-"%$./ 0'1 #&.#&$+%+1 23"/%$%"%$4'1 5 6+%!.0.7.8$' 8+/+&"7'

"#$% %$&&$ '()*+,-.&,(/ )0 %(/&12+$013 (/ 4.1./&,& +$- )(//*$- 51()0,&$- -01 +$- -(16

&,$- 7 5.1&,1 )$- )(//*$- )8$/&1*$ '.,-3 %$&&$ 9(,-6%,3 (/ /$ 4.1./&,& 5.- +$- ).&$- )$

51()0%&,(/ )$- )(//*$- : ; +$- <(//$- -(1&,$- -(/& 51()0,&$- .0 5+0- &2& => ?$ %(/&126

+$01 .+&$1/.&,9 . 5(01 .'<,&,(/ )$ 1*)0,1$ +8$@(1& )$ %.+%0+ )$- 1*4,(/- .&&$,4/.<+$- )0

'()A+$ 5.1 1*)0%&,(/ )0 /('<1$ )8,&*1.&,(/- )$ +8.+4(1,&B'$ 41C%$ 7 +. 1*)0%&,(/ )0

/('<1$ )$ &1./-,&,(/- 7 91./%B,1 5(01 $D5+(1$1 +$ '()A+$>

 !"!# $%&'()*+,)%- &.* /0%/0)','*

?('5&$ &$/0 )0 %B(,D )80/ (0&,+ )$ '()$+6%B$%E,/4 5(+FA)1,G0$ 5(01 .0&('.&$-

BF<1,)$-3 +$- 51(51,*&*- -8$D51,'$1(/& &F5,G0$'$/& -(0- +80/$ )$- 9(1'$- -0,#./&$- :

H I1*4,(/ .&&$,4/.<+$ )$50,- 0/ *&.& )0 '()A+$J ∩ I1*4,(/ 7 &$-&$1J = ∅ ?
H I1*4,(/ 7 &$-&$1J ⊂ I1*4,(/ .&&$,4/.<+$ )$50,- 0/ *&.& )0 '()A+$J ?

K(1-G0$ +. 1*4,(/ 7 &$-&$1 $-& &1A- *+.<(1*$3 (0 G08$++$ )(,& -$ %(/-&10,1$ $/ 5.1.++A+$

)$ +. 1$%B$1%B$ )$ +. 1*4,(/ .&&$,4/.<+$3 ,+ $-& )80-.4$ )$ %('5+*&$1 0/ '()A+$ 5.1 0/

(0 5+0-,$01- .0&('.&$- ),&- ; .0&('.&$- (<-$1#.&$01- => ",/-,3 0/ '()0+$ HIOATS

(<-$1#.&$01 .01. 5(01 9(/%&,(/ )$ %(/-&10,1$ +8,/9(1'.&,(/ 5$1&,/$/&$ #,-676#,- )$- 51(6

51,*&*- 7 #*1,L$1> K. -$0+$ %(/&1.,/&$ 7 1$-5$%&$1 $-& G08,+ -(,& /(/ ,/#.-,9 I%8$-&676),1$

G08,+ /$ )(,& 5.- ,/M0$1 -01 +$ %('5(1&$'$/& )$- .0&1$- '()0+$-J> K. L401$ N>!O '(/&1$

+$- .-5$%&- 4*/*1,G0$- )80/ &$+ '()A+$> P. 91(/&,A1$ -$ +,',&$ 7 )$- $/&1*$- I5(01 /$ 1,$/

'(),L$1J : -(,& )$- *&,G0$&&$- )$ -F/%B1(/,-.&,(/ )$ &F5$ /(/ <+(G0./& I5(01 /$ 5.-

%(/&1.,/)1$J3 -(,& )$- #.1,.<+$- ),-%1A&$- (0 %(/&,/0$-> K$ %(/&$/0 )0 '()0+$ $-& 7

-5*%,L$1 5(01 %B.G0$ (<-$1#.&$01 $& )*5$/) /.&01$++$'$/& )$- 51(51,*&*- 7 #*1,L$1>

Observer

Observateur

 !"# N>!O H "-5$%&- 4*/*1,G0$- )80/ '()A+$ )8(<-$1#.&$01

Q$ './,A1$ 9(1'$++$3 +$ '()A+$ HIOATS )0 '()0+$ R<-$1#.&$01 $-& )*L/, %(''$

-0,& :

HObservateur = 〈Q, X, L, T,A,F , I, Init,R〉 3 .#$%

H X = XI ∪ XL .#$% XO = ∅
H L = LI ∪ LL .#$% LO = ∅ $& ∀ l ∈ LI , R(l) = STS

 !" #$%&'()*$% +( &,-.*/01  

Q./- %$ %B.5,&1$3 /(0- .#(/- 51*-$/&* +8.-5$%& '*&B()(+(4,G0$ )$ /(- &1.#.0D>

U(0- .#(/- 51(5(-* )$- '()0+$- 4*/*1,G0$- <.-*- -01 +$- "0&('.&$- VF<1,)$- 7 $/6



 !"! #$%&'()*$% +( &,-.*/01   !

"#$%&'&(#")%& %" &*+,-#(+)&.")(+& "*/$%& .0+ 1% ,(+&"#2)#% 3% #$&%.2 14HIOATS 5(1$3)6

&.+" 3% ,(+"#73%2# 3(8)92% 1%& &*&":5%& .2"(5.")&$&; <%& 5(123%& &(+" = 3% /#(8#.55%

1% ,(+"#73% $,#)" %+ 3.+8.8% >?<@ 1%2A B%#&)(+& 12 5(+)"%2# 14%A$,2")(+ CD(+)"(#E %"

D(+)"(#FG@ 1%2A "*/%& 1)H$#%+"& 1% &(#")%& 1)&,#:"%& %" 3% 1$"%,"%2# 1% &%2)3;

I(2& .33(+& 5.)+"%+.+" $"21)%# 1.+& 3% ,-./)"#% &2)B.+"@ .2 "#.B%#& 1% 1%2A $"21%&

1% ,.&@ ,(55%+" 2")3)&%# ,% ,.1#% 5$"-(1(3(8)92% /(2# 3. 5(1$3)&.")(+ %" 3. B$#)0,.")(+

1% /#(/#)$"$& 92.+")".")B%& 1% &*&":5%& #$%3&;

JB%, ,%""% K)K3)("-:92% 1% 5(123%&@ +(2& .B(+& "%+2 ,(5/"% 1% 3. "%,-+(3(8)% 1%&

,(+"#73%2#& 3(8)92%& %" 1% 3%2#& )+"%#L.,%& .B%, 3% /#(,%&&2&; <%3. #$12)#. ,(+&)1$#.K3%6

5%+" 3. 1)M,23"$ 1% 5(1$3)&.")(+ 1% ,-.92% +(2B%.2 ,.& 14$"21%@ %+ /.#"),23)%# /(2#

3% ,(+"#73%2#@ /(2# 3%92%3 "(2& 3%& .&/%,"& (+" $"$ ,(2B%#"& 1% 5.+):#% 8$+$#)92%;

N+ ,(5/3$5%+" 1% 3. K)K3)("-:92%@ 2+% &"#2,"2#% 8$+$#)92% 12 &*&":5% %&" /#(/(&$%

&(2& 3. L(#5% 142+ #$&%.2 14HIOATS; O+ /%2" +("%# 92% 3% L(#5.3)&5% HIOATS 1$0+)

1.+& 3% ,-./)"#% F &4%&" #$B$3$ "#:& 2")3%@ K)%+ &P# Q ,.2&% 1% &. 5(123.#)"$@ 5.)& /#)+6

,)/.3%5%+" /(2# 3. &(2/3%&&% 1% 5(1$3)&.")(+ 924)3 . (H%#"% /(2# 3%& &*+,-#(+)&.")(+&

K3(92.+"%& %" +(+ K3(92.+"%&;
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 !"#$%&' (

)*&$+,"%$-. /'0 #&-#&$*%*0

12".%$%"%$3'0 4 /'25 ,"0 /6*%2/'

 !"#$%&'() *% &% &+,-('.% %/' 0, 1,0(*,'("2 *% 0, *34,.&+% ,*"-'3%

-"5. 0, 13.(6&,'("2 )".4%00% *% -."-.(3'3/ 75,2'(','(1%/8 9% &+,:

-('.% %/' &"2/,&.3 ; 0!3'5*% *% *%5< %<%4-0%/ ,1%& *%/ "#$%&'()/ *%

13.(6&,'("2 '.=/ *(>3.%2'/8  , -.%4(=.% 3'5*% , -"5. "#$%&'() 0!,2,:

0?/% *% 0!(4-,&' *%/ &,.,&'3.(/'(75%/ '%4-".%00%/ *!52 &"2'.@0%5.

0"A(75% /5. 0!%<,&'('5*% *% -"/('("22%4%2' *!52 ,<% *% *3-0,&%:

4%2'8  , *%5<(=4% 3'5*% ,B 75,2' ; %00%B -"5. "#$%&'() 0!,2,0?/% *%

0!(4-,&' *% 0, /'.,'3A(% *% &"44,2*% 0"A(75% /5. 0%/ -%.)".4,2&%/

*!52% -."*5&'("2 -,. 0"'/8  , 4"*30(/,'("2 *%/ *%5< %<%4-0%/ %/'

.3,0(/3% -,. 0!(2/',2&(,'("2 *% 4"*50%/ A323.(75%/ -.3/%2'3/ *,2/

0% &+,-('.% -.3&3*%2'8 9+,&52% *%/ 3'5*%/ &"4-.%2* 52% -,.'(%

*3*(3% ; 0!,2,0?/% *%/ -."-.(3'3/ 75,2'(','(1%/ ; 13.(6%. %' ; 0,

*(/&5//("2 *%/ .3/50','/8





 !"! #$%&'()*)+,( -'& %).-'& -' /*&   

 !" #$%&'()*)+,( -'& %).-'& -' /*&

!"#$ %&&"'$ (%)'*+'%'* )&&#$*,+, '"*,+ %--,"./+ 0+ 12,)3.%*)"' 0+$ -,"-,)2*2$ 4#%'5

*)*%*)1+$ 06#'+ ."((%'0+ 0)$.,7*+ %# *,%1+,$ 0# *,%)*+(+'* 0+ 0+#8 2*#0+$ 0+ .%$9

:% -,+()7,+ 2*#0+ -",*+ $#, &6+8%.*)*#0+ 06#'+ ;,%'0+#, ."'*,<&2+ -%, %=$*,%.*)"'

&";)4#+9 >&&+ +$* (+'2+ -"#, -,21"), &6)(-&).%*)"' 0# ./")8 06#' ."'*,<&+#, &";)4#+

$#, &6+,,+#, 4#) -"#,,% $+ -,"0#),+ +'*,+ &% 1%&+#, 1)$2+ 0+ &% ;,%'0+#, ."'*,<&2+ +* &%

1%&+#, ,2+&&+(+'* "=*+'#+9 ?+**+ -,+()7,+ 2*#0+ $6%**%./+ 0"'. @ 4#%'*)3+, #' %$-+.*

4#%&)*2 (2*,"&";)4#+ 0# $A$*7(+ 2*#0)2 BCDEF G9 :+ $#--",* ,+*+'# +$* &+ ."'*,<&+ 0+

&% -"$)*)"' &"';)*#0)'%&+ 06#' ."'1"A+#, 0%'$ #' $A$*7(+ 06%$$+(=&%;+H02$%$$+(=&%;+

0# $)*+ +8-2,)(+'*%& 0# :IJKL9

:% $+."'0+ 2*#0+ -",*+ $#, &% -+,M",(%'.+ 06#' $A$*7(+ 0+ -,"0#.*)"'9 >&&+ +$*

(+'2+ -"#, %'%&A$+, &+$ )(-%.*$ 0# ./")8 06#'+ $*,%*2;)+ 0+ ."((%'0+ $#, &% -+,M",5

(%'.+ 0# $A$*7(+9 ?+**+ $+."'0+ 2*#0+ $6%**%./+ 0"'. @ 4#%'*)3+, 0+$ )'0).%*+#,$ 0+

-+,M",(%'.+ 0+ *A-+ ."N*O 02&%) +* 1%&+#, P&)2+ @ &% $%*)$M%.*)"' 0# .&)+'*Q 0# $A$*7(+ 0+

-,"0#.*)"' BR%/FSG9 :+ $#--",* ,+*+'# +$* #'+ )'$*%&&%*)"' 0+ -,"0#.*)"' 0+ &"*$ 06+%#

$%&2+ 0# :%=",%*"),+ 0+ T K,".+$$ ."'*,"& U 0+ &6#')1+,$)*2 0+ V",*(#'0 BW>J

+
XXG9

 !0 1).-' -' /*& " 2 34' -' -%56*/'7'()

 !"!# $%&'()*+*,-) .( /0&*1.( .( 2+'

:+ $A$*7(+ %#4#+& '"#$ %&&"'$ '"#$ )'*2,+$$+, +$* #' $A$*7(+ 0+ *,) +* 06%$$+(5

=&%;+H02$%$$+(=&%;+ 0+ -%&)+,$ 0%'$ 0+$ -);'"'$9 :% 3;#,+ Y9Z -,2$+'*+ &+$ 0)[2,+'*$

."(-"$%'*$ 0# -,"0#)* +* )&&#$*,+ &+$ M"'.*)"'$ -,)'.)-%&+$ 0# $A$*7(+9 K"#, %$$#,+, .+$

M"'.*)"'$O .+ 0+,')+, +$* ."'$*)*#2 0+ 4#%*,+ $*%*)"'$ P3;#,+ Y9\%Q9 :+$ 4#%*,+ $*%*)"'$

"'* ,+$-+.*)1+(+'* -"#, M"'.*)"' &+ 02$*".]%;+ 0+$ -);'"'$ +' +'*,2+ 0+ &);'+ P$*%*)"'

ZQO &6)0+'*)3.%*)"' 0# (%*2,)%# 0# -);'"' +* 0+ &% -,2$+'.+ 06#' 21+'*#+& -%&)+, P$*%5

*)"' \QO &% -"$+ "# &% 02-"$+ 06#' -%&)+, 0%'$ &+ -);'"' P$*%*)"' SQO +* +'3' &+#, *,)O +'

M"'.*)"' 0# (%*2,)%#O +' 1#+ 0+ &+#, 21%.#%*)"' P$*%*)"' YQ9 :6+'$+(=&+ 0+ .+**+ &);'+

06%$$+(=&%;+ +$* ."'*,<&2 -%, #' L#*"(%*+ K,";,%((%=&+ C'0#$*,)+& PLKCQ9

Assembler
et trier

Désassembler
et trierPignon 

en acier

Pignon 
en PVC

Paliers

Pignon 
en laiton Pignon

Palier

a) Composants du produit b) Fonctions principales

Pignon

Palier

Assembler
et trier

Désassembler
et trierPignon 

en acier

Pignon 
en PVC

Paliers

Pignon 
en laiton Pignon

Palier

a) Composants du produit b) Fonctions principales

Pignon

Palier

 !"# Y9Z ^ ?"(-"$%'*$ 0# -,"0#)* +* -,)'.)-%&+$ M"'.*)"'$ 0# $A$*7(+ 06%$$+(5

=&%;+H02$%$$+(=&%;+ 0+ -%&)+,$ 0%'$ 0+$ -);'"'$
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Chargement Test Déchargement

convoyeur

capteur

pignon
palpeur

Station1 Station3Station2 Station4

a) Système complet

b) Station 2 c)

Sous-

station 

de test

Chargement Test Déchargement

convoyeur

capteur

pignon
palpeur

Station1 Station3Station2 Station4Station1 Station3Station2 Station4

a) Système complet

b) Station 2 c)

Sous-

station 

de test

 !"#  !" # $%&'( )*+,,(-./+&(0)1,+,,(-./+&( )( 2%&'3',

$+ 43--+')( (,5 267(-('5 )%,4785(! 9' (:(5; 43--( 4*(,5 /( 2/6, ,36<('5 /( 4+,

2367 4( 5=2( )( ,=,58-(; /+ 7(4>(74>( )( 43?5, 43-215%5%@, 43')6%5 A 1<%5(7 +6 -+B%-6-

/(, 43--+')(, +,,(7<%(, +6 273C5 )( 43--+')(, D365 36 E%('! D365(, /(, &7+')(67,

2>=,%F6(, 43'5%'6(, )6 2734(,,6, A 43'57G/(7 H2367 /*(,,('5%(/ )(, 23,%5%3',I ,3'5 )3'4

3.,(7<1(, (5 43--+')1(, +6 57+<(7, )( /(67, +.,57+45%3', )%,4785(,! J6 535+/; 4( ,3'5 K"

('571(, (5 LM ,375%(, /3&%F6(, F6% ,3'5 &171(, 2+7 /*JNO! N367 /+ 2/62+75 )(, &7+')(67,

2>=,%F6(,; /+ F6+/%51 7(F6%,( (,5 )%7(45(-('5 3.5('6( 2+7 /( 2734(,,6,! N+7 (B(-2/(; /+

23,%5%3' )( 2/6,%(67, ,3/%)(, (' -36<(-('5 (,5 3.5('6( A /*+%)( )( .651(, -14+'%F6(,

65%/%,1(, (' 43-2/1-('5 )(, +45%3''(67, )( 5=2( <17%'! O/ '*(' )(-(67( 2+, -3%', F6(

/*(B+45%56)( )( 23,%5%3''(-('5 )( 4(75+%', ,3/%)(, 7(,5( )1<3/6( A /+ 43--+')(; ('

2+75%46/%(7 2367 4(6B +45%3''1, 2+7 )(, -35(67, 1/(457%F6(,!

$*3.P(45%@ )( /*156)( F6( '36, +//3', 43')6%7( (,5 )( <17%C(7 ,% /+ F6+/%51 )(, 23,%Q

5%3''(-('5, 3.5('6, 2+7 6'( 5(//( 43--+')( )%,4785( (,5 43-2+5%./( +<(4 /(, (B%&('4(,

)( 2714%,%3' 7(F6%,(, 2+7 /( 27341)1! R(55( '35%3' )( 2714%,%3' '*+ )( ,(', F6( 7(/+5%Q

<(-('5 +6 23,%5%3''(-('5 )(, 3.P(5, -+'%26/1, 2+7 6' +B( )( )12/+4(-('5 36 2+7 6'

(',(-./( )*+B(, 43-.%'1,! O/ '*(,5 )3'4 2+, '14(,,+%7( )( 27(')7( (' 43-25( /+ 535+/%51

)6 -3)8/( )( /+ 43--+')( '% )6 2734(,,6, 2367 <17%C(7 /+ F6+/%51 )(, 23,%5%3''(-('5,;

-+%, 6'%F6(-('5 /( ,36,Q(',(-./( F6% 43'4(7'( /+ 43--+')( )( /*+B( H36 )( /*(',(-./(

)(, +B(,I %-2/%F61H,I )+', /( )12/+4(-('5 156)%1!

N367 4(55( 156)( )( 4+,; '36, +//3', '36, 43'4('57(7 ,67 6' ,(6/ -36<(-('5 )(

,3/%)(; ,+4>+'5 F6( /*156)( )(, +657(, -36<(-('5, ,( @(7+%5 )( @+S3' ,%-%/+%7(! $( -36Q

<(-('5 4>3%,% (,5 4(/6% )6 43'<3=(67 )( /+ ,5+5%3' " HC&!  !".I F6% 57+',2375(; )(26%,

6'( 23,%5%3' )( 4>+7&(-('5; 6' 273)6%5 H2%&'3' 36 2%&'3' +<(4 2+/%(7I 2367 /*+77T5(7

A 6'( ,36,Q,5+5%3' )( 5(,5 HC&!  !"4I 26%,; +278, /( 5(,5; F6% 57+',2375( /( 273)6%5 5(,51

<(7, 6'( ,36,Q,5+5%3' )( )14>+7&(-('5! $( -36<(-('5 )( 57+',/+5%3' 7(45%/%&'( (,5

3.5('6 2+7 6' -353Q71)645(67 735+5%@ (5 6'( 57+',-%,,%3' 2+7 436773%( 47+'51(! U(6B

271Q+45%3''(67, )( 5=2( V43'5+45(67 1/(457%F6(V +,,67('5 6'( )%,57%.65%3' )( /*1'(7&%(

1/(457%F6( +6 -35(67; 2(7-(55+'5 6' -36<(-('5 )+', /(, )(6B )%7(45%3',! $(, )(6B

+77T5, )( VC' )( 4367,(V H4>+7&(-('5 (5 )14>+7&(-('5I ,3'5 3.5('6, 2+7 )(, V.6Q

51(, 1/(457%F6(,V H%'5(77625(67, )( 23,%5%3'I F6% 4362('5 )%7(45(-('5; 2+7 6' 4W./+&(

1/(457%F6(; /+ )%,57%.65%3' )*1'(7&%( 2367 /+ )%7(45%3' 43',%)171( )6 -36<(-('5! R(/+



 !"! #$%&' &' ()* + , -.' &' &/01)('2'3$  !

"##$%& $'& (%"')& *$"+,-. )$ /0#,-,0''&1&'- )$ 20'304&$% -0$- &' /&%1&--"'-5 /"% +"

2011"')& )$ 10$3&1&'- )"'# +6"$-%& ),%&2-,0'5 )& 7",%& %&/"%-,% +& 28"%,0-9 :' %&;

3"'28&5 +" /0#,-,0' <= 1,;20$%#&< )& +" #0$#;#-"-,0' )& -&#- '& /&%1&- /"# +& %&20$%# =

2&--& -&28'0+0(,& > +6"%%?- )$ 20'304&$% #&%" ,2, 0@-&'$ /"% $' "%%?- 2011"'). /"% +&

20'-%A+&$% "/%B# %."2-,0' = $' .3B'&1&'- ,##$ )6$' 2"/-&$%9

C" D($%& E9F ).2%,- +& ).%0$+&1&'- )6$'& #.*$&'2& )& -&#- )& /%.#&'2& )6$' /"+,&%9 G&

-&#- &#- %."+,#. /"% $' /"+/&$% 24+,')%,*$& )& ),"1B-%& φ10mm *$, /+0'(& )"'# +6"+.#"(&

φ12mm )$ /,('0'9 H"'# +" /%.#&'2& )6$' /"+,&%5 +& /"+/&$% "--&,'- +" D' )& 20$%#& @"##&

)& #0' 10$3&1&'- 3&%-,2"+5 -"'),# *$6"3&2 $' /"+,&%5 +6"+.#"(& ,'-.%,&$% φ8mm )& 2&

)&%',&% +,1,-& +" 20$%#& )$ /"+/&$% *$, #6"%%?-& &' @$-.& #$% +" 7"2& #$/.%,&$%& )$ /"+,&%9

I'& &%%&$% -%0/ ,1/0%-"'-& #$% +" /0#,-,0' )6"%%?- )$ 20'304&$% /&$- )0'2 20')$,%&

= $' %.#$+-"- ,'20%%&2- )$ -&#- J&' 20'2+$"'- = +" /%.#&'2& )6$' /"+,&% *$, '6&K,#-&

/"#L *$,5 /"% +" #$,-&5 /&$- 20')$,%& = )&# )4#70'2-,0''&1&'-#5 30,%& = )&# ,'2,)&'-#

)011"(&"@+&# "$ #4#-B1& )6"##&1@+"(&9 C" D($%& E9E ,++$#-%& +&# /0#,-,0'# &K-%?1&#

)$ /,('0' *$, /&%1&--&'- $' -&#- 20%%&2-9

Mouvement du
convoyeur vers

la position de test

Arrêt commandé 
par le contrôleur 

à la position de test

Descente du palpeur
en direction du produit

Fin du mouvement 
du palpeur :

soit en fin de course basse,
soit en butée sur le palier

Remontée du palpeur

Fin du mouvement
du palpeur en fin 
de course haute

Mouvement du
convoyeur vers la 

position de déchargement
temps

Déroulement du test
pour un pignon sans palier

Déroulement du test
pour un pignon avec palier

Mouvement du
convoyeur vers

la position de test

Arrêt commandé 
par le contrôleur 

à la position de test

Descente du palpeur
en direction du produit

Fin du mouvement 
du palpeur :

soit en fin de course basse,
soit en butée sur le palier

Remontée du palpeur

Fin du mouvement
du palpeur en fin 
de course haute

Mouvement du
convoyeur vers la 

position de déchargement
temps

Déroulement du test
pour un pignon sans palier

Déroulement du test
pour un pignon avec palier

 !"# E9F M H.*$&'2& )& -&#- )& /%.#&'2& )6$' /"+,&%
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erreur de position
acceptable = -1 mm

erreur de position
acceptable = +1 mm

∅10 mm ∅12 mm

position minimale sur l’axe X du pignon
pour un test correct de l’absence de palier

position maximale sur l’axe X du pignon
pour un test correct de l’absence de palier

palpeur palpeur

erreur de position
acceptable = -1 mm

erreur de position
acceptable = +1 mm

∅10 mm ∅12 mm

position minimale sur l’axe X du pignon
pour un test correct de l’absence de palier

position maximale sur l’axe X du pignon
pour un test correct de l’absence de palier

palpeur palpeur

 !"# "#" $ %&'()(&*' +, ),') +- .(/*&*

 !"!" #$%&'()*)+,( -' .* /,00*(-'

01*' 21 '-(), +, 3,)), 4)-+,5 *&-' 122&*' -*(6-,7,*) *&-' (*)48,'',8 9 2:1;, +,

+4.213,7,*) +, 21 ')1)(&* < +&*) 2,' ',-2,' (*=&871)(&*' .,8)(*,*),' .&-8 21 3&771*+,

+- +4.213,7,*) '&*) +&**4,' '-8 21 >/-8, "#?#

M

test_posload_pos

Convoyeur

Moteur

Ordres de contrôle logiques

- Avancer (go_forwards)

Information des capteurs logiques

- Position de charge (load_pos)

- Position de test (test_pos)

X

unload_pos

- Position de décharge (unload_pos)

- Reculer (go_backwards)

0

Contrôleur 
API

 !"# "#? $ @;, +, +4.213,7,*) +, 21 ')1)(&* <

A, .(/*&* ', )8&-B, (*()(12,7,*) 9 21 '&-'C')1)(&* +, 3D18/,7,*) E2&1+F.&'G &H (2 1

4)4 +4.&'4 '-8 2, 3&*B&I,-8# J*, 3&771*+, +, 8&)1)(&* +- 7&),-8 +1*' 2, ',*' D&81(8,

E/&F=&8K18+G 17L*, 2, 3&*B&I,-8 +8&() B,8' 21 '&-'C')1)(&* +, ),') E),')F.&'G# %&-8

6-, 2, ),') ', +48&-2, +1*' +, M&**,' 3&*+()(&*'5 2:,88,-8 +, .&'()(&* +:188N) +&() N)8,

(*=48(,-8, 9 O 77# A1 .&'()(&* +- 3&*B&I,-8 ,') *&)4, P# A, ),') +, .84',*3, +:-* .12(,8

-*, =&(' ),87(*45 -*, *&-B,22, 3&771*+, +, 8&)1)(&* +- 7&),-8 +1*' 2, ',*' D&81(8,

17L*, 2, .(/*&* ,* >* +, 3&-8', +8&(), &H (2 ,') +43D18/4 E-*2&1+F.&'G# J*, 8&)1)(&*

+- 7&),-8 +1*' 2, ',*' 1*)(CD&81(8, E/&FM13QK18+G .,87,) 2, 8,)&-8 +- 3&*B&I,-8 ,*

.&'()(&* +, 3D18/,7,*) &H -* *&-B,1- 3I32, +, ),') .,-) +47188,8#



 !"! #$%&' &' ()* + , -.' &' &/01)('2'3$  !

"# $%&'(# &) *+%,+-$$# &# .%/0+1(#2 3.+40 #/ 56/0-7# 89:2 ;)4 0+-&)40 (# .%$*%+<

0#$#/0 &) *+%.#55)5 &3.+40 *+3.3&#$$#/0 #50 $%/0+3 &-/5 (- =,)+# >?@? :A#50  !"# ;)4

.%$$-/&# (#5 &3*(-.#$#/05 &) .%/B%6#)+ *%)+ -$#/#+ (#5 *4,/%/5 5%)5 (#5 &4C3+#/0#5

5%)5<50-04%/5 &# 0+-B-4( D.E-+,#$#/02 0#50 #0 &3.E-+,#$#/0 &#5 *4,/%/5F 0-/&45 ;)# (#5

%*3+-04%/5 &# .E-.)/ &# .#5 *%50#5 5%/0 &3.+40#5 *-+ 89:G2 89:H #0 89:>2 +#5*#.04B#<

$#/0? I4/542 (# $%0#)+ /# &3$-++# *-5 D30-*#5 SFC1.S02 SFC1.S2 #0 SFC1.S4F 0-/0
;)# (A%*3+-04%/ &# .E-;)# *%50# /A#50 *-5 0#+$4/3# D30-*#5 SFC2.S102 SFC3.S20 #0

SFC4.S30F?

SFC1: Graphe de contrôle décrivant la 

séquence de contrôle des déplacements

du convoyeur sur l'axe

S0

(t1)

SFC2.S10.X
(* Chargement de pignons *)

(* Test de palier *)

(* Déchargement des pignons *)

N go_forward
S1

(t2)

test_pos
S2

(t3)

SFC3.S20.X
S3

N go_forward

(t4)

unload_pos
S4

(t5)

SFC4.S30.X
N go_backward

S5

(t6)

load_pos

S0

(t1)

SFC2.S10.X
(* Chargement de pignons *)

(* Test de palier *)

(* Déchargement des pignons *)

N go_forwardN go_forward
S1

(t2)

test_pos
S2

(t3)

SFC3.S20.X
S3

N go_forwardN go_forward

(t4)

unload_pos
S4

(t5)

SFC4.S30.X
N go_backwardN go_backward

S5

(t6)

load_pos

SFC 1

SFC 2

Séquence opérationnelle
de la station de chargement

S01

(t1) SFC1.S0.X
(* Chargement de pignons *)

(* Fin du chargement *)

S02

SFC1.S0.X
S10

(t10)

Séquence opérationnelle
de la station de chargement

S01

(t1) SFC1.S0.X
(* Chargement de pignons *)

(* Fin du chargement *)

S02

SFC1.S0.X
S10

(t10)

SFC 3

Séquence opérationnelle
de la station de test

S11

(t1) SFC1.S2.X
(* Test de palier *)

(* Fin du test *)

S12

SFC1.S2.X
S20

(t10)

Séquence opérationnelle
de la station de test

S11

(t1) SFC1.S2.X
(* Test de palier *)

(* Fin du test *)

S12

SFC1.S2.X
S20

(t10)

SFC 4

Séquence opérationnelle
de la station de 
déchargement

S21

(t1) SFC1.S4.X

(* Déchargement des
pignons *)

(* Fin du déchargement *)

S22

SFC1.S4.X
S30

(t10)

Séquence opérationnelle
de la station de 
déchargement

S21

(t1) SFC1.S4.X

(* Déchargement des
pignons *)

(* Fin du déchargement *)

S22

SFC1.S4.X
S30

(t10)

SFC2: Graphe de contrôle décrivant la 

séquence de contrôle du chargement de 

palier dans les pignons

SFC4: Graphe de contrôle décrivant la 

séquence de contrôle du chargement des 

pignons

SFC3: Graphe de contrôle décrivant la 

séquence de contrôle du test de palier

dans les pignons

 !"# >?@ J :%$$-/&# &# (A-7# &# &3*(-.#$#/0 &# (- 50-04%/ G

"#5 89: 5# .%%+&%//#/0 5#(%/ )/# 50+).0)+# .(-554;)# &A-**#(K+3*%/5# L (A-4&# &#5

B-+4-M(#5 &A30-*#52 SFCi.Sj.X &354,/-/0 (- B-+4-M(# (%,4;)# +#*+35#/0-/0 (A-.04B403 &#

(A30-*# Sj &) ,+-*E# SFCi? :#5 ;)-0+# SFC 5%/0 4$*(-/035 &-/5 )/ INO 5%)5 (-

P%+$# &# ;)-0+# M(%.5 P%/.04%//#(5 +#,+%)*35 &-/5 )/ *+%,+-$$# ;)4 #/.E-Q/# (#)+5

#73.)04%/5 &-/5 (A%+&+# 5)4B-/0 R SFC12 SFC22 SFC3 *)45 SFC4? "# *+%,+-$$# #50

()4<$S$# (-/.3 *-+ )/# 0T.E# *3+4%&4;)# *%)+ .E#+.E#+ L %M0#/4+ )/# M%//# +3*30-M4(403

&) *%5404%//#$#/0 &) .%/B%6#)+? :%$*0# 0#/) &# (- 0-4((# &) 5650'$# #0 &# (A-)0%$-0#

.E%4542 (# .%/.#*0#)+ #504$# *%)B%4+ ,-+-/04+ )/# *3+4%&# &A#73.)04%/ &# (- 0T.E# &#

12ms? U/ &#55%)5 &# .#00# B-(#)+2 4( 5#+- *#)0<S0+# &4V.4(# &A#73.)0#+ 0%)0 (# *+%,+-$$#

L .E-;)# .6.(#?
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 !"#$%&'&()% *+ ,!)-$##+#

"# $%&%'()#&(%* +, -.#/, ,)& #))0'1, 2#' 0* $%&%3'1+04&,0' 50( ($2%), #0 4%*6%7,0'

0*, 6(&,)), $%7,**, +, !88 $$9): ",) 4%*&#4&,0') KM;forwards ,& KM;backwards
*, )%*& 2#) +(',4&,$,*& 2(-%&1) 2#' -,) )%'&(,) +, -.<=> ? @%;A%'B#'+) C ,& ? @%;D#4EB#'+) CF

0* 4GD-#@, 1-,4&'(50, -,) #))0H,&&(& 1@#-,$,*& #0/ D0&1,) 1-,4&'(50,) +, I* +, 4%0'),

? ,-;-%#+ C ,& ? ,-;0*-%#+ C: ", )4J1$# 1-,4&'(50, +, 20())#*4, ,& +, 4%$$#*+, +0

$%&,0' ,)& 2'1),*&1 I@0', K:L: <(*)(F -%')50, -, 4%*6%7,0' ), +12-#4, +#*) -, ),*) +,)

x 2%)(&(A)F (- ,)& #''M&1 -%')50, -# 4%$$#*+, ? @%;A%'B#'+) C ).#''M&, %0 D(,* -%')50,

-# D0&1, 1-,4&'(50, ? ,-;0*-%#+ C ,)& #&&,(*&,:

M0

KM_forwards KM_backwards

L

L-

L1

L0

PLC output board

go_forwards go_backwards

el_unload

(electrical limit)

el_load

(electrical limit)

KM_backwards KM_forwards

KM_forwards KM_backwards

Q0

Circuit de puissance Circuit de commande du moteur

 !"# K:L N O4J1$# 1-,4&'(50, +, 20())#*4, ,& +, 4%$$#*+, +0 $%&,0' +, -.#/,

"# I@0', K: 2'1),*&, -# 2%)(&(%* +,) P )%0)3)&#&(%*) Q4J#'@,$,*& R x = 0 $$F

&,)& R x = 120 $$F +14J#'@,$,*& R x = 320 $$S ,& -.($2-#*&#&(%* +,) P 4#2&,0')

4%'',)2%*+#*&:

12 mm12 mm

x_min = 0 mm
(position de chargement
pour le convoyeur)

120 mm
(position de test

pour le convoyeur)

-12 mm
(position de la butée

électrique el_load)

x_load = -11 mm
(position du capteur

load_pos)

-12 mm
(position de la butée

électrique el_load)

x_load = -11 mm
(position du capteur

load_pos)

x_max = 320 mm
(position de déchargement

pour le convoyeur)

332 mm
(position de la butée 
électrique el_unload)

x_unload = 331 mm
(position du capteur
unload_pos)

x_test = 132 mm
(position du capteur
test_pos)

axe X

capteur
test_pos

capteur
load_pos

butée
électrique el_load

capteur
unload_pos

butée
électrique el_unload

 !"# K: N =%)(&(%*) +,) &'%() )%0)3)&#&(%*) ,& +,) &'%() 4#2&,0')

O0' -, 4%*6%7,0' ,)& I/1, 0*, 4#$, 2%0' 50, -,) 4#2&,0') 20()),*& M&', #44%)&1)

R -.#(+, +.0*, '#$2, Q)214(I4#&(%* +0 4%*)&'04&,0' +,) 4#2&,0')S: T%$2&, &,*0 +, -#

+($,*)(%* +, -# '#$2, QU! $$ +, 2#'& ,& +.#0&', +, -.#/, +, -.,$2',(*&, 50( #440,(--,

-,) 2(@*%*)SF -# 2%)(&(%* +,) 4#2&,0') ,)& +14#-1, 2#' '#22%'& #0/ 2%)(&(%*) 6()1,) 2%0'



 !"! #$%&' &' ()* + , -.' &' &/01)('2'3$  !

"#$%& '&( )*+,-,(. /& (&,( '& 0& '10$"$+& '1)&,' '& "$ '*2&03*-, '#$00-(3$+&. /& 0$)3&42

5 3&(36)-( 7 &(3 $*,(* *8)"$,31 9 "$ )-(*3*-, %63&(3 : ;!< 88.

 !"!# $%&'%()*)+ ,-./*(*.*(01+ %1231%23)1+ .++-%./* 4. 5.(+.6(7

4(*) 81 4. 2&99./81 4&:(,-1

=-88& ,-4( "#$>-,( '1?9 8&,3*-,,1@ "& 0A-*% '#4,& 0-88$,'& '*(02B3& '& '1)"$C

0&8&,3@ 8D8& (#*" 0-,>*&,3 E21F4&88&,3 $4% &%*+&,0&( '& F4$"*31 '& )-(*3*-,,&8&,3

'&( 8-G*"&(@ &(3 4,& $G(32$03*-,@ ,10&(($*2&8&,3 21'4032*0&@ '&( +2$,'&42( )AH(*F4&(

F4* "4* (-,3 $((-0*1&(. I*,(*@ "$ 0-88$,'& J-43 -4 K*&, '#4, '1)"$0&8&,3 "*,1$*2& >&2(

4,& )-(*3*-, -G(&2>1& +2L0& 9 4, '13&03&42 '& )-(*3*-, ,& )&28&3 ,$342&""&8&,3 )$(

'& 0-,,$M32& "#&22&42 '& )-(*3*-,,&8&,3 '4 8-G*"&. N, &O&3@ "#&,(&8G"& '&( +2$,'&42(

-G(&2>1&( &3 0-88$,'1&( (-,3 '&( $G(32$03*-,( '*(02B3&( '& "&42( +2$,'&42( )AH(*F4&(.

P-4( $""-,( E$*2& 4,& 134'& '& "#&%$03*34'& '4 )-(*3*-,,&8&,3 '4 0-,>-H&42 9 "$

(-4(C(3$3*-, '& 3&(3@ ($0A$,3 F4& Q

R "&( '*8&,(*-,( '4 )$")&42 Sφ10 88T &3 '& "#$"1($+& '4 )*+,-, Sφ12 88T $43-C

2*(&,3 4,& &22&42 '& )-(*3*-, 2&"$3*>& '& "&42( $%&( '& ±1 88@

R "$ )-(*3*-, '& "#$%& '4 )$")&42 &(3 % : ;<U 88@

R "$ )-(*3*-, )21C21+"1& '4 0$)3&42 5 3&(36)-( 7 &(3 %63&(3 : ;!< 88@

R "$ )12*-'& '4 0H0"& '#&%1043*-, '4 )2-+2$88& )$2 "#IVW &(3 '& ;< 8(@

R "$ >*3&((& '& 32$,("$3*-, '4 0-,>-H&42 &(3 '& <UU 88X(.

/& 3&(3 ,10&((*3& )-42 (-, '12-4"&8&,3 0-22&03 F4& "$ )-(*3*-, '#$22D3 '4 0-,>-H&42@

-G3&,4& "-2(F4& "#13$)& S2 '& SFC1 &(3 $03*>&@ (-*3 0-8)2*(& &,32& S120 − 1T88 &3

S120 + 1T88. I432&8&,3 '*3 F4& Q

(SFC1.S2.X = 1) ∧ (I%& '$,( "$ (*34$3*-, (3-)) ⇒ 119 88 ≤ xconvoyeur ≤ 121 88

Y, 0-,(*'B2& F4#$4((* G*&, "& 0-,32Z"&42 F4& "& )2-0&((4( (4G*((&,3 0&23$*,&( )&2C

342G$3*-,( "*1&( 9 "$ '421& '4 0H0"& '4 8-,*3&42 '#&%1043*-, )-42 "& )2&8*&2@ &3 9 "$

>*3&((& '4 8-3&42 F4* $8B,& "& 0-,>-H&42 9 "$ (-4(C(3$3*-, '& 3&(3 )-42 "& (&0-,'. [&(

8&(42&( &O&0341&( '$,( "& 0$'2& '& "$ 3AB(& '& V$(0$" \&4,*&2 ]\&4U^_ -,3 8-,321

F4& "$ )12*-'& '#&%1043*-, '#4, )2-+2$88& '$,( 4, IVW $'8&3 4,& +*+4& 3H)*F4&

'& ±U@` a. =-,0&2,$,3 "$ >*3&((& '& '1)"$0&8&,3 '4 0-,>-H&42@ F4&"F4&( 8&(42&( '4

3&8)( '& )$20-42( &,32& "&( 0$)3&42( 5 "-$'6)-( 7 &3 5 3&(36)-( 7 -,3 8-,321 F4& "$

>*3&((& 2&(3& 9 ±0, 1 a '& "$ >*3&((& ,-8*,$"&. =&33& 32B( E$*G"& $8)"*34'& '& "$ >$2*$3*-,
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S0

?syncS1 

 ¬(v_SFC2_S10_X = 1)

?syncS1t1 

v_SFC2_S10_X = 1 

?syncS1

¬(test_pos = 1)

?syncS1t2 

test_pos = 1

?syncS1 

¬(v_SFC3_S20_X = 1)

?syncS1t3 

v_SFC3_S20_X = 1

?syncS1 

¬(unload_pos = 1)

?syncS1t4   

unload_pos = 1

?syncS1 

¬(v_SFC4_S30_X = 1)

?syncS1t5 

v_SFC4_S30_X = 1

?syncS1 

¬(load_pos = 1)

?syncS1t6

load_pos = 1

S1

S2

S3

S4

S5

Variables d’entrée
v_SFC2_S10_X
v_SFC3_S20_X
v_SFC4_S30_X
load_pos
test_pos
unload_pos

syncS1, 
syncS1t1, syncS1t2, 
syncS1t3, syncS1t4, 
syncS1t5, syncS1t6

Etiquettes d’entréeVariables d’entrée
v_SFC2_S10_X
v_SFC3_S20_X
v_SFC4_S30_X
load_pos
test_pos
unload_pos

syncS1, 
syncS1t1, syncS1t2, 
syncS1t3, syncS1t4, 
syncS1t5, syncS1t6

Etiquettes d’entrée

Va
ria

bl
e1

var1_SFC1_S0_X

d(v_SFC1_S0_X)/dt=0

v_SFC1_S0_X = 1

?syncS1t1 

v_SFC1_S0_X = 0

?syncS1t6 

v_SFC1_S0_X = 1

var1_SFC1_S0_X

d(v_SFC1_S0_X)/dt=0

v_SFC1_S0_X = 1

?syncS1t1 

v_SFC1_S0_X = 0

?syncS1t6 

v_SFC1_S0_X = 1

var2_SFC1_S2_X

d(v_SFC1_S2_X)/dt=0

v_SFC1_S2_X = 1

?syncS1t3 

v_SFC1_S2_X = 0

?syncS1t2 

v_SFC1_S2_X = 1

var2_SFC1_S2_X

d(v_SFC1_S2_X)/dt=0

v_SFC1_S2_X = 1

?syncS1t3 

v_SFC1_S2_X = 0

?syncS1t2 

v_SFC1_S2_X = 1

Va
ria

bl
e2

var3_SFC1_S4_X

d(v_SFC1_S4_X)/dt=0

v_SFC1_S2_X = 1

?syncS1t5 

v_SFC1_S4_X = 0

?syncS1t4

v_SFC1_S4_X = 1

var3_SFC1_S4_X

d(v_SFC1_S4_X)/dt=0

v_SFC1_S2_X = 1

?syncS1t5 

v_SFC1_S4_X = 0

?syncS1t4

v_SFC1_S4_X = 1Va
ria

bl
e3

Variables de sortie
v_SFC1_S0_X syncS1t1, syncS1t6

Etiquettes d’entrée

v_SFC1_S2_X syncS1t2, syncS1t3

v_SFC1_S4_X syncS1t4, syncS1t5

Variables de sortie Etiquettes d’entrée

Variables de sortie Etiquettes d’entrée
Variable3

Variable2

Variable1

var7_go_forwards

d(v_go_forwards)/dt=0

v_go_forwards = 1

?syncS1t2,

?syncS1t4 

v_go_forwards = 0

?syncS1t1,

?syncS1t3

v_go_forwards = 1

var7_go_forwards

d(v_go_forwards)/dt=0

v_go_forwards = 1

?syncS1t2,

?syncS1t4 

v_go_forwards = 0

?syncS1t1,

?syncS1t3

v_go_forwards = 1

Va
ria

bl
e7

Va
ria

bl
e8

var8_go_backwards

d(v_go_backwards)/dt=0

v_go_backwards = 0

?syncS4t6 

v_go_backwards = 0

?syncS4t5

v_go_backwards = 1

var8_go_backwards

d(v_go_backwards)/dt=0

v_go_backwards = 0

?syncS4t6 

v_go_backwards = 0

?syncS4t5

v_go_backwards = 1

v_go_forwards syncS1t1, syncS1t2,
syncS1t3, syncS1t4

Variables de sortie Etiquettes d’entrée
Variable7

Variables de sortie Etiquettes d’entrée
Variable8

syncS1t5, syncS1t6v_go_backwards

SFC1 SFC1
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S01

?syncS2

¬(v_SFC1_S0_X = 1)

?syncS2t1 

v_SFC1_S0_X = 1 

?syncS2

?syncS2t2

S02

S10

?syncS2

¬(v_SFC1_S0_X = 0)

?syncS2t3

v_SFC1_S0_X = 0

Variables d’entrée
v_SFC1_S0_X syncS2, syncS2t1, 

syncS2t2, syncS2t3

Variables d’entrée
v_SFC1_S0_X syncS2, syncS2t1, 

syncS2t2, syncS2t3

Etiquettes d’entrée

SFC2
var4_SFC2_S10_X

d(v_SFC2_S10_X)/dt=0

v_SFC2_S10_X = 0

?syncS2t3 

v_SFC2_S10_X = 0

?syncS2t2

v_SFC2_S10_X = 1

var4_SFC2_S10_X

d(v_SFC2_S10_X)/dt=0

v_SFC2_S10_X = 0

?syncS2t3 

v_SFC2_S10_X = 0

?syncS2t2

v_SFC2_S10_X = 1

Variable4

SFC2

Variables de sortie Etiquettes d’entrée
Variable4

v_SFC2_S10_X syncS2t2, syncS2t3
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><?&4 @(# )# %&'()# *+,97 A4 B 2#.2&(C# )#$ $;.(<.;&4$ *89 #. *99 @(; 2#62&(1#4.

#4 (4# $#()# $;.(<.;&4 )D#4$#%E)# '#$ <:.;&4$ #F#:.(3#$ <( 4;C#<( '# )< $&($G$.<.;&4

:&22#$1&4'<4.#7 "D3.<. '# )D3.<1# *9H #. )D3.<. '# )D3.<1# *-H $&4. %&'3);$3$ 1<2 )#$

%&'()#$ C<2;<E)#I #. C<2;<E)#J 1&(2 =.2# )($ 1<2 *+,87

S11

?syncS3

¬(v_SFC1_S2_X = 1)

?syncS3t1 

v_SFC1_S2_X = 1 

?syncS3

?syncS3t2

S12

S20
?syncS3

¬(v_SFC1_S2_X = 0)

?syncS3t3

v_SFC1_S2_X = 0

Variables d’entrée
v_SFC1_S2_X syncS3, syncS3t1, 

syncS3t2, syncS3t3

Etiquettes d’entrée

SFC3

SFC3

Variables de sortie Etiquettes d’entrée
Variable5

v_SFC3_S20_X syncS3t2, syncS3t3

var5_SFC3_S20_X

d(v_SFC3_S20_X)/dt=0

v_SFC3_S20_X = 0

?syncS3t3 

v_SFC3_S20_X = 0

?syncS3t2

v_SFC3_S20_X = 1

var5_SFC3_S20_X

d(v_SFC3_S20_X)/dt=0

v_SFC3_S20_X = 0

?syncS3t3 

v_SFC3_S20_X = 0

?syncS3t2

v_SFC3_S20_X = 1

Variable5
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S21

?syncS4

¬(v_SFC1_S4_X = 1)

?syncS4t1 

v_SFC1_S4_X = 1 

?syncS4

?syncS4t2

S22

S30
?syncS4

¬(v_SFC1_S4_X = 0)

?syncS4t3

v_SFC1_S4_X = 0

Variables d’entrée
v_SFC1_S4_X syncS4, syncS4t1, 

syncS4t2, syncS4t3

Etiquettes d’entréeVariables d’entrée
v_SFC1_S4_X syncS4, syncS4t1, 

syncS4t2, syncS4t3

Etiquettes d’entrée

SFC4
var6_SFC4_S30_X

d(v_SFC4_S30_X)/dt=0

v_SFC4_S30_X = 0

?syncS4t3 

v_SFC4_S40_X = 0

?syncS4t2

v_SFC4_S30_X = 1

var6_SFC4_S30_X

d(v_SFC4_S30_X)/dt=0

v_SFC4_S30_X = 0

?syncS4t3 

v_SFC4_S40_X = 0

?syncS4t2

v_SFC4_S30_X = 1

Variable6

SFC4

Variables de sortie Etiquettes d’entrée
Variable6

v_SFC4_S30_X syncS4t2, syncS4t3
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)< $;.(<.;&4 P<;.;46QO&,0 ;) <..#4' )< 54 '( :B:)# #4 :&(2$7 R<2 2<11&2. <( %&'M)#
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<S&(.3#7 T;4$; )D;4C<2;<4. '# )< $;.(<.;&4 '#C;#4. swatchM ≤ tc + (tc ∗ ptcjitter) U )<

1)<:# '# swatchM = tc0 #. )< 6<2'# '# )< .2<4$;.;&4 @(; 1#2%#. '# @(;..#2 )< $;.(<.;&4
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   !"#$%&' () *+&$,-"%$./ 0'1 #&.#&$+%+1 23"/%$%"%$4'1 5 0'36 -"1 07+%30'

!"#$"% &' ()*+, (-)# ./.&, () 01#"2,)* $,*' .103*"$, ,#2*, tc − (tc ∗ ptcjitter) ,2

tc + (tc ∗ ptcjitter)% 14 2. ,$2 &, 2,03$ (, ./.&, #10"#'& () 01#"2,)* ,2 32.5"22,* ,$2

&-+.'*2 ,63*"0+ ,# 31)*.,#2'7, () 2,03$ (, ./.&, #10"#'&8 !"#$" &, 2,03$ (-'22,#2,

('#$ &' $"2)'2"1# 9'"2"#7:;1< ,$2 +7'& = tc ± ptcjitter %8 ;#$)"2,% .1#>1*0+0,#2 ')

01(?&, 7+#+*"@), () 01#"2,)*% &, >*'#.A"$$,0,#2 (, &' 2*'#$"2"1# (, 9'"2"#7:;1< B,*$

1)23)2:9*"2"#7 '$$)*, &' 0"$, = 51)* (,$ $1*2",$ (, &-!CD E+2"@),22,  !"#$%&' F% 3)"$

&, 3*1.,$$)$ ,# ,$2 "#>1*0+ 3'* &, >*'#.A"$$,0,#2 (, &' 2*'#$"2"1# "$$), (, &' $"2)'2"1#

1)23)2:9*"2"#7 @)" +0,2 &' $/#.A*1#"$'2"1#  !"#$%&( E$1*2",$ 3*G2,$F8 H'#$ &, 01()&,

I1#"21*J% 2. ,2 32.5"22,* $1#2 (,$ .1#$2'#2,$8

Monitor 1

!syncMow

swatchM ≥ tc-(tc*ptcjitter)

swatchM’:= 0

compute_SFC1
swatchM ≤ 0

d(swatchM)/dt=1

!syncS1,

!syncS1t1, !syncS1t2, !syncS1t3, 

!syncS1t4, !syncS1t5, !syncS1t6

swatchM ≥ 0 

swatchM = 0, transient = 0

output_writing
swatchM ≤ 0

d(swatchM)/dt=1

!syncMor

swatchM ≥ 0

Variables 
locales
swatchM syncS1, 

syncS1t1, syncS1t2, syncS1t3, 
syncS1t4, syncS1t5, syncS1t6,
syncS2, 
syncS2t1, syncS2t2, syncS2t3,
syncS3, 
syncS3t1, syncS3t2, syncS3t3, 
syncS4, 
syncS4t1, syncS4t2, syncS4t3, 
syncMow, syncMor

Etiquettes 
de sortie

Variables 
locales
swatchM syncS1, 

syncS1t1, syncS1t2, syncS1t3, 
syncS1t4, syncS1t5, syncS1t6,
syncS2, 
syncS2t1, syncS2t2, syncS2t3,
syncS3, 
syncS3t1, syncS3t2, syncS3t3, 
syncS4, 
syncS4t1, syncS4t2, syncS4t3, 
syncMow, syncMor

Etiquettes 
de sortie

compute_SFC2
swatchM ≤ 0

d(swatchM)/dt=1

!syncS2,!syncS2t1, 

!syncS2t2, !syncS2t3, 

swatchM ≥ 0 

compute_SFC3
swatchM ≤ 0

d(swatchM)/dt=1

!syncS3,!syncS3t1, 

!syncS3t2, !syncS3t3, 

swatchM ≥ 0 

compute_SFC4
swatchM ≤ 0

d(swatchM)/dt=1

!syncS4,!syncS4t1, 

!syncS4t2, !syncS4t3, 

swatchM ≥ 0 

waiting_EoC
swatchM ≤ tc+(tc*ptcjitter)

d(swatchM)/dt=1
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C1)* ,# M#"* 'B,. &' 01(+&"$'2"1# () .1#2*N&,)*% &,$ $1*2",$ 71:>1*9'*($ ,2 71:O'.P9'*($

$1#2 01(+&"$+,$ 3'* &,$ 01()&,$ 1)23)2J ,2 1)23)2Q 3*+$,#2+$ M7)*, K8JR8 S# / *,2*1)B,

&-+2"@),22, !"#$%&' $)* .A'@), 2*'#$"2"1#8 <,&' 7'*'#2"2 @), &-+0"$$"1# (, &' #1)B,&&,

B'&,)* (,$ $1*2",$ ,$2 O",# >1*.+, 3'* &, 01#"2,)* = &' M# (, $1# ./.&, '3*?$ 'B1"* ,6+.)2+

&,$ ("T+*,#2$ UV< ,2 '22,#() &' M# () ./.&,8
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W-')210'2, @)" 01(+&"$, &, .1031*2,0,#2 (, &-'6, +&,.2*10+.'#"@), (, &' $2'2"1#

Q EM7)*, K8JXF ,$2 .1031$+ (, 2*1"$ $"2)'2"1#$ ("$.*?2,$ Y )#, $"2)'2"1# $213 .1**,$31#(

= &' 31$"2"1# (-'**G2 () .1#B1/,)* ,2 (,)6 $"2)'2"1#$ .1**,$31#(,#2 = &' 3A'$, (, 01)Z

B,0,#2% $1"2 ('#$ &, $,#$ A1*'"*, E>1*9'*($F% $1"2 ('#$ &, $,#$ '#2"ZA1*'"*, EO'.P9'*($F8

W' $,)&, B'*"'O&, (-+2'2 .1#2"#), '$$1."+, = .,2 ')210'2, ,$2 &' 31$"2"1# () .1#B1/,)*
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Output1

Output_go_forwards

d(go_forwards)/dt=0

go_forwards = 1

?syncMow

go_forwards = v_go_forwards

Output_go_forwards

d(go_forwards)/dt=0

go_forwards = 1

?syncMow

go_forwards = v_go_forwards

output_go_backwards

d(go_backwards)/dt=0

go_backwards = 1

?syncMow

go_backwards = v_go_backwards

output_go_backwards

d(go_backwards)/dt=0

go_backwards = 1

?syncMow

go_backwards = v_go_backwards

Output2
Output1

Variables 
d’entrée
v_go_forwards go_forwards

Etiquettes 
d’entrée

v_go_backwards go_backwardsOutput2

Variables 
de sortie

syncMow
syncMow

Output1

Variables 
d’entrée
v_go_forwards go_forwards

Etiquettes 
d’entrée

v_go_backwards go_backwardsOutput2

Variables 
de sortie

syncMow
syncMow

 !"#  !"# $ %&'()* HIOATS '*+ '*,- +&./0*+ ', 1&2/.3)*,.

4

dx
dt

= 05 6 7,- '*,- +0/,7/0&2+ '* 8&,9*8*2/ *+/ 7++&10:* ,2* ';2780<,* 1&2/02,* '*

)7 =&.8*

dx
dt
≥ V min */

dx
dt
≤ V max> &? @802 */ @87- +&2/ '*+ 1&2+/72/*+ .7/0&22*))*+

/*))*+ <,* V min ≤ V max! A*//* ';2780<,* 1&2/02,* ':1.0/ ,2* 7B*1/7/0&2 7.C0/.70.*

'* )7 90/*++* '72+ )D02/*.97))* E@802> @87-F> 1* <,0 /.7',0/ )7 97.07C0)0/: '* )7 90/*++*

'* ':G)71*8*2/ ', 1&29&;*,.> ',* 7,- G*./,.C7/0&2+ 8:1720<,*+ +,C0*+ G7. )D7-* '*

':G)71*8*2/ 4=.&//*8*2/ 8:1720<,*> 1&,G)* .:+0+/72/ +,. )D7-* ', 8&/*,.> 2&2 )02:7H

.0/:+ '* )7 102:87/0<,*5! I72+ )* 8&'()* '* )7 JK,.*  !"L> )D02/*.97))* G&,. )7 90/*++*

7 :/: 8&':)0+: +&,+ )7 =&.8* 'D,2* 90/*++* 2&8027)* V 4.*+G*1/09*8*2/ −V 5 G&,. )7

+0/,7/0&2 =&.M7.'+ 4.*+G*1/09*8*2/ C71NM7.'5 */ 'D,2 :17./ *-G.08: *2 G&,.1*2/7K*

'* )7 90/*++* 2&8027)*! O02+0 )7 ';2780<,* 1&2/02,* '72+ )7 +0/,7/0&2 =&.M7.'+ *+/

dx
dt

= V ± V · pV p%> */

dx
dt

= −V ± V · pV p% '72+ C71NM7.'+!

forwards
x < x_max

d(x)/dt ≥ V-V*pVp

d(x)/dt ≤ V+V*pVp

stop
d(x)/dt=0

¿syncMor

go_forwards = 0 ∧

go_bacwards = 0

¿syncMor

go_forwards = 1 ∧

go_bacwards = 0

backwards
x ≥ x_min

d(x)/dt ≥ -V-V*pVp

d(x)/dt ≤ -V+V*pVp

¿syncMor

go_forwards = 0 ∧

go_bacwards = 1

¿syncMor

go_forwards = 0 ∧

go_bacwards = 0

!syncPaxe

x ≥ x_max

!syncPaxe

x ≤ x_min

x = 0

forwards
x < x_max

d(x)/dt ≥ V-V*pVp

d(x)/dt ≤ V+V*pVp

stop
d(x)/dt=0

¿syncMor

go_forwards = 0 ∧

go_bacwards = 0

¿syncMor

go_forwards = 1 ∧

go_bacwards = 0

backwards
x ≥ x_min

d(x)/dt ≥ -V-V*pVp

d(x)/dt ≤ -V+V*pVp

¿syncMor

go_forwards = 0 ∧

go_bacwards = 1

¿syncMor

go_forwards = 0 ∧

go_bacwards = 0

!syncPaxe

x ≥ x_max

!syncPaxe

x ≤ x_min

x = 0

Variables     
de sortie
x syncMor

Etiquettes 
locales

Etiquettes 
d’entrée

syncPaxe

Variables     
d’entrée

go_forwards
go_backwards

Variables     
de sortie
x syncMor

Etiquettes 
locales

Etiquettes 
d’entrée

syncPaxe

Variables     
d’entrée

go_forwards
go_backwards

Axe
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590/5 ,-.& +$, %-.,&/.&$,2

:# ; / *. +"&$%&$*' ,*' #</5$ +$ +"8#/%$0$.& +$=/.& %>/%*.$ +$, &'-(, ,-*,1,&/&(-.,

+$ &'/=/(# ? #$ 8'$0($' @ #/ 8-,(&(-. +$ %>/'A$ B$.,-'9#-/+6 #$ +$*5(C0$ @ #/ 8-,(1

&(-. +$ &$,& B$.,-'9&$,& $& #$ +$'.($' @ #/ 8-,(&(-. +$ +"%>/'A$ B$.,-'9*.#-/+2 D/

EA*'$ F2GH 0-.&'$ #/ 0-+"#(,/&(-. +$ %$, +"&$%&$*',2 I>/%*. +$, 0-+C#$, %-''$,8-.+

@ #<(.,&/.%(/&(-. +* 0-+C#$ A"."'()*$ 8'-8-," +/., #/ ,$%&(-. J2F2K2 D/ ,$*#$ 0-+(E1

%/&(-. %-.%$'.$ #/ 0-+"#(,/&(-. +$ #<"&$.+*$ +$ +"&$%&(-. +$, %/8&$*',2 L-*, /=-., (%(

'$&$.* *.$ M-'0*#/&(-. +$ &;8$ position9centrale±e /* #($* +<*. (.&$'=/##$ $.&'$ +$*5

=/#$*', 0(.(0/#$ $& 0/5(0/#$2 D<"&$.+*$ N $ O %-''$,8-.+ @ #/ +$0(1#/'A$*' +$ #/ %/0$

E5"$ /* %-.=-;$*' PEA2 F2QR $& =/*& +/., .-&'$ %/, GK 002 3/., #$, 0-+C#$,6 59#-/+6

59&$,&6 59*.#-/+ $& $ ,-.& +$, %-.,&/.&$,2

Sensor_load Sensor_test Sensor_unload

Variables     
de sortie
load_pos

Etiquettes 
locales
syncPsl

Variables     
d’entrée

x

Variables     
de sortie
load_pos

Etiquettes 
locales
syncPsl

Variables     
d’entrée

x

Variables     
de sortie
test_pos

Etiquettes 
locales
syncPst

Variables     
d’entrée

x

Variables     
de sortie
test_pos

Etiquettes 
locales
syncPst

Variables     
d’entrée

x

Variables     
de sortie
unload_pos

Etiquettes 
locales
syncPsu

Variables     
d’entrée

x

Variables     
de sortie
unload_pos

Etiquettes 
locales
syncPsu

Variables     
d’entrée

x

load_pos = 1

!syncPsl

x ≤ x_load – e 

load_pos’: = 0

!syncPsl

x ≥ x_load – e 

load_pos’: = 1

load
x ≥ x_load-e ∧

x ≤ x_load+e

d(load_pos)/dt=0

ahead_load
x ≥ x_load+e

d(load_pos)/dt=0

behind_load
x ≤ x_load-e

d(load_pos)/dt=0

!syncPsl

x ≤ x_load + e 

load_pos’: = 1

!syncPsl

x ≥ x_load + e 

load_pos’: = 0

test_pos = 0

!syncPst

x ≤ x_test – e 

test_pos’: = 0

!syncPst

x ≥ x_test – e 

test_pos’: = 1

!syncPst

x ≤ x_test + e  

test_pos’: = 1

!syncPst

x ≥ x_test + e 

test_pos’: = 0

!syncPsu

x ≤ x_unload – e  

unload_pos’: = 0

!syncPsu

x ≥ x_unload – e 

unload_pos’: = 1

!syncPsu

x ≤ x_unload + e  

unload_pos’: = 1

!syncPsu

x ≥ x_unload + e 

unload_pos’: = 0

unload_pos = 0

behind_test
x ≤ x_test-e

d(test_pos)/dt=0

test
x ≥ x_test-e ∧

x ≤ x_test+e

d(test_pos)/dt=0

ahead_test
x ≥ x_test+e

d(test_pos)/dt=0

behind_unload
x ≤ x_unload-e

d(unload_pos)/dt=0

unload
x ≥ x_unload-e ∧

x ≤ x_unload+e

d(unload_pos)/dt=0

ahead_unload
x ≥ x_unload+e

d(unload_pos)/dt=0
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/*&-0/&$, /=$% #/ M-.%&(-. N %-08-,$ O +/., #<$,8/%$ 0"0-('$ +$ J X- )*( #*( / "&"
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+$ #</*&-0/&$ %-08-," "&/(& &'-8 A'/.+$ 8-*' ]&'$ ,&-%U"$ $. 0"0-('$2 D/ %-08-,(1

&(-. ,<$,& (.&$''-08*$ /#-', )*$ 16384 ,(&*/&(-., $& 58463 &'/.,(&(-., /=/($.& +"^@ "&"

%-.,&'*(&$,2 V-*' &'/(&$' %$&&$ "&*+$ +$ %/,6 (# M/*& +-.% '$8'$.+'$ +$ 0/.(C'$ $58$'&$ #$

'",$/* +</*&-0/&$, -_&$.* 8-*' *.$ #/'A$ 8/'& +$ M/`-. ,;,&"0/&()*$ 8/' (.,&/.%(/&(-.
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L-*, 8'-8-,-., +<N /##"A$' O #$ 0-+C#$ $. '$,&'$(A./.& #/ 8/'&($ 0-+"#(,"$ +$, BaI
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"#$ %& '(#)&'&*+ ,# -(*)(.&#$ ,& %/ "(#"0"+/+1(* ,& -2/$3&'&*+ 4 %/ "(#"0"+/+1(* ,&

+&"+5 %/ 63#$& 78!9 '(*+$& 4 %:/1,& ,& +$/1+" 3$/" %&" ;($+1(*" ,# '(,<%& -($$&";(*,/*+&"8

(* Chargement de pignons *)

(* Chargement de pignons *)

 !"# 78!9 = >(''/*,& ,& %:/?& ,& ,@;%/-&'&*+ ,& %/ "+/+1(* A

B(#$ %&" )@$16-/+1(*" C#/*+1+/+1)&" "#$ %/ ;("1+1(* ,:/$$D+ ,# -(*)(.&#$ 4 %/ "(#"0

"+/+1(* ,& +&"+5 )(1-1 %&" @%@'&*+" ,# ;$(3$/''& ,& -(''/*,& C#& *(#" -(*"&$)(*"

,/*" %& '(,<%& E

= B(#$ FG>!5 "&#%&" %&" @+/;&" FH5 F! &+ FA &+ %&" +$/*"1+1(*" +! &+ +A "(*+ -(*"&$0

)@&"8 >&%/ 1';%1C#& %/ $@,#-+1(* ,# '(,#%& FG>! &+ %/ ,1";/$1+1(* ,&" '(,#%&"

)/$1/I%&J KFG>LMFAHMNO &+ )/$1/I%&P KFG>7MFLHMNO C#1 *& "(*+ ;%#" #+1%1"@"

;/$ %& '(,#%& FG>!8

= B(#$ FG>A5 "&#%&" %&" @+/;&" F!H &+ FH! &+ %/ +$/*"1+1(* +!H "(*+ -(*"&$)@&"8 >&%/

1';%1C#& %/ $@,#-+1(* ,# '(,#%& FG>A

= B(#$ FG>L5 $1&* *:&"+ -(*"&$)@8 >&%/ 1';%1C#& %/ ,1";/$1+1(* ,# '(,#%& FG>L5

%/ $@,#-+1(* ,# '(,#%& '(*1+($! C#1 *:/ ;%#" 4 &?@-#+&$ FG>L &+ %/ "#;;$&""1(*

,# '(,#%& )/$1/I%&A KFG>!MFAMNO C#1 @+/1+ #*& )/$1/I%& #+1%1"@& ;/$ %& '(,#%&

FG>L8

= B(#$ FG>75 $1&* &"+ -(*"&$)@8 >&%/ 1';%1C#& %/ ,1";/$1+1(* ,# '(,#%& FG>75 %/

$@,#-+1(* ,# '(,#%& '(*1+($! C#1 *:/ ;%#" 4 &?@-#+&$ FG>7 &+ %/ "#;;$&""1(*

,# '(,#%& )/$1/I%&L KFG>!MF7MNO5 C#1 @+/1+ #*& )/$1/I%& #+1%1"@& ;/$ %& '(,#%&

FG>78

Q&" '(,#%&" ,# ;$(-&""#" *& "(*+ ;/" /R&-+@" ;/$ -&++& $&"+$1-+1(* ,# '(,<%& ,#

;$(3$/''& ,& -(''/*,&8 Q/ *(#)&%%& "+$#-+#$& '(,#%/1$& ,# '(,<%& &"+ ;$@"&*+@&

63#$& 78! 5 +/*,1" C#& %& ,@+/1% ,&" '(,#%&" &"+ ;$@"&*+@ 63#$&" 78AH &+ 78A!8
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Monitor1

!syncMow

swatchM ≥ tc-(tc*ptcjitter)

swatchM’:= 0

compute_SFC1
swatchM ≤ 0

d(swatchM)/dt=1

!syncS1,

!syncS1t1, !syncS1t2

swatchM ≥ 0 

swatchM = 0

output_writing
swatchM ≤ 0

d(swatchM)/dt=1

!syncMor

swatchM ≥ 0

compute_SFC2
swatchM ≤ 0

d(swatchM)/dt=1

!syncS2t2, !syncS2t3, 

swatchM ≥ 0 

waiting_EoC
swatchM ≤ tc+(tc*ptcjitter)

d(swatchM)/dt=1

!syncMow

swatchM ≥ tc-(tc*ptcjitter)

swatchM’:= 0

compute_SFC1
swatchM ≤ 0

d(swatchM)/dt=1

!syncS1,

!syncS1t1, !syncS1t2

swatchM ≥ 0 

swatchM = 0

output_writing
swatchM ≤ 0

d(swatchM)/dt=1

!syncMor

swatchM ≥ 0

compute_SFC2
swatchM ≤ 0

d(swatchM)/dt=1

!syncS2t2, !syncS2t3, 

swatchM ≥ 0 

waiting_EoC
swatchM ≤ tc+(tc*ptcjitter)

d(swatchM)/dt=1

S0
?syncS1

Ÿ(v_SFC2_S10_X = 1)

?syncS1t1 

v_SFC2_S10_X = 1 

?syncS1

Ÿ (test_pos= 1)

?syncS1t2

test_pos = 1

S1

S2
?syncS1

S0
?syncS1

Ÿ(v_SFC2_S10_X = 1)

?syncS1t1 

v_SFC2_S10_X = 1 

?syncS1

Ÿ (test_pos= 1)

?syncS1t2

test_pos = 1

S1

S2
?syncS1

S01
?syncS2

Ÿ(v_SFC1_S0_X = 0)

?syncS2t3 

v_SFC1_S0_X = 0 

?syncS2S02

S01
?syncS2

Ÿ(v_SFC1_S0_X = 0)

?syncS2t3 

v_SFC1_S0_X = 0 

?syncS2S02

SFC1
SFC2

Variable1

var1_SFC1_S0_X
d(v_SFC1_S0_X)/dt=0

v_SFC1_S0_X = 1

?syncS1t1 

v_SFC1_S0_X = 0var1_SFC1_S0_X
d(v_SFC1_S0_X)/dt=0

v_SFC1_S0_X = 1

?syncS1t1 

v_SFC1_S0_X = 0

var4_SFC2_S10_X
d(v_SFC2_S10_X)/dt=0

v_SFC2_S10_X = 1

?syncS2t3 

v_SFC2_S10_X = 0var4_SFC2_S10_X
d(v_SFC2_S10_X)/dt=0

v_SFC2_S10_X = 1

?syncS2t3 

v_SFC2_S10_X = 0

Variable4

var7_go_forwards
d(v_go_forwards)/dt=0

v_go_forwards = 1

?syncS1t2,

v_go_forwards = 0

?syncS1t1,

v_go_forwards = 1

var7_go_forwards
d(v_go_forwards)/dt=0

v_go_forwards = 1

?syncS1t2,

v_go_forwards = 0

?syncS1t1,

v_go_forwards = 1

Variable7

Variable8

var8_go_backwards
d(v_go_backwards)/dt=0

v_go_backwards = 0

var8_go_backwards
d(v_go_backwards)/dt=0

v_go_backwards = 0

Output1

output_forwards

d(go_forwards)/dt=0

go_forwards = 1

?syncMow

go_forwards = v_go_forwards

output_forwards

d(go_forwards)/dt=0

go_forwards = 1

?syncMow

go_forwards = v_go_forwards

output_backwards

d(go_backwards)/dt=0

go_backwards = 1

?syncMow

go_backwards = v_go_backwards

output_backwards

d(go_backwards)/dt=0

go_backwards = 1

?syncMow

go_backwards = v_go_backwards

Output2

 !"# "#$% & '()*+, -(./+,0 )1 -(2034+,13 56,- (/07.78507(2 /(13 +, .(),+9-:,-;,3

forwards
x < x_max

d(x)/dt ≥ V-V*pVp

d(x)/dt ≤ V+V*pVp

stop
d(x)/dt=0

¿syncMor

go_forwards = 0 ∧

go_bacwards = 0

¿syncMor

go_forwards = 1 ∧

go_bacwards = 0

backwards
x ≥ x_min

d(x)/dt ≥ -V-V*pVp

d(x)/dt ≤ -V+V*pVp

¿syncMor

go_forwards = 0 ∧

go_bacwards = 1

¿syncMor

go_forwards = 0 ∧

go_bacwards = 0

!syncPaxe

x ≥ x_max

!syncPaxe

x ≤ x_min

x = 0

forwards
x < x_max

d(x)/dt ≥ V-V*pVp

d(x)/dt ≤ V+V*pVp

stop
d(x)/dt=0

¿syncMor

go_forwards = 0 ∧

go_bacwards = 0

¿syncMor

go_forwards = 1 ∧

go_bacwards = 0

backwards
x ≥ x_min

d(x)/dt ≥ -V-V*pVp

d(x)/dt ≤ -V+V*pVp

¿syncMor

go_forwards = 0 ∧

go_bacwards = 1

¿syncMor

go_forwards = 0 ∧

go_bacwards = 0

!syncPaxe

x ≥ x_max

!syncPaxe

x ≤ x_min

x = 0

Axe

Sensor_load Sensor_test

Sensor_unload
load_pos = 

1

!syncPsl

x ≤ x_load – e 

load_pos’: = 0

!syncPsl

x ≥ x_load – e 

load_pos’: = 1

load

x ≥ x_load-e ∧

x ≤ x_load+e

d(load_pos)/dt=0

ahead_load

x ≥ x_load+e

d(load_pos)/dt=0

behind_load

x ≤ x_load-e

d(load_pos)/dt=0

!syncPsl

x ≤ x_load + e 

load_pos’: = 1

!syncPsl

x ≥ x_load + e 

load_pos’: = 0

load_pos = 

1

!syncPsl

x ≤ x_load – e 

load_pos’: = 0

!syncPsl

x ≥ x_load – e 

load_pos’: = 1

load

x ≥ x_load-e ∧

x ≤ x_load+e

d(load_pos)/dt=0

ahead_load

x ≥ x_load+e

d(load_pos)/dt=0

behind_load

x ≤ x_load-e

d(load_pos)/dt=0

!syncPsl

x ≤ x_load + e 

load_pos’: = 1

!syncPsl

x ≥ x_load + e 

load_pos’: = 0

test_pos = 0

!syncPst

x ≤ x_test – e 

test_pos’: = 0

!syncPst

x ≥ x_test – e 

test_pos’: = 1

!syncPst

x ≤ x_test + e  

test_pos’: = 1

!syncPst

x ≥ x_test + e 

test_pos’: = 0

behind_test

x ≤ x_test-e

d(test_pos)/dt=0

test

x ≥ x_test-e ∧

x ≤ x_test+e

d(test_pos)/dt=0

ahead_test

x ≥ x_test+e

d(test_pos)/dt=0

test_pos = 0

!syncPst

x ≤ x_test – e 

test_pos’: = 0

!syncPst

x ≥ x_test – e 

test_pos’: = 1

!syncPst

x ≤ x_test + e  

test_pos’: = 1

!syncPst

x ≥ x_test + e 

test_pos’: = 0

behind_test

x ≤ x_test-e

d(test_pos)/dt=0

test

x ≥ x_test-e ∧

x ≤ x_test+e

d(test_pos)/dt=0

ahead_test

x ≥ x_test+e

d(test_pos)/dt=0

!syncPsu

x ≤ x_unload – e  

unload_pos’: = 0

!syncPsu

x ≥ x_unload – e 

unload_pos’: = 1

!syncPsu

x ≤ x_unload + e  

unload_pos’: = 1

!syncPsu

x ≥ x_unload + e 

unload_pos’: = 0

unload_pos =0

behind_unload

x ≤ x_unload-e

d(unload_pos)/dt=0

unload

x ≥ x_unload-e ∧

x ≤ x_unload+e

d(unload_pos)/dt=0

ahead_unload

x ≥ x_unload+e

d(unload_pos)/dt=0

!syncPsu

x ≤ x_unload – e  

unload_pos’: = 0

!syncPsu

x ≥ x_unload – e 

unload_pos’: = 1

!syncPsu

x ≤ x_unload + e  

unload_pos’: = 1

!syncPsu

x ≥ x_unload + e 

unload_pos’: = 0

unload_pos =0

behind_unload

x ≤ x_unload-e

d(unload_pos)/dt=0

unload

x ≥ x_unload-e ∧

x ≤ x_unload+e

d(unload_pos)/dt=0

ahead_unload

x ≥ x_unload+e

d(unload_pos)/dt=0

 !"#  !"# $ %&'()* +&,-)*. '/ -0&+*11/1 23*+ &-.4,412.4&5 -&/0 )* ,&'*)6+7*+8*0



HIOATS

HIOATS HIOA

HIOATS

HIOA

HIOATS HIOA

22, 31 504
1689

2, 4

12 0, 005
12 ±0, 5

0 320 0, 2 0, 001
0, 2 ±0, 1

12
−11 132 332
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 !"#$%!" $&'"()$*+)$,& - .+ !/*$,& $&)"!0$)" "()1".." +))"$*&+2." 3

"# $%&&'((' )*' (% +%,-%.,(,/0 1' (% 2344%#1' &%$ *# 23#/$5('*$ (36,)*' 7 (% )*%(,/0

'8,60' '-/ %--*$0' -, (SFC1.S2.X = 1 ∧ 98':-/3&) ⇒ x ∈ [119, 121]; x 0/%#/ '8&$,40

'# 44 <SFC1.S2.X '-/ (=0/%/ 1' (=0/%&' >?@: >3,'#/ A

B Rga (% $06,3# %//',6#%.(' &%$ (' 431C(' 7 &%$/,$ 1' -% -,/*%/,3# ,#,/,%('

B Rg1 (% $06,3# 3D vESFC1ES2EX = 1 '/ 98':-/3& '-/ %2/,F' '/ x ≥ 121 44

B Rg2 (% $06,3# 3D vESFC1ES2EX = 1 '/ 98':-/3& '-/ %2/,F' '/ x ≤ 119 44

G% &$3&$,0/0 7 F0$,H'$ -='8&$,4' 13#2 1' (% +%I3# -*,F%#/' A J (% +%,-%.,(,/0 1' (%

2344%#1' '-/ %--*$0' -, Rga ∩Rg1 = ∅ '/ Rga ∩Rg2 = ∅ '/ Rga 6= ∅ K: G' $0-*(/%/ 1*

J 431'(L2M'2N'$ K OP9Q'$ '-/

B (% &$3&$,0/0 Rga ∩Rg1 = ∅ '/ Rga ∩Rg2 = ∅ '-/ +%*--' &3*$ /2 R 12 4-±0, 5 S;

Q R 0, 2 4T- ±0, 1 S '/ 8E/'-/ R 132 44:

G% &$'4,C$' 23#2(*-,3# '-/ )*' (' 23#/$5('*$ (36,)*' #='-/ &%- %--'U $0%2/,+ &3*$

%--*$'$ *# %$$V/ 1%#- (% $06,3# %//'#1*': "# -' &$3&3-' 13#2 1' F0$,H'$ -, &3*$ *#

/'4&- 1' 2W2('; *# &'* &(*- 23*$/ (' 23#/$5('*$ '-/ '# 4'-*$' 1' 6%$%#/,$ (% &$3&$,0/0:

G'- $0-*(/%/- 3./'#*- %F'2 (' 431'(L2M'2N'$ OP9Q'$ -3#/ 23#-,6#0- 1%#- (' /%.('%* X:Y:

/2 Rga ∩Rg1 = ∅ '/ Rga ∩Rg1 = ∅
Y? 4- &$3&$,0/0 +%*--'

YY 4- &$3&$,0/0 +%*--'

YZ 4- &$3&$,0/0 +%*--'

 4- &$3&$,0/0 +%*--'

[ 4- &$3&$,0/0 +%*--'

\ 4- &$3&$,0/0 +%*--'

] 4- &$3&$,0/0 +%*--'

! 4- &$3&$,0/0 +%*--'

X 4- &$3&$,0/0 +%*--'

^ 4- &$3&$,0/0 +%*--'

? 4- &$3&$,0/0 F$%,'

 !"# X:Y B _0-*(/%/- 1' F0$,H2%/,3#

`( '-/ 13#2  !"#$"# #02'--%,$' 1=*/,(,-'$ *# 23#/$5('*$ '8/$V4'4'#/ $0%2/,+ </2 R ? 4-@

&3*$ )*' (% &3-,/,3# 1=%$$V/ 1* 23#F3W'*$ -3,/ 234&%/,.(' %F'2 (' /'-/: "# &'*/ 2'&'#L

1%#/ -' 1'4%#1'$ -,; (3$-)*' (% &$3&$,0/0 '-/ +%*--'; 2='-/ %F'2 *#' F,3(%/,3# J a%L

6$%#/' K 3* #3# 1' (% &$3&$,0/0; 3* .,'# -, (% &3-,/,3# %//',6#%.(' &%$ (' 23#F3W'*$

$'-/' J &$32M' K 1' (% $06,3# %22'&/%.(' [119, 121]; x 0/%#/ '8&$,40 '# 44:

4"56$%#" $&'"()$*+)$,& - 75+&)$89+)$,& 0" .+ !/*$,& 0:+!!;) 05 9,&',<"5!

b%#- 2'//' 1'*8,C4' '8&(3$%/,3#; #3# -'*('4'#/ (% &$3&$,0/0 ,#2(*/ 1'- F%('*$-

)*%#/,/%/,F'-; 4%,- (' $0-*(/%/ 1' (% F0$,H2%/,3# ,#2(*/ 06%('4'#/ *#' )*%#/,/0 A (%

&3-,/,3# 1=%$$V/ 1* 23#F3W'*$: >3,'#/

B Rga (% $06,3# %//',6#%.(' &%$ (' 431C(' 7 &%$/,$ 1' -% -,/*%/,3# ,#,/,%('; '/

B Rg3 (% $06,3# 3D vESFC1ES2EX = 1 '/ 98':-/3& '-/ %2/,F':
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"# $%&'$%& ( )*+&',-#&' ./ '*0-1# 2 3'14&$+-1# 56' .7/8& x )& Rga∩Rg3 9: ;&5 '*56.+/+5

1<+&#65 /=&$ .& ,1)&.>$%&$?&' @ABC&' 51#+ '&31'+*5 )/#5 .& +/<.&/6 D:E: F165 .&5

'*56.+/+5 51#+ 3'*5&#+*5 /=&$ 5&6.&,&#+ G6/+'& $%-H'&5 5-0#-I$/+-J5K ,/-5 .&5 =/.&6'5

&8/$+&5 J16'#-&5 3/' @ABC&' 3&6=&#+ &# $1#+&#-' <&/6$163 3.65: @/' &8&,3.&K 316'

+$ L MM ,5K .& '*56.+/+ &8/$+ &5+ N

[0.122461416000000003490022 ,, 0.123939816000000008200388 ,]

+$ 3'14&$+-1# )& Rga ∩Rg3 56' .7/8& x
ME ,5 [0.1224m, 0.1231m] ∪ [0.1241m, 0.1248m]
MM ,5 [0.1225m, 0.1239m]
MO ,5 [0.1220m, 0.1227m] ∪ [0.1233m, 0.1240m]
 ,5 [0.1218m, 0.1231m] ∪ [0.1234m, 0.1236m]
P ,5 [0.1216m, 0.1223m] ∪ [0.1225m, 0.1232m]
Q ,5 [0.1214m, 0.1225m] ∪ [0.1225m, 0.1228m]
! ,5 [0.1212m, 0.1219m] ∪ [0.1217m, 0.1224m]

 !"# D:E R S*0-1#5 1<+&#6&5 3/' =*'-I$/+-1#

;&5 '*56.+/+5 )6 +/<.&/6 D:E ,1#+'&#+ G6& .&5 '*0-1#5 )7/''T+ 51#+ )*$/.*&5 3/' '/3>

31'+ ( ./ =/.&6' =-5*& )& MEO ,,K ,/-5 G6& .&6' *+&#)6& &5+ 3'&5G6& 5U5+*,/+-G6&,&#+

$1,3/+-<.& /=&$ .&5 E ,, )& ./ 53*$-I$/+-1#: V&./ 57&83.-G6& 3/' .& '&+/') -#+'1)6-+

3/' .& $1#+'W.&6' &#+'& ./ )*+&$+-1# )& ./ 315-+-1# )6 $1#=1U&6' &+ .7*,-55-1# )& .71')'&

)7/''T+ )6 ,16=&,&#+: "# 5& 3'1315& )1#$ )7&83.1'&' .& .-&# &#+'& ./ 315-+-1# )7/''T+

&+ ./ 315-+-1# )6 )*+&$+&6' 5&#51'X+&5+K /I# )& $%&'$%&' 6#& 315-+-1# )6 )*+&$+&6' G6-

'&$&#+'& ./ '*0-1# )7/''T+ )6 $1#=1U&6' 56' .7-#+&'=/..& =-5*:

 !"#$#%&' #()'$*#+,*#"( - !'.,*#"( '(*!' ., !/+#"( 01,!!2* 03 4"()"5'3! '* .,

6"$#*#"( 03 0/*'4*'3! $'($"!7*'$*

Y/#5 $&++& +'1-5-Z,& &83.1'/+-1#K #165 #165 3'13151#5 )& 31655&' 3.65 /=/#+ ./

=*'-I$/+-1# G6/#+-+/+-=& &# &83.1-+/#+ 6#& J1#$+-1##/.-+* )6 ,1)&.>$%&$?&' @ABC&' N

.7/#/.U5& 3/'/,*+'-G6&: [. &5+ &# &H&+ 3155-<.& )& )*$./'&' ( @ABC&' G676#& $1#5+/#+&

)1-+ T+'& $1#5-)*'*& $1,,& 6# 3/'/,Z+'& 5U,<1.-G6&: B-#5-K #1# 5&6.&,&#+ ./ 3'13'-*+*

3&6+ -#$.6'& )&5 =/.&6'5 G6/#+-+/+-=&5K ,/-5 .& '*56.+/+ )& ./ =*'-I$/+-1# &5+ &83'-,*

5165 ./ J1',& )76#& J1#$+-1# )76# 16 3.65-&6'5 3/'/,Z+'&5: \1-&#+ N

R Rga ./ '*0-1# /++&-0#/<.& 3/' .& ,1)Z.& ( 3/'+-' )& 5/ 5-+6/+-1# -#-+-/.&K &+

R Rg3 ./ '*0-1# 1] vXSFC1XS2XX = 1 &+ B8&:5+13 &5+ /$+-=&:

"# $%&'$%& ,/-#+&#/#+ ( )*+&',-#&' ./ '*0-1# 2 3'14&$+-1# 56' .7/8& x )& Rga ∩Rg3 9

&# J1#$+-1# )6 3/'/,Z+'& J1',&. 8X+&5+ ^315-+-1# 1] &5+ I8* .& )*+&$+&6' 5&#51'X+&5+_

316' +$ L ME ,5 ± OK` a &+ C L OKE ,b5 ± OKM a: ;& '*56.+/+ 1<+&#6 /=&$ .& ,1)&.>

$%&$?&' @ABC&' &5+ 6# &#5&,<.& )& 31.UZ)'&5 )/#5 .7&53/$& ( )&68 )-,&#5-1#5 ^8K

8X+&5+_: V&5 31.UZ)'&5 51#+ +'/$*5 I06'& D:ED:

"# U )*$16='& G6&K 316' +16+&5 .&5 315-+-1#5 )& '*0./0& )6 )*+&$+&6' )/#5 .7-#>

+&'=/..& cO:MEQP ,K O:MEPP ,dK ./ '*0-1# )7/''T+ )6 $1#=1U&6' 5& .-,-+& ( .7-#+&'=/..&

cO:MM EP ,K O:MEO! ,dK G6- &5+ )/#5 ./ .-,-+& /$$&3+/<.& 316' =/.-)&' .& $%1-8 )6



 !"! #$%&' &' ()* + , -.' &' &/01)('2'3$  !

(0.11928, 0.12789) 

Coordonnées des points aux angles du polyèdre 1
(0.118277388000000011070156, 0.127891776000000012558644) 
(0.116894988000000005223811, 0.126509376000000006712298) 
(0.116894988000000005223811, 0.126000000000000000888178) 
(0.118306188000000006566026, 0.126000000000000000888178) 
(0.118306188000000006566026, 0.127891776000000012558644) 
(0.118277388000000011070156, 0.127891776000000012558644) 

Coordonnées des points aux angles du polyèdre 2
(0.120691800000000001857892, 0.130306188000000017224167) 
(0.119280600000000000515676, 0.128894988000000015881952) 
(0.119280600000000000515676, 0.126509376000000006712298) 
(0.119338200000000005385203, 0.126509376000000006712298) 
(0.120720600000000011231549, 0.127891776000000012558644) 
(0.120720600000000011231549, 0.130306188000000017224167) 
(0.120691800000000001857892, 0.130306188000000017224167) 

Coordonnées des points aux angles du polyèdre 3
(0.122385612000000004728761, 0.132000000000000006217249) 
(0.12166621200000000968533, 0.131280600000000025051605) 
(0.12166621200000000968533, 0.128894988000000015881952) 
(0.121723812000000000677069, 0.128894988000000015881952) 
(0.123135012000000002019284, 0.130306188000000017224167) 
(0.123135012000000002019284, 0.132000000000000006217249) 
(0.122385612000000004728761, 0.132000000000000006217249) 

1

2

3

(0.12069, 0.12889)

 !"# "#$" % &'()*+, -../)+./, 0-1 2/ 3*+4*5/61 ,/2*+ 2- 0*,).)*+ 76 7'./3./61 84/1,)*+

(1-09):6/ ; (-639/< 3**17*++'/, /=-3./, 7/, 0*)+., ,).6', -6= -+(2/, 7/, 0*25>71/, ;

71*)./?

3*+.1@2/61 2*():6/# A- 01/64/ -00*1.'/ 0-1 3/../ .1*),)>B/ )+4/,.)(-.)*+ /,. 7*+3

xCtest ∈ [0.12789 B, 0.12889 B]

tc = 12 ms± 0, 5%

V = 0, 2 m/s± 0, 1%







⇒ x ∈ [0.11928 B, 0.12069 B]

A/ B/)22/61 3*B01*B), 0*61 2- 0*,).)*+ 7/ 1'(2-(/ 76 7'./3./61 ,/+,*1C./,. /,. 2/

3/+.1/ 7/ 2D)+./14-22/ EF#G$!H B< F#G$HH BI< ,*). =C./,. J G$H<" BB#

 !"#$%&'( %)*(+#%,"#%-) . %)/!()0( 1! #('2+ 1( 0304( 1( 45678

A- K(61/ "#$L 01',/+./ 2- 1'()*+ 7/ 2- 0*,).)*+ 7D-11M. 76 3*+4*5/61 ; 2- ,*6,N

,.-.)*+ 7/ ./,. /+ O*+3.)*+ 76 ./B0, 7/ 3532/ 76 B*+)./61 0*61 =C./,. J G$H<" BB<

P J F<$ BQ, ± F<G R /. 6+/ ()(6/ ,61 2/ ./B0, 7/ 3532/ 7/ ± F<L R# S+ 3*+,.-./ :6/ 2-

1/()*+ 7D-11M. 76 3*+4*5/61 '4*26/ /+ O*+3.)*+ 7/ .3 ,/2*+ 7/6= 09'+*B>+/, :6/ +*6,

-22*+, B-)+./+-+. 7)T'1/+3)/1# A/ 01/B)/1 3*11/,0*+7 ; 6+/ /11/61 ,5,.'B-.):6/ 871*)./

7/ 0/+./ 0*,).)4/ 0-,,-+. 0-1 2- 4-2/61 B*5/++/ 7/ 2- 1'()*+ 7D-11M. ; .3 7*++'?< :6/

2D*+ 0/6. 3*11)(/1 0-1 6+ 1'(2-(/ -7-0.' 7/ 2- 0*,).)*+ 76 3-0./61 U/+,*1C./,. 84*)1

2- .1*),)>B/ )+4/,.)(-.)*+?# A/ ,/3*+7 09'+*B>+/ /,. 9*B*(>+/ ; 6+/ /11/61 -2'-.*)1/

82D'./+76/ 7/ 2- 1'()*+ 7D-11M. 0*61 6+ .3 7*++'? 7*+. 2D-B02).67/ ('+'1-2/ 31*V. -4/3

2/ ./B0, 7/ 3532/ .3#

W/0/+7-+.< *+ 1/B-1:6/ :6/ 0*61 3/1.-)+/, 4-2/61, 7/ .3 80-1 /=/B02/ .3 J G$ B,

*6 .3 J XF B,?< 2D'./+76/ 7/ 2- 1'()*+ 7D-11M. 8/11/61 -2'-.*)1/? /,. 026, O-)Y2/ :6D/22/

+/ 2D/,. 0*61 2/, 4-2/61, 4*),)+/, 7/ .3 80-1 /=/B02/< .3 J G$<G B, *6 .3 J $ B,?#

AD/=),./+3/ 7/ 3/, Z*+/, ,)+(62)>1/, 7/ 026, O-)Y2/ /11/61 7/ 0*,).)*++/B/+.< -2*1, BMB/

:6/ 2/ ./B0, 7/ 3532/ 7/ 2D[\] 31*V.< B/. /+ '4)7/+3/ 6+ 09'+*B>+/ +*+ .1)4)-2 7/

3*11'2-.)*+ ./B0*1/22/ /+.1/ 2/ 3532/ [\] /. 2D*33611/+3/ 7/ 2D'4'+/B/+. 7D-11)4'/ /+

0*,).)*+ 7/ ./,. :6) /,. 1/01',/+.' 7-+, 2- K(61/ "#$^#



 !  !"#$%&' () *+&$,-"%$./ 0'1 #&.#&$+%+1 23"/%$%"%$4'1 5 0'36 -"1 07+%30'

"# $%$&' () *+,-./ ,+ -)-0$ (0. ,$ tc ./-,/ $& ,+ 1+.)+&)2# 3$ ,+ 1)&$(($ V ' ,+ ./-)2#

&$*42.$,,$ 3$ 3/&$5&)2# 3$ ,+ 42()&)2# 3$ &$(& 6↑ &$(&742(8 $(& )#5,0$ 3+#( 0# ($0,

595,$ 3$ ,:;<=' ,:+..>& 30 52#129$0. ($.+ (9(&/*+&)?0$*$#& 52**+#3/ ,2.( 3$ ,+ 4@+($

3:+%$5&+&)2# 3$( (2.&)$( 30 595,$ (0)1+#& 6A-0.$ BCDE (5/#+.)2F8C "# .$1+#5@$' () ,+

./-)2# &$*42.$,,$ 3$ 3/&$5&)2# 3$ ,+ 42()&)2# 3$ &$(& 6↑ &$(&742(8 $(& G 5@$1+, (0. 3$0H

595,$( ;<=' ,:+..>& ($ I$.+ ,2.( 3$ ,+ 4@+($ 3:+%$5&+&)2# 3$( (2.&)$( 3$ ,:0# 3$( 3$0H

595,$( (0)1+#&( 6A-0.$ BCDE (5/#+.)2D8C J:/&$#30$ 3$ ,+ K2#$ 3:+..>& ($.+ 32#5 4,0(

)*42.&+#&$C

Erreur systématique

Erreur aléatoire

Zone « 12 ms »

0.029 0.030

0.0120 0.0121

Étendue de la
région d’arrêt  

pour tc=12.1 ms
Étendue de la
région d’arrêt  

pour tc=12 ms

Zoom sur la « zone 12 ms »

 !"# BCDL M N/-)2# 3:+..>& 30 52#129$0. $# I2#5&)2# 3$ &5' +1$5 H7&$(& O FD!'B **'

P O Q'D *R( ± Q'F S $& 0#$ -)-0$ (0. ,$ &$*4( 3$ 595,$ 3$ ± Q'L S

Cycles API

Scénario 1

arrêt

[/////////]

T T T TI I I IO OOT T T TI I I IO OO

↑test_pos arrêtarrêt

[/////////]

{↑test_pos} 

T T T TI I I IO OOT T T TI I I IO OO

Scénario 2

Cycles API

 !"# BCDE M T2../,+&)2# $#&.$ &5' ,$( 3+&$( 3:2550..$#5$ 3$ H7&$(& $& ,:+..>& 30 52#129$0.

T$&&$ 3)(4$.()2# &$*42.$,,$ 3$ ,:/*)(()2# 3$ ,:2.3.$ 3:+..>& 30 52#129$0. $(& I2.&$U

*$#& 52../,/$ G ,+ -)-0$ 30 &$*4( 3$ 595,$ 3$ ,:;<= $& G ,+ 1+.)+&)2# 3$ ,+ 1)&$(($ V C "#

$%$&' () ,$ .+&)2 $#&.$ ,+ 3)(&+#5$ G 4+.520.). $& &5 $(& &$, ?0$' *+,-./ ,+ -)-0$ (0. &5 $&

,+ 1+.)+&)2# 3$ ,+ 1)&$(($ V ' ,$ #2*V.$ W 3$ 595,$( ;<= ?0) ($ (2#& /520,/( $#&.$ ,:2.3.$

3$ 3/4+.& 30 52#129$0. 6-27I2.X+.38 $& ,+ 3/&$5&)2# 3$ ,+ 42()&)2# 3$ &$(& 6↑ &$(&742(8

4+. ,$ 5+4&$0. $(& )3$#&)?0$ G 5@+?0$ #201$+0 3/4,+5$*$#& 30 52#129$0. 3$ H O Q **

G H O FDQ **' +,2.( ,:2.3.$ 3:+..>& 30 52#129$0. 6¬go7forward∧¬go7backward8 $(&
&20Y20.( /*)( G ,+ A# 30 *>*$ 595,$ ;<= $& ,:/&$#30$ 3$ ,+ ./-)2# 3:+..>& #$ 3/4$#3

?0$ 3$ ,+ -)-0$' 3$ ,+ 1+.)+&)2# 3$ ,+ 1)&$(($ $& 30 #2*V.$ 3$ 595,$( W 652#A-0.+&)2#

?0$ #20( +44$,,$.2#( 4+. ,+ (0)&$ Z (5/#+.)2 F [8C ;0 52#&.+).$' () ,$ .+&)2 $#&.$ ,+ 3)(U

&+#5$ G 4+.520.). $& &5 $(& &$, ?0$ ,$ #2*V.$ 3$ 595,$( #/5$((+).$ +0 3/4,+5$*$#& 30

52#129$0. $(& 1+.)+V,$' +,2.( ,:2.3.$ 3:+..>& 420..+ >&.$ /*)( G ,+ A# 3$ 3$0H 595,$(



 !"! #$%&' &' ()* + , -.' &' &/01)('2'3$   

!"# $%&'()*+,- ./'+)*$0) $) 12 ('3%4* $/2((5+ ),+ 214(, 64*7+%4* $) +7 874*930(2+%4*

:0) *40, 2;;)11)(4*, ;2( 12 ,0%+) < ,7'*2(%4 = >?-

.2 930() @-=A B)+ C%)* )* 'D%$)*7) 7) ;E'*4BF*) )* B4*+(2*+ 74BB)*+ 12 ('3%4*

$) 1/'+)*$0) $) 12 ;4,%+%4* $/2((5+ ;40( +7 $4**' ),+ 74*,+(0%+) G ;2(+%( $) 12 ('3%4* $)

12 ;4,%+%4* $/2((5+ 4C+)*0) ;2( 1) B4$)1H7I)7I)(-
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Scénario 1

S2 Scénario 2

S1 S1 S1S2 S2 S2 S2

0.00147

 !"# @-=A J K4*,+(07+%4* $) 1/'+)*$0) $), ;4,%+%4*, $/2((5+ G ;2(+%( $) 12 ('3%4* $/2((5+

;40( LM+),+ N O=PQ@ BBQ R N SQ= BT, ± SQO U )+ 0*) 3%30) ,0( 1) +)B;, $) 7V71) $)

± SQW U

.2 930() @-=P $4**) 1/2110() 3'*'(21) $) 12 ('3%4* $/2((5+- "40( 1), D21)0(, $) tc
74((),;4*$2*+ 20 ,7'*2(%4 =Q 1/'+)*$0) $) 12 ('3%4* $/2((5+ ),+ ;(4;4(+%4**)11) G 12 D21)0(

$0 +)B;, $) 7V71)- "40( 1%B%+)( 1/)(()0( $) ;4,%+%4**)B)*+ $0 74*D4V)0( G ± O BB

8'+)*$0) $) = BB?Q %1 620+ $2*, 7) 72, %B;4,)( 0* +)B;, $) 7V71) !"# %*6'(%)0( G

PQ= B, 82;(F, 74(()7+%4* $) 1/)(()0( ,V,+'B2+%:0) ;2( ('3123) $) 12 ;4,%+%4* $0 $'+)7+)0(

X)*,4(M+),+ G 128, 4 BB?- "40( 1), D21)0(, $) +7 74((),;4*$2*+ 20 ,7'*2(%4 OQ ;2(

74*+()Q 1/)(()0( $) ;4,%+%4**)B)*+ ),+ ;(),:0) %*$';)*$2*+) $0 +)B;, $) 7V71) )+ D20+

OQ@A BB-

Y* (',0B'Q ;40( LM+),+ N O=PQ@ BBQ R N SQ= BT, ± SQO U )+ 0*) 3%30) ,0( 1)



 !!  !"#$%&' () *+&$,-"%$./ 0'1 #&.#&$+%+1 23"/%$%"%$4'1 5 0'36 -"1 07+%30'

"#$%& '# ()(*# '# ± !+, - .

∀"( ≤ 8, 9 $& #" ∀ &(/01234

ou

∀"( ∈ &(/01234 5#6 .  7 $&+  8 $&9







⇒ #22#:2 '# %4&3"3400#$#0" ≤ 0±1 mm

0.000 0.005 0.010 0.015 0.0200.007
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Temps de cycle Tc de l’API (s)

Temps de cycle Tc de l’API (s)

S2

S1 S1 S1

S2 S2S2

Zone « 12 ms »

0.012

0.082

0.015 0.018

1.47

 !"# ;<78 = >**:2# '# *?/"#0':# '#& %4&3"340& '?122@" %4:2 6A"#&" B  78+; $$+

C B !+7 $D& ± !+ - #" :0# E3E:# &:2 *# "#$%& '# ()(*# '# ± !+, -

 !"!# $%&'()*+%&

F# "213"#$#0" '# (#""# %2#$3G2# /":'# '# (1& 1 $40"2/ *1 %#2"30#0(# '# *1 '/$12(H#

'# $4'/*3&1"340 %24%4&/# '10& *# (H1%3"2# I %4:2 *#& &)&"G$#& 1:"4$1"3&/& J (40"2K*#:2

*4E3L:#< M#:* :0 1:"4$1"# ': $4'G*# ': %24(#&&:&+ *?16#+ 1 0/(#&&3"/ :0# (40(#%"340

J %12"32 '?:0# N#:3**# O*10(H#+ "4:& *#& 1:"2#& 1:"4$1"#& 40" /"/ (40&"2:3"& %12 30&P

"10(31"340 '?:0 $4'G*# E/0/23L:#< >%2G& *1 2#&"23("340 ': $4'G*# 1: &4:&P#0&#$O*#

%#2"30#0" %4:2 *#& %24%23/"/& 2#(H#2(H/#&+ *1 O4Q"# J 4:"3*& *4E3(3#**#+ '/R#*4%%/# J (#"

#S#"+ 1 %#2$3& '# "21':32# *# 2/&#1: '?HIOATS #0 2/&#1: '?HIOA %:3& '# E/0/2#2 *# TP

(H3#2 '?#0"2/# %4:2 *# U $4'#*P(H#(V#2 W< >: "21R#2& '# L:1"2# 30R#&"3E1"340& &:((#&&3R#&

&:2 *# $4'G*#+ 04:& 1R40& %: '/(4:R232 *1 E210'# 23(H#&&# '#& 101*)&#& L:10"3"1"3R#&



 !"! #$%&' &' ()* + , -.*$/0' &' 123&%($435 1)2 63$*  ! 

"#$%&'#' ()#* +, (+-.%(-# /01$&2#3 4(56$7 58('"#*- -$9' %(:.$&-(&$#%#,- 2&'*$#- 2+

'+"".$- 2# *#--# 7-+2#; 5( %.275&'(-&., "($ +, %.295# /01$&2# .+)$# -.+- +, */(%"

28#<"5.$(-&., = 58(,(50'-# >+& #'- ,.+)#(+ #- *.%"57%#,-(&$# = *#5+& >+& 5+& #'- .?#$-

"($ 5# @ %.2#5A*/#*B&,6 C 2#' D0'-9%#' = E)7,#%#,-' F&'*$#-' GDEFH3

E,I,; *#--# "$#%&9$# 7-+2# 2# *(' ( "#$%&' 2# %.,-$#$ #, >+.& 5( >+(5&-7 28+, '#$)&*#

$#,2+ "($ +, '0'-9%# G2(,' *# *(' 5( "$7*&'&., 28+, ".'&-&.,,#%#,-H "#+- 2&$#*-#%#,-

&,J+#$ '+$ '( 'K$#-7 2# L.,*-&.,,#%#,- G2(,' *# *(' 5( *("(*&-7 2# 58."7$(-&., 2# -#'-

= 27-#*-#$ = *.+" 'K$ 5( "$7'#,*# 28+, "(5&#$ 2(,' +, "&6,.,H3

 !" #$%&' &' ()* + , -.*$/0' &' 123&%($435 1)2 63$*

 !"!# $%&'()*+*,-) .( /0&*1.( .( 2+'

M# '0'-9%# >+# ,.+' (55.,' 7-+2&#$ #'- +, '0'-9%# 2# "$.2+*-&., 28#(+ '(57# G.+

'(+%+$#H "($ 5.-'3 M# 1+- #'- 5( "$.2+*-&., 2# 5.-' 28#(+ '(57# = ).5+%#; *.,*#,-$(-&.,

#- -#%"7$(-+$# 2.,,7'3 M# "$.*#''+' GI6+$# N3OPH #'- +, '0'-9%# 2&2(*-&>+# +-&5&'7 (+

5(1.$(-.&$# @ Q$.*#'' R.,-$.5 C 2# 58S,&)#$'&-7 2# F.$-%+,23 E-(,- 2.,,7 5# *($(*-9$#

2&2(*-&>+# 2# *# '0'-9%#; 5#' 5.-' "$.2+&-' '.,- $#*0*57' #, 5.-' 2# %(-&9$# "$#%&9$#

G2# 58#(+ 2.+*# #- 2# 58#(+ '(57# *.,*#,-$7#H3 F# *# L(&-; 5#' *5&#,-' *.,'.%%(-#+$'

'.,- '&%+57' "($ 2#' $7'#$).&$' 2# %(-&9$# "$#%&9$#3 M# ).5+%#; 5( *.,*#,-$(-&., #-

5( -#%"7$(-+$# 2#' 5.-' '.,- 2.,* I<7' "($ *#--# *.,-$(&,-# 2# $#*0*5(6# ".+$ >+# 5#

'0'-9%# "+&''# L.,*-&.,,#$ #, *&$*+&- L#$%7 -(,- >+8(+*+, &,*&2#,- ,# '# "$.2+&- 2+$(,-

5( "$.2+*-&.,3

T.+' (55.,' %(&,-#,(,- 27*$&$# 5#' "$&,*&"(5#' -U*/#' 2# 5( "$.2+*-&., 2# 5.-' G+,#

2#'*$&"-&., "5+' 27-(&557# 2+ '0'-9%# "#+- V-$# -$.+)7# 2(,' WX.YPZ[H3 M( "$.2+*-&.,

2# 5.-' *.%%#,*# "($ 5( "$7"($(-&., 28+,# '.5+-&., 28#(+ '(57# = 1(''# *.,*#,-$(-&.,

2# '#5 2(,' 5# $7'#$).&$ \]; #, %75(,6#(,- +,# '.5+-&., 28#(+ '(57# "$7(5(15#%#,-

*.,-#,+# 2(,' 5# $7'#$).&$ \ ()#* 2# 58#(+ 2.+*# "$.)#,(,- 2+ $7'#$).&$ \O3 M( '.5+-&.,

$7'+5-(,-# #'- )#$'7# 2# \] 2(,' 5# $7'#$).&$ \N "+&' 2(,' 5# $7'#$).&$ \^3 F(,' \^;

+, "$.*#''+' 287)(".$(-&., #'- $7(5&'7 G"($ */(+?(6# 6$U*# = +,# $7'&'-(,*# 75#*-$&>+#

_ H ".+$ (:+'-#$ 5#' "$."$&7-7' '.+/(&-7#' 2#' 5.-'3 M8#(+ 7)(".$7# #'- *.55#*-7# 2(,'

5# *.,2#,'#+$ X "+&' *.,2#,'7# #- $7*+"7$7# 2(,' 5# $7'#$).&$ \`3 F(,' \`; 58#(+

#'- $#L$.&2&# = -#%"7$(-+$# (%1&(,-# "+&' $#,).07# 2(,' 5# $7'#$).&$ \O ".+$ V-$#

$7+-&5&'7#3 M# "$.2+&- = /(+-# -#%"7$(-+$# >+& $#'-# 2(,' \^; +,# L.&' 587)(".$(-&.,

($$V-7# G*/(+?(6# _ 7-#&,-H; #'- )#$'7 2(,' 5# $7'#$).&$ \a .b +,# 7-("# 2# ".'-A

-$(&-#%#,- ( 5&#+3 E55# *.,'&'-# = $#L$.&2&$ 5# 5.- 28#(+ '(57# = +,# -#%"7$(-+$# (27>+(-#

#- = 5# $#,).0#$ 2(,' 5# $7'#$).&$ \ 3

M( *.%%(,2# 2# *# '0'-9%# #'- $7(5&'7 "($ +, c+-.%(-# Q$.6$(%%(15# d,2+'-$&#5

GcQdH3 E, #?#-; %V%# '& 5# '0'-9%# *.%%(,27 ( +, *($(*-9$# /01$&2# 2(,' 5( %#'+$#

.b &5 (''#%15# 2# ,.%1$#+'#' +,&-7' 2# -$(&-#%#,- *.,-&,+ &,-#$*.,,#*-7#'; 5# %.2#

."7$(-.&$# 2# *# "$.*727 #'- 2# ,(-+$# #''#,-&#55#%#,- 7)7,#%#,-&#55#; "+&'>+8&5 '8(6&-

28+, #,*/(e,#%#,- 287-("#' ".+$ $7(5&'#$ +,# $#*#--#3 c&,'&; 5( *.%%(,2# #'- *.%".'7#

2# $.+-&,#' 7*$&-#' #, '0,-(<# @ D#>+#,-&(5 f+,*-&., R/($- C GDfRH WdERP][ &%"5(,-7#'

2(,' 58cQd >+& (''+$#,- 5( "$.2+*-&., 2# 5.-' G27*$&-# "$7*72#%%#,-H (&,'& >+# 2#'

"$.*72+$#' 28&,&-&(5&'(-&.,; 28($$V- #- 2# $&,g(6# 2+ "$.*#''+'3
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Eau salée 

initiale

Eau douce

Réservoirs de

matière première

Condenseur

Eau 

distillée

Eau 

évaporée

Lot produit

Evaporateur

Lot 

concentré

Post-traitement

Solution à basse 

concentration

 !"# #$"% & '()*+),,- ./0 12 34356,- 1- 7+81295(8: 1- 3)2,2+- 7)+ ;853
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#$%&'()*+, -( .$/*0-( 10( 2%03 4..%23 5(2(6 (3* .4 7/6+8)4*+%2 -(3 96%96+/*/3 1042:

*+*4*+7(3 9(65(**42* -$/74.0(6 .(3 9(6,%6542)(3 -0 3;3*<5( -( 96%-0)*+%2 -( .%*3 -(

340506(= #$/74.04*+%2 -( 9(6,%6542)(3 (3* (2*(2-0( )%55( .4 5+3( (2 /7+-(2)( -(3

+594)*3 -0 )>%+? -$02( 3*64*/@+( -( )%5542-( 306 .4 96%-0)*+%2 -(3 .%*3= A2( 70( (?:

*(62( (* 2%2 +2*(62( -0 3;3*<5( (3* 2/)(334+6( B )(* (C(*D 90+310( .$%2 3%0>4+*( 104.+8(6

.(3 6/30.*4*3 -( .4 96%-0)*+%2 @.%&4.( (* 2%2 )(0? -$02( /*49( 946*+)0.+<6(=

E%06 )(**( /*0-(D 2%03 4..%23 2%03 )%2)(2*6(6 306 .4 9>43( 824.( -( .4 96%-0)*+%2

)%23+-/642* 10( .( )%59%6*(5(2* 2%5+24. -0 96%)(3303 (3* (?(59* -( ,40*(3= F(**(

9>43( )%596(2- .(3 )%59%6*(5(2*3 -(3 6/3(67%+63 GH (* GID %J .(3 /*49(3 -$4'03*(5(2*

(* -( 9%3*:*64+*(5(2* 3%2* (C()*0/(3 306 .(3 .%*3 4742* 10$+.3 3%+(2* -/.+76/3 40 ).+(2*=

 !"!# $%&'()*+*,-) .( /+ 0-11+).(

K423 .4 30+*( -( )(**( /*0-(D 2%03 4..%23 02+10(5(2* 2%03 +2*/6(33(6 40 3%03:

(23(5&.( -(3 6/3(67%+63 GH (* GI -( .4 96%-0)*+%2 -( .%*3D -%2* .(3 -/*4+.3 3%2* 5%2*6/3

306 .4 8@06( L="!= F(**( ,%+3D .(3 ).+(2*3 )%23%554*(063 2( 3(6%2* 943 3+50./3 946 .(3

6/3(67%+63 -( 54*+<6( 96(5+<6( 54+3 946 02 6/3(67%+6 (?*(62(D 2%55/ M F.+(2* ND 10+

4 9%06 ,%2)*+%2 .4 6/)09/64*+%2 -(3 .%*3 -$(40 34./( 96%-0+*3= O )(**( 82D .( )+6)0+* (2

474. -( GI (3* 6/-0+* B 02( &+,06)4*+%2 @/6/( 946 -(0? 7422(3 PQR (* PQI=

VolB5 (Volume du réservoir B5)
readyB5 (Seuil de concentration du sel atteint)
VolB7      (Volume du réservoir B7)
TempB7 (Température du lot dans le réservoir B7)
readyCl (Client disponible)

transB5B7 (Ouverture de la vanne V15 pour le 
transfert du lot du réservoir B5 vers le réservoir B7)
coolB7 (Ouverture de la vanne V17 pour le 
refroidissement du lot  dans le réservoir B7)
transB7Cl (Ouverture de la vanne V26 pour le 
transfert du lot du réservoir B7 vers le Client)
drainB7  (Ouverture de la vanne V27 pour la 
vidange du lot)

TIT

LIT

Client

Réservoir B5 

QIS

LIT

Réservoir B7 
transB5B7 

coolB7 

transB7Cl 

drainB7

VolB5 

readyB5 

VolB7 

TempB7 

readyCl 

Déchets

Ordres de 
contrôle logiques

Informations des capteurs 
logiques et analogiques

Contrôleur 
(API)

501

503

701

702

Entrées du Contrôleur

Sorties du Contrôleur

Eau

réfrigérante

V12 

V15 

V17 

V27 

V26

 !"#  !"# $ %&'()*+,)' -. (/ -0 1( 23 4)+156/,+7 1( 2+/' 1( '3585)(

9( )&'()*+,) -. ('/ )(842, 3*(6 57( '+25/,+7 1:(35 '32&( ; <3''( 6+76(7/)3/,+7 6+7/(=

75( 137' - ! >7( ?+,' -. )(842,@ 57 4)+6(''5' 1:&*34+)3/,+7 4()8(/ 1:3A5'/() 2( *+258(
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#$ %& '()'#)$*&$+() ,#- %($- *#./+- 0&* %# '&1+#* ,#- '1&*2#-3 4/&), %& '()'#)$*&$+()

#-$ &$$#+)$# 5*#&,6789: %;#&/ -&%<# '()'#)$*<# #$ = 1&/$# $#>0<*&$/*# #-$ &%(*- ?#*-<#

,# 78 ,&)- %# *<-#*?(+* 7@ 5$*&)-787@93 A)# <$&0# ,# 0(-$B$*&+$#>#)$ & %+#/ ,&)- 7@

./&), %# $*&)-C#*$ #-$ D)+ 5E(%7893 F#$$# <$&0# '()-+-$# = *#C*(+,+* %# %($ ,;#&/ -&%<#

5'((%7@9 G/-./;= (H$#)+* %& $#>0<*&$/*# *#./+-# 0(/* %& -0<'+D'&$+() 5I#>07@93 A)#

C(+- '#$$# $#>0<*&$/*# &$$#+)$#: -+ %# '%+#)$ #-$ 0*<-#)$ 5*#&,6F%9: %# %($ ,# -&/>/*# %/+

#-$ %+?*< 5$*&)-7@F%93 JK- ./# %# *<-#*?(+* 7@ #-$ ?+,# 5E(%7@9: '# *<-#*?(+* #-$ 0*L$ =

$*&+$#* /) &/$*# %($3 F#0#),&)$: %# '%+#)$ 0#/$ )# 0&- L$*# ,+-0()+H%# ,K- ./;/) %($ #-$

0*(,/+$3 J&)- '# '&-: %& ./#-$+() -# 0(-# ,# -&?(+* ./# C&+*# ,/ %($ 0*(,/+$: #$ &/ 0+*#

,#- '&-: +% #-$ G#$< 5,*&+)7@93

M# >(,K%# ,# %& -$*&$<2+# ,# '(>>&),# <'*+$ #) -6)$&N# OPF: ./+ $*&,/+$ %# '(>B

0(*$#>#)$ ,/ 0*('#--/- ,<'*+$ '+B,#--/-: #-$ >()$*< ,&)- %& D2/*# "3Q 3 M& -$*&$<2+# ,#

'(>>&),# ,# '# OPF #-$ -+>0%#3 R%%# '()-+-$# = ?<*+D#* %& 0*<-#)'# ,/ '%+#)$ #) C()'B

$+() ,# %& $#>0<*&$/*# *#./+-# ,/ %($3 J/*&)$ %& 01&-# ,# *#C*(+,+--#>#)$ 5<$&0# OQ9:

-+ %# %($ & &$$#+)$ %& $#>0<*&$/*# *#./+-# ,# S8TF #$ ./# %# '%+#)$ #-$ ,+-0()+H%#: &%(*-

%# %($ #-$ $*&)-C<*< ?#*- %# '%+#)$ 5<$&0# O"93 U&* '()$*#: -+ %# %($ &$$#+)$ %& $#>0<*&$/*#

-(/1&+$<# -&)- ./# %# '%+#)$ )# -(+$ 0*<-#)$: %# '()$*V%#/* &**L$# ,# *#C*(+,+* #$ (*,())#

%& ?+,&)2# ,/ *<-#*?(+*: '#$$# C(+- 0(/* *#G#$#* %# %($ 5<$&0# O893 M& ?&*+&H%# W ' X *#B

0*<-#)$# /) '(>0$#/* ,#- %($- 0*(,/+$- #$ $*&)-C<*<- &/ '%+#)$ 5<$&0# O"9: W )H&$'1 X

<$&)$ %# )(>H*# ,# %($- = 0*(,/+*#3 A)# C(+- &**+?< = %& ./&)$+$< ,# %($- ,#>&),<# 50&*

)H&$'19: %& 0*(,/'$+() -;&**L$# 5<$&0# OY93

S1

(t1)

readyB5
N transB5B7

S2

(t2)

[VolB5<=‘0’]
S3

(t3)

[TempB7<=‘25’]
and readyCl

S4

(t4)

[VolB7<=‘0’] 
and c<nbatch

S6

S0

P0 c:=0
(t0) 1

N coolB7
(t6)

S5

[VolB7<=‘0’] and 
c<nbatch

N drainB7

[TempB7<=‘25’] and
NOT readyCl

(t7)

N transB7Cl
P1 c:=c+1

(t5) [VolB7<=‘0’] 
and c>=nbatch

 !"# "3Q Z OPF ,# %& -$*&$<2+# ,# '(>>&),#  

F#0#),&)$: )(/- )(/- +)$<*#--()- &/ '(>0(*$#>#)$ ,# %& '(>>&),# ./&), /) %($

#-$ = %& $#>0<*&$/*# -(/1&+$<# #$ ./# %# '%+#)$ );#-$ 0&- #)'(*# ,+-0()+H%#3 O+ %# %($

'()$+)/# = *#C*(+,+* #) &$$#),&)$ %# '%+#)$: /)# '*+-$&%%+-&$+() 5-(%+,+D'&$+() ,/ -(%/$<9

0#/$ -# 0*(,/+*# ,&)- %# *<-#*?(+* 7@: 0*(?(./&)$ %;&**L$ ,# %& 0*(,/'$+() #$ %# %&)B

'#>#)$ ,;/) '6'%# ,# *+)[&2# 5+% 6 & <2&%#>#)$ %# *+-./# ,;#),(>>&2#* %# *<-#*?(+*93
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#$%& '()*+& ,+-./ -+ ,$0*&1-+%& +2* $3-)4' 5+ &+6+*+& -+ ,$0*+0% 5% &'2+&($)& 78+&*+ 5%

-$* +* 8$--%*)$09: ;+**+ 2)*%.*)$0 +2* )05'2)&.3-+ 8%)2<%+ -. 8+&*+ 5+ -$*2 2)40)=+ <%+

-+ 2>2*?@+ 5$)* ,$02$@@+& 8-%2 5+ @.*)?&+ 8&+@)?&+/ +* <%+ -+ *+@82 5+ 8&$5%,*)$0

5+ -$*2 .%4@+0*+ 8&$($<%.0* %0+ .%4@+0*.*)$0 5+2 ,$A*2 5+ 8&$5%,*)$0: #-%2)+%&2

2$-%*)$02 .-*+&0.*)(+2 +B)2*+0*: C$%2 +0 8&$8$2$02 5+%B D %0+ <%) ,$02)2*+ E @$5%-+&

-+ &+F&$)5)22+@+0* 5% @'-.04+ 5.02 -+ &'2+&($)& GH +0 F$0,*)$0 5+ -. 8&'2+0,+ $% 0$0

5% ,-)+0* 7.88+-'+ 2*&.*'4)+ I9 +* -J.%*&+ <%) ,$02)2*+ E 0+ &+F&$)5)& -+ @'-.04+ <%J+0

8&'2+0,+ 5% ,-)+0* 7.88+-'+ 2*&.*'4)+ K9:

L. 5+%B)?@+ 2*&.*'4)+ 5+ ,$@@.05+/ @$5'-)2'+ '4.-+@+0* +0 2>0*.B+ MN;/ +2*

@$0*&'+ 5.02 -. =4%&+ O:KI: P--+ ,$02)2*+ E 2%&(+)--+& -J.&&)('+ 5% ,-)+0* +* +0 F$0,*)$0

5+ 2. 5)28$0)3)-)*' / E,$0*&1-+& -+ &+F&$)5)22+@+0* 5% -$*: L$&2<%+ GH +2* &+@8-)/ -+

&+F&$)5)22+@+0* 5% -$* ,$@@+0,+ 7'*.8+ MK9 6%2<%JE .**+)05&+ %0+ -)@)*+ 5+ *+@8'&.*%&+

L)@)*Q+@8GH 7E &'4-+&9: P02%)*+/ -+ ,$0*&1-+%& ('&)=+ -. 5)28$0)3)-)*' 5% ,-)+0*: M) -+

,-)+0* +2* 5)28$0)3-+ 73&.0,R+ 4.%,R+ 5% MN;9/ -+ &+F&$)5)22+@+0* ,$0*)0%+ 7'*.8+ MO9

6%2<%JE .**+)05&+ -. *+@8'&.*%&+ 5+ I"S;/ 8%)2 -+ -$* +2* 5'-)(&' .% ,-)+0* 7'*.8+ M"9:

#.& ,$0*&+/ 2) -+ ,-)+0* 0J+2* 8.2 +0,$&+ 5)28$0)3-+ -$&2<%+ -. *+@8'&.*%&+ 5% -$* +2*

L)@)*Q+@8GH 73&.0,R+ 5&$)*+9/ -+ ,$0*&1-+%& $&5$00+ -J.&&T* 5% &+F&$)5)22+@+0* 8$%&

&.-+0*)& -. 5+2,+0*+ 5+ *+@8'&.*%&+ 7'*.8+ MH9: U?2 <%+ -+ ,-)+0* 5'()+0* 5)28$0)3-+/ +* 2)

-+ -$* 0J. 8.2 .**+)0* -. *+@8'&.*%&+ 5'2)&'+/ -+ ,$0*&1-+%& &+5'@.&&+ -+ &+F&$)5)22+@+0*

+* &+*$%&0+ E -. 3&.0,R+ 4.%,R+ 8$%& *+&@)0+& -. -)(&.)2$0 5% -$*: U.02 -+ ,.2 ,$0*&.)&+/

2) -+ ,-)+0* 0J+2* *$%6$%&2 8.2 5)28$0)3-+ -$&2<%+ -. *+@8'&.*%&+ 5% -$* +2* .&&)('+ E -.

*+@8'&.*%&+ 5'2)&'+/ -+ ,$0*&1-+%& $&5$00+ -. ()5.04+ 5% &'2+&($)& 8$%& &+6+*+& -+ -$*

7'*.8+ MV9: W0+ F$)2 .&&)(' E -. <%.0*)*' 5+ -$*2 5+@.05'+ 78.& 03.*,R9/ -. 8&$5%,*)$0

2J.&&?*+ 7'*.8+ MX9:

L. *&$)2)?@+ 2*&.*'4)+ 5+ ,$@@.05+ +2* @$5'-)2'+ '4.-+@+0* +0 2>0*.B+ MN; 7=Y

4%&+ O:KK9: P--+ ,$02)2*+ E 0J$&5$00+& -+ &+F&$)5)22+@+0* 5% -$* <%J+0 8&'2+0,+ 5% ,-)+0*:

L$&2<%+ GH +2* &+@8-) 7'*.8+ MK9/ -+ ,$0*&1-+%& ('&)=+ -. 5)28$0)3)-)*' 5% ,-)+0*: M) -+

,-)+0* +2* 5)28$0)3-+ 73&.0,R+ 4.%,R+ 5% MN;9 -+ &+F&$)5)22+@+0* 5% -$* ,$@@+0,+

7'*.8+ MO9 6%2<%JE .**+)05&+ -. *+@8'&.*%&+ 5+ I"S; 73&.0,R+ 5&$)*+9/ 8%)2 -+ -$* +2*

5'-)(&' .% ,-)+0* 7'*.8+ M"9: #.& ,$0*&+/ 2) -+ ,-)+0* 0J+2* 8.2 +0,$&+ 5)28$0)3-+ -$&2<%+

-. *+@8'&.*%&+ 5% -$* +2* I"S;/ -+ ,$0*&1-+%& $&5$00+ -. ()5.04+ 5% &'2+&($)& 8$%& &+Y

6+*+& -+ -$* 7'*.8+ MH9: W0+ F$)2 .&&)(' E -. <%.0*)*' 5+ -$*2 5+@.05'+ 78.& 03.*,R9/ -.

8&$5%,*)$0 2J.&&T*+ 7'*.8+ MX9:

P0 &'2%@'/ 0$%2 .($02 *&$)2 2*&.*'4)+2 5+ ,$@@.05+ E *+2*+& D

 : 2*&.*'4)+  7&.8)5+9 D &+F&$)5)22+@+0* F$&,' )@@'5).*+@+0* +* @.)0*+0% +0 8+&Y

@.0+0,+/

I: 2*&.*'4)+ I 7&.)2$00'+9 D &+F&$)5)22+@+0* F$&,' )@@'5).*+@+0* 8%)2 .&&T* E %0+

-)@)*+ 5+ *+@8'&.*%&+ E &'4-+& 2) -+ ,-)+0* 0J+2* 8.2 8&'2+0*/

K: 2*&.*'4)+ K 7,$02+&(.*)(+9 D &+F&$)5)22+@+0* 0.*%&+- +0 .32+0,+ 5+ ,-)+0*:

#$%& 8$%($)& ,R$)2)& %0+ 2*&.*'4)+ 5+ ,$@@.05+/ 0$%2 .--$02 ,R+&,R+& E <%.0*)=+&

5+2 )05),.*+%&2 5+ 8+&F$&@.0,+2 +0 *+&@+2 5+ ()*+22+ 5+ 8&$5%,*)$0 5+ -. 5+@.05+ 5+

-$*2/ 5J)05),+ 5+ &+6+* 70$@3&+ 5+ -)*&+2 5+ 8&$5%)* 6+*'9/ 5+ 5'-.) 5+ *+@82 5J.**+0*+

5% ,-)+0*/ ::: 5+ @.0)?&+ E '(.-%+& -J)@8.,* 5% ,R$)B 5J%0+ 2*&.*'4)+ 5+ ,$@@.05+ 2%&

-+2 8+&F$&@.0,+2 5+ -. 8&$5%,*)$0 4-$3.-+ 5% 2>2*?@+:
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S1

(t1)

readyB5
N transB5B7

S2

(t2)

[VolB5<=‘0’]
S3

(t3)

[TempB7<=LimitTempB7]
and readyCl

S4

(t4)

[TempB7<=‘25’] and readyCl
S5

(t6)

[VolB7<=‘0’] 
and c<nbatch

S6

S0

P0 c:=0
(t0) 1

N coolB7

S7

(t7)

readyCl

[TempB7<=LimitTempB7] 
and NOT readyCl

(t8)

S8

(t9)

[VolB7<=‘0’] and 
c<nbatch

N drainB7

[TempB7<=‘25’] and
NOT readyCl

(t10)

N coolB7

N transB7Cl
P1 c:=c+1

(t5)

[VolB7<=‘0’] and 
c>=nbatch

S1

(t1)

readyB5
N transB5B7

S2

(t2)

[VolB5<=‘0’]
S3

(t3)

[TempB7<=LimitTempB7]
and readyCl

S4

(t4)

[TempB7<=‘25’] and readyCl
S5

(t6)

[VolB7<=‘0’] 
and c<nbatch

S6

S0

P0 c:=0
(t0) 1

N coolB7

S7

(t7)

readyCl

[TempB7<=LimitTempB7] 
and NOT readyCl

(t8)

S8

(t9)

[VolB7<=‘0’] and 
c<nbatch

N drainB7

[TempB7<=‘25’] and
NOT readyCl

(t10)

N coolB7

N transB7Cl
P1 c:=c+1

(t5)

[VolB7<=‘0’] and 
c>=nbatch

 !"# #$%& ' ()* +, -. /01.0234, +, 5677.8+, &

S1

(t1)

readyB5
N transB5B7

S2

(t3)

readyCl
S4

(t4)

[TempB7<=‘25’] and readyCl

S5

(t6)

[VolB7<=‘0’] 
and c<nbatch

S6

S0

P0 c:=0
(t0) 1

N coolB7
(t7)

S7

[VolB7<=‘0’] and 
c<nbatch

N drainB7

[TempB7<=‘25’] and
NOT readyCl

(t8)

N transB7Cl
P1 c:=c+1

(t5) [VolB7<=‘0’] 
and c>=nbatch

(t2)

[VolB5<=‘0’]
S3

 !"# #$%% ' ()* +, -. /01.0234, +, 5677.8+, %
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#$ %&' ()&*+,' -.' /&0(&.1 *2+$ 3&%+0- *- 456 %,')-. *2-7+ .7%1- 8 97+'- /&$/-$:

')7',&$ ;< =)700-. *- >7?%@%,')- *2-7+A -' 8 +$- '-0(1)7'+)- *- 6<B?C

DE$ *- ()&*+,)- *-. %&'. 73-/ /-. /7)7/'1),.',F+-.5 %- )1.-)3&,) G< -.' )-0(%, 73-/ +$

3&%+0- *- 7ℓ *2-7+ .7%1- ;')7$.37.1 *+ )1.-)3&,) G4 *7$. G<A 8 H7..- /&$/-$')7',&$ ;3g
*- >7?%@ℓ *2-7+A -' 8 '-0(1)7'+)- 70H,7$'-C D()I. +$- 1'7(- *27J+.'-0-$' *+ 3&%+0-

-' *- %7 /&$/-$')7',&$ *7$. G<5 %- %&' ')7$.37.1 *- G< *7$. G" /&$',-$' 456 %,')-. *2-7+

.7%1- 8 97+'- /&$/-$')7',&$5 8 +$- '-0(1)7'+)- .+(1),-+)- &+ 1=7%- 8  !!B?C #$- K&,.

*7$. %- )1.-)3&,) G"5 +$- 1'7(- *- (&.':')7,'-0-$' -.' *&$/ $1/-..7,)- (&+) )-K)&,*,) %-

%&' 8 %7 '-0(1)7'+)- )-F+,.- (&+) %- ?%,-$' *- 6<B?C L7 E=+)- 4CM4 )1.+0- /-. *&$$1-.C

Réservoir

B7 100°C

Volume
Avant post-traitement

Concentration

Après post-traitement

25°C
4,2 l 5 g/l

TempératureRéservoir

B7 100°C

Volume
Avant post-traitement

Concentration

Après post-traitement

25°C
4,2 l 5 g/l

Température

B5 7 l
Avant évaporation

Après évaporation

3 g/l

4,2 l 5 g/l

Volume non 

concentré (VolBnoc)

Volume concentré

(VolBc)

Réservoir Volume Concentration

 !"# 4CM4 N O&$$1-. *-. 3&%+0-.5 /&$/-$')7',&$. -' '-0(1)7'+)-. (&+) G< -' G"

L-. *1H,'. *-. 37$$-. (-)0-''7$' %- )-0(%,..7=- -'@&+ %7 3,*7$=- *-. )1.-)3&,). G<5

G" -' ?%,-$' .&$' ()1.-$'1. *7$. %7 E=+)- 4CM< P

Vanne
V12

Débits
1,02 l/min

Description
Remplissage de B5

V15 0,72 l/min Transfert de B5 vers B7
V26 1,09 l/min Transfert de B7 vers le Client
V27 1,09 l/min Vidange de B7 pour jeter le lot

Vanne
V12

Débits
1,02 l/min

Description
Remplissage de B5

V15 0,72 l/min Transfert de B5 vers B7
V26 1,09 l/min Transfert de B7 vers le Client
V27 1,09 l/min Vidange de B7 pour jeter le lot

 !"# 4CM< N O1H,'. *- )-0(%,..7=- -' *- 3,*7$=- *-. )1.-)3&,). G<5 G" -' ?%,-$'

L- )-K)&,*,..-0-$' *+ ()&*+,' *7$. %- )1.-)3&,) G" %&).F+- %2&$ ,$J-/'- *- %2-7+ )1K),:

=1)7$'- *7$. %7 *&+H%- -$3-%&((- *+ )1.-)3&,) ;)-K)&,*,..-0-$' K&)/1A -.' )-()1.-$'1 (7)

%- =)7*,-$' −7, 5B?@0,$ ;Q)7*R-0(G"K&)A '7$*,. F+- %- )-K)&,*,..-0-$' .7$. ,$J-/',&$

*2-7+ )1K),=1)7$'- ;)-K)&,*,..-0-$' $7'+)-%A -.' )-()1.-$'1 (7) %- =)7*,-$' −0, 75B?@0,$

;Q)7*R-0(G"$7'AC

S'7$' *&$$1- %7 /&0(%-T,'1 *+ ()&/-..+.5 /-)'7,$-. 9U(&'9I.-. &$' 1'1 )-'-$+-.

(&+) *1%,0,'-) .&$ /&0(&)'-0-$'C V%%-. .&$' *1/),'-. /&00- .+,' P

N G< ()&*+,' -$ (-)07$-$/- *-. %&'. *- 4, 2ℓ F+, .-)&$' ')7,'1. *7$. G"5

N L- 3&%+0- *7$. G" )-.'- /&$.'7$' (-$*7$' %7 (97.- *- )-K)&,*,..-0-$' *+ %&'5

coolB7⇒ {(¬transB5B7 ∧ ¬transB7Cl ∧ ¬drainB7) ∧ (V olB7 ≥ 4, 2ℓ)}



 !"  !"#$%&' () *+&$,-"%$./ 0'1 #&.#&$+%+1 23"/%$%"%$4'1 5 0'36 -"1 07+%30'

# $% &'()**) +) ,)-,.'+'**)/)0( +12)0+ +) 3% *.,(') +4 5.0(,63)4, 5..3789

coolB7 = 1 ⇒ d
dt

(TempB7) = GradTempB7for
coolB7 = 0 ⇒ d

dt
(TempB7) = GradTempB7nat

# $) 53')0(9 40) -.'* +'*2.0':3)9 %(()0+ 3% ,15)2('.0 +;40 3.( 2,.+4'( )(

# $)* *.,(')* +4 5.0(,63)4, 2),/)((%0( 3) (,%0*-),( +)* 3.(* +;40 ,1*),&.', < 40 %4(,)

0) *.0( =%/%'* %5('&1)* %4 />/) /./)0(9

∀ t ∈ R∗







transB5B7 ∧ transB7Cl = 0

transB5B7 ∧ drainB7 = 0

transB7Cl ∧ drainB7 = 0

t

0

1

4,2ℓ

0ℓ

Pas de spécification

t

t

20°C

25°C

100°C

Volume cte = 4,2ℓ

0ℓ

t

VolBnoc

30min

VolBc

VolB5

VolB7

coolB7

TempB7 = 

- 0.75

TempB7 = 

- 7.5

TempB7

0

1

0

1

transB5B7

0

1

transB7Cl

readyCl

t

t

t

0

1

drainB7

t

¬transB5B7 ⁄ ¬transB7Cl ⁄ ¬drainB7

t

0

1

4,2ℓ

0ℓ

Pas de spécification

t

t

20°C

25°C

100°C

Volume cte = 4,2ℓ

0ℓ

t

VolBnoc

30min

VolBc

VolB5

VolB7

coolB7

TempB7 = 

- 0.75

TempB7 = 

- 0.75

TempB7 = 

- 7.5

TempB7 = 

- 7.5

TempB7

0

1

0

1

transB5B7

0

1

transB7Cl

readyCl

t

t

t

0

1

drainB7

t

¬transB5B7 ⁄ ¬transB7Cl ⁄ ¬drainB7

 !"# ?@AB # CD2.(EF*)* +) -.05('.00)/)0( +4 2,.5)**4*

$) 53')0( 5.0*.//%()4, +)* 3.(* GH3')0(I )*( +'*2.0':3) ,1J43'F,)/)0( 2.4, 3% ,1K

5)2('.0 +)* 3.(* 2,.+4'(* 2%, 3) ,1*),&.', 78 < '0(),&%33)* +1(),/'01* 2%, L+)3%DH/'09

+)3%DH/%MN@ O.4* *422.*.0* P4) 3) 53')0( 2)4( >(,) 4('3'*1 2%, +;%4(,)* 2,.5)**4* P4'

2)4&)0( 1&)0(4)33)/)0( ,)(%,+), *% +'*2.0':'3'(1 2.4, 3% ,15)2('.0 +)* 3.(*@
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 !"!" #$%&$'()(* +,-.)')-)'/0* $0120$12(0* &%,$ /-3'40$ 3- *)$-5

)(6'0 40 1%77-.40

</'6 0/'6 6/..)6 :01=()66=6 > 2?=@$2'$1:/0 5) 5:A=()016 3(:18()6 B'$01:1$1:96 6'(

2) 67618.) 5) 4(/5'31:/0 $%0 5?=@$2')( 2)6 4)(9/(.$03)6 5' 67618.) 3/.41) 1)0' 5'

3;/:C 5) 2$ 61($1=&:) 5) 3/..$05)D 6$3;$01 B') E

F </'6 $22/06 1)61)( 2)6 1(/:6 61($1=&:)6 5) 3/..$05) 5=1$:22=)6 5$06 2$ 6)31:/0 *+,+GD

F #$ 2:.:1) 5) 1).4=($1'() #:.:1H).4IJ )61 > (=&2)( 4/'( 2?'1:2:6$1)'( 5$06 2?:0K

1)(@$22) LGMNOD  !!NOPD

F #$ 5:64/0:Q:2:1= 5' 32:)01 )61 (=&'2:8() )1D '0) 9/:6 5:64/0:Q2)D :2 $11)05 2$ (=3)41:/0

5?'0 2/1 4(/5':1+

R:06:D 4/'( '0) 5).$05) 5) 2/16 5=1)(.:0=) 4$( S 0Q$13; TD 2)6 3(:18()6 B'$01:1$1:96

> =@$2')( 6/01 2)6 6':@$016 E

F U:1)66) 5) 4(/5'31:/0 5) 2$ 5).$05) 5) 2/16D .)6'(=) 4$( 2) 1).46 5) 4(/5'31:/0

&2/Q$2D

F V05:3) 5) ()W)1D .)6'(= 4$( 2) 0/.Q() 5) 2/16 4)(5'6D )1

F <:@)$' 5) 6$1:69$31:/0 5' 32:)01D .)6'(= 4$( 2) 1).46 5?$11)01) 3'.'2= 5' 32:)01+

O)6 4(/4(:=1=6D 6/'6 2$ 9/(.) 5) 3(:18()6 B'$01:1$1:96D 6/01 /Q6)(@=)6 > 2$ %0 5) 2$

4(/5'31:/0D 3?)61K>K5:() 586 B') SFC1.S6.X )61 $31:@)+

 !"! 8%4(3'*-)'%. 4, *9*):70

#$ 61('31'() 5' ./582)D 4(=6)01=) 5$06 2$ %&'() *+,JD ()4()05 2)6 4(:03:4)6 5)

./5=2:6$1:/0 5=%0:6 5$06 2$ 6)31:/0 ,+*+ + #) 3/01(X2)'( )61 ./5=2:6= 4$( 0)'9 ./K

5'2)6 HIOATS 1$05:6 B') 1(/:6 ./5'2)6 HIOATS ./5=2:6)01 2) 4(/3)66'6+ Y0 ./5'2)

HIOATS ./5=2:6) '0 /Q6)(@$1)'(+

Z/'( 2) 3/01(X2)'(D /0 ()1(/'@) 2) ./0:1)'( 5?)C=3'1:/0 [\/0:1/(G]D '0 ./5'2)

^_O 4/'( 2$ 61($1=&:) 3;/:6:) [^_O ]D '0 ./5'2) 4/'( 2$ @$(:$Q2) 5) 6/(1:) B': )61

4$(1$&=) 4$( 2) ^_O D '0 ./5'2) 4/'( 3;$3'0) 5)6 6/(1:)6 [`'14'1 D `'14'1GD `'1K

4'1,D `'14'1*]D '0 ./5'2) 4/'( 3;$3'0 5)6 5=1)31)'(6 5) 6)':2 5) 2$ @$(:$Q2) 3/01:0')

5) 1).4=($1'() [H;()6;/25a D H;()6;/25aG] )1 '0 ./5'2) 4/'( 2) 3/.41)'( 3 [U$K

(:$Q2) ]+

Z/'( 2) 4(/3)66'6D 2)6 (=6)(@/:(6 IMD IJ )1 O2:)01 /01 =1= ./5=2:6=6 3;$3'0 4$( '0

./5'2)+

#?:01)($31:/0 )01() 2) 4(/3)66'6 )1 2) 3/01(X2)'( )61 (=$2:6=) 6/:1 4$( 2)6 @$(:$Q2)6

0'.=(:B')6 B': :09/(.)01 6'( 2) 0:@)$' 5)6 (=6)(@/:(6 IM )1 IJ [U/2IMD U/2IJ] )1 6'(

2$ 1).4=($1'() 5' (=6)(@/:( IJ [H).4IJ]D 6/:1 4$( 2)6 @$(:$Q2)6 2/&:B')6 :09/(.$01 B')

2?/0 $ $11):01 2$ 3/03)01($1:/0 ()B':6) 5$06 IM [()$57IM] )1 B') 2) 32:)01 )61 4(=6)01

[()$57O2]+ b 6/0 1/'(D 2) 3/01(X2)'( =.)1 6)6 /(5()6 $' 4(/3)66'6 4$( 2)6 6/(1:)6 2/&:B')6

[1($06IMIJD 3//2IJD 1($06IJO2 )1 5($:0IJ]+ #?=.:66:/0 5)6 6/(1:)6 )61 .:6) > W/'( 6)2/0

2$ 3$5)03) 5' ./5'2) 5' ./0:1)'( \/0:1/(G 4$( 2?=@80).)01  !"+
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!"#$%&$"$%' (&)"(*+$, -./, &$ *0%"#. .&, 1+*2.&, *& 3+1-+(%&1&$% ",,+3#0, 4 35"6/&

1+*/.& &% .&/(, #$%&("3%#+$,7

 !"#$%&'(%!) *'+ HIOATS ", -!)(+.$/,+ $!0%1,/

8" 1+*0.#,"%#+$ */ 3+$%(9.&/( 3+$,#,%& &$ ." %("*/3%#+$ */ :;< &% ." )0$0("%#+$ */

1+$#%&/( ",,+3#0 =>+#( ,&3%#+$ ?7@7?A7 8& :;< &,% %("*/#% -"( /$ 1+*/.& HIOATS 6/#

*03(#% .& ,06/&$3&1&$% *&, ,#%/"%#+$, &% -"( /$ &$,&1B.& *& 1+*/.&, -+/( .&, >"(#"B.&,

-"(%")0&, 6/& .& :;< 1+*#C& =>+#( ,&3%#+$ ?7@7?A7

D"$, .& 1+*/.& :;< ' -(0,&$%0 *"$, ." C)/(& @7?E' +$ (&%(+/>& /$& ,#%/"%#+$ -+/(

35"6/& 0%"-& *& :;< =C)7 @7?FA 4 -"(%#( *& : 7 8G0%"-& :H */ :;< &,% %("*/#%&

-"( .G0%"% #$#%#". */ 1+*/.& :;< 7 8&, 6/"%(& ,+(%#&, %("$,IJIK' *("#$IK' 3++.IK &%

%("$,IK<. ,+$% %("#%0&, *"$, .&, 1+*/.&, L/%-/% ' L/%-/%F' L/%-/%? &% L/%-/%@7

M"( &N&1-.&' .+(,6/& .& 1+*/.& :;< O("$35#% ." %("$,#%#+$ ".."$% *& : 4 :F =0%#P

6/&%%&  !"#$%&'& A' ".+(, .& 1+*/.& L/%-/% O("$35#% ." %("$,#%#+$ 0%#6/&%0&  !"#$%&'&

&% ." >"(#"B.& %("$,IJIK &,% 1#,& 4  3+$O+(101&$% "/ B.+3 *G"3%#+$ ",,+3#0 4 .G0%"-&

:F *& :;< 7 8" >"(#"B.& 6/# 1+*0.#,& .& 3+1-%&/( *&, .+%, =>"(#"B.& A &,% 3+$,#*0P

(0& 3+11& /$& >"(#"B.& #$%&($& "/ B.+3 :;< 0%"$% *+$$0 6/G&..& $G&,% -", -"(%")0&7

8#1#%Q&1-IK &,% /$& >".&/( 4 (0).&(7

S1

25 < LimitTempB7 ≤ 100

?syncS1t1    

readyB5 = 1

?syncS1t3 

TempB7 ≤ LimitTempB7 ⁄ readyCl = 1

?syncS1t6                

VolB7 ≤ 0  ⁄

c < nbatch

?syncS1t9                 

TempB7 ≤ 25 ⁄ readyCl= 0

?syncS1t7                     

TempB7 ≤ LimitTempB7

⁄ readyCl = 0 

?syncS1t2

VolB5 ≤ 0

?syncS1t5                       

VolB7 ≤ 0 ⁄ c ≥ nbatch

?syncS1t10   

VolB7 ≤ 0

?syncS1t4                      

TempB7 ≤ 25 ⁄ readyCl= 1

?syncS1t8

readyCl = 1

S2

S3

S4

S5

S6

S7

S8

?syncS1

Ÿ(readyB5 = 1)

?syncS1

Ÿ(VolB5 ≤ 0)

?syncS1

Ÿ(TempB7 ≤ LimitTempB7 ⁄ readyCl = 1) ⁄

Ÿ(TempB7 ≤ LimitTempB7 ⁄ readyCl = 0) 

?syncS1

Ÿ(TempB7 ≤ 25 ⁄ readyCl = 1)

?syncS1

Ÿ(VolB7 ≤ 0)

?syncS1

Ÿ(VolB7 ≤ 0)

?syncS1

Ÿ(TempB7 ≤25 ⁄

readyCl= 0)

⁄ Ÿ(readyCl= 1) 

SFC1

Etiquettes d’entréeVariables d’entrée
VolB5 
readyB5 
VolB7 
TempB7 
readyCl

syncS1, syncS1t1, 
syncS1t2,  syncS1t3, 
syncS1t4, syncS1t5, 
syncS1t6, syncS1t7, 
syncS1t8, syncS1t9, 
syncS1t10

SFC1

output_transB5B7

d(transB5B7)/dt=0

transB5B7 = 0

?syncS1t1 

transB5B7’: = 1

?syncS1t2 

transB5B7’: = 0

output_transB5B7

d(transB5B7)/dt=0

transB5B7 = 0

?syncS1t1 

transB5B7’: = 1

?syncS1t2 

transB5B7’: = 0

drainB7 = 0

?syncS1t9

drainB7’: = 1

?syncS1t10 

drainB7’: = 0

output_drainB7

d(drainB7)/dt=0

drainB7 = 0

?syncS1t9

drainB7’: = 1

?syncS1t10 

drainB7’: = 0

output_drainB7

d(drainB7)/dt=0

c = 0

?syncS1t4 

c’: = c+1

variable_c

d(c)/dt=0

c = 0

?syncS1t4 

c’: = c+1

variable_c

d(c)/dt=0

coolB7 = 0

?syncS1t2, 

?syncS1t8

coolB7’ := 1

?syncS1t7, 

?syncS1t4

coolB7’: = 0

output_coolB7

d(coolB7)/dt=0

coolB7 = 0

?syncS1t2, 

?syncS1t8

coolB7’ := 1

?syncS1t7, 

?syncS1t4

coolB7’: = 0

output_coolB7

d(coolB7)/dt=0

transB7Cl = 0

?syncS1t14

transB7Cl’: = 1

?syncS1t5, 

?syncS1t6

transB7Cl’: = 0

output_transB7Cl

d(transB7Cl)/dt=0

transB7Cl = 0

?syncS1t14

transB7Cl’: = 1

?syncS1t5, 

?syncS1t6

transB7Cl’: = 0

output_transB7Cl

d(transB7Cl)/dt=0

Va
ria

ble
1

Ou
tpu

t4
Ou

tpu
t3

Ou
tpu

t2
Ou

tpu
t1

syncS1t4, syncS1t5,  
syncS1t6
syncS1t9, syncS1t10

transB7Cl

drainB7

syncS1t1,syncS1t2

Etiquettes 
d’entrée

Variables de 
sortie

transB5B7
syncS1t2, syncS1t8,  
syncS1t7, syncS1t4coolB7
syncS1t4, syncS1t5,  
syncS1t6
syncS1t9, syncS1t10

transB7Cl

drainB7

syncS1t1,syncS1t2

Etiquettes 
d’entrée

Variables de 
sortie

transB5B7
syncS1t2, syncS1t8,  
syncS1t7, syncS1t4coolB7

c syncS1t4

Etiquettes 
d’entrée

Variables de 
sortie

Output1
Output2
Output3
Output4
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M+/( 3&%%& 0%/*&' .G0>+./%#+$ */ -(+3&,,/, &,% B&"/3+/- -./, .&$%& 6/& ." */(0& *G/$

3S3.& *G&N03/%#+$ *& .GTMU7 M"( &N&1-.&' ,# .& 3+$%(9.&/( +(*+$$& *G+/>(#( /$& >"$$&'



  !  !"#$%&' () *+&$,-"%$./ 0'1 #&.#&$+%+1 23"/%$%"%$4'1 5 0'36 -"1 07+%30'

"# $%&'%())# (**#+, -.)$"#)#+* /0# "# 1($*#0% "0. .+,./0# /0# "# $%&1#--0- ( (**#.+*

0+ +&02#" 3*(* 4%3-#%2&.% $"#.+5 $&0% %3('.%6 7(+- 1# 1(-8 "9#:310*.&+ ,0 $%&'%())#

+9#-* +31#--(.%# /0# -. "# $%&1#--0- 32&"0# #* -. 1# 1;(+'#)#+* -(*.-<(.* "#- 1&+,.*.&+-

$&0% /0# "# -=-*>)# $0.--# 32&"0#%6 ?9#-* $&0% 1#**# %(.-&+ /0# +&0- (""&+- 0*.".-#% "#

)&,>"# '3+3%./0# ,# )&+.*#0%!6

@# )&,0"# ,0 )&+.*#0% #-* &A*#+0 $(% .+-*(+1.(*.&+ -#"&+ "( $%&13,0%# #:$&-3#

,(+- "( -#1*.&+ B6C6C8 #* "# %3-0"*(* ,# "9.+-*(+1.(*.&+ #-* $%3-#+*3 D'0%# C6BE6 ?# )&F

,0"# "(+1# "9#:310*.&+ ,# GH? 41&)$0*#IGH? 56 J" 23%.D# #+-0.*# *&0*#- "#- 32&"0F

*.&+- $&--.A"#- ,# GH? 4*#-*I<&%I*%(+-.#+*56 @&%-/0# (010+# 32&"0*.&+ ,0 GH? +9#-*

$&--.A"# 4*%(+-.#+*KL58 ." )#* M N&0% "#- 2("#0%- ,#- 2(%.(A"#- ,# -&%*.# ,# "9OPJ $(%

"93*./0#**#  !"#$%&'6 Q+-0.*#8 ." (**#+, "9(2#%*.--#)#+* ,#- 1;(+'#)#+*- ,0 $%&1#--0-

4R(.*I<&%I#2#+*56

Monitor2

!syncM

swatchM ≥ 0  ∧ transient =1

swatchM’:= 0 ∧ transient’:= 0

wait for event
d(swatchM)/dt=1

d(transient)/dt=0

?syncPB5a, ?syncPB5b, 

?syncPB7a, ?syncPCa,

?syncTD1a, ?syncTD2a

compute_SFC1
swatch ≤ 0

d(swatchM)/dt=1

d(transient)/dt=0

!syncS1t1, !syncS1t2, 

!syncS1t3, !syncS1t4, 

!syncS1t5, !syncS1t6, 

!syncS1t7, !syncS1t8, 

!syncS1t9, !syncS1t10 

swatchM ≥ 0 

transient’:= 1

swatchM = 0, 

transient = 0

!syncMor

swatchM ≥ 0  ∧ transient = 0

test_for_transient
swatchM ≤ 0

d(swatchM)/dt=1

d(transient)/dt=0

!syncS1

swatchM ≥ 0 

!syncM

swatchM ≥ 0  ∧ transient =1

swatchM’:= 0 ∧ transient’:= 0

wait for event
d(swatchM)/dt=1

d(transient)/dt=0

?syncPB5a, ?syncPB5b, 

?syncPB7a, ?syncPCa,

?syncTD1a, ?syncTD2a

compute_SFC1
swatch ≤ 0

d(swatchM)/dt=1

d(transient)/dt=0

!syncS1t1, !syncS1t2, 

!syncS1t3, !syncS1t4, 

!syncS1t5, !syncS1t6, 

!syncS1t7, !syncS1t8, 

!syncS1t9, !syncS1t10 

swatchM ≥ 0 

transient’:= 1

swatchM = 0, 

transient = 0

!syncMor

swatchM ≥ 0  ∧ transient = 0

test_for_transient
swatchM ≤ 0

d(swatchM)/dt=1

d(transient)/dt=0

!syncS1

swatchM ≥ 0 

Monitor2
Etiquettes 
d’entrée

Variables 
locales
swatchM
transient

syncS1, 
syncS1t1, syncS1t2,  
syncS1t3, syncS1t4,  
syncS1t5, syncS1t6, 
syncS1t7, syncS1t8, 
syncS1t9, syncS1t10
syncMor

syncPB5a,
synchPB5b 
syncPB7a
syncPCa
syncTD1a
syncTD2a

Etiquettes 
locales Etiquettes de sortie

syncM

Etiquettes 
d’entrée

Variables 
locales
swatchM
transient

syncS1, 
syncS1t1, syncS1t2,  
syncS1t3, syncS1t4,  
syncS1t5, syncS1t6, 
syncS1t7, syncS1t8, 
syncS1t9, syncS1t10
syncMor

syncPB5a,
synchPB5b 
syncPB7a
syncPCa
syncTD1a
syncTD2a

Etiquettes 
locales Etiquettes de sortie

syncM

TempB7_LE25

TempB7 ≤ 25

¿syncPB7a

TempB7_GE25

TempB7 ≥ 25

!syncTD1a

TempB7 ≤ 25

!syncTD1

TempB7 ≥ 25

¿syncPB7b

TempB7_LE25

TempB7 ≤ 25

¿syncPB7a

TempB7_GE25

TempB7 ≥ 25

!syncTD1a

TempB7 ≤ 25

!syncTD1

TempB7 ≥ 25

¿syncPB7b

Threshold_D1

syncPB7b,
syncPB7a

Etiquettes 
d’entrée

Variables 
d’entrée
TempB7

Etiquettes 
locales
syncTD1

Etiquettes 
de sortie
syncTD1a

Threshold_D1

TempB7_LELimitTempB7

TempB7 ≤ LimitTempB7

¿syncPB7a

TempB7_GELimitTempB7

TempB7 ≥ LimitTempB7

!syncTD2a

TempB7 ≤ LimitTempB7

!syncTD2

TempB7 ≥ LimitTempB7

¿syncPB7b

TempB7_LELimitTempB7

TempB7 ≤ LimitTempB7

¿syncPB7a

TempB7_GELimitTempB7

TempB7 ≥ LimitTempB7

!syncTD2a

TempB7 ≤ LimitTempB7

!syncTD2

TempB7 ≥ LimitTempB7

¿syncPB7b

Threshold_D2

syncPB7b,
syncPB7a

Etiquettes 
d’entrée

Variables 
d’entrée
TempB7

Etiquettes 
locales
syncTD2

Etiquettes 
de sortie
syncTD2a

Threshold_D2

 !"# C6BE S T&,>"# HIOATS ,0 )&+.*#0% ,9#:310*.&+ !

@9.+<&%)(*.&+ $%&2#+(+* ,#- -.'+(0: 1&+*.+0- ,0 $%&1#--0- #-* $%.-# #+ 1&)$*#

$(% "# )&+.*#0% ! (0 *%(2#%- ,#- 3*./0#**#- ,9#+*%3# +&+ A"&/0(+*#- '3+3%3#- $(% "#-

)&,0"#- ,#- ,3*#1*#0%- ,# -#0."8 1&))# ." ( 3*3 ,3*(.""3 ,(+- "( -#1*.&+ B6C6B6 P(%

%($$&%* (0 )&,>"# '3+3%./0#8 "# $%&1#--0- '3+>%# "#- 32>+#)#+*- /0. $%32.#++#+* "#-

1;(+'#)#+*- ,# +.2#(0 ,(+- "#- %3-#%2&.%- UV #* UW8 ." +9#-* ,&+1 $(- +31#--(.%# ,#

)&,3".-#% "#- ,3*#1*#0%- ,# -#0." $&0% 1#- -.'+(0: 1&+*.+0-6 O.+-.8 "#- ,3*#1*#0%- ,#

-#0." $&0% "( 2(%.(A"# *#)$3%(*0%# -&+* )&,3".-3- $(% "#- ,#0: )&,0"#- X;%#-;&",I7 

#* X;%#-;&",I7! 1&+-*%0.*- -#"&+ "( -#1*.&+ B6C6C6 @9(0*&)(*# 7 '3+>%# "93*./0#**#

,# -=+1;%&+.-(*.&+ syncTD1a ,>- /0# "( *#)$3%(*0%# ,0 "&* ,(+- "# %3-#%2&.% UW #-*



 !"! #$%&' &' ()* + , -.*$/0' &' 123&%($435 1)2 63$*   !

"#$%&"'(&' )( %*+,' - ./01 +,)&2 3(' ,4+(5)6+5' 7. *%#8&' ,4%5"3('55' 9' 2:#;<&)#"2+5")#

syncTD2a ,)&23(' ,+ 5'6=%&+5(&' '25 "#$%&"'(&' )( %*+,' - ,+ 5'6=%&+5(&' ,"6"5' - &%*,'&

9+#2 ,' ;)#5&>,'(&?

 !"#$%&'(%!) "* +,!-.&&*&

@' 6)98,' 9( =&);'22(2 '25 ;)6=)2% 9' 5&)"2 +(5)6+5'2 6)9%,"2+#5 ,' ;)6=)&5'6'#5

9'2 &%2'&A)"&2 B/C BD '5 1,"'#5?

@4+(5)6+5' 3(" 6)9%,"2' ,' ;)6=)&5'6'#5 9( &%2'&A)"& B/ EF* G?GHI '25 ;)6=)2% 9'

3(+5&' 2"5(+5")#2 9"2;&85'2 J ,+ 2"5(+5")#  !!"#$C 3(" &'=&%2'#5' ,' &'6=,"22+*' 9( &%2'&K

A)"&C ,+ 2"5(+5")# %&#%'#()*("#$C 3(" &'=&%2'#5' ,+ =&%=+&+5")# 94(# ,)5 - ,+ ;)#;'#5&+5")#

&'3("2'C ,+ 2"5(+5")# '+,(-"#$C 3(" ;)&&'2=)#9 - ,+ =<+2' 9' A"9+#*' 9( &%2'&A)"&C '5 ,+

2"5(+5")# )'*.-C (#' =<+2' 5&+#2"5)"&' '#5&' ;'2 9'(L %5+52 3(" "#9"3(' 3(' ,' ,)5 + %5%

=&%=+&% '5 3(4", ='(5 M5&' 5&+#2$%&% A'&2 ,' &%2'&A)"& BD? N#' $)"2 3(' B/ '25 A"9'C )#

='(5 ;)66'#;'& - =&)9("&' (# #)(A'+( ,)5? 1'5 +(5)6+5' 6+#"=(,' 9'(L A+&"+O,'2 9'

;)#5&>,'C ,4(#' ;)#5"#(' =)(& ,4%A),(5")# 9( A),(6' 9+#2 ,' &%2'&A)"& EP),B/I '5 ,4+(5&'

,)*"3(' =)(& "#9"3('& 3(' ,' ,)5 + %5% =&%=+&% E&'+9:B/Q I? R ,4"#"5"+,"2+5")#C ,' &%2'&K

A)"& '25 2(==)2% A"9' '5C =+& ;)#2%3('#5C +(;(# ,)5 #4'25 =&%=+&%C )# + 9)#; V olB5 = 0
'5 readyB5 = 0? S5+#5 9)##% 3(' ,+ A+&"+O,' ,)*"3(' #4%A),(' =+2 9+#2 ,' 5'6=2C +(L

3(+5&' 2"5(+5")#2 9"2;&85'2 9( 6)98,' '25 +22);"%' ,+ $)#;5")#

d
dt

(readyB5) = 0? 7+#2

5&)"2 2"5(+5")#2 ,' A),(6' 9( &%2'&A)"& 2(O"5 9'2 ;<+#*'6'#52? 7+#2 ;<+;(#' 9' ;'2

2"5(+5")#2 2)#5 +22);"%'2 ,'2 $)#;5")#2 ;)#5"#('2 9' ,+ $)&6' d(V olB5)/dt = αC α
%5+#5 ,' 9%O"5 E7%O"5P .I 9( &'6=,"22+*' - A),(6' #)# ;)#;'#5&% EP),B#);IC ,+ A"K

5'22' E7%O"5TA+=I =)(& +55'"#9&' ,' A),(6' - ,+ ;)#;'#5&+5")# &'3("2' EP),B;IC )( ,'

9%O"5 E7%O"5P /I =)(& A"9'& ,' &%2'&A)"&? 7+#2 ,+ 2"5(+5")# 5&+#2"5)"&' ,' A),(6' &'25'

;)#25+#5? U)(& ;' 6)98,'C P),B#);C P),B;C 7%O"5P .C 7%O"5TA+= '5 7'O"5P / 2)#5 9'2

;)#25+#5'2?
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  !  !"#$%&' () *+&$,-"%$./ 0'1 #&.#&$+%+1 23"/%$%"%$4'1 5 0'36 -"1 07+%30'

"#$ %&$'(%$# )*+,-.'+/)# )% 0/1%+2# 31# 4% )/$&%$/'+  !"#$%&' 0#.) 4% )/$&%$/'+

())%&'5 %0#, 4# .#(64/))%2# 1# 47%&$'(%$# ('184/)%+$ 4# .8)#.0'/. 9: 3;%+<9:5 6%. 478$/=

>&#$$# ?4'>&%+$# *+$&,-./0@ A7%&$'(%$# (%+/6&4# $.'/) 8$/>&#$$#) B 1#&C 8$/>&#$$#) 1#

)'.$/# 3 1+$&,-.23 #$ 1+$&,-.205 6'&. /+D'.(#. ('+/$'.E 1#) ,-%+2#(#+$) 1%+) 4# 0'=

4&(#F #$ &+# 8$/>&#$$# 4',%4# 3 1+$&,-.2 5 6'&. .8/+/$/#. )'+ ,*,4#@

A7%&$'(%$# >&/ ('184/)# 4# ,'(6'.$#(#+$ 1& .8)#.0'/. 9: 3G2@ !@! 5 #)$ ,'(6')8 1#

: )/$&%$/'+) 1/),.H$#) #$ /+/$/%4/)8 I 4% )/$&%$/'+  !"#$@ A7%&$'(%$# * 1#(#&.# J&)>&7I

,# >&# 4# ,'+$.K4#&. '.1'++# 4# $.%+)D#.$ 1& 4'$ 1& .8)#.0'/. 9L 0#.) 4# .8)#.0'/. 9:

3$.%+)9L9:M 5@ A% )/$&%$/'+  !"#$4())%&' #)$ &+# 6-%)# $.%+)/$'/.# >&/ 6#.(#$ 4%

)*+,-.'+/)%$/'+ 1# +$&,-./0 %0#, 4# .8)#.0'/. 9L #$ 4# 18?&$ 1& .#(64/))%2# 1# 9:

1%+) 4% )/$&%$/'+ 1/),.H$# ())%&'@ NH) >&# 4# .8)#.0'/. 9L % $.%+)D8.8 ,'(64H$#(#+$

)'+ ,'+$#+& 0#.) 9:F &+# 6-%)# 1# .#D.'/1/))#(#+$ ,'((#+,#@ O44# #)$ .#6.8)#+$8# 6%.

1#&C )/$&%$/'+) 1/),.H$#) B 567, 89,66)%&' )/ 4# ,'+$.K4#&. '.1'++# 4# .#D.'/1/))#(#+$

3,''49:M 5 #$ &3#:73)9,66)%&' 1%+) 4# ,%) ,'+$.%/.#@ A% )/$&%$/'+ 1/),.H$#  !"#$%&'

,'..#)6'+1 I 4% 6-%)# 1# $.%+)D#.$ 1& 4'$ 0#.) 4# ,4/#+$ #$ 4% )/$&%$/'+ 873%&%&' .#6.8)#+$#

4% 0/1%+2# 1& .8)#.0'/. 9: #+ ,%) 1# 6#.$# 1& 4'$@ A#) 1#&C 0%./%?4#) 1# ,'+$.K4#

,'+$/+&#) )'+$ 4780'4&$/'+ 1& 0'4&(# 1%+) 4# .8)#.0'/. 9: 3P'49:5 #$ 4780'4&$/'+ 1# 4%

$#(68.%$&.# 1& 4'$ 3;#(69:5@

empty
d(VolB7)/dt=0

d(TempB7)/dt=0

TempB7 =20, VolB7=0

¿syncMor

transB5B7 = 1

!syncPB7a 

VolB7 ≤ 0

TempB7’:= 20

!syncPB7b                              

VolB7 ≥ 0

TempB7’:= 100

?syncPB5a  

coolB7 = 1

?syncPB5a           

coolB7 = 0

?syncPCb

¿syncMor

coolB7 = 0  ⁄ drainB7 = 0

¿syncMor

coolB7 =1  ⁄ drainB7 = 0

¿syncMor

drainB7 =1

!syncPB7      

VolB7 ≤ 0

TempB7’:= 20 

¿syncMor

drainB7 =1

?syncPCb

empty2filling
VolB7≤ 0

d(VolB7)/dt=DébitV15

d(TempB7)/dt=0

filling
d(VolB7)/dt=DébitV15

d(TempB7)/dt=0

forced_cooling
d(VolB7)/dt=0

d(TempB7)/dt=GradTempB7forced

natural_cooling
d(VolB7)/dt=0

d(TempB7)/dt=GradTempB7natural

emptying
VolB7 ≥ 0

d(VolB7)/dt=-DébitV26

d(TempB7)/dt=0

draining
VolB7 ≥ 0

d(VolB7)/dt=-DébitV27

d(TempB7)/dt=0

empty
d(VolB7)/dt=0

d(TempB7)/dt=0

TempB7 =20, VolB7=0

¿syncMor

transB5B7 = 1

!syncPB7a 

VolB7 ≤ 0

TempB7’:= 20

!syncPB7b                              

VolB7 ≥ 0

TempB7’:= 100

?syncPB5a  

coolB7 = 1

?syncPB5a           

coolB7 = 0

?syncPCb

¿syncMor

coolB7 = 0  ⁄ drainB7 = 0

¿syncMor

coolB7 =1  ⁄ drainB7 = 0

¿syncMor

drainB7 =1

!syncPB7      

VolB7 ≤ 0

TempB7’:= 20 

¿syncMor

drainB7 =1

?syncPCb

empty2filling
VolB7≤ 0

d(VolB7)/dt=DébitV15

d(TempB7)/dt=0

filling
d(VolB7)/dt=DébitV15

d(TempB7)/dt=0

forced_cooling
d(VolB7)/dt=0

d(TempB7)/dt=GradTempB7forced

natural_cooling
d(VolB7)/dt=0

d(TempB7)/dt=GradTempB7natural

emptying
VolB7 ≥ 0

d(VolB7)/dt=-DébitV26

d(TempB7)/dt=0

draining
VolB7 ≥ 0

d(VolB7)/dt=-DébitV27

d(TempB7)/dt=0
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 !"! #$%&' &' ()* + , -.*$/0' &' 123&%($435 1)2 63$*   !

" #$%&%'%(#%)('%*&+ #, -.),-/*%- ,)' /%0, ,' 1 ',23.-('4-, (25%(&', 6789:;+ *& ( 0*&<

V olB7 = 0 ,' TempB7 = 20= >,) 0,4? /(-%(5#,) <*&'%&4,) )*&' <*23#.2,&'(%-,)+ <$,)'@

1@0%-, A4, 3,&0(&' #$./*#4'%*& 04 /*#42,+ #( ',23.-('4-, &, <B(&C, 3()+ ,' /%<,@/,-)(+

04-(&' #$./*#4'%*& 0, #( ',23.-('4-,+ #, /*#42, -,)', <*&)'(&'= " #( )%'4('%*& %&%'%(#,

)*&' ())*<%.,) #,) D*&<'%*&) d(V olB7)/dt = 0 ,' d(TempB7)/dt = 0= E4? )%'4('%*&)

0%)<-F',) *G #, /*#42, -,)', <*&)'(&' )*&' ())*<%.,) #,) D*&<'%*&) d(TempB7)/dt =
GradTB7for 3*4- #, -,D-*%0%)),2,&' D*-<. ,' d(TempB7)/dt = GradTB7nat 3*4- #,

-,D-*%0%)),2,&' &('4-,#= E4? )%'4('%*&) *G #, /*#42, 04 -.),-/*%- <B(&C, )*&' ())*<%.,)

#,) D*&<'%*&) <*&'%&4,) 0, #( D*-2, d(V olB7)/dt = DbitV 15 3*4- #, -,23#%))(C, 0, HI+

d(V olB7)/dt = −DbitV 26 3*4- #, '-(&)D,-' /,-) #, <#%,&' ,' d(V olB7)/dt = −DbitV 27
3*4- #, -,J,' 04 #*'=

>,) *-0-,) -,K4) 3(- #, 2*0F#, 04 <*&'-L#,4- )*&' #,) '-*%) /(-%(5#,) 0$,&'-., '-(&)H!HI+

<**#HI ,' '-(&)HI:#= >$(4'*2(', ,)' )M&<B-*&%). (/,< #,) (4'*2(',) N*&%'*-7+ O(&PH!

,' :#%,&' 3(- )%? .'%A4,'',) Q '-*%) .'%A4,'',) 6  !"#$%&'+  !"#$%&'( ,'  !"#$%&'); D(5-%@

A4.,) 3(- #4% 2R2, 0*&' 0,4? 6  !"#$%&'( ,'  !"#$%&'); 3,-2,'',&' 0, <*224&%A4,-

(/,< #,) (4'*2(',) O(&PH! ,' :#%,&'+ (%&)% A4, 3(- '-*%) .'%A4,'',) 0$,&'-.,)+ 3-*/,@

&(&' 0,) (4'*2(',) O(&PH! 6 *!"#$%&+);+ :#%,&' 6 *!"#$%,(; ,' 2*&%'*-7 6-!"#$.

/01 ;= S*4- <,' (4'*2(',+ T-(0O,23HID*-+ T-(0O,23HI&('+ U.5%'V !+ U.5%'V7W ,'

U.5%'V7I )*&' 0,) <*&)'(&',)=

>$(4'*2(', A4% 2*0.#%), #, <*23*-',2,&' 04 <#%,&' 6XC Y=Y7; ,)' <*23*). 0, A4('-,

)%'4('%*&) 0%)<-F',) Q #( )%'4('%*& #02314)5"+ A4% <*--,)3*&0 (4? 3.-%*0,) *G #, <#%,&'

&$,)' 3() 3-.),&'+ #( )%'4('%*& 14)5"+ A4% -,3-.),&', #( 3B(), *G #, <#%,&' (33(-(Z'+ #(

)%'4('%*& 14)5"67889#:+ A4% ,)' 4&, 3B(), '-(&)%'*%-, A4% %&0%A4, A4, #, <#%,&' ,)' 3-.),&'

,' A4, #, #*' <*&',&4 0(&) HI 3,4' R'-, 0.#%/-. (4 <#%,&'+ ,' X&(#,2,&'+ #( )%'4('%*&

7889#:+ A4% <*--,)3*&0 (4 '-(&)D,-' 04 #*' /,-) #, <#%,&'= [&, D*%) A4, HI ,)' /%0,+ #,

<#%,&' 0,/%,&' 1 &*4/,(4 %&0%)3*&%5#, 3,&0(&' 4& <,-'(%& ',23)= :,' (4'*2(', 2(&%@

34#, 0,4? /(-%(5#,) 0, <*&'-L#,+ 4&, B*-#*C, %&',-&, 1 #$(4'*2(', 6)\('<BS:; ,' 4&,

/(-%(5#, #*C%A4, 6-,(0M:#] ; 3*4- %&0%A4,- (4 <*&'-L#,4- A4, #, <#%,&' ,)' 0%)3*&%5#,=

>( 3.-%*0, 3,&0(&' #(A4,##, #, <#%,&' &$,)' 3() 0%)3*&%5#, ,)' <B*%)%, (-5%'-(%-,2,&'

0(&) 4& %&',-/(##, D,-2. Q ^0,#(M:2%&+ 0,#(M:2(?_= E%&)%+ #$%&/(-%(&' 0, #( )%'4('%*&

&*'`-,(0M 0,/%,&' swatchPC ≤ delayCmax ,' #( C(-0, 0, #( '-(&)%'%*& A4% 3,-2,' 0,

A4%'',- <,'', )%'4('%*& 0,/%,&' swatchPC ≥ delayCmin= " #$%&%'%(#%)('%*&+ #, <#%,&' ,)'

'*4J*4-) 3-.),&' ,' #$B*-#*C, ,)' 2%), 1 a.-*+ 3(- <*&).A4,&'+ &*4) (/*&) swatchPC = 0
,' readyCl = 1= b'(&' 0*&&. A4, #( /(-%(5#, #*C%A4, &$./*#4, 3() 0(&) #, ',23)+ (4?

A4('-, )%'4('%*&) 0%)<-F',) 04 2*0F#, ,)' ())*<%., #( D*&<'%*& d(readyCl)/dt = 0= U(&)

#( )%'4('%*& 14)5"+ #$B*-#*C, !;)2$<%, )$(<'%/, J4)A4$1 <, A4, #, #*' 34%)), R'-, 0.#%/-.=

>$B*-#*C, 0, #$(4'*2(', ,)' (<'%/., 3*4- 0.<*23',- #( 04-., 0$%&0%)3*&%5%#%'. 04 <#%,&'

,' 3,&0(&' #( )%'4('%*& '-(&)%'*%-,= U4-(&' #, -,23#%))(C,+ #,) B*-#*C,) )*&' %&(<'%/,)=

>, ),4# *-0-, -,K4 3(- #, 2*0F#, 04 <*&'-L#,4- ,)' #( /(-%(5#, 0$,&'-., '-(&)HI:#=

>$(4'*2(', ,)' )M&<B-*&%). (/,< #,) (4'*2(',) N*&%'*-7+ O(&PHI ,' c5),-/(',4- 3(-

A4('-, .'%A4,'',)+ 0,4? .'%A4,'',) 0, )*-'%, (33,#.,)  !"#$%,) ,'  !"#$%,( ,' 0,4?

.'%A4,'',) 0$,&'-.,+ 4&, 5#*A4(&', 6 *!"#$%&'); ,' 4&, &*& 5#*A4(&', 6-!"#$/01 ;=

U(&) <, 2*0F#, 0,#(M:2%& ,' 0,#(M:2(? )*&' 0,) <*&)'(&',)=



  !  !"#$%&' () *+&$,-"%$./ 0'1 #&.#&$+%+1 23"/%$%"%$4'1 5 0'36 -"1 07+%30'

Variables 
d’entrée

Variables 
de sortie

Etiquettes 
locales

Etiquettes 
de sortie

Variables 
locales

readyClswatchPC

syncPB7a
syncMor

syncPCa
syncPCb

transB7Cl

Client

?syncPB7a

readyCl’:= 0 

ready
d(swatchPC)/dt=0

d(readyCl)/dt=0

swatchPC = 0 

readyCl = 1

¿syncMor

transB7Cl = 1

!syncPCb

swatchPC ≥ 0

ready2filling
swatchPC ≤ 0

d(swatchPC)/dt=1

d(readyCl)/dt=0

filling
d(swatchPC)/dt=0

d(readyCl)/dt=0

not_ready
swatchPC ≤ delayC

max

d(swatchPC)/dt=1

d(readyCl)/dt=0

!syncPCa

swatchPC ≥ delayC

min

swatchPC’:= 0 ⁄ readyCl’:= 1

?syncPB7a

readyCl’:= 0 

ready
d(swatchPC)/dt=0

d(readyCl)/dt=0

swatchPC = 0 

readyCl = 1

¿syncMor

transB7Cl = 1

!syncPCb

swatchPC ≥ 0

ready2filling
swatchPC ≤ 0

d(swatchPC)/dt=1

d(readyCl)/dt=0

filling
d(swatchPC)/dt=0

d(readyCl)/dt=0

not_ready
swatchPC ≤ delayC

max

d(swatchPC)/dt=1

d(readyCl)/dt=0

!syncPCa

swatchPC ≥ delayC

min

swatchPC’:= 0 ⁄ readyCl’:= 1

 !"# "#"$ % &'()*+ HIOATS (, -*.+/0

 !"#$%&'(%!) "* $+!,&*-.'(*/-

12'34+5670+,5 8+59+0 *7 5+:;+5:;+ (+4 85'85.<0<4 =,7/0.070.6+4 >./(.:70+,54 (+ 8+5?

@'597/:+A :'99+ +B8*.=,< (7/4 *+ :;78.05+ C >4+:0.'/C#"#DA# 1+ 9'(,*+ 85<4+/0< (7/4

*7 EF,5+ "#"C +40 :'98'4< (+4 05'.4 4.0,70.'/4 (.4:5)0+4 G  !"#$%&'("%"$) H *+,-. %",$

+0 #$-&,/&*+,-. %",$# I5'.4 675.73*+4 4'/0 :'/05J*<+4 875 :+0 7,0'970+ G *+ :'980+,5

K + L 8',5 :7*:,*+5 *+ /'935+ (+ *'04 5+M+0<4 >'34+56< 875 *2<0.=,+00+ 012$ 34%5 (+ NO- 

(7/4 *7 EF# "#CPAH *2;'5*'F+ K 4Q70:;R L =,. 9+4,5+ *+ 0+984 (+ 85'(,:0.'/ F*'37*+

(+ *7 (+97/(+ (+4 *'04 +B.F<+ >/370:;A +0 *2;'5*'F+ K 4Q70:;R$ L =,. 9+4,5+ *+ 0+984

F*'37* (2700+/0+ (, :*.+/0 8+/(7/0 0',0+ *7 85'(,:0.'/ (+4 *'04# S *2./.0.7*.470.'/H *7 85'?

(,:0.'/ (+ *'04 (<9755+H ('/: /',4 76'/4 e = 0H swatchO1 = 0 +0 swatchO2 = 0# 1+
:'980+,5 /2<07/0 874 ,/+ 675.73*+ :'/0./,+H 47 (T/79.=,+ +40 (+ *7 @'59+ d/dt(e) = 0
8',5 0',0+4 *+4 4.0,70.'/4 (.4:5)0+4# 12;'5*'F+ K 4Q70:;R LH =,7/0 U +**+H +40 7:0.6<+

>d/dt(swatchO1) = 1A (7/4 *+4 4.0,70.'/4 (.4:5)0+4 :*.+/0VQ7.0./F +0 85'(,:0.'/H 875

:'/05+H *2;'5*'F+ K 4Q70:;R$ L /2+40 7:0.6<+ >d/dt(swatchO2) = 1A =,+ (7/4 *7 4.0,70.'/
(.4:5)0+ :*.+/0VQ7.0./F#

127,0'970+ '34+5670+,5 4T/:;5'/.4+ 76+: *27,0'970+ -*.+/0 875 *+4 <0.=,+00+4 012$ 67(

+0 012$ 678 8',5 8+59+005+ *2'34+5670.'/ (+ *7 85'(,:0.'/ +0 (, 0+984 (2700+/0+ (,

:*.+/0# 12<0.=,+00+ 012$ 34%9 85'6+/7/0 (+ *27,0'970+ NO- 8+59+0 (2755W0+5 *2'34+5?

670.'/ (+ *2./@'5970.'/#

 !"0$* !1(%2%&# 1!/- $' .#-%34'(%!)

X85)4 *7 057(,:0.'/ +/ 5<4+7, (2HIOA (, 9'()*+ (<:5.0 (7/4 *7 4+:0.'/ 85<:<?

(+/0+ >4+:0.'/ "#C#"AH :+*,.?:. +40 057/49.4 7, K 9'(+*?:;+:Y+5 L Z[X\+5H 8',5 (273'5(H

5<7*.4+5 *7 :'98'4.0.'/ (+4 7,0'970+4 +0H +/4,.0+H 8+59+005+ *+ :7*:,* (+ *7 5<F.'/ 700+.?

F/73*+# 1+ 9'()*+ :'98'4< 875 *+ K 9'(+*?:;+:Y+5 L :'/0.+/0 6652 4.0,70.'/4 (.4:5)0+4
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¿syncS1t5

¿syncS1t9

e’:= e+1

client_waiting
d(swatchO1)/dt=1

d(swatchO2)/dt=1

d(e)/dt=0

production
d(swatchO1)/dt=1

d(swatchO2)/dt=0

d(e)/dt=0

¿syncPCa¿syncPCb

end_of_production
d(swatchO1)/dt=0

d(swatchO2)/dt=0

d(e)/dt=0

swatchO1 = 0

swatchO2 = 0

e = 0

¿syncS1t5

¿syncS1t9

e’:= e+1

client_waiting
d(swatchO1)/dt=1

d(swatchO2)/dt=1

d(e)/dt=0

production
d(swatchO1)/dt=1

d(swatchO2)/dt=0

d(e)/dt=0

¿syncPCa¿syncPCb

end_of_production
d(swatchO1)/dt=0

d(swatchO2)/dt=0

d(e)/dt=0

swatchO1 = 0

swatchO2 = 0

e = 0

syncPCa
syncPCb
syncS1t5
syncS1t9

Etiquettes 
d’entrée

Variables 
locales
swatchO1
swatchO2
e

syncPCa
syncPCb
syncS1t5
syncS1t9

Etiquettes 
d’entrée

Variables 
locales
swatchO1
swatchO2
e

Observer1

 !"# "#"$ % &'()*+ HIOATS (+ *,'-.+/012+3/ 

+2 23846 2/14.525'4. +2 5* +.2 '-2+43 +4 166/'7581250+8+42 ! 85432+.# 9+6+4(142:

*'/. (+ *1 /+;<+/;<+ (+ *1 /=>5'4 122+5>41-*+ ;+ 8'()*+ +.2 *5852= ? 34+ 6/'(3;25'4

(+ @ *'2. A4-12;<B@C: 10+; 34 (=*15 (+ (5.6'45-5*52= (3 ;*5+42 (+ $D 85432+. ±10 E

A(+*1F9854B@! 854: (+*1F9817B$$ 854: 0'5/ G># "#"@C: 10142 (,122+54(/+ *+. *5852+.

(14. *,+.61;+ 8=8'5/+ (+ $ H' (+ *,'/(5412+3/ A8I8+ 81;<54+ J3+ ;+**+ 325*5.=+ 6'3/

*,+7+86*+ 6/=;=(+42C#

KG4 (,1**+/ 34 6+3 6*3. *'54 (14. *+. 2+.2. (+ 0=/5G;125'4: 4'3. 6/'6'.'4. (,1**=L

>+/ *+ 8'()*+ +4 /=(35.142 *+ 4'8-/+ (+ .523125'4. (5.;/)2+. (+ *1 8'(=*5.125'4 (=;/52+

6/=;=(+88+42# M'3/ ;+*1: 5* N132 ('4; /+6/+4(/+ (+ 8145)/+ +76+/2+ *+ /=.+13 (,132'L

812+. '-2+43 6'3/ 34+ *1/>+ 61/2 (+ N1O'4 .F.2=8125J3+ 61/ 54.214;5125'4 (+ .2/3;23/+.

>=4=/5J3+.# M'3/ ;+22+ =23(+ (+ ;1.: 4'3. 6/'6'.'4. (+ /=(35/+ *1 215**+ (3 8'(3*+

P14QRS# T'3. 6/'6'.'4. *1 N3.5'4 (+. .523125'4. (5.;/)2+.  !!"#$ +2 %&#%'#()*("#$ +4

34+ 4'30+**+ .523125'4  !!"#$+*#,+%&#%'#()*("#$ A0'5/ G> "#""C# 9+22+ .586*5G;125'4

+.2 6'..5-*+ 61/;+ J3+ *,=0'*325'4 (+  !!"#$ 0+/. %&#%'#()*("#$ +.2 6/'6/+ ? *,132'812+

A=25J3+22+ *';1*+ -./#%012 C +2 J3,13;34 132/+ 8'(3*+ 4,325*5.+ ;+22+ 54N'/8125'4#

U1 .2/3;23/+ 8'(3*15/+ (3 .F.2)8+ 4+ ;<14>+ 61. AG>3/+ "#$!C: 815. ;+22+ 8'(=*5.1L

25'4 6+/8+2 34+ 0=/5G;125'4 6*3. +V;1;+ (14. *+. *5852+. (3 W 8'(+*L;<+;Q+/ X MYKZ+/#

U+. (=215*. (+. 8'(3*+. .'42 6/=.+42=. .3/ *+. G>3/+. "#"S +2 "#"[#

 !"!# $%&'()*+',- ./0 1&,1&'%+%0 23*-+'+*+'4/0

\14. 2'32+ *1 .352+ (+ *,=23(+ *+ /=.+13 (,132'812+. HIOATS (+. G>3/+. "#$!: "#"S

+2 "#"[ .+/1 325*5.=# M'3/ J3,5* 635..+ I2/+ 0=/5G= 10+; MYKZ+/: *1 6/+85)/+ =216+ ;'4.5.2+

? 2/1(35/+ *+ /=.+13 (,132'812+. HIOATS +4 /=.+13 (,132'812+. HIOA ? *,15(+ (+.

'325*. 6/=.+42=. (14. *+ ;<1652/+ @: .+;25'4 @#"# ] 252/+ (,+7+86*+: *+. G>3/+. "#"! +2 "#"^

6/=.+42+42 *+. 8'()*+. (3 8'(3*+ W P14QR! X (3 6/';+..3. 10142 +2 16/). 2/1(3;25'4#

_4 F 0'52 ;'88+42 *+. .F4;</'45.125'4. 3./#%4&) 10+; 34 /`*+ 4'4 -*'J3142 >=4)/+42

(+. 2/14.525'4. +4 -'3;*+ .3/ ;<1J3+ .523125'4 10+; 34+ >1/(+ =*1-'/=+#
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VolB5 = 0, readyB5=0

?syncPB7b              

readyB5’: = 0 

!syncPB5a     

VolB5 ≤ 0

readyB5’: = 0 

filling_and_
concentrating
VolB5 ≤ VolBc

d(VolB5)/dt= DébitBc

d(readyB5)/dt=0

!syncPB5b     

VolB5 ≥ VolBc

readyB5’: = 1 

ready
d(VolB5)/dt=0

d(readyB5)/dt=0

emptying
VolB5 ≥ 0

d(VolB5)/dt=-DébitV15

d(readyB5)/dt=0

TankB5_OptimiséTankB5
VolB5 = 0, readyB5=0

!syncPB5     

VolB5 ≥ VolBnoc

?syncPB7b              

readyB5’: = 0 

!syncPB5a     

VolB5 ≤ 0

readyB5’: = 0 

filling
VolB5 ≤ VolVnoc

d(VolB5)/dt=DébitV12

d(readyB5)/dt=0

concentrating
VolB5 ≥ VolBc

d(VolB5)/dt=-DébitEvap

d(readyB5)/dt=0

!syncPB5b     

VolB5 ≥ VolBc

readyB5’: = 1 

ready
d(VolB5)/dt=0

d(readyB5)/dt=0

emptying
VolB5 ≥ 0

d(VolB5)/dt=-DébitV15

d(readyB5)/dt=0

VolB5 = 0, readyB5=0

!syncPB5     

VolB5 ≥ VolBnoc

?syncPB7b              

readyB5’: = 0 

!syncPB5a     

VolB5 ≤ 0

readyB5’: = 0 

filling
VolB5 ≤ VolVnoc

d(VolB5)/dt=DébitV12

d(readyB5)/dt=0

concentrating
VolB5 ≥ VolBc

d(VolB5)/dt=-DébitEvap

d(readyB5)/dt=0

!syncPB5b     

VolB5 ≥ VolBc

readyB5’: = 1 

ready
d(VolB5)/dt=0

d(readyB5)/dt=0

emptying
VolB5 ≥ 0

d(VolB5)/dt=-DébitV15

d(readyB5)/dt=0

 !"# "#"" $ %&'()* HIOATS '+ ,-.*,/&0, 12 &34050.-

63,(. 4,7'+840&9 '* 8* 9&+/*7+ ,-.*7+ ':HIOATS *9 ,-.*7+ ':HIOA; )7 8&53&.0<

40&9 '* 8*. 7+4&574*. 37, =>6?*, 9-8*..04* 265, 78 .; 4&+@&+,. 7/*8 +9 87)8+)74*+, +40<

)0.794 +9 508,&3,&8*..*+, =*940+5" 87'*98- A 2, 4 B>C# D:7+4&574* 8&53&.- 8&940*94

3436 .04+740&9. *4 12648 4,79.040&9.# D7 E+.0&9 '*. '*+F .04+740&9. GH))09I *4 8&98*9<

4,7409IJ '+ 5&'+)* K79L12 '+ 3,&8*..+. *9 +9* .*+)* GH))09IM79'M8&98*94,7409IJ 7

'&98 3*,50. +9* ,-'+840&9 .0I90H8740/* '* )7 470))* '* ):7+4&574* 8&53&.-# N733*)&9.

O+* )* 5&'()* 8&53&.- .79. 8*44* .053)0H8740&9 G/&0, .*840&9 "#P#"J -4704 8&9.404+- '*

6652 .04+740&9. *4 23846 4,79.040&9.#

D*. '&99-*. '+ 5&'()*. .&94 )*. .+0/794*. Q

 !"#$%"&"' ($ )%!*+,' -

$ D* /&)+5* '+ )&4 7/794 8&98*94,740&9; ?&)19&8R7ℓ;
$ D* /&)+5* '+ )&4 73,(. 8&98*94,740&9; ?&)18R4, 2ℓ;

 !"#$%"&"' ($ )%!#$..+. -

$ D* '-S04 '* )7 /799* ? T; U-S04? TR1, 02ℓ/min;
$ D* '-S04 ':-/73&,740&9 '79. 12 )&,. '+ 8V7+W7I*; U-S04X/73R0, 93ℓ/min;
$ D* '-S04 '* )7 /799* ? 2; U-S04? 2R0, 72ℓ/min;
$ D* '-S04 '* )7 /799* ? !; U-S04? !R1, 09ℓ/min;
$ D* I,7'0*94 '* 4*53-,74+,* '79. 1Y )&,. '* ):09@*840&9 ':*7+ ,-E,0I-,794*;

GradTempB7for = −7, 5Z[;
$ D* I,7'0*94 '* 4*53-,74+,* '79. 1Y .79. 09@*840&9 ':*7+ ,-E,0I-,794*;

GradTempB7nat = −0, 75Z[;

 !"#$%"&"' ($ #!"'%/($+% -

$ D*. .4,74-I0*. '* 8&5579'* A 4*.4*, Q  ; T *4 P G/&0, HI# "#P ; "#PT *4 "#PPJ;

$ D7 4*53-,74+,* '* 8&+3+,* 3&+, )7 .4,74-I0* T; D0504K*531Y ∈ [25, 100]Z[;

 !"#$%"&"' (& )%!*+#',!" -

$ D* 9&5S,* '* )&4. A 3,&'+0,*; 9S748V;

 !"#$%"&"' ($ #(,$"' -



 !"! #$%&' &' ()* + , -.*$/0' &' 123&%($435 1)2 63$*   !

S
1

2
5
 
<

 
L

i
m

i
t
T

e
m

p
B

7
 
≤

1
0
0

?
s
y
n
c
S
1
t
1
 
 
 
 

r
e
a
d

y
B

5
=

 
1

?
s
y
n
c
S
1
t
3
 

T
e
m

p
B

7
 
≤

L
i
m

i
t
T

e
m

p
B

7
⁄

r
e
a
d

y
C

l
=

 
1

?
s
y
n
c
S
1
t
6
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

V
o
l
B

7
 
≤

 
0

 
 
⁄

c
 
<

 
n

b
a
t
c
h

?
s
y
n
c
S
1
t
9
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

T
e
m

p
B

7
 
≤

 
2

5
 
⁄

r
e
a
d

y
C

l
=

 
0

?
s
y
n
c
S
1
t
7
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

T
e
m

p
B

7
 
≤

L
i
m

i
t
T

e
m

p
B

7

⁄
r
e
a
d

y
C

l
=

 
0

 

?
s
y
n
c
S
1
t
2

V
o
l
B

5
 
≤

 
0

?
s
y
n
c
S
1
t
5
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

V
o

l
B

7
 
≤

0
⁄

c
 
≥

n
b

a
t
c
h

?
s
y
n
c
S
1
t
1
0
 
 
 

V
o
l
B

7
 
≤

 
0

?
s
y
n
c
S
1
t
4
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

T
e
m

p
B

7
 
≤

2
5

 
⁄

r
e
a
d

y
C

l
=

 
1

?
s
y
n
c
S
1
t
8

r
e
a
d

y
C

l
=

 
1

S
2

S
3

S
4

S
5

S
6

S
7

S
8

?
s
y
n
c
S
1

Ÿ
(
r
e
a
d

y
B

5
 
=

 
1

)

?
s
y
n
c
S
1

Ÿ
(
V

o
l
B

5
 
≤

 
0

)

?
s
y
n
c
S
1

Ÿ
(
T

e
m

p
B

7
 
≤

L
i
m

i
t
T

e
m

p
B

7
 
⁄

r
e
a
d

y
C

l
=

 
1

)
 
⁄

Ÿ
(
T

e
m

p
B

7
 
≤

L
i
m

i
t
T

e
m

p
B

7
 
⁄

r
e
a
d

y
C

l
=

 
0

)
 

?
s
y
n
c
S
1

Ÿ
(
T

e
m

p
B

7
 
≤

2
5
⁄

r
e
a
d

y
C

l
=

 
1

)

?
s
y
n
c
S
1

Ÿ
(
V

o
l
B

7
 
≤

0
)

?
s
y
n
c
S
1

Ÿ
(
V

o
l
B

7
 
≤

0
)

?
s
y
n
c
S
1

Ÿ
(
T

e
m

p
B

7
 
≤

2
5
⁄

r
e
a
d

y
C

l
=

 
0

)

⁄
Ÿ

(
r
e
a
d

y
C

l
=

 
1

)
 

S
1

2
5
 
<

 
L

i
m

i
t
T

e
m

p
B

7
 
≤

1
0
0

?
s
y
n
c
S
1
t
1
 
 
 
 

r
e
a
d

y
B

5
=

 
1

?
s
y
n
c
S
1
t
3
 

T
e
m

p
B

7
 
≤

L
i
m

i
t
T

e
m

p
B

7
⁄

r
e
a
d

y
C

l
=

 
1

?
s
y
n
c
S
1
t
6
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

V
o
l
B

7
 
≤

 
0

 
 
⁄

c
 
<

 
n

b
a
t
c
h

?
s
y
n
c
S
1
t
9
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

T
e
m

p
B

7
 
≤

 
2

5
 
⁄

r
e
a
d

y
C

l
=

 
0

?
s
y
n
c
S
1
t
7
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

T
e
m

p
B

7
 
≤

L
i
m

i
t
T

e
m

p
B

7

⁄
r
e
a
d

y
C

l
=

 
0

 

?
s
y
n
c
S
1
t
2

V
o
l
B

5
 
≤

 
0

?
s
y
n
c
S
1
t
5
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

V
o

l
B

7
 
≤

0
⁄

c
 
≥

n
b

a
t
c
h

?
s
y
n
c
S
1
t
1
0
 
 
 

V
o
l
B

7
 
≤

 
0

?
s
y
n
c
S
1
t
4
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

T
e
m

p
B

7
 
≤

2
5

 
⁄

r
e
a
d

y
C

l
=

 
1

?
s
y
n
c
S
1
t
8

r
e
a
d

y
C

l
=

 
1

S
2

S
3

S
4

S
5

S
6

S
7

S
8

?
s
y
n
c
S
1

Ÿ
(
r
e
a
d

y
B

5
 
=

 
1

)

?
s
y
n
c
S
1

Ÿ
(
V

o
l
B

5
 
≤

 
0

)

?
s
y
n
c
S
1

Ÿ
(
T

e
m

p
B

7
 
≤

L
i
m

i
t
T

e
m

p
B

7
 
⁄

r
e
a
d

y
C

l
=

 
1

)
 
⁄

Ÿ
(
T

e
m

p
B

7
 
≤

L
i
m

i
t
T

e
m

p
B

7
 
⁄

r
e
a
d

y
C

l
=

 
0

)
 

?
s
y
n
c
S
1

Ÿ
(
T

e
m

p
B

7
 
≤

2
5
⁄

r
e
a
d

y
C

l
=

 
1

)

?
s
y
n
c
S
1

Ÿ
(
V

o
l
B

7
 
≤

0
)

?
s
y
n
c
S
1

Ÿ
(
V

o
l
B

7
 
≤

0
)

?
s
y
n
c
S
1

Ÿ
(
T

e
m

p
B

7
 
≤

2
5
⁄

r
e
a
d

y
C

l
=

 
0

)

⁄
Ÿ

(
r
e
a
d

y
C

l
=

 
1

)
 

!
s
y
n
c
M

s
w

a
t
c
h
M

≥
0

 
 
⁄

t
r
a
n
s
i
e
n
t

=
1

t
r
a
n
s
i
e
n
t
’
:
=

 
0

w
a
i
t
f
o
r
 
e
v
e
n
t

d
(
s
w
a
t
c
h
M
)
/
d
t
=
1

d
(
t
r
a
n
s
i
e
n
t
)
/
d
t
=
0

?
s
y
n
c
P
B
5
a
,
 
?
s
y
n
c
P
B
5
b
,
 

?
s
y
n
c
P
B
7
a
,
 
?
s
y
n
c
P
C
a
,

?
s
y
n
c
T
D
1
a
,
 
?
s
y
n
c
T
D
2
a

c
o
m
p
u
t
e
_
S
F
C
1

s
w
a
t
c
h
≤

0

d
(
s
w
a
t
c
h
M
)
/
d
t
=
1

d
(
t
r
a
n
s
i
e
n
t
)
/
d
t
=
0

!
s
y
n
c
S
1
t
1
,
 
!
s
y
n
c
S
1
t
2
,
 

!
s
y
n
c
S
1
t
3
,
 
!
s
y
n
c
S
1
t
4
,
 

!
s
y
n
c
S
1
t
5
,
 
!
s
y
n
c
S
1
t
6
,
 

!
s
y
n
c
S
1
t
7
,
 
!
s
y
n
c
S
1
t
8
,
 

!
s
y
n
c
S
1
t
9
,
 
!
s
y
n
c
S
1
t
1
0
 

t
r
a
n
s
i
e
n
t
’
:
=

 
1

s
w

a
t
c
h
M

=
 
0
,
 

t
r
a
n
s
i
e
n
t

=
 
0

t
e
s
t
_
f
o
r
_
t
r
a
n
s
i
e
n
t

s
w
a
t
c
h
M

≤
0

d
(
s
w
a
t
c
h
M
)
/
d
t
=
1

d
(
t
r
a
n
s
i
e
n
t
)
/
d
t
=
0

!
s
y
n
c
S
1

s
w

a
t
c
h
M

≥
0

 

!
s
y
n
c
M

o
r

s
w

a
t
c
h

M
≥

0
 
 

⁄
t
r
a
n
s
i
e
n
t

=
0

!
s
y
n
c
M

s
w

a
t
c
h
M

≥
0

 
 
⁄

t
r
a
n
s
i
e
n
t

=
1

t
r
a
n
s
i
e
n
t
’
:
=

 
0

w
a
i
t
f
o
r
 
e
v
e
n
t

d
(
s
w
a
t
c
h
M
)
/
d
t
=
1

d
(
t
r
a
n
s
i
e
n
t
)
/
d
t
=
0

?
s
y
n
c
P
B
5
a
,
 
?
s
y
n
c
P
B
5
b
,
 

?
s
y
n
c
P
B
7
a
,
 
?
s
y
n
c
P
C
a
,

?
s
y
n
c
T
D
1
a
,
 
?
s
y
n
c
T
D
2
a

c
o
m
p
u
t
e
_
S
F
C
1

s
w
a
t
c
h
≤

0

d
(
s
w
a
t
c
h
M
)
/
d
t
=
1

d
(
t
r
a
n
s
i
e
n
t
)
/
d
t
=
0

!
s
y
n
c
S
1
t
1
,
 
!
s
y
n
c
S
1
t
2
,
 

!
s
y
n
c
S
1
t
3
,
 
!
s
y
n
c
S
1
t
4
,
 

!
s
y
n
c
S
1
t
5
,
 
!
s
y
n
c
S
1
t
6
,
 

!
s
y
n
c
S
1
t
7
,
 
!
s
y
n
c
S
1
t
8
,
 

!
s
y
n
c
S
1
t
9
,
 
!
s
y
n
c
S
1
t
1
0
 

t
r
a
n
s
i
e
n
t
’
:
=

 
1

s
w

a
t
c
h
M

=
 
0
,
 

t
r
a
n
s
i
e
n
t

=
 
0

t
e
s
t
_
f
o
r
_
t
r
a
n
s
i
e
n
t

s
w
a
t
c
h
M

≤
0

d
(
s
w
a
t
c
h
M
)
/
d
t
=
1

d
(
t
r
a
n
s
i
e
n
t
)
/
d
t
=
0

!
s
y
n
c
S
1

s
w

a
t
c
h
M

≥
0

 

!
s
y
n
c
M

o
r

s
w

a
t
c
h

M
≥

0
 
 

⁄
t
r
a
n
s
i
e
n
t

=
0

T
e
m
p
B
7
_
L
E
2
5

T
e
m

p
B

7
 
≤

2
5

¿
s
y
n
c
P
B
7
a

T
e
m
p
B
7
_
G
E
2
5

T
e
m

p
B

7
 
≥

2
5

!
s
y
n
c
T
D
1
a

T
e
m

p
B

7
 
≤

2
5

!
s
y
n
c
T
D
1

T
e
m

p
B

7
 
≥

2
5

¿
s
y
n
c
P
B
7
b

T
e
m
p
B
7
_
L
E
2
5

T
e
m

p
B

7
 
≤

2
5

¿
s
y
n
c
P
B
7
a

T
e
m
p
B
7
_
G
E
2
5

T
e
m

p
B

7
 
≥

2
5

!
s
y
n
c
T
D
1
a

T
e
m

p
B

7
 
≤

2
5

!
s
y
n
c
T
D
1

T
e
m

p
B

7
 
≥

2
5

¿
s
y
n
c
P
B
7
b

T
e
m
p
B
7
_
L
E
L
i
m
i
t
T
e
m
p
B
7

T
e
m

p
B

7
 
≤

L
i
m

i
t
T

e
m

p
B

7

¿
s
y
n
c
P
B
7
a

T
e
m
p
B
7
_
G
E
L
i
m
i
t
T
e
m
p
B
7

T
e
m

p
B

7
 
≥

L
i
m

i
t
T

e
m

p
B

7

!
s
y
n
c
T
D
2
a

T
e
m

p
B

7
 
≤

L
i
m

i
t
T

e
m

p
B

7

!
s
y
n
c
T
D
2

T
e
m

p
B

7
 
≥

L
i
m

i
t
T

e
m

p
B

7

¿
s
y
n
c
P
B
7
b

T
e
m
p
B
7
_
L
E
L
i
m
i
t
T
e
m
p
B
7

T
e
m

p
B

7
 
≤

L
i
m

i
t
T

e
m

p
B

7

¿
s
y
n
c
P
B
7
a

T
e
m
p
B
7
_
G
E
L
i
m
i
t
T
e
m
p
B
7

T
e
m

p
B

7
 
≥

L
i
m

i
t
T

e
m

p
B

7

!
s
y
n
c
T
D
2
a

T
e
m

p
B

7
 
≤

L
i
m

i
t
T

e
m

p
B

7

!
s
y
n
c
T
D
2

T
e
m

p
B

7
 
≥

L
i
m

i
t
T

e
m

p
B

7

¿
s
y
n
c
P
B
7
b

o
u
t
p
u
t
_
t
r
a
n
s
B
5
B
7

d
(
t
r
a
n
s
B
5
B
7
)
/
d
t
=
0

t
r
a
n
s
B

5
B

7
 
=

 
0

?
s
y
n
c
S
1
t
1
 

t
r
a
n
s
B

5
B

7
’
:
 
=

 
1

?
s
y
n
c
S
1
t
2
 

t
r
a
n
s
B

5
B

7
’
:
 
=

 
0

o
u
t
p
u
t
_
t
r
a
n
s
B
5
B
7

d
(
t
r
a
n
s
B
5
B
7
)
/
d
t
=
0

t
r
a
n
s
B

5
B

7
 
=

 
0

?
s
y
n
c
S
1
t
1
 

t
r
a
n
s
B

5
B

7
’
:
 
=

 
1

?
s
y
n
c
S
1
t
2
 

t
r
a
n
s
B

5
B

7
’
:
 
=

 
0

d
r
a
i
n
B
7
 
=
 
0

?
s
y
n
c
S
1
t
9

d
r
a
i
n
B

7
’
:
 
=

 
1

?
s
y
n
c
S
1
t
1
0
 

d
r
a
i
n
B

7
’
:
 
=

 
0

o
u
t
p
u
t
_
d
r
a
i
n
B
7

d
(
d
r
a
i
n
B
7
)
/
d
t
=
0

d
r
a
i
n
B
7
 
=
 
0

?
s
y
n
c
S
1
t
9

d
r
a
i
n
B
7
’
:
 
=
 
1

?
s
y
n
c
S
1
t
1
0
 

d
r
a
i
n
B
7
’
:
 
=
 
0

o
u
t
p
u
t
_
d
r
a
i
n
B
7

d
(
d
r
a
i
n
B
7
)
/
d
t
=
0

c
 
=
 
0

?
s
y
n
c
S
1
t
4
 

c
’
:
 
=
 
c
+
1

v
a
r
i
a
b
l
e
_
c

d
(
c
)
/
d
t
=
0

c
 
=
 
0

?
s
y
n
c
S
1
t
4
 

c
’
:
 
=
 
c
+
1

v
a
r
i
a
b
l
e
_
c

d
(
c
)
/
d
t
=
0

c
o
o
l
B
7
 
=
 
0

?
s
y
n
c
S
1
t
2
,
 

?
s
y
n
c
S
1
t
8

c
o
o
l
B
7
’
 
:
=
 
1

?
s
y
n
c
S
1
t
7
,
 

?
s
y
n
c
S
1
t
4

c
o
o
l
B
7
’
:
 
=
 
0

o
u
t
p
u
t
_
c
o
o
l
B
7

d
(
c
o
o
l
B
7
)
/
d
t
=
0

c
o
o
l
B
7
 
=
 
0

?
s
y
n
c
S
1
t
2
,
 

?
s
y
n
c
S
1
t
8

c
o
o
l
B
7
’
 
:
=
 
1

?
s
y
n
c
S
1
t
7
,
 

?
s
y
n
c
S
1
t
4

c
o
o
l
B
7
’
:
 
=
 
0

o
u
t
p
u
t
_
c
o
o
l
B
7

d
(
c
o
o
l
B
7
)
/
d
t
=
0

t
r
a
n
s
B
7
C
l
 
=
 
0

?
s
y
n
c
S
1
t
1
4

t
r
a
n
s
B
7
C
l
’
:
 
=
 
1

?
s
y
n
c
S
1
t
5
,
 

?
s
y
n
c
S
1
t
6

t
r
a
n
s
B
7
C
l
’
:
 
=
 
0

o
u
t
p
u
t
_
t
r
a
n
s
B
7
C
l

d
(
t
r
a
n
s
B
7
C
l
)
/
d
t
=
0

t
r
a
n
s
B
7
C
l
 
=
 
0

?
s
y
n
c
S
1
t
1
4

t
r
a
n
s
B
7
C
l
’
:
 
=
 
1

?
s
y
n
c
S
1
t
5
,
 

?
s
y
n
c
S
1
t
6

t
r
a
n
s
B
7
C
l
’
:
 
=
 
0

o
u
t
p
u
t
_
t
r
a
n
s
B
7
C
l

d
(
t
r
a
n
s
B
7
C
l
)
/
d
t
=
0

SF
C1

Th
res

ho
ld_

D1

Th
res

ho
ld_

D2

M
on

ito
r2

Ou
tpu

t1

Ou
tpu

t2

Ou
tpu

t3

Ou
tpu

t4

Va
ria

ble
1

M
od
éli
sa
tio

n 
du
 co

nt
rô
leu

r

 !"#  ! " # $%&'() *+HIOATS *) ,-./012')0



 !"  !"#$%&' () *+&$,-"%$./ 0'1 #&.#&$+%+1 23"/%$%"%$4'1 5 0'36 -"1 07+%30'

V
o
l
B
5
 
=
 
0
,
 
r
e
a
d
y
B
5
=
0

?
s
y
n
c
P
B
7
b
 
 
 
 
 
 
 
 
 
 
 
 
 
 

r
e
a
d
y
B
5
’
:
 
=
 
0
 

!
s
y
n
c
P
B
5
a
 
 
 
 
 

V
o
l
B
5

≤
0

r
e
a
d
y
B
5
’
:
 
=
 
0
 

f
i
l
l
i
n
g
_
a
n
d
_

c
o
n
c
e
n
t
r
a
t
i
n
g

V
o
l
B
5
≤
V
o
l
B
c

d
(
V
o
l
B
5
)
/
d
t
=
 
D
é
b
i
t
B
c

d
(
r
e
a
d
y
B
5
)
/
d
t
=
0

!
s
y
n
c
P
B
5
b
 
 
 
 
 

V
o
l
B
5

≥
V
o
l
B
c

r
e
a
d
y
B
5
’
:
 
=
 
1
 

r
e
a
d
y

d
(
V
o
l
B
5
)
/
d
t
=
0

d
(
r
e
a
d
y
B
5
)
/
d
t
=
0

e
m

p
t
y
i
n
g

V
o
l
B
5
≥
0

d
(
V
o
l
B
5
)
/
d
t
=
-
D
é
b
i
t
V
1
5

d
(
r
e
a
d
y
B
5
)
/
d
t
=
0

?
s
y
n
c
P
B
7
a

r
e
a
d

y
C

l
’
:
=

 
0

 

r
e
a
d
y

d
(
s
w
a
t
c
h
P
C
)
/
d
t
=
0

d
(
r
e
a
d
y
C
l
)
/
d
t
=
0

s
w

a
t
c
h

P
C

=
 
0

 

r
e
a
d

y
C

l
=

 
1

¿
s
y
n
c
M

o
r

t
r
a
n

s
B

7
C

l
=

 
1

!
s
y
n
c
P
C
b

s
w

a
t
c
h

P
C

≥
0

r
e
a
d
y
2
f
i
l
l
i
n
g

s
w
a
t
c
h
P
C

≤
0

d
(
s
w
a
t
c
h
P
C
)
/
d
t
=
1

d
(
r
e
a
d
y
C
l
)
/
d
t
=
0

f
i
l
l
i
n
g

d
(
s
w
a
t
c
h
P
C
)
/
d
t
=
0

d
(
r
e
a
d
y
C
l
)
/
d
t
=
0

n
o
t
_
r
e
a
d
y

s
w
a
t
c
h
P
C

≤
d
e
l
a
y
C

m
a
x

d
(
s
w
a
t
c
h
P
C
)
/
d
t
=
1

d
(
r
e
a
d
y
C
l
)
/
d
t
=
0

!
s
y
n
c
P
C
a

s
w

a
t
c
h

P
C

≥
d

e
l
a
y
C

m
i
n

s
w

a
t
c
h

P
C

’
:
=

 
0

 
⁄

r
e
a
d

y
C

l
’
:
=

 
1

Ta
nk

B5

Ta
nk

B7

Cl
ien

t

Mo
dé
lis
ati
on
 du

 pr
oc
ess

us
Mo

dé
lis
ati
on
 de

 
l’o

bse
rva

teu
r

¿
s
y
n
c
S
1
t
5

¿
s
y
n
c
S
1
t
9

e
’
:
=
 
e
+
1

c
l
i
e
n
t
_
w
a
i
t
i
n
g

d
(
s
w
a
t
c
h
O
1
)
/
d
t
=
1

d
(
s
w
a
t
c
h
O
2
)
/
d
t
=
1

d
(
e
)
/
d
t
=
0

p
r
o
d
u
c
t
i
o
n

d
(
s
w
a
t
c
h
O
1
)
/
d
t
=
1

d
(
s
w
a
t
c
h
O
2
)
/
d
t
=
0

d
(
e
)
/
d
t
=
0

¿
s
y
n
c
P
C
a

¿
s
y
n
c
P
C
b

e
n
d
_
o
f
_
p
r
o
d
u
c
t
i
o
n

d
(
s
w
a
t
c
h
O
1
)
/
d
t
=
0

d
(
s
w
a
t
c
h
O
2
)
/
d
t
=
0

d
(
e
)
/
d
t
=
0

s
w
a
t
c
h
O
1
 
=
 
0

s
w
a
t
c
h
O
2
 
=
 
0

e
 
=
 
0

¿
s
y
n
c
S
1
t
5

¿
s
y
n
c
S
1
t
9

e
’
:
=
 
e
+
1

c
l
i
e
n
t
_
w
a
i
t
i
n
g

d
(
s
w
a
t
c
h
O
1
)
/
d
t
=
1

d
(
s
w
a
t
c
h
O
2
)
/
d
t
=
1

d
(
e
)
/
d
t
=
0

p
r
o
d
u
c
t
i
o
n

d
(
s
w
a
t
c
h
O
1
)
/
d
t
=
1

d
(
s
w
a
t
c
h
O
2
)
/
d
t
=
0

d
(
e
)
/
d
t
=
0

¿
s
y
n
c
P
C
a

¿
s
y
n
c
P
C
b

e
n
d
_
o
f
_
p
r
o
d
u
c
t
i
o
n

d
(
s
w
a
t
c
h
O
1
)
/
d
t
=
0

d
(
s
w
a
t
c
h
O
2
)
/
d
t
=
0

d
(
e
)
/
d
t
=
0

s
w
a
t
c
h
O
1
 
=
 
0

s
w
a
t
c
h
O
2
 
=
 
0

e
 
=
 
0

Ob
ser

ve
r1

e
m
p
t
y

d
(
V
o
l
B
7
)
/
d
t
=
0

d
(
T
e
m
p
B
7
)
/
d
t
=
0

T
e
m
p
B
7
 
=
2
0
,
 
V
o
l
B
7
=
0

¿
s
y
n
c
M

o
r

t
r
a
n
s
B
5
B
7
=
 
1

!
s
y
n
c
P
B
7
a
 

V
o
l
B
7

≤
0

T
e
m
p
B
7
’
:
=
 
2
0

!
s
y
n
c
P
B
7
b
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

V
o
l
B
7
 
≥
0

T
e
m
p
B
7
’
:
=
 
1
0
0

?
s
y
n
c
P
B
5
a
 
 

c
o
o
l
B
7
 
=
1

?
s
y
n
c
P
B
5
a
 
 
 
 
 
 
 
 
 
 
 

c
o
o
l
B
7
 
=
0

?
s
y
n
c
P
C
b

¿
s
y
n
c
M

o
r

c
o
o
l
B
7
 
=
 
0
 
 
⁄
d
r
a
i
n
B
7
 
=
 
0

¿
s
y
n
c
M

o
r

c
o
o
l
B
7
 
=
1
 
 
⁄
d
r
a
i
n
B
7
 
=
 
0

¿
s
y
n
c
M

o
r

d
r
a
i
n
B
7
 
=
1

!
s
y
n
c
P
B
7
 
 
 
 
 
 

V
o
l
B
7

≤
0

T
e
m
p
B
7
’
:
=
 
2
0
 

¿
s
y
n
c
M

o
r

d
r
a
i
n
B
7
 
=
1

?
s
y
n
c
P
C
b

e
m
p
t
y
2
f
i
l
l
i
n
g

V
o

l
B

7
≤

0

d
(
V
o
l
B
7
)
/
d
t
=
D
é
b
i
t
V
1
5

d
(
T
e
m
p
B
7
)
/
d
t
=
0

f
i
l
l
i
n
g

d
(
V
o
l
B
7
)
/
d
t
=
D
é
b
i
t
V
1
5

d
(
T
e
m
p
B
7
)
/
d
t
=
0

f
o
r
c
e
d
_
c
o
o
l
i
n
g

d
(
V
o
l
B
7
)
/
d
t
=
0

d
(
T
e
m
p
B
7
)
/
d
t
=
G
r
a
d
T
e
m
p
B
7
f
o
r
c
e
d

n
a
t
u
r
a
l
_
c
o
o
l
i
n
g

d
(
V
o
l
B
7
)
/
d
t
=
0

d
(
T
e
m
p
B
7
)
/
d
t
=
G
r
a
d
T
e
m
p
B
7
n
a
t
u
r
a
l

e
m
p
t
y
i
n
g

V
o

l
B

7
 
≥

0

d
(
V
o
l
B
7
)
/
d
t
=
-
D
é
b
i
t
V
2
6

d
(
T
e
m
p
B
7
)
/
d
t
=
0

d
r
a
i
n
i
n
g

V
o

l
B

7
 
≥

0

d
(
V
o
l
B
7
)
/
d
t
=
-
D
é
b
i
t
V
2
7

d
(
T
e
m
p
B
7
)
/
d
t
=
0

e
m
p
t
y

d
(
V
o
l
B
7
)
/
d
t
=
0

d
(
T
e
m
p
B
7
)
/
d
t
=
0

T
e
m
p
B
7
 
=
2
0
,
 
V
o
l
B
7
=
0

¿
s
y
n
c
M

o
r

t
r
a
n
s
B
5
B
7
=
 
1

!
s
y
n
c
P
B
7
a
 

V
o
l
B
7

≤
0

T
e
m
p
B
7
’
:
=
 
2
0

!
s
y
n
c
P
B
7
b
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

V
o
l
B
7
 
≥
0

T
e
m
p
B
7
’
:
=
 
1
0
0

?
s
y
n
c
P
B
5
a
 
 

c
o
o
l
B
7
 
=
1

?
s
y
n
c
P
B
5
a
 
 
 
 
 
 
 
 
 
 
 

c
o
o
l
B
7
 
=
0

?
s
y
n
c
P
C
b

¿
s
y
n
c
M

o
r

c
o
o
l
B
7
 
=
 
0
 
 
⁄
d
r
a
i
n
B
7
 
=
 
0

¿
s
y
n
c
M

o
r

c
o
o
l
B
7
 
=
1
 
 
⁄
d
r
a
i
n
B
7
 
=
 
0

¿
s
y
n
c
M

o
r

d
r
a
i
n
B
7
 
=
1

!
s
y
n
c
P
B
7
 
 
 
 
 
 

V
o
l
B
7

≤
0

T
e
m
p
B
7
’
:
=
 
2
0
 

¿
s
y
n
c
M

o
r

d
r
a
i
n
B
7
 
=
1

?
s
y
n
c
P
C
b

e
m
p
t
y
2
f
i
l
l
i
n
g

V
o

l
B

7
≤

0

d
(
V
o
l
B
7
)
/
d
t
=
D
é
b
i
t
V
1
5

d
(
T
e
m
p
B
7
)
/
d
t
=
0

f
i
l
l
i
n
g

d
(
V
o
l
B
7
)
/
d
t
=
D
é
b
i
t
V
1
5

d
(
T
e
m
p
B
7
)
/
d
t
=
0

f
o
r
c
e
d
_
c
o
o
l
i
n
g

d
(
V
o
l
B
7
)
/
d
t
=
0

d
(
T
e
m
p
B
7
)
/
d
t
=
G
r
a
d
T
e
m
p
B
7
f
o
r
c
e
d

n
a
t
u
r
a
l
_
c
o
o
l
i
n
g

d
(
V
o
l
B
7
)
/
d
t
=
0

d
(
T
e
m
p
B
7
)
/
d
t
=
G
r
a
d
T
e
m
p
B
7
n
a
t
u
r
a
l

e
m
p
t
y
i
n
g

V
o

l
B

7
 
≥

0

d
(
V
o
l
B
7
)
/
d
t
=
-
D
é
b
i
t
V
2
6

d
(
T
e
m
p
B
7
)
/
d
t
=
0

d
r
a
i
n
i
n
g

V
o

l
B

7
 
≥

0

d
(
V
o
l
B
7
)
/
d
t
=
-
D
é
b
i
t
V
2
7

d
(
T
e
m
p
B
7
)
/
d
t
=
0

 !"# #$#% & '()*+, -.HIOATS -, /012*)),) *3 41-,5* HIOATS -* 5.16)*07+3*,0



 !"! #$%&' &' ()* + , -.*$/0' &' 123&%($435 1)2 63$*  ! 

DebitV26

DebitV27

 !"# "#"$ % &'()*+ HIOATS (, -'(,*+ . /0123$ 4 (, 56'7+88,8 0901: :60(,7:;'1

DebitV27 DebitV26

 !"# "#"< % &'()*+ HIOATS (, -'(,*+ . /0123$ 4 (, 56'7+88,8 056)8 :60(,7:;'1



 !!  !"#$%&' () *+&$,-"%$./ 0'1 #&.#&$+%+1 23"/%$%"%$4'1 5 0'36 -"1 07+%30'

" #$ %&'() %*(++$,+$ %- ./012(), 3')$,+  !"#$% 104./)5 %(,5 '*),+$/6(''$

[delayCmin, delayCmax]7
80-5 (''0,5 &6('-$/ %)9&/$,+5 1/)+:/$5 ;-(,+)+(+)<5 (=, %$ %)51/)4),$/ $,+/$ %)9&>

/$,+$5 5+/(+&?)$5 %$ 1044(,%$7 @, /(..$''$ ;-$A .0-/ -,$ ./0%-1+)0, %$ '0+5 %&+$/4)>

,&$ .(/ B ,C(+12 DA 1$5 1/)+:/$5 ;-(,+)+(+)<5 50,+ '$5 5-)6(,+5 E

" F-/&$ +0+('$ %$ ./0%-1+)0, G6)+$55$ %$ ./0%-1+)0, %$ '( %$4(,%$ %$ '0+5HA

" 804C/$ %$ '0+5 /$I$+&5 G),%)1$ %$ /$I$+HA

" F-/&$ 1-4-'&$ %$5 (++$,+$5 1')$,+5 G,)6$(- %$ 5(+)5<(1+)0, %- 1')$,+H7

3$5 ./0./)&+&5A 50-5 '( <0/4$ %$ 1/)+:/$5 ;-(,+)+(+)<5A 5$/0,+ 0C5$/6&$5 J '( =, %$ '(

./0%-1+)0,A 1*$5+>J>%)/$ %(,5 '( 5)+-(+)0, $,%K0<K./0%-1+)0, %$ '*(-+04(+$ 0C5$/6$/ A

.(/ '$5 6(/)(C'$5 E

" &'#()*+, .0-/ '( %-/&$ +0+('$ %$ ./0%-1+)0,A

" ! .0-/ '$ ,04C/$ %$ '0+5 /$I$+&5A

" &'#()*+- .0-/ '( %-/&$ 1-4-'&$ %$5 (++$,+$5 1')$,+57

F(,5 ,05 ),6$5+)?(+)0,5A ,0-5 (''0,5 $L.'0)+$/ '*(,('M5$ .(/(4&+/);-$ ./0.05&$ .(/

'$ 40%$'>12$1N$/ OPQR$/7 Q),5)A ,0, 5$-'$4$,+ '( ./0./)&+& .0-//( ),1'-/$ %$5 6(>

'$-/5 ;-(,+)+(+)6$5A 4()5 '$ /&5-'+(+ %$ '( 6&/)=1(+)0, 5$/( $L./)4& 50-5 '( <0/4$ %*-,$

<0,1+)0, %*-, 0- .'-5)$-/5 .(/(4:+/$57

 !"#$%!" $&'"()$*+)$,& - .)/0" 0" 1+ '$)"((" #+2$#+1" 0" 3!,0/4)$,& 0"(

1,)(

O0-/ 1$++$ ./$4):/$ ),6$5+)?(+)0,A ,0-5 (''0,5 (,('M5$/ '( ./$4):/$ 5+/(+&?)$ %$

1044(,%$ G60)/ =?7 S7T H (=, %$ 1('1-'$/ '( 6)+$55$ 4(L)4('$ %$ ./0%-1+)0, $, <0,1+)0,

%- ,04C/$ %$ '0+5 J ./0%-)/$7 U0)$,+

" Rga '( /&?)0, (++$)?,(C'$ .(/ '$ 40%:'$ J .(/+)/ %$ 5( 5)+-(+)0, ),)+)('$A $+

" Rg1 '( /&?)0, 0V Observer1.endKofKproduction $5+ (1+)6$7

@, 12$/12$ J %&+$/4),$/ '( /&?)0, B ./0I$1+)0, 5-/ '( %-/&$ %$ ./0%-1+)0, ?'0C('$

&'#()*+, %$ Rga ∩ Rg1 D $, <0,1+)0, %- .(/(4:+/$ <0/4$' nbatch G,04C/$ %$ '0+5 J

./0%-)/$H .0-/ -, %&'() %*(++$,+$ %- 1')$,+ ,-' GdelaiC = 0H7 #$ /&5-'+(+ 0C+$,- (6$1

OPQR$/ $5+ -, $,5$4C'$ %$ .0),+5 5)+-&5 5-/ '( %/0)+$ %*&;-(+)0, y = 37, 196·x+13, 852
$5+ ./&5$,+& %(,5 '( =?-/$ S7SW7 @, .$-+ 0C5$/6$/ ;-$ '( %/0)+$ ,$ .(55$ .(5 .(/ '*0/)?),$7

3$'( 5*$L.');-$ .(/ -,$ %-/&$ ,&1$55()/$ J '( 4)5$ $, ./0%-1+)0, (6(,+ %*(++$),%/$ '$

/&?)4$ &+(C') .0-/ '( ./0%-1+)0, %$5 '0+57 3$ /&5-'+(+ %- B 40%$'>12$1N$/ D OPQR$/

,0-5 .$/4$+ %$ %0,,$/ '( 6)+$55$ %$ ./0%-1+)0, 4(L)4('$ ;-$ .$-+ (++$),%/$ '$ 5M5+:4$

$, <0,1+)0, %- ,04C/$ %$ '0+5 %$4(,%& G,C(+12H7 Q),5)A .(/ $L$4.'$A .0-/ ,C(+12XSA

'$ +$4.5 %$ ./0%-1+)0, 1('1-'& $5+ %$ 162, 64 4),7

5"/2$%#" $&'"()$*+)$,& - .)/0" 4,#3+!6" 0"( )!,$( ()!+)6*$"( 0" 4,##+&0"

30,,()55(,+ '( 6)+$55$ 4(L)4('$ %$ ./0%-1+)0,A 0, 6( 5*),+&/$55$/ (- 104.0/+$4$,+

%$5 +/0)5 5+/(+&?)$5 %$ 1044(,%$ ;-(,% '$ 1')$,+ ,*$5+ .(5 +0-I0-/5 ./&5$,+ '0/5 %$ '(

./0%-1+)0, %*-, '0+ J '( +$4.&/(+-/$ 50-2()+&$7 U0)$,+A

" Rga '( /&?)0, (++$)?,(C'$ .(/ '$ 40%:'$ J .(/+)/ %$ 5( 5)+-(+)0, ),)+)('$A $+

" Rg2 '( /&?)0, 0V Observer1.endKofKproduction $5+ (1+)6$ $+ e = 07
@, 12$/12$ 4(),+$,(,+ J %&+$/4),$/ '( /&?)0, B ./0I$1+)0, 5-/ '( %-/&$ %$ ./0%-1+)0,

&'#()*+, $+ 5-/ '$ ,04C/$ %$ '0+5 /$I$+&5 ! %$ Rga ∩ Rg2 D $, <0,1+)0, %- .(/(4:+/$
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Les points se situent sur 
la droite d’équation 

y = 37,196 . x + 13,852

 !"# #$#% & '()*+, -../*),-01/ 2-3 1- 4.3-.()*/  -5/6 7/4 61*/,.4 .+89+834 7*42+,*01/4

:7(1-* 7;-../,./ ,81<

=+3>/1 delayC :783(/ 7;-../,./ 78 23+6?-*, 61*/,.< 2+83 8,/ 23+786.*+, 7/ # 1+.4$ @6*A 1-

783(/ 78 2-3->B.3/ delayC /4. 7(./3>*,*4./A 6;/4.CDC7*3/ E8/ delayC = delayCmin =
delayCmax$ F+83 6?-68,/ 7/4 .3+*4 4.3-.()*/4 7/ 6+>>-,7/A ,+84 6?/36?+,4A 7-,4 1-

3()*+, 23+9/.(/A 1- 783(/ 7;-../,./ >*,*>-1/ 78 23+6?-*, 61*/,. 2+83 1-E8/11/ +, ,;- 2-4

7/ 23+78*. D 3/9/./3$ G/ 3(481.-. 78 >+7/1C6?/6H/3 FIJK/3 2+83 1/4 .3+*4 4.3-.()*/4 7/

6+>>-,7/ /4. 23(4/,.( 7-,4 1- L)83/ #$MN$

G- L)83/ #$MN- >+,.3/ E8/ O

& 2+83 1- 4.3-.()*/  :3/=3+*7*44/>/,. =+36( *>>(7*-. /. 2/3>-,/,.<A +, +04/35/

E8/A 984E8;D 8, 7(1-* 7;-../,./ 78 23+6?-*, 61*/,. :delayC< *,=(3*/83 +8 ()-1 D

33, 34 >*, 6/../ 4.3-.()*/ ,/ 2/37 2-4 7/ 1+.4 /. 6+,4/35/ 1- >P>/ 783(/ 7/

23+786.*+, 7/ 162, 64 >*, 2+83 ,0-.6?Q# 1+.4A 6/ E8* 6+33/42+,7 D 1- 5*./44/

>-R*>-1 7/ 23+786.*+, 7(./3>*,(/ 7-,4 1;*,5/4.*)-.*+, 23(6(7/,./A

& 2+83 1- 4.3-.()*/ ! :3/=3+*7*44/>/,. =+36( *>>(7*-. 28*4 -33P. D 8,/ 1*>*./ 7/

./>2(3-.83/ 3()1(/ D SNTU<A .-,. E8/ delayC /4. *,=(3*/83 +8 ()-1 D 28, 68 >*,A

1- 5*./44/ >-R*>-1/ 7/ 23+786.*+, /4. 6+,4/35(/ -5/6 .+89+834 -868, 1+. 3/9/.($

F-3 6+,.3/A -8C7/1D 7/ 28, 8 >*, /. 984E8;D 57, 83 >*, 6/../ 4.3-.()*/ ,/ 2/37

2-4 7/ 1+. >-*4 1- 783(/ 7/ 23+786.*+, -8)>/,./$ V, /W/.A 4* 1/ 61*/,. ,;/4. 2-4

23(4/,. 1+34E8/ 1/ 1+. -../*,. 1- ./>2(3-.83/ 7/ 6+8283/ G*>*.X/>2YZ 3()1(/ D

SNTUA 1/ 3/=3+*7*44/>/,. =+36( /4. -33P.( /, -../,7-,. 1- 23(4/,6/ 7;8, 61*/,.A 6/

E8* 23+5+E8/ 1/ 3-1/,.*44/>/,. 7/ 1- 23+786.*+,A

& 2+83 1- 4.3-.()*/ " :3/=3+*7*44/>/,. ,-.83/1 /, -04/,6/ 7/ 61*/,.<A delayC 7+*. P.3/

*,=(3*/83 +8 ()-1 D 23, 34 >*, 2+83 6+,4/35/3 1- 5*./44/ >-R*>-1/ 7/ 23+786.*+,

/. ,/ 2-4 2/373/ 7/ 1+.$ F-44(/ 6/../ 5-1/83A 1/ 3/=3+*7*44/>/,. ,-.83/1 3-1/,.*. 1-

23+786.*+,$

G- L)83/ #$MN0 23(4/,./ 1/4 .3+*4 4.3-.()*/4 482/32+4(/4$ [, 2/8. /, 6+,6183/ E8/

1- 4.3-.()*/  /4. -7(E8-./ 1+34E8/ 1- 783(/ 7;-../,./ 78 23+6?-*, 61*/,. ,/ 7(2-44/ 2-4

33, 34 >*,$ \* 1- 783(/ 7;-../,./ 78 61*/,. -8)>/,./ /, 2+85-,. 7(2-44/3 33, 34 >*,
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stratégie1

33.34 min33.34 min

23.34 min23.34 min

stratégie2

stratégie3

28.68 min
57.83 min

28.68 min
57.83 min

33.34 min
28.68 min
23.34 min

57.83 min
33.34 min

28.68 min
23.34 min

57.83 min

stratégie 1, 2 et 3

57.83 min
33.34 min

stratégie1 stratégie2
st

ra
té

gi
e3

57.83 min
33.34 min

stratégie1 stratégie2
st

ra
té

gi
e3

a)

stratégie la plus rapide

b)

c)

 !"# "#$% & '()*+,- .//0*),.120- 3.4 20- /4+*- -/4./()*0- 50 6+77.,50 8 594(0 50 34+:

596/*+, 50 " 2+/- 0, ;+,6/*+, 50 2. 594(0 5<.//0,/0 59 34+6=.*, 62*0,/#
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#$%# &'($##)* 57, 83 +,%- $./*# .$ #0*$0'1,) ! 2/3*%,0 .$ (.3# 1*$%&) 4,0)##) &) (*/&350,/%

$4)5 $353%) ()*0) &) ./0- 5)()%&$%0- .) 0)+(# 0/0$. &) (*/&350,/% $31+)%0)6 7/3* &)#

&3*')# &8$00)%0) &3 (*/59$,% 5.,)%0 $3:&).; &) 57, 83 +,% )0 <3#=38; 60 +,%- .$ #0*$0'1,)

> &)4,)%0 (.3# )?5$5) @4/,* A13*) B6"C5D6

E% *'#3+'- .$ (*)34) $((/*0') (/3* 5)00) &)3F,G+) ,%4)#0,1$0,/% )#0 &/%5 H

#0*$0'1,) I delayC ∈ [0, 33.34]min

#0*$0'1,)! I delayC ∈ [33.34, 57.83]min&LimitTempB7 = 60JC

#0*$0'1,)> I delayC ∈ [57.83, 60]min







⇒

e = 0 &

4,0)##) +$F

&) (*/&350,/%

 !"#$#%&' #()'$*#+,*#"( - .*/0' 0' 12#&3,4* 0' 1, *'&35!,*/!' 0' 4"/3/!'

0,($ 1, $*!,*5+#' 6

K/3# $../%# +$,%0)%$%0 %/3# ,%0'*)##)* $3 5/+(/*0)+)%0 &) .$ #0*$0'1,) !6 L%

*)+$*=3)*$ =3)- (/3* LimitTempB7 = 25JC )0 (/3* LimitTempB7 = 100JC- .$

#0*$0'1,) ! #) 5/+(/*0) *)#()50,4)+)%0 5/++) .$ #0*$0'1,)  )0 .$ #0*$0'1,) >6 M/,)%0 H

N Rga .$ *'1,/% $00),1%$O.) ($* .) +/&G.) ; ($*0,* &) #$ #,03$0,/% ,%,0,$.)- )0

N Rg1 .$ *'1,/% /P Observer1.endQofQproduction )#0 $50,4)

L% 5$.53.) .$ *'1,/% R (*/<)50,/% #3* .$ &3*') &) (*/&350,/%  !"#$%&' )0 #3* .$ &3*')

53+3.') &)# $00)%0)# &3 5.,)%0  !"#$%&( &) Rga ∩ Rg1 S )% 2/%50,/% &3 ($*$+G0*)

2/*+). LimitTempB7 @0)+('*$03*) &) 5/3(3*)D (/3* 3%) (*/&350,/% &) B ./0#6 T$

&3*') &3 &'.$, delayC )#0 5)00) 2/,# %/% &'0)*+,%,#0)- 58)#0:;:&,*) =38)..) #3O,0 3%)

,+(/*0$%0) 4$*,$0,/% jitterCl = ±20 U6 V,%#,- delayC )#0 &'A%, 5/++) #3,0 H

delayCl ∈ [(delayC − (delayC ∗ jitterCl))
︸ ︷︷ ︸

delayCmin

, (delayC + (delayC ∗ jitterCl))
︸ ︷︷ ︸

delayCmax

]

K/3# $../%# 0)#0)* &,W'*)%0)# 4$.)3*# (/3* .8$00)%0) &3 (*/59$,% 5.,)%0 @4/,* A:

13*) B6" D6 K/3# 59)*59/%# 3% O/% 5/+(*/+,# )%0*) .) 53+3. &)# $00)%0)# &)# 5.,)%0#

)0 .$ &3*') 0/0$.) &) (*/&350,/% )% 2/%50,/% &) .$ .,+,0) &) 5/3(3*) &) 0)+('*$03*)

#$%# ()*&*) &) ./0# @e = 0D6

L% ()30 /O#)*4)* =3) H

N $4)5 delayC = 25+,% ± 20U- /% /O#)*4) =38; 4,0)##) +$F,+$.) &) (*/&350,/%

@LimitTempB7 = 25JXD- %/3# %8$4/%# $353%) ()*0) &) ./0# @e = 0D )0 .8,%&,5$0)3*
&) 53+3. &)# $00)%0)# )#0 5/+(*,# &$%# [57min, 87min]6 T/*#=3) .8/% &'($##) .)#

!"JX )0 <3#=38; 3%) 0)+('*$03*) &) 50JX- .$ 4,0)##) &) (*/&350,/% *)#0) 5/%#0$%0)

$4)5 0/3</3*# e = 06 Y3$%0 ; LimitTempB7 ≥ 50JX- ; 5) #)3,.- .) 53+3.) &)#

$00)%0)# &)# 5.,)%0# )0 .$ &3*') 0/0$.) &) (*/&350,/% $31+)%0)%06

N $4)5 delayC = 30+,%± 20U- ./*#=3) LimitTempB7 = 25JX- > ./0# ()34)%0 Z0*)

*)<)0'#- (*/4/=3$%0 3%) $31+)%0$0,/% &3 53+3. &) .8$00)%0) &)# 5.,)%0#- )0 ($*

5/%#'=3)%0 &3 0)+(# 0/0$. &) (*/&350,/%6 7$* 5/%0*)- ./*#=3) LimitTempB7 ≥
33JX- /% *'&3,0 .) %/+O*) &) ./0# *)<)0'# ; C- (*/4/=3$%0 3%) &,+,%30,/% &3 53+3.

&) .8$00)%0) &)# 5.,)%0# )0 &3 0)+(# 0/0$. &) (*/&350,/%6

N $4)5 delayC = 35+,% ± 20U- /% /O#)*4) =3) (.3# .8$00)%0) &3 (*/59$,% 5.,)%0

$31+)%0)- (.3# .$ 0)+('*$03*) &) 5/3(3*) =3, 1$*$%0,0 .8$O#)%5) &) ()*0) &) ./0#

)#0 1*$%&)6 E% )W)0- ,. 2$30 *'1.)* .$ 0)+('*$03*) &) 5/3(3*) ; LimitTempB7 ≥
44JX (/3* =3) .$ ()*0) &) ./0# #/,0 %3..) )0 =3) .) 53+3. &)# $00)%0)# &)# 5.,)%0#

$,%#, =3) .$ &3*') 0/0$.) &) (*/&350,/% &,+,%3)%06
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35 min ± 20 %30 min ± 20 %25 min ± 20 %

50°C 25°C25°C

1

2

3

1

2

3

33°C

0

0

0

Lots 
rejetés (e)

44°C25°C

delayC delayC delayC

 !"# #$% & '()*+, -../*),-01/ 2+,.3-,. 1/4 *,5*6-./734 84-.*49-6.*+, 57 61*/,. 867271

5/4 -../,./4 57 61*/,.: /. 1- ;*./44/ 5/ <3+576.*+,: <+73 1- 4.3-.()*/ ! /, 9+,6.*+, 5/ 1-

./2<(3-.73/ 5/ 6+7<73/ 8# 1+.4:$

=, 3(472(> <+73 1- <3+576.*+, 5/ # 1+.4> 4* 1?+, *2<+4/ 1?-04/,6/ 5/ </3./ 5/ 1+.4

6+22/ <3/2*/3 63*.@3/> 1/4 3()1-)/4 A7* 2*,*2*4/,. B 1- 9+*4 1/ ./2<4 .+.-1 5/ <3+C

576.*+, /. 1/ 67271 5/4 -../,./4 5/4 61*/,.4 4+,. D LimitTempB7 ∈ [25, 50] <+73

delayC = 252*, ± 20E> LimitTempB7 = 33FC <+73 delayC = 302*, ± 20E
/. LimitTempB7 = 44FC <+73 delayC = 352*, ± 20E$

 !"!# $%&'()*+%&

G/ .3-*./2/,. 5/ 6/../ 5/7H*@2/ (.75/ 5/ 6-4 - 2+,.3( 1- </3.*,/,6/ 5/ 1- 5(2-36I/

5/ 2+5(1*4-.*+, <3+<+4(/ 5-,4 1/ 6I-<*.3/ J <+73 1/4 4K4.@2/4 -7.+2-.*4(4 B 6+,.3L1/73

1+)*A7/$ M/714 1/4 -7.+2-./4 6+,6/3,-,. 1/ <3+6/4474 8N-,OP%> N-,OPQ /. R1*/,.: +,.

,(6/44*.( 7,/ 6+,6/<.*+, B <-3.*3 5?7,/ 9/7*11/ 01-,6I/> .+74 1/4 -7.3/4 -7.+2-./4 +,.

(.( 6+,4.37*.4 <-3 *,4.-,6*-.*+, 5?7, 2+5@1/ )(,(3*A7/$ S<3@4 1- 4*2<1*T6-.*+, 57 2+C

5@1/ N-,OP%> 1?*,4.372/,.-.*+, 1+)*6*/11/ 5(;/1+<<(/ B 6/. /U/. - </32*4 5/ .3-57*3/ 1/

3(4/-7 5?HIOATS /, 3(4/-7 HIOA <7*4 5/ )(,(3/3 1/ T6I*/3 5?/,.3(/ <+73 1/ V 2+5/1C

6I/6O/3 W$ S7 .3-;/34 5/ .3+*4 *,;/4.*)-.*+,4 4766/44*;/4 473 1/ 2+5@1/> ,+74 -;+,4 <7

5(6+7;3*3 1- )3-,5/ 3*6I/44/ 5/4 -,-1K4/4 A7-,.*.-.*;/4 </32*4/4 -;/6 7, -7.+2-./ IKC

03*5/$ G- 2+5(1*4-.*+, <-3 7, 2+5@1/ IK03*5/ 57 <3+6/4474 ,+74 - </32*4 5/ A7-,.*T/3

.3+*4 *,5*6-./734 5/ </39+32-,6/4 -T, 5/ 6+2<-3/3 5*U(3/,./4 4.3-.()*/4 5/ 6+22-,5/

/.> 5/ 6/../ 2-,*@3/> 5?(;-17/3 1/73 *2<-6. 473 1/4 3(471.-.4 5/ 1- <3+576.*+,$



 ! ! "#$%&'()#$ *' %+,-)./0   !"

 ! "#$%&'()#$ *' %+,-)./0  

#$%& '(%)$* )$ +,* -$.-'*$/(,(01$* )$* *2*(34$* ,%(54,(0*'* 6 +5/(-78$%- 8590:%$

5/( '(' (-,0('$* ),/* +$ +;,.0(-$< #$ (-3* /54=-$%& $/*$09/$4$/(* *5/( 6 $/ (0-$-<

>$* .-$40$-* -$(5%-* +5/+$-/$/( 8$ +,)-$ )$ 45)'80*,(05/ .-5.5*' ),/* 8$ +;,.0(-$ ?<

>, *(-%+(%-$ 45)%8,0-$ 9'/'-0:%$ .-5.5*'$ , '(' *%010$ 6 8, 8$((-$ ),/* 8$* )$%& '(%)$*@

6 8A$&+$.(05/ )$* 45)%8$* )')0'* ,%& ,+(05//$%-* :%0 /$ *$ *5/( .,* -'1'8'* %(08$* ,%

45)'80*,($%-< B/ $C$(@ $/ .,-(,/( )A%/$ D$%088$ =8,/+;$ 5% .-$*:%$ .5%- 8$ 45)38$ )%

.-5+$**%*@ 08 $*( .,-% /,(%-$8 .5%- 8A'(%)$ *%- 8A,&$ )$ )'.8,+$4$/( )A0/('9-$- (5%($ 8,

+;,E/$ )A'/$-90$ ),/* %/ *$%8 45)%8$ F8$* +5/(,+($%-*@ 8$ 45(5G-')%+($%-@ 8, (-,/*40*G

*05/ .,- +5%--50$ $( 8$ +5/152$%-H $(@ .5%- 8$ *2*(34$ )$ .-5)%+(05/ .,- 85(@ )A0/('9-$-

8$* 1,//$* )0-$+($4$/( ),/* 8$ 45)38$ )$* +%1$*< >$* 45)%8$* )A,+(05//$%-* 1$--5/(

8$%- 0/('-I( ,%94$/(' ,1$+ 8$ )'1$85..$4$/( )A%/$ =0=805(;3:%$ )A,+(05//$%-* (2.$*

.,- *$+($%- ,..80+,(0D F4,/%D,+(%-0$-@ .'(-5+;040$@ $(+<H $( .,- ($+;/58590$ F'8$+(-0:%$@

./$%4,(0:%$@ $(+<H< J0 8, *(-%+(%-$ 9'/'-0:%$ )% -'*$,% )AHIOATS , -$4.80 *5/ 5K+$

.5%- 8, 45)'80*,(05/@ %/$ 0/:%0'(%)$ *%=*0*(,0( :%,/( 6 8, .-5)%+(05/ )A%/ 45)38$ .$%

+54.,+( $( .$%(GI(-$ 04.5**0=8$ 6 ,/,82*$- .,- 8$ 45)$8G+;$L$-< >$ -'*$,% -'*%8(,/(

)$ 8A0/*(,/+0,(05/ +5/(0$/( %/ 45)%8$ .,- 1,-0,=8$ .,-(,9'$@ %/ 45)%8$ .,- *5-(0$ )$

8AMNO@ %/ 45)%8$ .,- )'($+($%-@ $( %/ 45)%8$ .,- )'($+(05/ )$ *$%08 *%- $/(-'$ )AMNO<

>A$&.'-0$/+$ , 45/(-' :%$ +$8, /A'(,0( .,* -');0=0(50-$< P5%( )A,=5-)@ 8$* 45)%8$* )$*

1,-0,=8$* $( 8$* 45)%8$* )$* *5-(0$* /A'(,/( +54.5*'* :%$ )A%/$ *$%8$ *0(%,(05/@ 08* /A5/(

.,* )A04.,+( *%- 8$ /54=-$ )$ *0(%,(05/* )$ 8A,%(54,($ +54.5*' .,- 8$ 45)$8G+;$L$-<

B/*%0($@ 8$* 45)%8$* )$* +,.($%-* $( 8$* 45)%8$* )$* )'($+($%-* )$ *$%08 *5/( D5-($4$/(

*2/+;-5/0*'* ,1$+ 8$ 5% 8$* 45)%8$* )% .-5+$**%* :%A08* *%-1$088$/(< #,/* +$* +5/)0G

(05/*@ 8A04.,+( *%- 8A$*.,+$ )$* *0(%,(05/* )% 45)38$ 985=,8 -$*($ 8040('< >, 9'/'-0+0('

$( 8, *(-%+(%-$ 45)%8,0-$ 5/( )5/+ '(' ='/'Q:%$* .5%- 8, 45)'80*,(05/@ *,/* /%0-$ 6

8A$&.85*05/ +54=0/,(50-$ )% -'*$,% )A,%(54,($*<

>$* -$(5%-* )$* )$%& '(%)$* )$ +,* .5-($/( '9,8$4$/( *%- 8, (,088$ )$* *2*(34$*

,..-';$/),=8$* .,- 45)'80*,(05/ ;2=-0)$< >, .-$403-$ '(%)$ *%- 8A,&$ , 45/(-' :%A,1$+

%/ .-5+$**%* +54.5*' )$ :%,(-$ 45)%8$* $%&G4I4$* +54.5*'* )$ (-50* *0(%,(05/* $(

%/ +5/(-78$%- ,1$+ :%,(-$ JRS (5(,80*,/( :%0/T$ '(,.$*@ 8, +54.5*0(05/ )$ 8A,%(54,($

$&.85*$ F.8%* )$ ? U5 /'+$**,0-$* 6 NVMW$-H< >, -$*(-0+(05/ )$* 45)%8$* )$* JRS ,%&

*$%8$* '(,.$* %(08$* , .$-40* 8A,/,82*$ ,1$+ NVMW$-@ 4,0* 8, 1-,0$ *5%-+$ )$ 8A$&.85*05/

+54=0/,(50-$ .-510$/( )$ 8, 45)'80*,(05/ +5/X50/($ )% +5/(-78$%- $( )% .-5+$**%*< O8*

D5/+(05//$/( )$ 4,/03-$ (-3* ,*2/+;-5/$ 85-*:%$ 8$ 45/0($%- Y 45/0(5- Z $*( -$($/% [

8$* '158%(05/* )% 45/0($%- /$ *5/( .,* *2/+;-5/0*'$* ,1$+ 8$* '158%(05/* )$* +,.($%-*

4,0* %/0:%$4$/( ,1$+ *5/ +2+8$ 0/($-/$< >A%*,9$ )% 45/0($%- Y 45/0(5- Z@ :%0 $*(

0/)0*.$/*,=8$ ,%& '(%)$* )A04.,+(* )$ 8, .$-D5-4,/+$ ($4.5-$88$ )% +5/(-78$%- *%-

8$* :%,80('* )$ *$-10+$ 5=($/%$* )% *2*(34$@ )50( *$ 8040($- 6 )$* ,/,82*$* *%- %/$

D5/+(05/ )$ +544,/)$ .,-(0$88$ F%/ *5%*G$/*$4=8$ )$* '(,.$* )$* JRSH< MQ/ )$ 8040($-

8A,*2/+;-5/0*4$ )$* 45)%8$* )% +5/(-78$%- ,1$+ 8$* 45)%8$* )% .-5+$**%*@ 8$ 45/0($%-

Y 45/0(5-! Z ,**%-$ %/$ '158%(05/ *2/+;-5/$ $/(-$ 8$* )'($+($%-* $( 8$ +5/(-78$%-< >,

/5(05/ )$ ($4.* )$ -',+(05/ )% +5/(-78$%- , '(' *%..-04'$ (5%( $/ +5/*$-1,/( 8, 8590:%$

)$ 8A5-)-$ )$* $&'+%(05/* ),/* 8$ +5/(-78$%-< >, *$+5/)$ '(%)$ )$ +,* , '(' (-,0('$ ,1$+

8$ 45/0($%- Y 45/0(5-! Z $(@ =0$/ :%$ 8$ 45)38$ )% .-5+$**%* *50( .8%* 158%40/$%& :%$

.5%- 8A,&$ $( :%$ 8$ JRS *50( +54.5*' )$ ;%0( '(,.$*@ 8A,%(54,($ , '(' +54.5*' $/ " 40/@
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#$ %&'()*+, --.! /#0120#&+/ *0 !3"4- 0)2+/#0#&+/ *0 #$ &%%1(* 1+ */(2%* '5'&#)* ,* 6-.

7&8 79'* /# 1+* 2:/0)2%0#&+ 2 505 ()&(&/5* /1) 1+ '&,1$* ,1 ()&%*//1/ (&1) )5,1#)*

$2 02#$$* ,* $;210&'20* %&'(&/5< /2 02#$$* */0 '2+#(1$2:$* (2) 1+ /#'($* %2$%1$20*1) ,*

:1)*210#=1* 2>*% 4 ?& ,* '5'&#)*8 @&'(0* 0*+1 ,* +&0)* %A&#B ,* 0*%A+#=1* ,;2+2$C/*<

$2 >5)#D%20#&+ E&)'*$$* (2) '&,*$F%A*%G#+H< +&1/ I1H*&+/ $2 02#$$* ,*/ ,*1B 501,*/ ,*

%2/ 0)J/ )52$#/0* *0 *+%&1)2H2+0*8 K&1) *+>#/2H*) $* 0)2#0*'*+0 ,* %2/ ,* ($1/ H)2+,*

02#$$*< $* )*%&1)/ L 1+ *B(*)0 (&1) )*+,)* $* '&,J$* ($1/ %&'(2%0 2()J/ #+/02+%#20#&+

+&1/ /*':$* 90)* 1+* ()*'#J)* >&#*8 M;10#$#/20#&+ ,;1+ /*)>*1) ,* %2$%1$ 210&)#/2+0 1+

*/(2%* '5'&#)* ,* ($1/ ,* 3 ?& (&1) 1+ ()&H)2''* */0 5H2$*'*+0 1+* 210)* >&#* (&1)

$;501,* ,* ($1/ H)2+, %2/ ,;501,* (1#/=1* $* 0*'(/ ,* %&'(&/#0#&+ ,* $;210&'20* /;*/0

)5>5$5 (*1 %&N0*1B8

O+D+< $*/ *+/*#H+*'*+0/ )*$20#E/ L $;2+2$C/* ,* ()&()#505/ =12+0#020#>*/ ,* %*/ ,*1B

501,*/ ,* %2/ /&+0 $*/ /1#>2+0/8 M2 ()*'#J)* 502(* ,* 0&10*/ +&/ 2+2$C/*/ */0 $* %2$%1$

,* $2 )5H#&+ 200*#H+2:$* (2) $* '&,J$* L (2)0#) ,;1+* /#0120#&+ ,&++5*8 M;2$H&)#0A'* ,*

)*%A*)%A* ,* $2 )5H#&+ 200*#H+2:$* +;2 (2/ (&/5 ,* ()&:$J'* ,* %&+>*)H*+%*< ()&:2:$*F

'*+0 (2)%* =1* +&/ ,*1B '&,J$*/ &+0 1+ /*+/ (AC/#=1*8 P&#0 $;2$H&)#0A'* /;*/0 0*)'#+5

*+ '&#+/ ,*  Q '#+< /&#0 $* /*1#$ ,*/ 3 ?& 2 505 200*#+0 (2) $* '&,*$F%A*G*) R$#'#0*

(&1) 1+ ()&H)2''* /1) +&0)* %2$%1$20*1)S8 @;*/0 $2 %&'($*B#05 ,1* L $;#+%*)0#01,* ,1

%&'(&)0*'*+0 ,* %*)02#+/ '&,1$*/ R$2 >2)#2:#$#05 ,* $2 >#0*//*< $2 H#H1* /1) $* 0*'(/ ,*

%C%$* ,1 '&+#0*1)< $;#+%*)0#01,* /1) $* ,5$2# ,;200*+0* ,;1+ %$#*+0S =1# /;*/0 )5>5$5* 90)*

$2 ($1/ )*,&102:$* 21 '&'*+0 ,* $;2+2$C/*8 M;#+0)&,1%0#&+ ,* +&+ ,50*)'#+#/'* ,2+/ $*

'&,J$* 21H'*+0* $* +&':)* ,* +&1>*21B (&$CJ,)*/ 200*#H+2:$*/ 2()J/ %A2=1* #05)20#&+

,* $;2$H&)#0A'* L $2 '2+#J)* ,;1+* )52%0#&+ *+ %A2T+*8 U+ (*10 %*(*+,2+0 )*'2)=1*)

=1* ,*1B >2)#2:$*/ /1:#//*+0 /#'1$02+5'*+0 ,1 +&+ ,50*)'#+#/'* ,2+/ $* '&,J$* ,*

$2 ()*'#J)* 501,* ,* %2/< *0 =1;1+ 0)J/ E&)0 #+,50*)'#+#/'* ,;1+* 50*+,1* ,* 4QV */0

2(($#=15 L $2 >2)#2:$* ,*$2C@ ,* $2 ,*1B#J'* 501,* ,* %2/8 72$H)5 %*/ #+,50*)'#+#/'*/<

$* %2$%1$ ,* $2 )5H#&+ 200*#H+2:$* 2 (1 90)* '*+5 L /&+ 0*)'*8 @*$2 +&1/ 2 (*)'#/ ,*

,5%)#)* 2>*% *+%&)* ($1/ ,* )52$#/'* $*/ ,*1B 501,*/8 M;#+0)&,1%0#&+ ,;#+,50*)'#+#/'*/

(*)'*0 5H2$*'*+0< ,2+/ 1+ %&+0*B0* ,* /N)*05 ,* E&+%0#&++*'*+0< ,;2+2$C/*) $;#'(2%0

,* >2)#2:#$#05/ /1) $2 =12$#05 ,1 /*)>#%* )*+,1 W $2 )&:1/0*//* ,1 /C/0J'* L ,*/ (*)F

01):20#&+/8 X#+2$*'*+0< $2 )#%A*//* ,*/ #+>*/0#H20#&+/ =1* +&1/ 2>&+/ (1 '*+*) /1) $*/

,*1B 501,*/ */0 L *$$* /*1$* 1+* >5)#02:$* I1/0#D%20#&+ ,* $;#+05)90 ,;10#$#/*) 1+ '&,J$*

AC:)#,* (&1) 2+2$C/*) ,*/ %&+0)Y$*1)/ $&H#=1*/ *+ #+0*)2%0#&+ 2>*% 1+ ()&%*//1/8



 !"#$%&'!"

 !" #$%&%'( "! ")*# +,%-." /%*" ,! -)*#!(#! /! ,% "0$!#. /! 1)*-#2)**!3!*# /!" "4"5

#63!" 2*/'"#$2!,"7 !# #)'# +%$#2-',26$!3!*# /!" "4"#63!" -$2#28'!"9 :;)<=!-#21 >/? /)2#

@#$! +$."!*# A #)'" ,!" "#%/!" /! ,% &2! /' "4"#63! B /! "% -)*-!+#2)* A ")* /.3%*#6,!5

3!*#7 !* +%""%*# +%$ "% $.%,2"%#2)* !# ")* !(+,)2#%#2)*9 C)#$! %++)$# "! "2#'! !* +D%"!

/! -)*-!+#2)*7 ,)$"8'! /!" -D)2( /)2&!*# @#$! &%,2/." &2"5A5&2" /! ,% 8'%,2#. /' "!$&2-!
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