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℄<K, %3*1.37 /01/&* &* #22%0+&* *0,/ /%02 %&*/%$/$9&* 9$*6(69$* )& ># /0>3%#,& #1L 801>&* #% &>>&**0,/ "0,)3&* *1% >& %&*2&/ )& 2%02%$3/3* */%1/1%&>>&* %&*/%$/$9&*< M#,* & *&,*7 GE ℄℄ &/ .'*/' GEE℄< M#,* 01234456 GHT℄℄7 2%020*#,/1,& 93%$C#/$0, &V#& )& 0,"0%.$/3 &, 3/#8>$**#,/ 1, >$&, &,/%& >& *+3.# .0)$C3 &/ >&* *01*6O0%PN0Q*%3*1>/#,/* )&* $,*/#,&* 0%%&*20,)#,/&*<U& 2%0/0/?2& ADEPT2 GHW℄ 2%020*& 1, , #-,&  !'*1&!'$!# '3 0*#$0.'-2& '3 9.,:;.<3# 2 "*< X& %$/@%& *& "0,)& *1% 1,& ,0/$0, .0$,* %&*/%$/$9& )& >53:1$9#>&,& )&* /%#&* )5&L31/$0, GE ℄<U5#//&,/$0, &*/ 20%/3& #1**$ 8$&, *1% >&* +#,-&.&,/* )1 N0/ )& 0,/%�>& :1& &1L )1 N0/ )& )0,,3&*< U&%$/@%& 2&%.&/ 1,& /0>3%#,& #1 2%08>@.& )& 801>&* &L>1#,/ >&* 0,N$/* */%1/1%&>* &/ *3.#,/$:1&* GHZ℄℄̀& ( & 0,*/#/7 ,01*2%3*&,/0,* )#,* >& +#2$/%& *1$9#,/ 1,& #22%0+& $,,09#,/& 8#*3& *1% >&* 023%#/$0,* 201% ># -&*/$0, )&>5390>1/$0, )1 *+3.# &/ )1 +#,-&.&,/ )?,#.$:1& )&* $,*/#,&* &, 01%* )5&L31/$0,<
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 !"#$%&' ( !"#"$%&%"'$ (& !)*+%$*&%"'$
 !""#$%& !" #$%&()*+ ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ,, !, -&+()./ 01 23/4&5&/( ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ,  ! 67383$)9)(: 01 23/4&5&/( ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ,; !< =3 .77&()./ 03/+ 93 4&+()./ 01 23/4&5&/( ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ,> !? @1)A) 01 23/4&5&/( ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  B !; C(10& 0& 93 .5D9&E)(: ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !    !"# % &!'()*% "+,# !--+"# ."+"%* -%# '*("('!-%# +/'+#!")%# 0,  !"#$%&!' 1,% "+,# '*+'+#+"#234+56%)(7 0% %) ."+". %#) 0% '*.#%")%* -! 7+*/!-(#!)(+" 0% "+)*% !''*+&% '+,* -! 8%#)(+" 0% -4.9+-,:)(+" 0%# #'.(;!)(+"# 04," /+0<-% 0% =+*>?+@2 34%"6%,A ((A %#) "( 0% '*.#%")%* ," %"#%/5-% +/'-%)%) /("(/!- 04+'.*!)(+"# 0% &!"8%/%") 1,( #% 0(#)("8,% 0%# !''*+&%# '*..0%")%#A "( ,"% )%&"(1,%'+,* 8.*%* -%# -(%"# %")*% -%# 9%*#(+"# 0%# #&./!# %) 0%# ("#)!"%# BCDA CE℄�
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 !"! #$%&'() *+ -.)/$0$)&  !#$%#&'()* #+ ,- #&&-)(#$. /($0(1 2#+& 3+- -))- *456+5)(#$ ,-0 *)5)0 2+(00- 7)&- 2#00(86-1 -) 25& -9-'26-6-0 522&#:-0 ;<=1 >?1 <@℄℄. ID+$ 5+)&- �etc`$ ,-0 #$-2)0Q6*0 ,- $#)&- 522&#:- -0) 6- 0H0)N'- ,D#2*&5)(#$. Z#''- ()* 2&**,-''-$)1 -6+(Q( 2-&'-) ,D*6-4-& 6- 25&5,(C'- a  "#$%&'()*%(+,)- b ,D+$ W%^\ B +$ -$0-'86- ,D#2*&5)(#$0. Z-#$-2) -0) ,*J$( ,- 65 '5$(N&- 0+(45$)- U !"#$%$&# , .)*/$+ 0123#4%*52()-. `$ 0H0)N'- ,D#2*&5)(#$0 -0) +$ )&(26-) SO = (OPSO, HLSO, RSO)#_1 c OPSO d OPSO
Cycledevie ∪OPSO

Changement -0) +$ -$0-'86- ,D#2*&5)(#$01 #_c PSO
Cycledevie -0) +$ -$0-'86- ,D#2*&5)(#$0 ,- H6- ,- 4(- ec OPSO

Changement -0) +$ -$0-'86- ,D#2*&5)(#$0 ,- :5$C-'-$).c HLSO -0) 6D:#&6#C- 6#C(3+- ,- SO ec RSO &-2&*0-$)- 65 &-65)(#$ ,D#&,&- M)*++!,-,  ./ 0,O ,*J$(- 25& 6-0 -0)5'2(66-0 ,-0 #2*&5)(#$0 OP .I5$0 65 0+()-1 $#+0 +)(6(0-&#$0 65 $#)5)(#$ [opi] #''- +$ )+26- 2#+& ,*0(C$-& +$ -$0-'86- #&,#$$*-0,D#2*&5)(#$0 {op1, ..., opn}.P5 &-65)(#$ ,D#&,&- 0+& 6-0 #2*&5)(#$0 &-3+(-&) ,- ,#)-& )#+) 0H0)N'- ,D#2*&5)(#$0 ,D+$- :#&6#C- 6#C(3+-3+( 2-&'-) ,D-0)5'2(66-& :5+$- ,-0 #2*&5)(#$0 0- 2&#,+(05$) 5+ 0-($ '7'- ,+ 0H0)N'-. P- &�6- ,- -)-0)5'2(665C- -0) ,#+86-. ID+$- 25&)1 (6 -0) 2#00(86- ,D#&,#$$-& ,-+9 #2*&5)(#$0 0- 2&#,+(05$) 0+& ,-+90H0)N'-0 ,D#2*&5)(#$0 ,(0)($)0. ID5+)&- 25&)1 6D-0)5'2(66- &-2&*0-$)- +$ (,-$)(J5$) +$(3+- -) 580#6+2-&'-))5$) ,- ,*)-&'($-& 6D5225&)-$5$- ,D+$- #2*&5)(#$ B 0#$ 0H0)N'-. PD-0)5'2(66- ,D+$- #2*&5)(#$
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 !"! #$%&'() *+ -.)/$0$)&  !"#$ %$&'%($% ) *+ ,-./0(0'/ ,+/# 12 %$&%-#$/($ +0/#0 #'/ 0,$/(0.+/( ,+/# 3/ #4#(56$ ,7'&-%+(0'/8 $ :30&$%6$( ,$ ,-./0% 3/$ %$*+(0'/ ,7'%,%$ $/(%$ ('3($# *$# '&-%+(0'/# ,73/ #4#(56$ ,7'&-%+(0'/; <'3% +**-=$%/'(%$ &%-#$/(+(0'/8 '/ 3(0*0#$%+ *+ /'(+(0'/ opi &'3% ,-#0=/$% *+ i56$ '&-%+(0'/ ,73/ #4#(56$ ,7'&-%+(0'/;>/$ '&-%+(0'/ $#( ,-./0$ '66$ #30( ? !"#$%$&#  !"#$%&'()*; >/$ '&-%+(0'/ $#( 3/ (3&*$ op = (fop, Dop, T op, SOop, HL(op), P op, Rop,
C∗op) '@8A fop $#( 3/$ B'/(0'/ /C+0%$ #3% #'/ ,'6+0/$ ,$ ,-./0(0'/ Dop DA Dop : fop × PCG 7→ {Activit-s, T ransitions, (Donn-es, ...) } ∪ {E4#(56$ ,7'&-%+(0'/#} $#( #'/,'6+0/$ ,$ ,-./0(0'/ :30 ,-&$/, ,$ *+ &'*0(0:3$ ,$ F+/=$6$/( =*'G+*$# "H'0% &*3# *'0/2 DA T op : fop 7→ {Changement, Cycledevie, Projection, Int-gration} $#( #'/ (4&$ DA SOop ,-#0=/$ *$ #4#(56$ ,7'&-%+(0'/ +3:3$* $**$ +&&+%(0$/( DA HL(op) %$&%-#$/($ #'/ $#(+6&0**$ ,+/# *$ SOop DA P op : fop 7→ {Globale, Priv-e} ,-#0=/$ #+ &'%(-$ DA Rop : fop 7→ {V rai, Faux} ,-#0=/$ *$ %-#3*(+( :37$**$ %$('3%/$ DA C∗op : fop 7→ {Instantan-e, Diff-r-e} $#( 3/$ '/,0(0'/ "'&(0'//$**$2 ,70/(-=%+(0'/ ,$ *7'&-%+(0'/8:30 &$3( I(%$ #(%3(3%$**$ "$J$6&*$8 *70/#$%(0'/ ,73/$ +(0H0(- /$ &$3( +H'0% *0$3 :37+&%5# *+ #3&&%$#C#0'/ ,73/$ +3(%$ +(0H0(-2 '3 -H-/$6$/(0$**$ "$J$6&*$8 *70/#$%(0'/ ,73/$ +(0H0(- /$ &$3( +H'0% *0$3:37+&%5# *7'3%%$/$ ,73/ $%(+0/ -H-/$6$/(2;E$*'/ /'# F4&'(F5#$#8 '/ /$ #70/(-%$##$ 00 :37) ,$# '&-%+(0'/# ,$ K'( ,$ '/(%�*$ $( ,$ 4*$ ,$ H0$8$( ,+/# 3/ #'30# ,$ G%05H$(-8 *7-H+*3+(0'/ ,$ *+ '/,0(0'/ ,$ *7+&&*0+(0'/ ,$ *7'&-%+(0'/ $#( F'%# ,$ /'#&%'&'#; M'(%$ H'*'/(- ,$ #&-0.$% 3/  !"#$%&!' =-/-%0:3$ /'3# +65/$ ) ,-./0% *+ /'(0'/ ,7'GN$(# ,73/$'&-%+(0'/8 $( $/ '/#-:3$/$8 *+ ,-./0(0'/ ,73/$ +(0H0(- ,+/# 3/ K'( ,$ '/(%�*$ :3$ H'00 ? !"#$%$&#  !+,-&*; >/ 'GN$( $#( 3/ '/$&( 6+/0&3*- &+% *+ B'/(0'/ ,73/$ '&-%+(0'/; 1$ '/$&( $#(8,+/# /'(%$ +# &%-0#8 3/ 'GN$( ,$ K'( ,$ '/(%�*$8 ,+/# *$ #$/# '@ *$# '&-%+(0'/# 6+/0&3*$/( ,$# +(0H0(-#; !"#$%$&#  .&'0'&#*; >/$ +(0H0(- $#( 3/ 'GN$( +&&+%($/+/( +3 ,'6+0/$ ,$ ,-./0(0'/ ,$# '&-%+(0'/#,3 F+/=$6$/( $( ,3 4*$ ,$ H0$; O**$ $#( ,-./0$ &+% *$ (3&*$ A = (APredA, ASuccA, TPredA, TSuccA,
EA, T A) '@8A APredA $#( *7$/#$6G*$ ,$# +(0H0(-# &%--,$/(# A DA ASuccA $#( *7$/#$6G*$ ,$# +(0H0(-# #3$##$3%# ,$ A DA TPredA $#( *7$/#$6G*$ ,$# (%+/#0(0'/# $/ +6'/( ,$ A DA TSuccA $#( *7$/#$6G*$ ,$# (%+/#0(0'/# $/ +H+* ,$ A DA EA : A 7→ {NonActiv-e(), Activ-e(), Abandonn-e(), Ex-cut-e(), T ermin-e()} ,-%0( *$# &%060(0H$#,7-(+( ,$ A DA T A : A 7→ {Initiale, F inale, S-quentielle, Concurrence, Imbriqu-e, It-rative, S-lection,

Synchronisation , R-union} ,-%0( *$ (4&$ ,$ A;A (") *"!+,./,$!) ?A T A : {Initiale} 7→ {NonActiv-e(), Abandonn-e(), Activ-e()} DA T A : {Finale} 7→ {NonActiv-e(), Abandonn-e(), T ermin-e()};<'3% *$ +# ,$# +(0H0(-# 0/0(0+*$# $( ./+*$#8 '/ + ? (T A = {Initiale} ⇔ TPredA = ∅)$( (T A = {Finale} ⇔ TSuccA = ∅);<30#:37'/ /$ #70/(-%$##$ :37) ,$# F+/=$6$/(# ,3 K'( ,$ '/(%�*$ ,+/# 3/ P'%QK'R8 /'3# ,-./0##'/#*$# '&-%+(0'/# :30 #30H$/(; <'3% 60$3J '6&%$/,%$ *+ F0-%+%F0$ ,$# '&-%+(0'/#8 *$# .=3%$# S;TU $( S;T!,$ *7+//$J$ S $J&'#$ 3/ ,0+=%+66$ ,$ *+##$# >VW ,$ *+ #(%3(3%$ ,$ /'(%$  !"#$%&!';  ! "#$ %&##'(!" )*+$",)-" !"# &%+-.$'&,# / $&0$ $1%" )*&(2"$# &,$",0# ).,# 0, 4&)5!" )" %-&+)+6
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 !"! #$%&'() *+ -.)/$0$)&  ! !"#$%$&#  !"#$%&'() *+ -%).+/+)& *0 1(& *+ ()&$�3+ *40) 565&7/+ *4("#$%&'()58" #$%&'()*+,&$ -% /*$0%1%$+ -2 3&+ -% &$+)�5% opChangement %6+ 2$% 7&$+,&$ 82, 1*$,'25%$+ -%6 &9:%+6 -%+;'% *+,<,+( %+ 2$ 6;6+=1% ->&'()*+,&$" ?55% '%2+ *<&,) 2$% '&)+(% 05&9*5% &2 '),<(%"@ Ins(rerS(rie(so : SO; ains, apr , apost : A) ,$6=)% 5>*+,<,+( ains %$+)% 5%6 *+,<,+(6 apr %+ apost *26%,$ -2 6;6+=1% ->&'()*+,&$6 so A@ Ins(rerParall=le(so : SO; ains, apr , apost : A) ,$6=)% 5>*+,<,+( ains %$+)% 5%6 *+,<,+(6 apr %+ apostB'*)*55=5%1%$+ *2C *+,<,+(6 {∀a, b/a ∈ ASuccapr ∧b ∈ APredapost} B *2 6%,$ -2 6;6+=1% ->&'()*+,&$6
so A@ Supprimer(so : SO; asup : A) 62''),1% 5>*+,<,+( asup -2 6;6+=1% ->&'()*+,&$6 so" !"#$%$&#  !"#$%&'() *+ 63+ *+ 9'+ *40) 565&7/+ *4("#$%&'()58" #$% &'()*+,&$ -% ;5% -% <,%

opCycledevie ->2$ 6;6+=1% ->&'()*+,&$6 %6+ 2$% 7&$+,&$ 82, 1*$,'25% ->*2+)%6 &'()*+,&$6 &2 -%6 *+,<,+(6"?55% $% '%2+ *<&,) 82>2$% '&)+(% '),<(% D<&,) 5>*50&),+/1% E"F -% 5>*$$%C% EG"@ Cr(er(so : SO; a : A) )(% 5>*+,<,+( a *2 6%,$ -2 6;6+=1% ->&'()*+,&$6 *282%5 *''*)+,%$+ 5>&'()*+,&$%+ 1%+ 5>*+,<,+( -*$6 5>(+*+ NonActiv(e() A@ Cr(er(so : SO; t : T ; apr , apost : A) )(% 2$% +)*$6,+,&$ t %$+)% 5%6 *+,<,+(6 apr %+ apostB %+'&6,+,&$$% 5* +)*$6,+,&$ H NonActiv(e() A@ Cr(er(so : SO; [opi] : ops) )(% 2$ 6;6+=1% ->&'()*+,&$6 *<% 5%6 &'()*+,&$6 -% /*$0%1%$+ [opi]5&)6 ->2$% %C'&)+*+,&$ A@ Activer(so : SO) *+,<% 5% 6;6+=1% ->&'()*+,&$6 *282%5 %55% *''*)+,%$+ *<% 5* <,6,9,5,+( *-(82*+%B-(I$,% 6%5&$ 5* '&5,+,82% ->%C'&)+*+,&$ A@ D(sactiver(so : SO) -(6*+,<% 5% 6;6+=1% ->&'()*+,&$6 *282%5 %55% *''*)+,%$+ '&2) 82>,5 $% '2,66%'*6 J+)% %C'&)+("K%6 &'()*+,&$6 6&$+ &112$%6 *2C 6+)*+(0,%6 *,$6, 82>*2C ,$,-%$%6 -2 3&+ -% &$+)�xporter(so, sonouveau : SO) '%)1%+ -% )(%) 2$ 6;6+=1% ->&'()*+,&$6 sonouveauB %+ ->%C'&)+%) 5%6&'()*+,&$6 -% /*$0%1%$+ 05&9*5%6 -2 6;6+=1% ->&'()*+,&$ so *282%5 %55% *''*)+,%$+ <%)6 sonouveauD5* I02)% S"T -% 5>*$$%C% S %$ -&$$% 2$ %C%1'5%G A@ Notifier(so, soexp diteur : SO; [opi] : ops) D<&,) 5>*50&),+/1% E"! -*$6 5>*$$%C% EG $&+,I% 5%6 6;6L+=1%6 ->&'()*+,&$6 SOso -% so -% 5>&2))%$% -%6 &'()*+,&$6 05&9*5%6 [opi] -*$6 5% 6;6+=1% ->&'(L)*+,&$6 soexp diteur DM&2) 2$% ,5526+)*+,&$B <&,) I02)% S"! -% 5>*$$%C% SG"R>&'()*+,&$ ->%C'&)+*+,&$ '%)1%+ *,$6, 2$% '526 0)*$-% 3%C,9,5,+( '&2) 5* )(2+,5,6*+,&$ -%6 &'()*+,&$6-% /*$0%1%$+" ?55% &N)% 5* '&66,9,5,+( -% &$6+)2,)% 2$ $&2<%*2 6;6+=1% ->&'()*+,&$6 SO1 D2$% 6+)*L+(0,% &2 2$% ,$,-%$%G *<% 2$ %$6%195% ->&'()*+,&$6 &$+%$2 -*$6 2$ *2+)% 6;6+=1% SO2" R% 6;6+=1%->&'()*+,&$6 SO1B *,$6, )((B %6+ 2$% -(),<% -% SO2" U(,')&82%1%$+B SO2 %6+ 5% $&;*2 -% SO1" M*)&$6(82%$+ +&2+ /*$0%1%$+ 05&9*5 6% ')&-2,6*$+ -*$6 SO1 %6+ $&+,I( H SO2B %+ ,$<%)6%1%$+" M*) &$+)%B5%6 &'()*+,&$6 -% /*$0%1%$+ 5&*5%6 -% SO2 $% 6&$+ '*6 $&+,I(%6 H SO1" !"#$%$&#  !"#$%&'() *4')&#.$%&'() *40) 565&7/+ *4("#$%&'()58" R* $&+,I*+,&$ 2+,5,6% %++%&'()*+,&$ ->,$+(0)*+,&$ '&2) ,$+(0)%) 5%6 &'()*+,&$6 *2C 6;6+=1%6 ->&'()*+,&$6 D<&,) 5%6 *50&),+/1%6 E"V%+ E"W -% 5>*$$%C% EG O@ Int(grer(so : SO, op) ,$+=0)% op H SO"R%6 *50&),+/1%6 -% +&2+%6 %6 &'()*+,&$6 6% +)&2<%$+ %$ *$$%C% EB %+ 5%6 I02)%6 S"T %+ S"! -% 5>*$$%C%S 1&$+)% -%6 %C%1'5%6 ->(<&52+,&$ -% 6;6+=1%6 ->&'()*+,&$6"
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P = (DP , PPCG, PPCT , PPCI , PPCP , PPCE , PPCEGP , PPCR) )E2F DP +3$ *# +#3+/G,+ %+ %'(+$'!+3 HF PPCG : DP 7→ {Flotdecontr�le, (Flotdedonn4es, ...) } +3$ ," -),'$'7*+ %+ 8"#.+/+#$ .,)G",+3 HF PPCT : DP 7→ {Instantan4, Diff4r4} +3$ ," -),'$'7*+ %+3 $J-+3 %+ 8"#.+/+#$3 %+3 )-4("$')#3 HF PPCI : DP 7→ {AvecAdhoc, SansAdhoc} +3$ ," -),'$'7*+ %* 8"#.+/+#$ -)*( ," %4('!+ %+3 '#'K%+#+3 HF PPCP : DP 7→ {AvecPublication, SansPublication} +3$ ," -),'$'7*+ %+ -*G,'"$')# %+3 )-4("$')#3-"( ,+3 '#'%+#+3 HF PPCE : DP 7→ {Avec/SansExportation, AvecExportation} +3$ ," -),'$'7*+ %&+>-)($"$')# %+3 8"#K.+/+#$3 %"#3 ,+3 3J3$9/+3 %&)-4("$')#3 HF PPCEGP : DP 7→ {GExportation, PExportation, Null} +3$ ," -),'$'7*+ %&+>-)($"$')# %+3 8"#.+K/+#$3 %"#3 ,+3 3J3$9/+3 %&)-4("$')#3 HF PPCR : DP 7→ {AvecRejet, SansRejet}�2'/< D# 384/" %* S)$ %+ )#$(�,+ +3$ *# )*-,+ SFC =
(ASFC , TASFC) )E2F ASFC +3$ *# +#3+/G,+ %&"$'!'$43 HF TASFC +3$ *#+ (+,"$')# (+-(43+#$"#$ ,+3 $("#3'$')#3 %+ %4-+#%"#+ %+ )#$(�,+ +#$(+ ,+3 "$'!'$43

ASFC < !"#$%$&# -)*.!#*' ,4 81! ,' 1*!"�2'/< D#+ '#3$"#+ %* S)$ %+ )#$(�,+ +3$ *# $*-,+ IFC =
(SFCIFC , V T SFC) )E2F SFCIFC +3$ ,+ 384/" %* S)$ %+ )#$(�,+ 3+,)# ,+7*+, 3&+>4*$+ IFC HF V T SFC = (EAIFC , ET IFC) +3$ *#+ (+,"$')# %4('!"#$ ,+3 )-4("$')#3 3*( ,+3 "$'!'$43 +$ ,+3 $("#3'K$')#3 %+ IFC TF EAIFC : ASFCIF C

7→ {NonActiv4e(), Activ4e(), Abandonn4e(), Excut4e(), T ermin4e()} HF ET IFC : TASFCIF C

7→ {NonActiv4e(), Activ4e:V rai(), Activ4e:Faux()}<U"( ("--)($ : *# 384/" %* S)$ %+ )#$(�,+2 *#+ '#3$"#+ -+*$ N$(+ !*+ )//+ *# 384/" "!+ %+3-()-('4$43 %&+>4*$')# 3*( ,+3 "$'!'$43< V"#3 ,+ G*$ %&",,4.+( ," -(43+#$"$')#2 )# #+ )#3'%4(+(" 7*+ ,+3)-4("$')#3 /"#'-*,"#$ ,+3 "$'!'$43<  '#3' ,&4$"$ %&*#+ "$'!'$4 %4$+(/'#+ ,+ $J-+ %+3 $("#3'$')#3 %'(+$+37*' 3+ $()*!+#$ +# "!", %+ +$$+ "$'!'$4< =$ -"( )#347*+#$2 ,+ $J-+ %+3 $("#3'$')#3 +# "/)#$ %&*#+ "$'!'$4  ! "#$ %&##'(!" )*+$",)-" !"# /0,1"2",$# 3 $&4$ $5%" )" 6&$7
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 ! ! "#$%$&'(')* +, .$/0121/)  !"#$%&'()% *%+ ,&('($(-%+ "% +.) #$/$0 1.)+("#&.)+ 2)% 3$(-($# a ∈ ASFCIF C "52)% ()+$/)% "2 6.$ "%.)$&�*% IFC 89 +( ∀t ∈ TPreda ∧ t = {NonActiv#e()} ⇒ Ea = {NonActiv#e()} :9 +( ∀t ∈ TPreda ∧ t = {Activ#e;Faux()} ⇒ Ea = {Abandonn#e()} :9 +( ∀ ∈ TPreda ∧ t = {Activ#e;V rai()} ⇒ Ea = {Activ#e()} :9 +( Ea = {NonActiv#e(), Activ#e(), Excut#e()} ⇒ ∀t ∈ TSucca ∧ t = {NonActiv#e()} :9 +( Ea = {Abandonn#e()} ⇒ ∀t ∈ TSucca ∧ t = {Activ#e;Faux()} :9 +( Ea = {Termin#e()} ⇒ ∀t ∈ TSucca ∧ t = {Activ#e;V rai(), Activ#e;Faux()}0 1%*/ "#,%)"&/ "%*/ .)"($(.) "5/$(-/$(.) "% */ $&/)+($(.) .)$%)2% "/)+ *% ."% "% *5/$(-($#0<5.=>%$(? ,&()(,/* "% ).$&% /,,&.@% #$/)$ "% ,&.,.+%& 2) ).2-%/2 ,/&/"(A'% ,.2& *%+ B?CD E2(,%&'%$ 2)% '%(**%2&% 6%F(=(*($# "% */ A%+$(.) "2 @/)A%'%)$G 5%+$ /()+( E2% ).2+ "#H)(++.)+ *%+ "%2F.)%,$+ "% +$&/$#A(% %$ "5()("%)%I+J0 !"#$%$&#  !"#$"%&'( )* +," )( ,."#�0( )1*. 2#,%)%30 K)% +$&/$#A(% "2 6.$ "% .)$&�*% "52),&.#"# %+$ 2) +L+$M'% "5.,#&/$(.)+ "#H)($ ,/& 2) $2,*% S = (OPS , SOS , SFCS , V S) .NG9 OPS = (OPS
Priv es ∪OPS

Globales ∪OPS
Rejet es ∪OPS

Diff r es) "#&($ *5%)+%'=*% "%+ .,#&/$(.)+ "% */+$&/$#A(% S $%*+ E2% 89 OPS
Priv es = OPS

Cycledevie "#+(A)% *%+ .,#&/$(.)+ ,&(-#%+ "#H)(%+ +2& SG %$ E2( &%,&#+%)$%)$ "%+.,#&/$(.) "% L*% "% -(% *./*%+ 89 OPS
Cycledevie : opS 7→ {Activer(S), D#sactiver(S), Cr#er(S, [opi]), Cr#er(S, aSFCS

),

Cr#er(S, tSFCS

), Exporter(S, sonouveau), Notifier(S, SOexp diteur , [opi]),
Int#grer(S, op)}09 OPS
Globales = OPS

Changement "#+(A)% *%+ .,#&/$(.)+ A*.=/*%+ "#H)(%+ +2& SG %$ E2( &%,&#+%)$%)$ "%+.,#&/$(.) "% @/)A%'%)$ "%-/)$ O$&% ,&.>%$#+ +2& *%+ SOS 89 OPS
Changement : opS 7→ {Ins#rerS#rie(S, ains, apr , apost), Ins#rerParallMle(S, ains, apr , apost),

Supprimer(S, asup)}09 OPS
Rejet es "#+(A)% *%+ .,#&/$(.)+ E2( )5.)$ ,/+ ,2 O$&% ()$#A&#%+ ; S :9 OPS
Diff r es "#+(A)% *%+ .,#&/$(.)+ E2( )5.)$ ,/+ #$#+ ()$#A&#%+G '/(+ E2( +.)$ "(P#&#%+G %$ E2(".(-%)$ O$&%+ ()$#A&#%+ "M+ E2% *%2&+ .)"($(.)+ "5()$#A&/$(.) +.)$ +/$(+?/($%+ :9 SOS = (SOS

Noyau, SOS
D rives) %+$ *5%)+%'=*% "%+ +L+$M'%+ "5.,#&/$(.)+ *(#+ ; S 89 SOS

D rives %+$ *5%)+%'=*% "%+ +L+$M'%+ "5.,#&/$(.)+ "#&(-/)$ "% S I5%+$Q;Q"(&%G E2( +.) ,&.,.&Q$(.))%**%+ ; SJ :9 SOS
Noyau %+$ *% +L+$M'% "5.,#&/$(.)+ ".)$ "#&(-% S0 R* ,%2$ O$&% -("%G %$ "/)+ % /+ */ +$&/$#A(%%+$ "($% .&(A()/*% :9 SFCS %+$ *% +@#'/ "2 6.$ "% .)$&�*% +2& *%E2%* S %+$ /,,*(E2#% :9 V S : OPS × PS

PCE 7→ {Exportable, NonExportable} "#&($ */ -/*("($# "% SG ; +/-.(& +( %**% %+$%F,.&$/=*% I5%+$Q;Q"(&%G "5/2$&%+ +L+$M'%+ "5.,#&/$(.)+ ,%2-%)$ %) "#&(-#+ .2 ).)J 89 V S : OPS × {Avec/SansExportation} 7→ {Exportable, NonExportable} :9 V S : OPS × {AvecExportation} 7→ {Exportable}0</ +$&/$#A(%G %) ,/&$(2*(%& *% /+ "52)% +$&/$#A(% "2 6.$ "% .)$&�*%G &%,&#+%)$% *% ,*/) "% .)"2($% "%*/ .)+$&2$(.) "52) ,&.#"#G %$ ,/& .)+#E2%)$ *% ,*/) "% .)"2($% "2 @/)A%'%)$0 1% ,*/) "% .)"2($%"2 @/)A%'%)$ %+$ "#&($ "/)+ 2) +@#'/ "% 6.$ "% .)$&�*% SFCS 0 D% &%,.&$%& ; */ HA2&% 30S "% *5/))%F%3 ,.2& 2)% (**2+$&/$(.) "% *5/)/*.A(% %)$&% *5#-.*2$(.) "52)% +$&/$#A(% %$ "% +.) +@#'/0 !"#$%$&#  4.')(.( )* +," )( ,."#�0( )1*. 2#,%)%30 K)% R)("%)% "2 6.$ "% .)$&�*% "52),&.#"# %+$ 2) +L+$M'% "5.,#&/$(.)+ "#H)( ,/& 2) $2,*% I = (OP I , SOI , IFCI , V I) .NG9 OP I = (OP I
Priv es ∪ OP I

Globales ∪ OP I
Rejet es ∪ OP I

Diff r es) "#&($ *5%)+%'=*% "%+ .,#&/$(.)+ "%*5()("%)% I $%*+ E2% 8
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 ! ! "#$%$&'(')* +, .$/0121/)  !" OP I
Priv es = (OP

(I)Priv es
Cycledevie ∪ OP

(I)Priv es
Changement) #$%&'() *)% +,$-./&+(% ,-&0$)% #$1(&)% %2- I3 4)%

OP
(I)Priv es
Changement ,)20)(/ 5/-) ,26*&$)%7 )/ #.(% ) .% )**)% #+&0)(/ 5/-) ,-+9)/$)% %2- SOI :" OP I
Globales = (OP

(I)Globales
Cycledevie ∪OP

(I)Globales
Changement) #$%&'() *)% +,$-./&+(% '*+6.*)% #$1(&)% %2- I7 )/ ;2&#+&0)(/ 5/-) ,-+9)/$% %2- SOI <" OP I

Changement = (OP
(I)Globales
Changement ∪OP

(I)Priv es
Changement) <" OP I

Changement : opI 7→ {Ins$rerS$rie(I, ains, apr , apost), Ins$rerParall=le(I, ains, apr , apost),
Supprimer(I, asup)} :" OP I
Cycledevie = OP

(I)Priv es
Cycledevie <" OP I

Cycledevie : opI 7→ {Activer(I), D$sactiver(I), Cr$er(I, [opi]), Cr$er(I, aIFCI

),

Activer(I, aIFCI

), Abandonner(I, aIFCI

), Ex$cuter(I, aIFCI

), T erminer(I, aIFCI

),
Exporter(I, sonouveau), Notifier(I, [opi]), PublierLocalement(I, [opi]),
Notifier(I, SOexp diteur, [opi]),

PublierGlobalement(I, [opi]), Int$grer(I, op), ActiverV rai(I, tIFCI

),

ActiverFaux(I, tIFCI

), D$activer(I, tIFCI

), Cr$er(I, tIFCI

)} :" OP I
Rejet es #$%&'() *)% +,$-./&+(% ;2& () ,)20)(/ 5/-) #$1(&/&0)>)(/ &(/$'-$)% ? I :" OP I
Diff r es #$%&'() *)% +,$-./&+(% ;2& (@+(/ ,.% $/$ &(/$'-$)%7 )/ ;2& %+(/ #&A$-$)%7 >.&% #)0.(/5/-)% &(/$'-$)% #=% ;2) *)2-% +(#&/&+(% #@&(/$'-./&+( %+(/ %./&%B.&/)% :" SOI = (SOI

Noyau, SOI
D rives) )%/ *@)(%)>6*) #)% %C%/=>)% #@+,$-./&+(% *&$% ? I <" SOI

D rives )%/ *@)(%)>6*) #)% %C%/=>)% #@+,$-./&+(% #$-&0.(/ #) I :" SOI
Noyau )%/ *) %C%/=>) #@+,$-./&+(% #+(/ #$-&0) I3 D* ,)2/ 5/-) 0&#)7 )/ #.(% ) .% *@&(&#)())%/ #&/) +-&'&(.*) :" IFCI )%/ *@&(%/.() #2 E+/ #) +(/-�*) %2- *.;2)**) )%/ .,,*&;2$) I :" V I : OP I×P I

PCE×P I
PCEGP 7→ {GlobalesExportable, Priv$esExportable, NonExportable} #$-&/*. 0.*&#&/$ #) I7 ? %.0+&- %& )**) )%/ )G,+-/.6*) H@)%/I?I#&-)7 #@.2/-)% %C%/=>)% #@+,$-./&+(% ,)20)(/)( #$-&0$% +2 (+(J <" V I : OP I×{Avec/SansExportation}×{GExportation} 7→ {GlobalesExportable, NonExportable} :" V I : OP I×{Avec/SansExportation}×{PExportation} 7→ {Priv$esExportable, NonExportable} :" V I : OP I × {AvecExportation} × {Null} 7→ {GlobalesExportable, Priv$esExportable}3K)//) $(+(&./&+( . ,+2- +69)/&B #) >)//-) )( $0&#)() *) +(/)(2 #@2( %C%/=>) #@+,$-./&+(%3 L+2%#$/.&**+(% && *)% (+/&+(% #) (+C.2 )/ #) #$-&0)% +>,+%.(/ *@)(%)>6*) SOso #@2( %C%/=>) #@+,$-./&+(%

so3 !"#$%$&#  !"#$% &' ()*+,&- (.%/ -#-'01& (."2)*$'+"/-33 M( %C%/=>) #@+,$-./&+( SO1 )%/ #&/(+C.2 #) SO27 %& SO2 . $/$ -$$ ,.- )G,+-/./&+( #)% +,$-./&+(% #) N.(')>)(/ #) SO13 SO2 )%/ .*+-% 2()#$-&0) H+2 #$-&0$J #) SO13 M( %C%/=>) #@+,$-./&+( SO ,)2/ .0+&- ,*2%&)2-% #$-&0)%7 (+/$)% SOSO
D rives7>.&% () ,)2/ ,+%%$#)- ;2@2( %)2* (+C.27 (+/$ SOSO

Noyau3D* )%/ $0&#)(/ ;2) )-/.&()% +,$-./&+(% #$1(&)% ,-$$#)>>)(/ #+&0)(/ 5/-)% -)#$1(&)% ,+2- *)% ,-+I,-&$/$% ,.-/&2*&=-)% #@2() &(&#)()3 4)% /.6*).2G O3P )/ O3Q #) *@.(()G) O $(+()(/ *)% .*'+-&/N>)% #)*@+,$-./&+( #@)G,+-/./&+( ,+2- 2() %/-./$'&) )/ 2() &(&#)()3 R) -),+-/)- ? *. 1'2-) S3TQ #) *@.(()G) S,+2- 2( #&.'-.>>) #) *.%%)% MU4 %,$&1.(/ *. N&$-.-N&) #)% +,$-./&+(% #2  !"#$%&!'3 !"#$%$&#  42)*$'+"/ (& #6& (& ,+& (.%/& +/+(&/&33 M() +,$-./&+( #) C*) #) 0&) opCycledevie#@2() &(&#)() I )%/ 2() +,$-./&+( ;2& >.(&,2*)7 )( ,*2%7 *)% ./&0&/$% #) *@&(%/.() #2 E+/ #) +(/-�*)
IFCI 3 V**) () ,)2/ .0+&- ;2@2() ,+-/$) ,-&0$) H0+&- *@.*'+-&/N>) O3 #) *@.(()G) OJ3" Activer(in : I; a : A) ./&0) *@./&0&/$ a :" Abandonner(in : I; a : A) .6.(#+(() *@./&0&/$ a :" Ex$cuter(in : I; a : A) )G$2/) *@./&0&/$ a :" Terminer(in : I; a : A) /)->&() *@./&0&/$ a3
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 !"! #$ &''()*&+ ,$+- .$ /(-)*&+ ,0 1$+/(2(+)  !"#$ %&'()*+%,$ Activer(a : A) #* Abandonner(a : A) $%,* #-/0$+1#$ /20,# 3# /2)0*(#4 2#$*5653+(#47∀a ∈ EAIIF C

¬((∃opl ∈ OP I , opl = Activer(a)) ∧ ∃(opk ∈ OP I , opk = Abandonner(a))℄9: ActiverV rai(in : I; t : T ) )*+1# 6 1()+ /) *(),$+*+%, t ;: ActiverFaux(in : I; t : T ) )*+1# 6 <)0- /) *(),$+*+%, t9") $+*0)*+%, $0+1),*# 3%+* =*(# >)(),*+# ? 7∀t ∈ ET IIFC

¬((∃opl ∈ OP I , opl = ActiverV rai(t))∧(∃opk ∈
OP I , opk = ActiverFaux(t))℄9 @#$ %&'()*+%,$ ,# &#01#,* )1%+( /+#0 A0# 3),$ /#$ +,+3#,#$ 30 B%* 3#%,*(�/# 320, &(%'3'9 D//#$ &(%30+$#,* /#$ &(+E+*+1#$ 32'*)* 3#$ )*+1+*'$ #* 3#$ *(),$+*+%,$9F%0( A0# /# G),>#E#,* /%)/ $# &(%30+$),* )0 ,+1#)0 3#$ +,+3#,#$ &0+$$# )0$$+ =*(# ('0*+/+$'4 ,%0$3'H,+$$%,$ 3#$ %&'()*+%,$ 3# &(%I#*+%, $&'+HA0#$ 6 0,# +,+3#,#9 !"#$%$&#  !"#$%&'() *+ "$(,+&'() *./)+ ')'*+)+09 J,# +,+3#,# 30 B%* 3# %,*(�/# &%$$K3#3#$ %&'()*+%,$ $&'+HA0#$ L&)( ()&&%(* 6 0,# $*()*'>+#M A0+ /0+ &#(E#**#,* 3# &0N/+#( $#$ %&'()*+%,$3# G),>#E#,* &(+1'#$4 A02#//# #O#*0# 320,# E),+K(# P  !"#$ Q9 J,# <%+$ #-&%(*'#$4 #$ %&'()*+%,$3#1+#,,#,* >/%N)/#$9: PublierLocalement(in : I; [opi] : ops) L1%+( /2)/>%(+*GE# R9SM &#(E#* 3# (#$*(#+,3(# /) &0N/+)*+%,3#$ %&'()*+%,$ 3# G),>#E#,* &(+1'#$ [opi] 3# in A02)0- 3'(+1#$ SOin

D rives ;: PublierGlobalement(in : I; [opi] : ops) L1%+( /2)/>%(+*GE# R9TM &#(E#* 3# &0N/+#( /#$ %&'()*+%,$ 3#G),>#E#,* &(+1'#$ [opi] 3# in 6 *%0$ /#$ SOin�9+ $#*/'&09 J, $U$*KE# 32%&'()*+%,$ 30 B%*3# %,*(�/# ('30+*4 ,%*' SORSO4 #$* 0, SO *#/A0# OPSO #$* 3'&%0(10 3#$ %&'()*+%,$ 3# &(%I#*+%,#* 3#$ %&'()*+%,$ 3# U/# 3# 1+# )0*(#$ A0# $0( 3#$ )*+1+*'$9 "# *)N/#)0 @9 E%,*(# /) 3+O'(#,# #,*(#
SORSO #* SOPSO &)( 0, #-#E&/# 32+,+3#,# (''# 6 &)(*+( 320,# $*()*'>+# S 3%,* /# $G'E) ,# %,*+#,*+,*+)/#E#,* A020,# $#0/# )*+1+*' X 9 !"#$%$&#  632&45+ *.("#$%&'()2 */ 7(& *+ ()&$�9+ "/$:#09 J, $U$*KE# 32%&'()*+%,$ 30 B%*3# %,*(�/# &0(>'4 ,%*' SOPSO4 #$* 0, SORSO $),$ ('&'*+*+%,$ 3#$ %&'()*+%,$4 #* &)( '/+E+,)*+%, 3#$%&'()*+%,$ $0( 3#$ )*+1+*'$ A0+ %,* '*' 3'H,+*+1#E#,* $0&&(+E'#$ L3# SFCS A02+/ $2)>+$$# 320,# $*()*'>+#
S4 %0 3# IFCI $+ 2#$* 0,# +,+3#,# IM9 "# *)N/#)0 @9Y E%,*(# /) 3+O'(#,# #,*(# SORI #* SOP I 320,#+,+3#,# I9
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 !"! #$%&% '$ )*+,-.-+/  ! !"#$%&'  !"##$&'"( )*(+,'-.$ )$/ "01#+&'"(/ )$ 2+(3$,$(& ). 4"& )$ "(&#�6$7" #$%&'()*+,&$ -% /*$0%1%$+ -2 3&+ -% &$+)�5% %6+ -,+% &))%+%7 6, %+ 6%25%1%$+ %55% ')(6%)8% 5% ),+9)%-% &))%+,&$ 6+)2+2)%55% :'*) *$*5&0,% ; < ℄7 -% 5>,$6+*$% IFCI &2 -2 6/(1* SFCS? -2 6@6+91%->&'()*+,&$6 62) 5%A2%5 %55% %6+ *''5,A2(% :A2>,5 6&,+ 2$% ,$,-%$% I &2 2$% 6+)*+(0,% S?" B% ),+9)%-@$*1,A2% %6+ -(C$, *2 $,8%*2 -2 &-% -% 5>&'()*+,&$ %55% 1D1%" E5 %6+ 5&*5 ; /*A2% 6@6+91% ->&'()*+,&$-*$6 5%A2%5 %6+ ,$+(0)(% 5>&'()*+,&$ -% /*$0%1%$+"F (#)$ )*' +*+-'*' I .F T1 G H>&'()*+,&$ <op :: Ins(rerS(rie(I, ains, apr , apost)℄ %6+ &))%+%⇔ <:IB)(%):apr ?J7 IB)(%):apost?J
∈ SOP I? ∧ :IB)(%):ains?J7 IK+,8%):apost?J7 IKL*$-&$$%):apr ?J7 IM%)1,$%):apr ?J /∈ SOP I)℄ NF T2 G H>&'()*+,&$ <op :: Ins(rerParall9le(I, ains, apr , apost)℄ %6+ &))%+%⇔ <:IB)(%):apr ?J7 IB)(%):apost?J
∈ SOP I? ∧ :IB)(%):ains?J7 IK+,8%):apost?J /∈ SOP I)℄ NF T3 G H>&'()*+,&$ <op :: Supprimer(I, asup)℄ %6+ &))%+%⇔ <:IB)(%):asup?J ∈ SOP I) ∧ :IK+,8%):asup?J7IKL*$-&$$%):asup?J /∈ SOP I)℄"F (#)$ )*' /0$10"2+' S .F T4 G H>&'()*+,&$ <op :: Ins(rerS(rie(S, ains, apr , apost)℄ %6+ &))%+%⇔ <:IB)(%):apr ?J7 IB)(%):apost?J
∈ SOP I) ∧ :IB)(%):ains?J /∈ SOP I)℄ NF T5 G H>&'()*+,&$ <op :: Ins(rerParall9le(S, ains, apr , apost)℄ %6+ &))%+%⇔ <:IB)(%):apr ?J7 IB)(%):apost?J
∈ SOP I) ∧ :IB)(%):ains?J /∈ SOP I)℄ NF T6 G H>&'()*+,&$ <op :: Supprimer(S, asup)℄ %6+ &))%+% ⇔ <IB)(%):asup?J ∈ SOP I ℄"K')96 5%6 &'()*+,&$6 -% /*$0%1%$+ E$6()%)O(),% :ains7 apr 7 apost? %+ E$6()%)P*)*5595%:ains7apr 7 apost?6% ')&-2,6*$+ -*$6 2$ 6@6+91% ->&'()*+,&$6 OS7 Cr(er(ains) -&,+ D+)% *Q&2+(% ; OPOS

Cycledevie '&2) )%$-)%&1'+% -% 5>,$6%)+,&$ %R%+,8% -% 5>*+,8,+( ains" K,$6, -(C$,7 % ),+9)% )%6'%+% L,%$ 5%6 ,$8*),*$+6 -%5* 6+)2+2)% -2 1&-95% :>%6+S;S-,)%7 -%6 &$-,+,&$6 62) 5% 6/(1* A2, -&,8%$+ D+)% 6*+,6T*,+%6 *8*$+ %+*')96 5* 1&-,C*+,&$ <U!℄?" H* ')%28% -% % +/(&)91% %6+ -&$$(% %$ *$$%V% B" E5 T*2+ -,)% A2% % ),+9)%5&*5 %6+ '%2 )%6+),+,T7 *) 5&)6A2>,5 T*2-)* 0()%) 5%6 (8&52+,&$6 ->*2+)%6 *6'%+6 ->2$ W&)X3&Y :3&+ -%-&$$(%67 )�5%67 etc.?7 $&26 '&2))&$6 5>(+%$-)% ; -%6 &'()*+,&$6 62''5(1%$+*,)%6" Z&26 '&28&$6 )%1*)A2%)A2>,5 %6+ -(C$, 62) 2$ 1&-95% ->*+,8,+(6 6*$6 &1'%$6*+,&$" B%'%$-*$+7 '*) 2$% %V+%$6,&$ -% 5* -(C$,+,&$-2 1&-95% ->*+,8,+(67 '*) %V%1'5%7 6%5&$ 5%6 1&-95%6 -% ')&(-( +)*$6*+,&$$%56 <[!℄7 ,5 %6+ '&66,L5% -%-(C$,) -%6 ),+9)%6 62''5(1%$+*,)%6" !" #$%&% '$ )*+,-.-+/P&2) *8&,) 2$ &$+)��5%7 6+*L,5,+( ->2$ 6@6+91% ->&'()*+,&$6 -23&+ -% &$+)�5% ; nS&'()*+,&$6 ')967 ')&'&)+,&$$*5,+( -%6 6@6+91%6 ->&'()*+,&$6 '2)0(67 ')&'&)+,&$$*5,+(-%6 6@6+91%6 ->&'()*+,&$6 -2 3&+ -% &$+)�5%7 *$*5&0,% -%6 6@6+91%6 ->&'()*+,&$6 -2 3&+ -% &$+)�5% %+(*)+ %$+)% 6@6+91%6 ->&'()*+,&$6" _(+*,55&$6 1*,$+%$*$+ 5% &$%'+ -% ` 8"*+.9:1#';$ /7 a"
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 !"! #$%&% '$ )*+,-.-+/  ! !"#$%$&#  !"#$%& '$($')*& +,-( ./.01'& +,23"#)0$2(.4" #$ %&'()* +(,(+$-*. ,/0&* ∆−. %12,34305+* %1/6&'$0(/, SO *30 %&7,(* 6$' {i ∈ SOSO
D rives, k ∈ SOSO

Noyau/∀j ∈ ({SOSO
D rives}−{i})∧ card(⊲⊳i

k)

≤ card(⊲⊳j
k))}" !"#$%$&#  !"#$%& ')5$')*& +,-( ./.01'& +,23"#)0$2(.4" #$ %&'()* +$8(+$-*. ,/0&* ∆+. %12,34305+* %1/6&'$0(/, SO *30 %&7,(* 6$' {i ∈ SOSO

D rives, k ∈ SOSO
Noyau/∀j ∈ ({SOSO

D rives}−{i})∧ card(⊲⊳i
k)

≥ card(⊲⊳j
k))}" 9(,3( :∀i ∈ SOSO

D rives, ∃k ∈ SOSO
Noyau; /, $ :{∆−} ∝∗ {i} ∝∗ {∆+};"96'53 0/20*3 *3 %&7,(0(/,3. (- ,/23 =$--$(0 0'/2)*' -* +/4*, %1$)/(' 2,* )(3(/, 6-23 -$'>* 32' -1&)/-20(/,%12,* >&,&'$0(/, %* 34305+*3 %1/6&'$0(/,3" 96'53 $)/(' &02%(*' *'0$(,3 >'$6?*3 *8(30$,03 :*, &0/(-*. %*@$20A. %* B'2(C,. etc

K
∆ = (N, R, V, K) $)* :∆ = [opi=1...n] *0 ∆i = opi) 2, ,N26-*0 %1/6&'$0(/,3 &0(E2*0&*3 *0 /'%/,,&*3-*8(/>'$6?(E2*+*,0 /O.P N *30 2, *,3*+F-* 7,( %* ,Q2%3" K*3 3/++*03 Ni '*6'&3*,0*,0. (,%()(%2*--*+*,0. 2, *,3*+F-*%1/6&'$0(/,3 Ni = [opl, ..., opk] &0(E2*0&*3 $''$,>&*3 *0 /'%/,,&*3 3*-/, 2, /'%'* -*8(/>'$6?(E2*%&7,( 6$' -*2'3 *30$+6(--*3. 0*- E2* :card(Ni) ≤ (card(∆) − 1; RP M,* $''H0* (Nsource, Ndestination) ∈ R 3( *0 3*2-*+*,0 3( LP -* ,Q2% Nsource *30 2, 6'&78* %2 ,Q2% Ndestination. 1*30NDN%('*. ∃ops ∈ Ndestination/ Nsource =

[opl, ..., opk] *0 Ndestination = [opl, ..., opk, ops] RP *0 card(Ndestination) = card(Nsource) + 1"P K?$E2* $''H0* (Nsource, Ndestination) *30 )$-2&* 6$' V (Nsource, Ndestination) = {Ndestination} −
{Nsource} = ops RP K *30 -* ,Q2%N,/4$2 %2 >'$6?* %&7,( 6$' -1*,3*+F-* %*3 :card(∆)!; $''$,>*+*,03 6/33(F-*3 %*3 ∆/6&'$0(/,3 %$,3 card(∆)"J* +H+* ,/23 (,0'/%2(3/,3 *, $,,*8* K -*3 6'/6'(&0&3 L ∆N'$4/, %12, K

∆. %* $'%(,$-(0&. %1*8*,0'((0&*0 %* %*>'& %12, ,Q2% %* * >'$6?*" M, K
∆. %/,0 -1/'%'* *30 %/,,&* *, $,,*8* K. *30 6-$,$('* >'$6?*"S/20*3 *3 6'/6'(&0&3 3/,0 (--230'&*3 %$,3 -$ 7>2'* K"T %2 +H+* $,,*8*" !"#$%$&#  6#)37& +& .-$%$ +& *,"%2*-0$2( D)." .-# -( K

∆4" M, 0*- >'$6?*. ,/0& �
∆. *30 >'$6?*6*'+*00$,0 %* 32()'* -*3 &)/-20(/,3 %*3 (,(%*,*3 %2 U/0 %* /,0'�-* )(3NDN)(3 %* -*2' ,/4$2" ∆ '*6'&3*,0*-1*,3*+F-* %*3 /6&'$0(/,3 %* ?$,>*+*,0 %12,* >&,&'$0(/," 9(,3(. 2,* 30'$0&>(* 30$F-* S *30 '*6'&3*,0&6$' -* ,Q2%N,/4$2 %2 K

∆ *0 -*3 (,(%*,*3N E2( -2( 3/, 6'/6/'0(/,,*--*3 N6$' -*2'3 6/3(0(/,3 32' -*3 ,Q2%3%2 >'$6?* :3*-/, -*3 /6&'$0(/,3 %* ?$,>*+*,0 E21*--*3 /,0 62 (,0&>'*';" #$ %&'()* +$8(+$-* *30 $00*(,0*6$' 2,* (,(%*,* -/'3E21*--* 3* 0'/2)* 32' 2, ,Q2% %1*8*,0'((0& (R∆−1). *0 -$ %&'()* +(,(+$-* -/'3E21(-*8(30* 2,* (,(%*,* 3* 0'/2)$,0 32' -* ,/4$2" #1(,(%*,* *30 $-/'3 $,$-/>2* D -$ 30'$0&>(*" W$' *80*,0(/,$28 0'$)$28 %*  6 7&*,'"8' '! #86 XTY℄. -*3 %&'()*3 %12, 34305+*3 %1/6&'$0(/,3 6*2)*,0 H0'*3 /'%/,,&*3D 0'$)*'3 -*3 /6&'$0(/,3 %* ?$,>*+*,0 E21*--*3 /,0 62 (,0&>'*' 3*-/, -*2'3 6/3(0(/,3 32' %*3 ,Q2%3%1*8*,0'(& '/(33$,0*" #1*8*,0'((0& '/(0 6$'0$,0 %2 ,/4$2 %2 >'$6?* )*'3 -*3 ,Q2%3 %* $'%(,$-(0&2,(0$('*"[*-/, -*3 0'$)$28 6'&3*,03 %$,3 -$ -(00&'$02'* :)/(' 3*0(/, \"\;. -$ 6'/6$>$0(/, %2 ?$,>*+*,0 )*'3 %*3(,30$,*3 %* ]/'^U/] *, *8&20(/, /2 -*2' +/%(7$0(/, 3/2-5)* -* 6'/F-5+* %2 /,0'�-* *0 %* -$ >*30(/,%* -1(+6$0 %* *3 ?$,>*+*,03 32' -*3 (,30$,*3 $7, %* 6'&)*,(' %*3 :&0$03; %1*8&20(/,3 (,/''*0*3"
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 !"! #$%&% '$ )*+,-.-+/  !"#$#%&'()($*+ '(, .&$/()($*, 0$1$*%�℄
K
∆ = (N, R, V, K) (,* 9$ K

∆ 1W+X Y0 '( $Z93 Nsource (,* 9$ 6%#E;( 39 $Z93 Ndestination+ ($ 6'9,+ ':&%%5*( (Ndestination, Nsource) ∈ R [X (* .&@9( &%%5*( (Ndestination, Nsource) (,* 4&'9#( 6&% V (Ndestination, Nsource) =
({Ndestination} − {Nsource})−1 = ops

−1+ :(,*?R?30%(+ ':0$4(%,( 3( V (Nsource, Ndestination)619% Nsource = [opl, ..., opk] (* Ndestination = [opl, ..., opk, ops]<\(, E/9%(, D<]+ D<^+ D<M_ (* D<M! 0''9,*%($* '& 1$,*%9*01$ 3:9$ K
∆ &4( 9$ ∆− rayon &''&$* 3( M R`< \& 3#E$0*01$ 3( (**( *161'1/0( $19, 6(%)(* 3( ,904%( ':#41'9*01$ %#(''( 3:9$( /#$#%&*01$ 3( ,>,*J)(,3:16#%&*01$, ,('1$ 9$ )13J'( &4( 1)6($,&*01$< \( 3(/%# 3:9$ $Z93 3:9$ K

∆ (,* 31$$#( ($ &$$(;( a< !"#$%$&#  !"#$%& '& (3/7/ '& -4571-3,/1) 9#(5 (3" 3) K
∆B< a( /%&6.(+ $1*# �

∆+ (,* 9$ �
∆31$* '(, 0$03($(, 6(94($* 1)6($,(% 3(, 16#%&*01$, 3( .&$/()($*< \& E/9%( a<M 0''9,*%( 9$ �

[a,b,c]31$* '( $1>&9 %(6%#,($*( 9$( ,*%&*#/0( S &>&$* 0$*#/%# '(, 16#%&*01$, 3( .&$/()($* {a, b, c} (* ,(, 3#%04(,+'(, 0$03($(, {IS
1 , IS

2 , IS
3 , IS

4 }< {IS
1 } (,* 9$( 3#%04( )0$0)&'(+ (* {IS

3 , IS
4 } ,1$* 3(, 3#%04(, )&;0)&'(,<L19% @9( '& 3#E$0*01$ 3( (, /%&6.(, $( ,10* 6&, ,(9'()($* *.#1%0@9(+ $19, )1$*%1$, @9:0' (,* 61,,07'(3( '0$#&%0,(% (, /%&6.(, ,('1$ '& 6%16%0#*# ,904&$*( U'(&)($!%!  =/)5#"/(#,/1) '43) K

∆ 13 '43) K
∆B< \& %(6%#,($*&*01$ I410% E/9%(, a<! (* a< K 3:9$

K
∆ 19 3:9$ K

∆ 6(9* 5*%( C&0'()($* '0$#&%0,#( 3&$, 9$( ,*%9*9%( '0$#&0%( 6&% ':&'/1%0*.)( 39 *&7'(&9b<M_ 3( ':&$$(;( b<=&$, '( &, 3:9$( /#$#%&*01$ 1)61,#( 3( ,*%&*#/0( (* 3:0$03($(,+ *19*( 16#%&*01$ 3( .&$/()($*/'17&'( ,( 6%1390,&$* &9 $04(&9 3:9$( 0$03($(+ (* @90 %(6%#,($*( 9$ .&$/()($* %89"6 3( ':(;#9*01$39 6%1#3#+ (,* $1*0E#( R '& ,*%&*#/0(< D0$,0+ (**( 3(%$0J%( 1$*0($* *19*(, '(, 16#%&*01$, 3( .&$/(?)($* $1*0E#(, &9 ,(0$ 3( (**( /#$#%&*01$< a(6($3&$*+ '(, .&$/()($*, &9 $04(&9 3( '& ,*%&*#/0(+ @90%(6%#,($*($* ':#41'9*01$ 39 )13J'( 3( B1%FG1H+ $( ,1$* 6&, $#(,,&0%()($* 0$*#/%#, 6&% '(, 0$03($(,I39 C&0* 39 %0*J%( 3( 1%%(*01$ 3>$&)0@9(K< c' (,* #403($* @9( .&@9( 0$03($( %(GJ*( 30d#%())($*'(, )130E&*01$, 3( ,1$ $1>&9+ ($ 6'9, 3( ,(, .&$/()($*, '1&9;< a:(,* /%e( R '& *161'1/0( 3( /%&6.(3(, &%%&$/()($*, '(;01/%&6.0@9( 3:16#%&*01$, ($*%# ,9% '( $1>&9 @9:0' 61,,07'( 3( ,904%( ':#41'9*01$ 3(.&$/()($* 3&$, 9$( /#$#%&*01$ 3( ,>,*J)(, 3:16#%&*01$,< \( $1>&9 39 /%&6.( %(6%#,($*( '(, 16#%&*01$,39 .&$/()($* /'17&' %('&*0C R 9$( /#$#%&*01$+ 0$*#/%#(, 6&% 9$( ,*%&*#/0(< \(, 30d#%($*(, 0$03($(, ,1$*61,0*01$$#(, ,9% '(, $Z93, 39 /%&6.( @90 %(GJ*( '(, 16#%&*01$, 3( .&$/()($* (* ':1%3%( 3&$, '(@9(' (,
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n2)(J n "') 5" $(46#" !" $K+!' <") *2# ($',:+"$)7 5" $(46#" !"' 2)%8%),'? LMN℄. /" G2%) :+" $()#" #%)&#"'(%) 5(25 > +$ '9')&4" !0(*,#2)%($'7 %5 "$ #,'+5)" :+" '($ ,825+2)%($ "') !0+$" (4*5";%), "$ O(p ∗ n) (J
n "') 5" $(46#" !"' 2)%8%),' !+ 4(!&5" !" P(#QR(S7 ") p℄
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 !"$%&'!" () *(+&*()',(&
��&!:  $22! &! -)"?-! 0! $--!P")$% !(" 0.*%) ('- &63)("$-)5'! ,'-/. 0!( $,.-+")$%(4 %! ,$'--+)"P$% ,+( G+"$-)(!- !-"+)%!( 06!%"-! !&&!((+%( ,$'- +'"+%" -)(5'!- 0! ,!-0-! 0' $%"-�
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∆�1 X \]19#(* ^##:#$℄ 222 Q* (#/)("#( *�*4 7#$* (#/)("#( T1$*#2
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 !!"#"   !!"#$%&$'()#
 !""# $# "!%&'# $( )*+'# ,-./ +%# (&121&3 45+%# 1%6&(%# 7('&1+$18'# 4+ 7'!343 7#+& %3#661&#'+% (86 9 4#6 '#66!+'#6 #:&#'%#6 9 $5!+&1$ 4# *#6&1!% 4# 7'!343 ;7(' #:#"7$#/ 4#6 !<=#&6 "3&1#'6/ 4#64!+"#%&6/ 4#6 <(6#6 4# 4!%%3#6/ 4#6 <+6 4# "#66(*#6/ etc.>- ?(%416 @+# $5#:3+&1!% #6& 9 $( A('*# 4+"!&#+'/ $( 4#6'17&1!% #& $( "(B&'16# 4+ !"7!'&#"#%& 4# #6 (&121&36 #6& &!+&#C!16 6!+6 $( '#67!%6(<1$1&34+ 7'!*'(""#+'- D3(%"!1%6 +%# @+#6&1!% 6# 7!6# E !""#%& #6 4#+: #%&1&36 4!12#%&F#$$#6 !!73'#' G

 !"# ,-. H I%21'!%%#"#%& 4# 43)%1&1!% #& 45#:3+&1!% 45+% 7'!343-J # 6&(4#/ 1$ #6& %3#66(1'# 4# 416&1%*+#' 4#+: *'(%4#6 (&3*!'1#6 4# 7'!4+1&6 #& 4!% 4#+: "('A36 K#$+1 4+  !"$%% &"'$()*+ #& #$+1 4+ L!'MN!O/ "P"# 61 #'&(1%6 341&#+'6 1%&8*'#%& 4# 7$+6 #% 7$+6$#6 4#+: 41"#%61!%6- Q#6 6R6&8"#6 4# *#6&1!% 4# 7'!3436 "3&1#'6 &#$6 @+# E ,-./0.!$/ 12& &3,$!)$%/45,6/ etcetc.- T#"('@+(<$#"#%&/ &!+6 #6 6R6&8"#6 1%$+#%& 4#6 '#7'36#%&(&1!%6 7('&1+$18'#64# "3&("!48$#6 !A3'#%&6 4# L!'MN!O- I% !%63@+#%# 4# $#+' 6+86/ #& 2+ $( 61&+(&1!% 4+ "('A3 4#6WX
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 !"#$ %& "'()*%+ ,)-%&./(0%&1 %1 23(04'% 567℄ 977+: ;0<<0=(>? >% >)<<=(? %& *(@A0?0)& >% <B=&&@% CD77+?)'(% F  !"#$%&'"$()*!,G+ <%'( (@*'1=10)& &B%?1 *<'? H 3=0(%+ *'0?4'B0<? )&1 0&>@&0=I<%;%&1 >@;)&1(@ <%'(*)1%&10%< >% ;)>@<0?=10)& %1 >B='1);=10?=10)&JK= LM'(% ?'0A=&1% %?1 '& %N%;*<% >% ;)>O<% >B'& *()@>@ >% 1(=01%;%&1 >%? >%;=&>%? >B0;;0M(=10)&*)'( '& ?%(A0% )&?'<=0(% 577℄ %N*(0;@ ?%<)& <% <=&M=M% >% ;)>@<0?=10)& >@L&0 %& ?%10)& 7J7J7J

 !"# 2JC P ,)>O<% >B'& *()@>@ >% 1(=01%;%&1 >%? >%;=&>%? >B0;;0M(=10)&J

in
ria

-0
03

36
53

4,
 v

er
si

on
 1

 - 
4 

N
ov

 2
00

8



 !

"# $%&'( )* +,,&-.'( ,/#0#,1%+( (0.'( ,/231,&.+10 4/&0( -.'#.2%+( S (. ,# 10-.'&.+10 4& -627# 4( 81. 4(10.'�,( #--1+2 :#' #::,+#.+10 4/1:2'#.+10- (-.#7:+,,2(- #&--+ ;+(0 4( 6#0%(7(0.< =&( 4( >,( 4( 3+(*"(- 1:2'#.+10- 4( 6#0%(7(0. S 4(3#0. +010.(-.#;,(7(0. ?.'(- 01.+$2(- @ .1&- ,(- ->-.A7(- 4/1:2'#.+10-42'+3#0. 4( S< (,,(- -10. :1&' (,# 10-+42'2(- 177( %,1;#,(-* "# '2#.+10 (. ,/#.+3#.+10 4/&0( -.'#.2%+(2.#0. 4(- 1:2'#.+10- 4( >,( 4( 3+(< (,,(- -10. +0.2%'2(- 177( 4(- 1:2'#.+10- :'+32(-*  !℄#!℄#$%&
op0 ' ()*+) ,&# -.#,&&#op1 ' /123+) ,&# 4.#,&& !op0,1℄#!℄#$%& BCD E Sd but Sfin

op2 ' 5678,+) ,#/#Sd but#Sfin#!℄&# 9.#,&& !op0,1℄#!op2℄#$%& BCD E Sd but ) Sfin

op3 ' 5678,+) ,#:#/#Sfin#!℄&# ;.#,&& !op0,1℄#!op2,3℄#$%& BCD E Sd but ) F Sfin

op4 ' 5678<=) ,#(#/#Sfin#!℄&# >.#,&& !op0,1℄#!op2,3,4℄#$%& BCD E Sd but ) FD Sfin

op5 ' ,?@@ ,#:&# A.#,&& !op0,1℄#!op2,3,4,5℄#$%& BCD E Sd but ) D Sfin !"# )* G HI(7:,( 4/231,&.+10 4/&0( -.'#.2%+( S*in
ria

-0
03

36
53

4,
 v

er
si

on
 1

 - 
4 

N
ov

 2
00

8



 !"#$%%&'()*($+, -./ 0+,()1 &,1 $,$31,1 IS
1 34)$5*,( 3#&,1 '()*(46$1 S 1( &,1 $,$31,1 I

IS
1

2 7&$ 34)$5131 IS


 & '()℄+)op1,...,(n−1)℄+,-. (/#+&.0(1#+IS
1 .

IS
1

IS
1 '()op1.1℄+)℄+,-.opn '(234$5675(IS

1 +)op1,...,(n−1)℄.+(/#+&..& '()opn℄+)op1,...,(n−1)℄+,I1-. op1.1 '(85975(IS
1 .+(1#+IS

1 ..)op1,...,(n−1)℄
op1.2 '(:6;<75(IS

1 .+(=#+IS
1 ..

IS
1 '()op1.1,1.2℄+)op1,...,(n−1)℄+,-..
op1.3 '(:6;<75(:.+(>#+IS

1 ..
IS
1 '()op1.1,...,1.3℄+)op1,...,(n−1)℄+,-.
op1.4 '(239?675(:.+(@#+IS

1 ..
IS
1 '()op1.1,...,1.4℄+)op1,...,(n−1)℄+,-.
op1.5 '(A95B;/75(:.+(C#+IS

1 ..
IS
1 '()op1.1,...,1.5℄+)op1,...,(n−1)℄+,-.

op1.6 '(234$5675(IIS
1

2 +)op1,...,(n−1)℄.+(D#+IS
1 ..

IS
1 '()op1.1,...,1.6℄+)op1,...,(n−1)℄+,IIS

1

2 -.)op1,...,(n−1)℄I
IS
1

2

op2.1 '(85975(IIS
1

2 .+(1#+IIS
1

2 ..(1#+IIS
1

2 .0(D#+IS
1 .

I
IS
1

2 '()op2.1℄+)op1,...,(n−1)℄+,-.
op2.2 '(:6;<75(IIS

1

2 .+(=#+IIS
1

2 ..
I

IS
1

2 '()op2.1,2.2℄+)op1,...,(n−1)℄+,-. !"# -./ L M%%&'()*($+, 31 %#1:9+)(*($+, 31' +94)*($+,' 31 ?*,6101,(' 31' '<'(=01' 3#+94)*($+,'.
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 !"# $%&'( )*+ ,--&./'( &0 (1(23-( 45&0( ,0,4(0( IS
1 47',8#0/ 45&0( ./'#/7%,( S9 (/ :22(0/ -# 3:'/7(4(. :37'#/,:0. 4( ;#0%(2(0/ :04,/,:00( -(&' 0:/,$#/,:0* "5:37'#/,:0 op1.n (./ 3',87( < -5,0,4(0(

IS
1 * =--( :0./,/&( &0( :37'#/,:0 4( ;#0%(2(0/  !"#$ >&, 05(./ 3#. 0:/,$7 #& 0:?#& S* @#' :0/'(9

op1.(n+1) < &0( 3:'/7( %-:A#-(9 5(./ 3:&' (-# >&5(--( 4:,/ B/'( 0:/,$7( #&.., A,(0 #& 0:?#& >&5< /:&/(-(. 47',8(. C8:,' -5#-%:',/;2( 4& /#A-(#& D*+E* F,9 0:&. '(3'7.(0/:0. .(&-(2(0/ .:0 0:?#& S9 >&, ,0/G%'((//( :37'#/,:0 op1.(n+1)* "# ./'#/7%,( 4(8'#,/ (0.&,/( 0:/,$(' (//( 2B2( :37'#/,:0 < /:&/( -# %707'#/,:04(. .?./G2(. 45:37'#/,:0. < -#>&(--( (--( #33#'/,(0/* "5:37'#/,:0 opn+2 (./9 3#' (1(23-(9 &0( :37'#/,:04( ;#0%(2(0/ #& 0,8(#& 4( -# ./'#/7%,( S9 .# 3:'/7( (./ 4:0 %-:A#-(* S 0:/,$( #-:'. .# 47',8( IS
1 4(-5:&''(0( 4( (//( :37'#/,:0* & '()℄+)op1,...,(n−1)℄+,-. (/#+&.0(1#+IS

1 .
IS
1

IS
1 '()op1.1℄+)℄+,-.opn '(234$5675(IS

1 .+(/#+&..& '()opn℄+)op1,...,(n−1)℄+,I1-. op1.1 '(85975(IS
1 .+(1#+IS

1 .. op1,...,(n−1)℄
IS
1 '()op1.1,...,1.(n−1)℄+)op1,...,(n−1)℄+,-.

op1.n '(:5;<=>/?=&75(IS
1 + +@+A+)℄.+(/#+IS

1 ..
IS
1 '()op1.1,...1.n℄+)op1,...,(n−1)℄+,-.

op1.(n+1) '(BC$D=E7C(IS
1 +A.+((/F1.#+IS

1 ..
IS
1 '()op1.1,...,(1.n)℄+)op1,...,(n−1)+op1.(n+1)℄+,-.

[op1.(n+1)]
op1.(n+2) '(G$6;H75(IS

1 +S+)op1.(n+1)℄.+((/FI.#+IS
1 ..

IS
1 '()op1.1,...,1.n,1.(n+2)℄+)op1,...,(n−1)+op1.(n+1)℄+,-.opn+1 '(E7C(&+A.+((/F1.#+&..& '()opn℄+)op1,...,(n−1),(n+1)℄+,I1-.

opn+2 '(>/?=&75(&+D+@+8+)℄.+((/FI.#+&..& '()opn℄+)opi={1,...,(n−1),(n+1),(n+2)℄+,I1-.
[opn+2]

opn+3 '(G$6;H75(S+IS
1 +)opn+2℄.+((/FJ.#+S..& '()opn,(n+3)℄+)op1,...,(n−1),(n+1),(n+2)℄+,I1-. op1.n+3 '(:5;<=>/?=&75(IS

1 +D+@+8+)℄.+((/FJ.#+IS
1 ..

IS
1 '()op1.1,...,1.n,1.(n+2)℄+)op1,...,(n−1)+op1.(n+1),1.(n+3)℄+,-. !"# )*+ H =1(23-( 4( -# 47',8( 4(. .?./G2(. 45:37'#/,:0. (/ 4( -# 3':I(/,:0 4(. :37'#/,:0.*
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 !
a !"# "#$ % &'()*+ ,+- (''(./+0+.1- 2+346/'()*478+ ,96):'(146.- ;∆<=(℄? +.1': -8' 2+ .6@(8#

ab; baa b
b a !"# "#A %  !"!#!$!%!&!"!'$ (B+;∆<=(CD℄? ab; baa b

b a

a−1

 !"# "#E %  !"!#!$!%!&!"!'" (B+ ;∆<=(CD℄?#
Noyaua

ab

ac

b

ba

bc

c

ca cb

b

c

c

b

a

c

c

a

a b

b a

 !"# "#F %  !"!#!$!%!&!"!'$ (B+;∆<=(CDC℄?#
Noyaua

ab

ac

b

ba

bc

c

ca cb

b
b−1

c
c−1

c

b

a

a−1

c
c−1

c

a

a

a−1

b

b−1

b a

a−1

b−1 !"# "#!G %  !"!#!$!%!&!"!'" (B+ ;∆<=(CDC℄?#

Noyau

a ab abc

abdac

acb

acd

ad

adb

adc

bbabac

bad bc

bca

bcd

bd

bda

bdc

c ca cab

cadcb

cba

cbd

cd

cda

cdb

aababc

abd ac

acb
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ad

adb
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d da dab

dacdb
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d
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d
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b
c

b

c
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c
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c
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b

a

 !"# "#!! %  !"!#!$!%!&!"!'$ (B+;∆<=(CDCC,℄?#
Noyau

a ab abc

abdac

acb

acd

ad

adb

adc

bbabac

bad bc

bca

bcd

bd

bda

bdc

c ca cab

cadcb

cba

cbd

cd

cda

cdb

aababc

abd ac

acb

acd

ad

adb

adc

d da dab

dacdb

dba
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dca
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d

c

d
b

c

b

d
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d
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c
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d
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a
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d−1

b−1 c−1

d−1

c−1

b−1

d−1

b−1

d−1

c−1

a−1

c−1

d−1

c−1

d−1

a−1

d−1

a−1

c−1

a−1

b−1

d−1

b−1

d−1

a−1

d−1

a−1

b−1

a−1
b−1

c−1
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 !"# "#!H %  !"!#!$!%!&!"!'" (B+ ;∆<=(CDCC,℄?#
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 !"# $%&' (%)*+, -&. . 0*12#. ,.('. 3454,+-&. 6%, ,%66*,' 7 '*&' #%53%3. 1. 0*14#+(%'+*5 1.( 8*,9:*; .'7 '*&' '<6. 1. =%53.0.5' *5.,5%5' #.( :*'( 1. *06*(%5'( 1>&5 6,*414 04'+.,? "+@ 5*&( .A6,+0*5((.&#.0.5' #. :*' 1. *5',�#.?

 !"# C?DE F G+%3,%00. 1. #%((.( 1.( :*'( 1. H  !"#$%!& I?
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 !"# $%&'(# &# # &*+,-+$$# &# (+..#. /0* 1-2.#34# (+ 5*2-+-5*# &#. %12-+4*%3. #.4 %3.4-0*4 .#(%3 (#.1+4-%3. &# %3#14*%3  !#$%&#$6 '!()*%&! +!&,#-6 ./0/&#$ #4 1&$%&!23 789℄;

 !"# <;= > ?%&'(# .4-040-#( &# @ +#$),4#5 A;
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 !!"#" $ !"#$%&'()*
 !"$%!" lop :: Cr er! so " &'# [opi] " !()$ " *!!+% &'()*) " *!!+ +

Cr er(so, aInitiale) +
Cr er(so, aFinale) +,!-. ∀opi ∈ [opi] /0%.1&% !opi  !"#$ $%$'() ℄$ 2+!.)% &'()*) ← 3.0% + +$,"- ,. /"0'1$℄

OP so
Changement ← OP so

Changement + {opi} +41$!-."1. ,%*- +&%"!"% &'()*) ← /0-5 + %" &% %" ,!-.&% !% &'()*)$ 2+!.) +$,"- ,. /"0'1$℄
OP so

Cycledevie ← OP so
Cycledevie + {lop} +

Activer(so) +41$!-."1. 3.0% +&%"!"41$!-."1. /0-5 + %" &% %"  !"# ./0 1 2(34%-)567 87 % *)-4: 8;': &<&)=67 8;4> %*)-4:&/
??
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 !
 !"$%!" lop :: Cr"er, Activer, Abandonner, Ex"cuter, T erminer# so $ &'% & $ (' $ )!!*&% #lop  !"#$ $%$'() ℄' (*!+, +$,"- ,. /"0'1$℄

OP so
Cycledevie ← OP so

Cycledevie + {lop} (-.$!/+".+ 0+1% (&%"!"-.$!/+".+ 21/3 ( %" &% %"  !"# )*+ , -./01234567 86 :.6 86 ;26 8<=>6 ?>286>6*
 !"$%!" lop :: Exporter# s $ &% sonouveau $ &'' $ )!!*

[opi] $ !4, (&% #V s = {Exportable}' (*!+,&% #PPCT = {Diff"r"}' (*!+,
[opi]← OP s

Changement + OPS
Diff r es (&%"!"

[opi]← OP s
Changement ( %" &%&%"!"

[opi]← ∅ ( %" &% Cr1er(sonouveau, [opi])℄ SOs
D rives ← SOs

D rives + {sonouveau} ℄ SOsonouveau

Noyau ← {s} ℄&% #Notifier(s, sonouveau, [opi])' (*!+,
OP s

Cycledevie ← OP s
Cycledevie + {lop} (-.$!/+".+ 0+1% (&%"!"-.$!/+".+ 21/3 ( %" &% %"  !"# )*@ , -./0123456 8<6AB013&320> 867 0B"1&320>7 86 4&>/656>3 8<=>6 C31&3"/26*
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 !
 !"$%!" lop :: Exporter in ! &" sonouveau ! '(# ! )!!*

[opi] ! !+, $'-*!" ./-
V in % {GlobalesExportable} ! !"# $%&'()*$+# ," .(+/"0"+) /1$2(1"# #"31"0"+)℄'%  PPCT = {Diff&r&}# 0*!1,

[opi]← OP
(in)Globales
Changement + OPS

Diff r es $'%"!"
[opi]← OP

(in)Globales
Changement $ %" '%

V in % {Priv&esExportable} ! !"# $%&'()*$+# ," .(+/"0"+) /1$2(1"# ") %'*5&"#℄'%  PPCT = {Diff&r&}# 0*!1,
[opi]← OP in

Changement + +OPS
Diff r es $'%"!"

[opi]← OP in
Changement $ %" '%

V in % {NonExportable} !
[opi]← ∅ $ %" '-*!" ./- Cr&er(sonouveau, [opi])℄ SOin
D rives ← SOin

D rives + {sonouveau} ℄ SOsonouveau

Noyau ← {in} ℄'%  Notifier(in, sonouveau, [opi])# 0*!1,
OP in

Cycledevie ← OP in
Cycledevie + {lop} $2-$!/1"-1 314% $'%"!"2-$!/1"-1 54/6 $ %" '% %"  !"# '() * +,-./01234 56478./1910.: 54; .8&/910.:; 54 29:-434:1 56=:4 >:054:4(
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 !

 !"$%!" lop :: Notifier" so#soexp diteur $ &'# [opi] $ !()% $ *!!+&'()*+,+ $ *!!+ -,!-. ∀opi ∈ [opi] /0%.1&% "./+'0&1&"so# opi%  !"#$%&'#()" *)'*,℄ % 2+!.)&% "P opi 2 {Globale}% 2+!.)&'()*+,+ ← 3.0% -,!-. ∀soj ∈ ({SOso} − {soexp diteur}) /0%.1&% "Notifier(soj , so, opi)% 2+!.)&'()*+,+ ← 3.0% -&%"!"&'()*+,+ ← /0-4 - %" &% %" ,!-. %" &%&%"!"&'()*+,+ ← /0-4 - %" &% %" ,!-.&% "&'()*+,+% 2+!.)
OP so

Cycledevie ← OP so
Cycledevie + {lop} -51$!-."1. 3.0% -&%"!"51$!-."1. /0-4 - %" &% %" !"# 345 6 7*08&9+:;1 <1 /8+9=,+98/ <1( 8?'&,+98/( <1 :,/01;1/+ <@)/ (A(+B;1 <@8?'&,+98/(4
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 !
 !"$%!" lop :: PublierLocalement" in # &$ [opi] # !'(% # )!!*+% "PPCP = {AvecPublication}% ,*!-( [opi] ⊂ OP

(in)Priv es
Changement ℄

OP
(in)Priv es
Changement ← OP

(in)Priv es
Changement − {opi} &

OP
(in)Globales
Changement ← OP

(in)Globales
Changement + {opi} & "#$ %& '()*+#)*(' %- '(.#-℄.!/- ∀soj ∈ SOin

D rives 01%-2
Notifier(soj , in, [opi]) & %" .!/-

OP
(in)Priv es
Cycledevie ← {OP

(in)Priv es
Cycledevie } ' {lop} &32$!/-"2- 4-1% &+%"!"32$!/-"2- 01/5 & %" +% %" !"# ()* + ,-./012345 65 789-1;21/< -/;-5 65= /7>0;21/<= 65 3;<.545<2 6?8<5 @<165<5)

 !"$%!" lop :: PublierGlobalement" in # &$ [opi] # !'(% # )!!*+% "PPCP = {AvecPublication}% ,*!-( [opi] ⊂ OP
(in)Priv es
Changement ℄

OP
(in)Priv es
Changement ← OP

(in)Priv es
Changement − {opi} &

OP
(in)Globales
Changement ← OP

(in)Globales
Changement + {opi} &

Notifier(SOin
Noyau, in, [opi]) &.!/- ∀soj ∈ SOin

D rives 01%-2
Notifier(soj , in, [opi]) & %" .!/-

OP
(in)Priv es
Cycledevie ← {OP

(in)Priv es
Cycledevie } ' {lop} &32$!/-"2- 4-1% &+%"!"32$!/-"2- 01/5 & %" +% %" !"# ()A + ,-./012345 65 789-1;21/< .-/9;-5 65= /7>0;21/<= 65 3;<.545<2 6?8<5 @<165<5)
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 !
 !"$%!" lop :: Int"grer# s $ &% opi $ !'& $ (!!)&% #PPCT = {Instantan"}& *)!+,&% #opi& *)!+,

OP s
Cycledevie ← {OP s

Cycledevie} ' {lop} (
OP s

Changement ← {OP s
Changement} ' {opi} (-.$!/+".+ 0+1% (&%"!"&% #PPCR = {AvecRejet}& *)!+,

OP s
Rejet es ← {OP s

Rejet es} ' {opi} (-.$!/+".+ 21/3 ( %" &% %" &%&%"!" PPCT = {Diff!r!}℄4!/+ ∀opj ∈ OP s
Diff r es 21%+.&% #Satisfait(Copj)  #$%&'('$% &) *)+$*(℄& *)!+,

OP s
Diff r es ← {OP s

Diff r es} ) {opj} (
Notifier(s, s, opj) ( %" &% %" 4!/+&% #Satisfait(Copi)& *)!+,&% #opi& *)!+,
OP s

Cycledevie ← {OP s
Cycledevie} ' {lop} (

OP s
Changement ← {OP s

Changement} ' {opi} (-.$!/+".+ 0+1% (&%"!"&% #PPCR = {AvecRejet}& *)!+,
OP s

Rejet es ← {OP s
Rejet es} ' {opi} (-.$!/+".+ 21/3 ( %" &% %" &%&%"!"

OP s
Diff r es ← {OP s

Diff r es} ' {opi} (-.$!/+".+ 21/3 ( %" &% %" &% %"  !"# *+, - ./01234567 893:4"02;431: 89<:7 1="2;431: 87 5;:0767:4 8;:? <:7 @42;4"037+

in
ria

-0
03

36
53

4,
 v

er
si

on
 1

 - 
4 

N
ov

 2
00

8



 ! !"$%!" lop :: Int"grer# in $ &% opi $ !'& $ (!!)*% #PPCT = {Instantan"}& +)!,-*% #opi& +)!,-*% #P opi = {Globale}& +)!,-
OP

(in)Priv es
Cycledevie ← {OP

(in)Priv es
Cycledevie } ' {lop} (

OP
(in)Globales
Changement ← {OP

(in)Globales
Changement} ' {opi} (./$!0,"/, 1,2% (*%"!"

OP
(in)Priv es
Cycledevie ← {OP

(in)Priv es
Cycledevie } ' {lop} (

OP
(in)Priv es
Changement ← {OP

(in)Priv es
Changement} ' {opi} (./$!0,"/, 1,2% ( %" *%*%"!"*% #PPCR = {AvecRejet}& +)!,-

OP in
Rejet es ← {OP in

Rejet es} ' {opi} (./$!0,"/, 3204 ( %" *% %" *%*%"!"5!0, ∀opj ∈ OP in
Diff r es 32%,/*% #Satisfait(Copj)& +)!,-

OP in
Diff r es ← {OP in

Diff r es} ) {opj} (
Notifier(in, in, opj) ( %" *% %" 5!0,*% #Satisfait(Copi)  !"#$%&%"# $' (')"(&℄& +)!,-*% #opi& +)!,-*% #P opi = {Globale}& +)!,-

OP
(in)Priv es
Cycledevie ← {OP

(in)Priv es
Cycledevie } ' {lop} (

OP
(in)Globales
Changement ← {OP

(in)Globales
Changement} ' {opi} (./$!0,"/, 1,2% (*%"!"

OP
(in)Priv es
Cycledevie ← {OP

(in)Priv es
Cycledevie } ' {lop} (

OP
(in)Priv es
Changement ← {OP

(in)Priv es
Changement} ' {opi} (./$!0,"/, 1,2% ( %" *%*%"!"*% #PPCR = {AvecRejet}& +)!,-

OP in
Rejet es ← {OP in

Rejet es} ' {opi} (./$!0,"/, 3204 ( %" *% %" *%*%"!"
OP in

Diff r es ← {OP
(in
Diff r es} ' {opi} (./$!0,"/, 3204 ( %" *% %" *% %" !"# *+, - ./01234567 893:4"02;431: 89<:7 1="2;431: 87 5;:0767:4 8;:? <:7 @:387:7+
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 !

 !""#$% &  ! !"#$%&' () *+,'-.#&''&/ *+0$,12'-0!/ 3Opl=1,...,n/(n>2)℄'#%()*+* &  !& /'1#'#1& %-!,2-1& *# 612$7& *&/ 2112!6&8&!'/ &!'1, /#1 %& !092# *& (),)!-+) 1,/#%'2' "  !"#!#"% &'()*'"% +,-.)"*!'-( #./!#1(/$ $%&'()%*+),-Opi℄/-Opj ℄03:;0#'&1 %& !"#$%&' < %2 /'1#'#1& %-!,2-1& 1,/#%'2'℄1&2'3)+),-Opj℄/1,/#%'2'0 #23 , 4()5,-Opi℄0 6 ! 0 4)!/%53" #23"!".!(/ ∀ opk ∈ -Opj ℄ 6+3/$$%&'()%*+),-Opi℄ 7 opk/ -Opj ℄ 8 opk0 #3= 2;0#'& #!& 0$,12'-0! < #! !"#$%&' /&%0! #! 01*1& %&>-0612$7-.#&℄3" /#$$1-8& #!& 0$,12'-0! *# !"#$%&'℄53" .!(/53" 2353"./!7/+88$ 9/339+)$$%&'()%*+),[]/ OP 0 #'#%()*+* ← 1,/#%'2' #53" !"# 9:!; < =>3?)%2@A+ )'C)*%D 5+ >%&'()%*(2%?& 5C 3)(E@+ 5+* ())(&3+A+&2* +&2)' *C) >+ &?F(C:in
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 !!"#" $ !"#$"%& '()*+,+-*% ", "."/01"%
 !"!# $%&'()(*'+ ,) -.*-.(%)% !"#$%$&#  !"#$%&'(() (*+',-). !"# #$%&'()**# *+,)-.# HL(op) /0."# +(12&%)+" op /&"$ ." $3$4%5'# /0+(12&%)+"$ SOi #$% ." +.(*# (HLSOi , SOi)7 &. $#"$ /#  !  "#$%&' 89:℄ <" & (HLSOi , SOi) <
(HLSOj , SOj) $) #% $#.*#'#"% $)= +. >)#" HLSOi < HLSOj ?= +. >)#" HLSOi = HLSOj #% SOi < SOj  

HLSOi /1$),"# *0@+2*+,# *+,)-.# /. $3$%5'# /0+(12&%)+" SOi #% ELop /1$),"# *0#$%&'()**# *+,)-.#&%%2)>.1# A *0+(12&%)+" op *+2$ /# $& (2+B#%)+" C= $) ."# +(12&%)+" (.2#'#"% (2)D1# $# (2+/.)% $.2 *# $3$%5'# /0+(12&%)+" SOi7 HLSOi #$% )"21'#"%1# ?= $) ."# +(12&%)+" /# (2+B#%)+" +22#$(+"/&"% A *0#"D+) /0." '#$$&,#7 +"%#"&"% ."# +. (*.$)#.2$+(12&%)+"$ /#D&"% E%2# (2+B#%1#$7 $# (2+/.)% $.2 ." &.%2# $3$%5'# /0+(12&%)+" SOi7 HLSOi #$%)"21'#"%1# #% *# '#$$&,# m #$% #"D+31 &D# *& "+.D#**# D&*#.2 /# HLSOi +''# #$%&'()**# FELm =
HLSOiG ?= $) ."# +(12&%)+" +22#$(+"/&"% A *& 21#(%)+" /0." '#$$&,# m &D# ."# #$%&'()**# ELm $# (2+/.)%$.2 ." $3$%5'# /0+(12&%)+"$ SOi7 HLSOi = max(HLSOi , ELm) + 1  !"#$%$&#  /#$0'('#1 23-4 "5"#6%) 23*&17$#'*4" 2- 8*# 2) *4#7�(). !" $3$%5'# /0+(12&%)+"

SO #$% /)% $%&>*# $) (OPSO
Rejet es = ∅ ∧OPSO

Diff r es = ∅) H* #$% "+%1 SOS  !"#$%$&#  /#$0'('#1 23-4 "5"#6%) 23*&17$#'*4" 2- 8*# 2) *4#7�() ; n<*&17$#'*4" &76". I#.J $3$%5'#$ /0+(12&%)+"$ SO1 #% SO2 $+"% $%&>*#$ A n4+(12&%)+"$ (25$ $) 8((OPSO1

Rejet es ⊆ OPSO2

Rejet es)∨

(OPSO2

Rejet es ⊆ (OPSO1

Rejet es)G ∧ Fn K card(OPSO1

Rejet es ∩OPSO2

Rejet es))℄ L#*& (#2'#% /# /1M")2 /#$ 2#*&%)+"$#"%2# ." "+3&. #% /#$ /12)D#$ $&"$ +"/)%)+" /# $%&>)*)%1  !"#$%$&#  =)($#'*4 2) &7*&*7#'*44$('#1. N+)#"% /#.J #"$#'>*#$ /0+(12&%)+"$ +2/+""1#$ [op1
i ] #%

[op2
i ] <" /)% -.# [op1

i ] #$% (2+(+2%)+""#* A [op2
i ]7 #% +" "+%# [op1

i ] ∝ [op2
i ]7 $) #% $#.*#'#"% $) [op2

i ] ⊆ [op1
i ]  !"#$%$&#  >7*&*7#'*44$('#1 2)" "5"#6%)" 23*&17$#'*4" &-7+1". N+)#"% /#.J $3$%5'#$ /0+(12&4%)+"$ (.2,1$ SOP 1 #% SOP 2 <" /)% -.# SOP 1 #$% (2+(+2%)+""#* A SOP 27 #% +" "+%# SOP 1 ∝ SOP 27 $)#% $#.*#'#"% $) F∀opChangement

i ∈ SOP 2 ⇒ opChangement
i ∈ SOP 1G <" "# +"$)/52# )) -.# *#$ +(12&%)+"$9O
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 !"# %&'(#)#'*+ &, -. "/-* 0*,# 1/22-3.# "456&.7#, .& 1,/1/,*-/''&.-*5 #'*,# 7'# -'2*&'# #* 7'# 2*,&*5(-#+17-287#+ #**# "#,'-9,# '# 1/229"# 1&2 "4/15,&*-/'2 "# :.# "# 6-# 27, .#2 &*-6-*52; !"#$%$&#  !"#$#"%&#''()&%* +,- -.-%/0,- +1#$*"(%&#'- +2 3#% +, #'%"�),6; </-#'* "#7= 2:2>*9)#2 "4/15,&*-/'2 SO1 #* SO2; ?.2 2/'* 1,/1/,*-/''#.2+ #* /' '/*# SO1 ∝ SO2 2-@ SO1 "5,-6# "# SO2 A@ #* SOPSO1

∝ SOPSO2 A@ #* SO1 #* SO2 2/'* 2*&3.#2 B n>/15,&*-/'2 1,92; !"#$%$&#  7'()#8&, +,- -.-%/0,- +1#$*"(%&#'- +2 3#% +, #'%"�),6; C#7= 2:2*9)#2 "4/15>,&*-/'2 SO1 #* SO2 2/'* "-*2 &'&./(7#2 D1,/1/,*-/''#.2 1&, .# '/:&7E+ #* /' '/*# SO1 ∝∗ SO2+ 2- #*2#7.#)#'* 2-+ ∃ SO3 *#. 87# F@ SO1 ∝ SO3 A@ #* SO2 ∝ SO3; !"#$%$&#  9("% ,'%", -.-%/0,- +1#$*"(%&#'-6; G45&,* #'*,# "#7= 2:2*9)#2 "4/15,&*-/'2 SO1#* SO2+ '/*5 ⊲⊳SO1

SO2 + #2* "5H'- 1&, {∀opi/(opi ∈ {SOPSO1

Changement} − {SOPSO2

Changement}) ∨ (opi ∈

{SOPSO2

Changement} − {SOPSO1

Changement})}; I' & &722- ⊲⊳SO1

SO2 J ⊲⊳SO2

SO1 ;'(&)($!%!  ∆:"(.#'6; K' K
∆ &6# ∆ = [opi=1...n] 1/229"# 7' "#.*&>,&:/'+ '/*5 R∆+ 87- #2* "5H'-*1&, R∆ = card(∆) = n D2# ,#1/,*#, B .& H(7,# L;ME;G#2 H(7,#2 N;O+ N;P+ N;Q #* N;RR -..72*,#'* .& /'2*,7*-/' "47' K

∆ &6# 7' ∆− rayon &..&'* "# R BM;'(&)($!%!  ;("+&'()&%* +12' '<2+6; K' 'S7" Ni = [opl, ..., opk] "47' K
∆ B 7'# &,-"-'&.-*5+ '/*5

r∆+ ,#1,52#'*&'* 2& *&-..# #' '/)3,# "4/15,&*-/'2+ #* #2* "5H'-# 1&, r∆ = card([opl, ..., opk]) = (k− l +1)*#. 87# (r∆ ≤ R∆etl ≥ 1) D2# ,#1/,*#, B .& H(7,# L;ME;'(&)($!%!  =>,'%"&&%* +12' '<2+6; K' 'S7" Ni = [opl, ..., opk] "47' K
∆ B 7'# #=#'*,--*5+ '/*5

dop+ ,#1,52#'*&'* 2& "-2*&'# 1&, ,&11/,* &7 'S7">'/:&7+ #* #2* "5H'-# 1&, dop = R∆ − r∆ D2# ,#1/,*#,B .& H(7,# L;ME;'(&)($!%!  ?1#"+", +12' K
∆6; G# '/)3,# "# 2/))#*2 "&'2 7' K

∆ #2* 5(&.# B
[R∆ ×

R∆−2∑

i=0

Ai
R∆−] + 1'(&)($!%!  @,$"*-,'%(%&#' +12' K

∆6; K' K
∆ #2* 7' (,&1%# 1.&'&-,#+ 4#2*>B>"-,#+ 874-. 1#7* 0*,#"#22-'5 2&'2 87# 2#2 &,2 '# 2# ,/-22#'* D6/-, .#2 H(7,#2 N;O+ N;P+ N;Q #* N;RRE; !"#$%$&#  A,8"* +12' '<2+ +, K

∆6; G# "#(,5 "47' 'S7" Nr∆
= [op1, ..., opr∆

] "47' K
∆+ B D1/7,

R∆ ≥ 2E F@ 7' "#(,5 #=*5,-#7, 5(&.# B (R∆ − r∆)+ *#. 87# (1 ≤ r∆ ≤ R∆) A@ 7' "#(,5 #=*5,-#7, 5(&.# B
1 2- (1 < r∆ < R∆)

0 2- (r∆ = 1)
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 !
(R∆!) "# (r∆ = R∆ ∧R∆ > 1)

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

= [op1, ..., opr∆
] )-.$ K

∆ 0%""1)( 23 .$ )(*+, (45,+#(.+ ,*67( 8
(R∆ − r∆) "# (R∆ > 1 ∧ r∆ = 1 ∧Nr∆

= [op1] = ∆1)

(R∆!) "# (R∆ > 1 ∧ r∆ = R∆)

(R∆ − r∆) + 1 "# ((R∆ > 1 ∧ r∆ = 1) ∨ 1 ≤ r∆ ≤ (R∆ − 1))

1 "# (R∆ > 1 ∧ r∆ = R∆ − 1)

0 "#$%$.3 .$ )(*+, (45,+#(.+ ,*67( 8
(R∆ − r∆) "# ((r∆ = 1 ∧Nr∆

= [op1] = ∆R∆
) ∨ (r∆ = R∆))

(R∆ − r∆) + 1 "#$%$ !"!# $%&'(& )& T197 "-6*#5 ## )( 0+%.;(+ <.( 7-%0,+65#%$ =op :: Ins,rerS,rie(I, ains, apr , apost)℄ ("5 %++(5(⇔ =?@A+,(+?apr BCD@A+,(+?apostBC ∈ SOP IB ∧ ?@A+,(+?ainsBCD @E5#;(+?apostBCD @EF6$)%$$(+?apr BCD @G(+H#$(+?apr BC /∈
SOP I)℄I%#($5 7(" 0+%0%"#5#%$" P1D P2D P3D P4D P5D P6 (5 ISC 5(7" <.(3 ISC ≡ @Ins,rerS,rie(I, ains, apr , apost)℄ ("5 %++(5(C J3 P1 ≡ @Cr,er(apr ) ∈ SOP IC J3 P2 ≡ @Cr,er(apost) ∈ SOP IC J3 P3 ≡ @Cr,er(ains) /∈ SOP IC J3 P4 ≡ @Activer(apost) /∈ SOP IC J3 P5 ≡ @Abandonner(apr ) /∈ SOP IC J3 P6 ≡ @Terminer(apr ) /∈ SOP IC&K+%.;(+ 7-,<.#;67($( +(;#($5 8 0+%.;(+ <.(

ISC ⇔ P1 ∧ P2 ∧ P3 ∧ P4 ∧ P5 ∧ P6G%.5 )-6F%+)D H%$5+%$" L ⇒M (5 <.( 2
ISC ⇒ P1 ∧ P2 ∧ P3 ∧ P4 ∧ P5 ∧ P6 ∧ P7K+%.;%$" <.( ¬ ?P1 ∧ P2 ∧ P3 ∧ P4 ∧ P5 ∧ P6B ∧ ISC ≡ FauxN$ 6 ¬ ?P1 ∧ P2 ∧ P3 ∧ P4 ∧ P5 ∧ P6B ∧ ISC ≡?¬P1 ∧ ISCB ∨ ?¬P2 ∧ ISCB ∨ ?¬P3 ∧ ISCB ∨ ?¬P4 ∧ ISCB ∨ ?¬P5 ∧ ISCB ∨ ?¬P6 ∧ ISCBN+

in
ria

-0
03

36
53

4,
 v

er
si

on
 1

 - 
4 

N
ov

 2
00

8



  ! "¬P1 ∧ ISC# ≡ Faux$ &' ()*+,-'.*/+ +- 0-1. &2/*' (*-1 ,&+, ()-3*,.&+.- 4- ()&.*2*.5 apr 6! "¬P2 ∧ ISC# ≡ Faux$ &' ()*+,-'.*/+ +- 0-1. &2/*' (*-1 ,&+, ()-3*,.&+.- 4- ()&.*2*.5 apost 6! "¬P3 ∧ ISC# ≡ Faux$ &' ()*+,-'.*/+ +- 0-1. &2/*' (*-1 ,* ()&.*2*.5 ains -,. 4578 0'5,-+.- 6! "¬P4 ∧ ISC# ≡ Faux$ &' ()*+,-'.*/+ +- 0-1. &2/*' (*-1 ,* ()&.*2*.5 apost -,. 4578 &.*25- 6! "¬P5 ∧ ISC# ≡ Faux$ &' ()*+,-'.*/+ +- 0-1. &2/*' (*-1 4&+, 1+- 9'&+:- 4- ;/. &9&+4/++5- 6! "¬P6 ∧ ISC# ≡ Faux$ &' ()*+,-'.*/+ +- 0-1. &2/*' (*-1 4&+, (- &, /< apr $ =8=4$ >1- ()*+,-'.*/+-,. /+1''-+.- 8 ()/05'&.*/+ 4)52&(1&.*/+ 4- (& .'&+,*.*/+ -+.'- (-, &.*2*.5, apr -. apost?@&' /+,5>1-+. ¬ "P1 ∧ P2 ∧ P3 ∧ P4 ∧ P5 ∧ P6# ∧ ISC ≡ FauxA?B?C?D 0/1' E ⇒FG&*+.-+&+.$ H/+.'/+, E ⇐F IJ/*-+. (-, 0'/0/,*.*/+, ISC$ P7$ P8$ P9 .-(, >1-! ISC ≡ KIns5rerS5rie(I, ains, apr , apost)℄ -,. /''-.-M ≡ KCr5er(ains) ∈ SOP IM 6! P7 ≡ K∀a ∈ ASuccains/Activer(a) /∈ SOP IM 6! P8 ≡ K∀a ∈ APredains/Terminer(a) /∈ SOP IM 6! P9 ≡ K∀a ∈ APredains/Abandonner(a) /∈ SOP IM?G/+.'/+, >1- P7 ∧ P8 ∧ P9 ⇒ ISC@/1' -(& 0'/12/+, >1-
¬"P7 ∧ P8 ∧ P9# ∧ ISC ≡ FauxA/HH- ¬"P7 ∧ P8 ∧ P9# ∧ ISC ≡ "¬P7 ∧ ISC# ∨ "¬P8 ∧ ISC# ∨ "¬P9 ∧ ISC#N'! "¬P7 ∧ ISC# ≡ K∃a ∈ ASuccains/ [Activer(a), Cr5er(ains)] ∈ SOP IM ≡ Faux$ /''-,0/+4&+. 81+- *+,-'.*/+ 4&+, 1+- 9'&+:- &.*25- 41 ;/. 6! "¬P8 ∧ ISC# ≡ K∃a ∈ APredains/ [Terminer(a), Cr5er(ains)] ∈ SOP IM ≡ Faux$ /''-,0/+4&+.8 1+- *+,-'.*/+ 4&+, 1+- 9'&+:- .-'H*+5- 41 ;/. 6! "¬P9# ∧ ISC# ≡ K∃a ∈ APredains/ [Abandonner(a), Cr5er(ains)] ∈ SOP IM ≡ Faux$ /''-,0/+=4&+. 8 1+- *+,-'.*/+ 4&+, 1+- 9'&+:- &9&+4/++5- 41 ;/.?
¬"P7 ∧ P8 ∧ P9# ∧ ISC ≡ FauxA?B?C?D 0/1' E ⇐FO. P+&(-H-+. +/1, &2/+, 9*-+ T1?A-..- 0'-12- 41 .:5/'QH- '-,.-$ 8 +/.'- &2*,$ 0-1 ,&.*,R&*,&+.- &' *( R&14'&*. 1.*(*,-' (-, .-:+*>1-,&2&+5-, 4- 0'-12-, 4- .:5/'QH-, 0/1' -+P+ 0/12/*' ()&4H-..'-? S& 45H/+,.'&.*/+ 4-, &1.'-, .:5/'QH-,

T2 -. T3 -,. *4-+.*>1-$ ,&1R >1- 0/1' (- &, 4- (& ,100'-,,*/+$ *( R&1. /+,*45'-' >1- ():*,./*'- +- 0-1. T.'-'-H*,- -+ &1,- -. 4/+ /+ +- 0-1. ,100'*H-' 1+- &.*2*.5 &00&'.-+&+. 8 1+- 9'&+:- &.*25-$ .-'H*+5-
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 !"# $%$&'"&&()* +$ ,-)#.) ') T4/ T5 T6 )01 2$ 343) $- 62 &) 07$861 9#) '7#&) -)01-616"& 0#- )-1$6&)",(-$16"&0* !"!# $%&'()&*+) 1$%2)$# 0#6.$&1 )01 #& ):)3,2) '# ,$00$8) '7#&) 6&6')&) I -('#61) '# 1$%2)$# ;*< =."6- ,2#0 2"6&> ?#&) 6&6')&) ,#-8(*  !"I  !#I;-()-=@/ainitiale> A ;-()-=@/ainitiale> A;-()-=@/afinale> A ;-()-=@/afinale> A@&0(-)-B(-6)=@/X /ainitiale/afinale> A @&0(-)-B(-6)=@/X /ainitiale/afinale> A;-()-=@/X> A ;-()-=@/X> AC16.)-=@/ainitiale> A C16.)-=@/ainitiale> AC16.)-=@/X> A C16.)-=@/X> AD:(#1)-=@/X> A D:(#1)-=@/X> A@&0(-)-B(-6)=@/Y /X /afinale> A E;-()-=@/Y > A EB#,,-63)-=@/Y > A E@&0(-)-B(-6)=@/Y /X /afinale> A @&0(-)-B(-6)=@/Y /X /afinale> A;-()-=@/Y > A ;-()-=@/Y > AF)-36&)-=@/X> A F)-36&)-=@/X> AC16.)-=@/Y > A C16.)-=@/Y > AD:(#1)-=@/Y > A D:(#1)-=@/Y > AF)-36&)-=@/Y > A F)-36&)-=@/Y > AF)-36&)-=@/afinale> F)-36&)-=@/afinale> A !"# ;*G H D:)3,2) ):,2661$&1 2)0 -)2$16"&0 )&1-) SORI )1 SOP I '7#&) 6&6')&) I*
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 !
"# $%&'#%( )*+$,# '% ,-.($0*+ .1(+ 232$4)# .1*5-,%$0*+2 %6# (+ #7#)5'# .1#7-($0*+ .1(+# 0+0.#+#
I8 9# ,#5*,$#, : '% 2#$0*+ ;8<8 !I " #I",-#,=>? @ A !"#!$%&'&ainitiale( )  !"#!$%&ainitiale( ) !"#!$%&afinale( )  !"#!$%&afinale( ) !"#!$%&tinitiale→finale&ainitiale&afinale( ) * !"#!$%&+%,-"!#!'"!.#$X &ainitiale&afinale(℄( ) *%,0"1!#!$%&+%,-"!#!'"!.#$X &ainitiale&afinale(℄( ) *%,-"!#!'"!.#$%&X &ainitiale&afinale( ) %,-"!#!'"!.#$%&X &ainitiale&afinale( )230.4#!$+%,-"!#!'"!.#$%&X &ainitiale&afinale(℄( ) * !"#!$%&X( )  !"#!$%&X( )'566!.7#!$%&tinitiale→finale( ) * !"#!$%&tinitiale→X &ainitiale&X( ) * !"#!$%&tX→finale&X &afinale( ) *80.:#!$%( ) *80.:#!$%&ainitiale( ) 80.:#!$%&ainitiale( )80.:#!;<!=.$%&tinitiale→X( ) *80.:#!$%&X( ) 80.:#!$%&X( )>?"50#!$%&X( ) >?"50#!$%&X( )%,0"1!#!$%&+%,-"!#!'"!.#$Y &X &afinale(℄( ) *%,-"!#!'"!.#$%&Y &X &afinale( ) %,-"!#!'"!.#$%&Y &X &afinale( )230.4#!$+%,-"!#!'"!.#$Y &X &afinale(℄( ) * !"#!$%&Y ( )  !"#!$%&Y ( ) !"#!$%&tX→Y &X &Y ( ) * !"#!$%&tY→finale& Y & afinale( ) *%,0"1!#!$%&+'566!.7#!$%&Y (℄( ) *'566!.7#!$%&Y ( ) '566!.7#!$%&Y ( )230.4#!$+'566!.7#!$Y (℄( ) *'566!.7#!$%&tX→Y ( ) *'566!.7#!$%&tY→finale( ) *%,0"1!#!$%&+%,-"!#!'"!.#$Y &X &afinale(℄( ) *%,-"!#!'"!.#$%&Y &X &afinale( ) %,-"!#!'"!.#$%&Y &X &afinale( )230.4#! $+%,-"!#!'"!.#$Y &X &afinale(℄( ) * !"#!$%&Y ( )  !"#!$%&Y ( ) !"#!$%&tX→Y & X & Y ( ) * !"#!$%&tY→finale& Y & afinale( ) *@#!7.,#!$%&X( ) @#!7.,#!$%&X( )80.:#!;<!=.$%&tX→Y ( ) *80.:#!$%&Y ( ) 80.:#!$%&Y ( )>?"50#!$%&Y ( ) >?"50#!$%&Y ( )@#!7.,#!$%&Y ( ) @#!7.,#!$%&Y ( )80.:#!;<!=.$%&tY→finale( ) *@#!7.,#!$%&afinale( @#!7.,#!$%&afinale( ) !"#  AB C >?#76D# #?6D..0=,0 D#- !#D=0.3,- #,0!# SO #0 SORI EF5,# .,.E#,# IA
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 !

Noyau(S)a

ab

ac

b

ba

bc

c

ca cb

IS
1

IS
2

IS
3 IS

4

b

c

c

b

a

c

c

a

a b

b a

 !"# "#$ % &''()*+,*-./ 01(/ �
[a,b,c]#

Noyaua ab ac b ba bc c ca cb !"# "#2 % &''()*+,*-./ )-34'-567 01(/ �
[a,b,c]#

 !"# "#8 % 9*+(*(+7 '-/6,-+7 +74+6)7/*,/* (/ K
[a,b,c]#

 !"# "#; % &''()*+,*-./ 07) 4+.4+-6*6) 01(/ K
[a,b,c]#
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 !!"#" $ !"#$%$&' () +,&%'-'&. / 0'1 2,1'1 ('("&&3'1 "#$'&.3'1 "24'.1
 ! "#$%&'(!)*+,- .- &/ !"#$%&"' ($ )+ ,- 0 "#$% &'()*+,(-1 ! ')' &$23)-("4 ,2- .*4*"&*2- .,.$(!*2- .-4 464)7(-4 .- 3-4)*$2 .-4 %!4-4 .- .$22'-4 $#*-2)'-4 $%8-)4 9:;< ::< :=℄?  ! "#-(*7#- )-2)!)*@-.- #'4$&,)*$2 .- -))- "#$%&'(!)*+,- 4- )#$,@- .!24 9:;℄? A2- !,)#- )-2)!)*@- .!24 9::℄< "&,4 ')$B'-<"#'4-2)- ,2- )!C$2$(*- $("&7)- .-4 $"'#!)*$24 .- ($.*D!)*$2 ., 4E'(!?  -4 #73&-4 "#$"$4'-4 "$4-2).-4 $2)#!*2)-4 4,# &/'@$&,)*$2 ., 4E'(!? F-4 #73&-4 "#'4-#@-2) !*24* #.) &'!-/&-'%) ., 4E'(!< /-4)GHG.*#-< .-4 $2.*)*$24 4,# &- 4E'(! +,* .$*@-2) I)#- 4!)*4J!*)-4 !@!2) -) !"#74 &! ($.*D!)*$2 9KL℄℄ PQ 1.)%&"' (. #0 !"#$%&"' ($ )+ ,- 0 "#$% &'()*+,(-1< "!# -C-("&- 9:R< :S℄ P 4-&$2 &!+,-&&- ,2-%!4- .- .$22'-4 -4) #-"#'4-2)'- "!# ,2 4E'(! &$3*+,- 4,# &-+,-& 4$2) !""&*+,'-4 &-4 ($.*D!)*$24.-4 .'D2*)*$24 .-4 &!44-4 -) .- &-,# E*'#!#E*- TQ 1.)%&"' (.) !./)&"') (. #-)).) 0.)%// 0#1/,(-,-21< "!# -C-("&- 9:U< =L< =K℄ P &!+,-&&- (!*2)*-2)&-4 .*B'#-2)-4 @-#4*$24 .- E!+,- )6"- .- .$22'-4< -) #-2@$*- !*24* E!+,- *24)!2- ./$%8-) H ,2-@-#4*$2 4"'*D+,- ., )6"- TQ 1.)%&"' (.) !./)&"') ($ )+ ,- 0 "#$% 0#1/,(-,-21< "!# -C-("&- 9=V< =W℄ P "-#(-))!2) .-#'-# .*B'#-2)-4 @-#4*$24 ./,2 (I(- 4E'(! &$3*+,-< -) !-")!2) ./-B-),-# .-4 ($.*D!)*$24 *2G.'"-2.!2)-4 4,# -4 @-#4*$24?X,)#- &! 2'-44*)' .- 3'#-# &/'@$&,)*$2 .- &-,#4 .'D2*)*$24 0/-4)GHG.*#-< &-4 @-#4*$24 .- &!44-41< ./!,)#-44)#!)'3*-4< "!# -C-("&- 9=;< =:℄
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 !!"#" $ ! "#$%&'( )* #!,-(.(," )!,/ 0(/1%&23%4/
℄ )M1N A %25 !" %"2%(:+% ';&5#$#542 ON TS = (S, T, Sd but, Sfin) %25 !" -42%&! '% 5-&"2#5#)"2 45#?!%54%21 )M S %25 +;%"2%(:+% '%2 45&52 &5P5%#8"&:+%21 T ⊆ S × (A ∪ τ) %25 !"% -%+&5#)" '% 5-&"2#5#)"1 Sd but ∈ S %25 +;45&5 #"#5#&+1 %5 Sfin ∈ S%25 +;45&5 9"&+<
P 45&"5 +;%"2%(:+% '% 5)!2 +%2 274(&2 '% 3-)4'4<Q+ %25 A ")5%- ?!% 5)!5 +&"8&8% '% ()'4+#2&5#)" '% 3-)%22!2 (45#%- 3%!5 D5-% 5-&"2-#5 IKK℄ %" !" -4P2%&! '% 5-&"2#5#)"2 45#?!%54%2 TS< R% 2S25*(% '% 5-&"2#5#)"2 "% '49"#5 3&2 2%!+%(%"5 +;%"2%(:+% '%25-&%2 3)22#:+%2 @;%25PAP'#-%1 +;)-'-% ';%T4!5#)"C1 (&#2 %T3-#(% &!22# +%2 ()(%"52 )! !"% 24+%5#)" 2%3-)'!#5 '&"2 +% /)5 '% )"5-�+%< V)!5%E)#21 #+ &!5)-#2% '%2  !"#$% %&#$ '()  )$< H"% 5-&"2#5#)" (!%55%1")54% W τ X 1 %25 !"% &5#$#54 ?!# 7&"8% +;45&5 '! -42%&! @+% ()'*+% )! +;#"25&"%C '! 3-)4'41 (&#2?!# ";%25 %3%"'&"5 3&2 ):2%-$&:+% '&"2 +;7#25)-#?!% ';%T4!5#)"< Y% % E&#51 )" 3%!5 '#25#"8!%- %"5-%'#=4-%"52 5S3%2 '% 7)#T @#"5%-"%Z%T5%-"% )! )"5-�+&:+%Z#")"5-�+&:+%C IKK℄℄< F&- %T%(3+%1 '%!T 274(&2 '% 3-)4'42 @&! 5-&$%-2 '% +%!-2 #"25&"%2CKB
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 !"#$%#&' "()*$+(# ,# -.-# #&/#-0,# *# '(1#/ {ABC, ABD}∈ P *#$8 /:7-1/ *# "()7*7/#' /)+' ∆ $& :1&D#-#&' *$ /:7-16G SP1  ∆ #8+/'#6 /+ #' /#$,#-#&' /+ ∆ #/' 1"",+10,# = SP16 ;#/'<=<*+(# 5$# ∆ #/' (71,+/10,# *1&/
SP1 HG SP1  ∆ SP2 #8+'#6 /+ #' /#$,#-#&' /+ ∆ #/' 1"",+10,# = SP1 I;#/'<=<*+(#6 SP1  ∆J #' SP2 #/' ,#/:7-1 *# "()7*7 (7/$,'1&' *# ,;1"",+1'+)& *# ∆ = SP13@1 (71,+/1'+)& *$ :1&D#-#&' = $& /:7-1 *# "()7*7 #/' *7K&+# *1&/ L! ℄3 N1( #8#-",# *1&/ ,# 1/ *#,1 KD$(# O3P *# ,;1&&#8# O6 $&# 1'+%+'7 E &# "#$' .'(# +&/7(7# *1&/ $& /:7-1 S6 #&'(# *#$8 #&/#-0,#/*;1'+%+'7/ {1} #' {2}6 5$# /+ #/ #&/#-0,#/ /)&' )&'#&$/ *1&/ S #' ,;1'+%+'7 E &;#/' "1/ *1&/ S3 Q, #/'= "(7+/#(6 5$# ,1 *$",+1'+)& *#/ 1'+%+'7/ &;#/' "1/ 1*-+/#6 ;#/'<=<*+(#6 5$# ,;)$((#&# *;$&# 1'+%+'7*1&/ $& /:7-1 &# /# "()*$+' 5$;$&# /#$,# B)+/3F$( ,1 01/# *# ,;75$+%1,#&# #&'(# /:7-1/6 +, #/' ")//+0,# *# *7K&+( ,1 &)'+)& *# )--$'1'+%+'7 #&'(#,#/ )"7(1'+)&/ *# :1&D#-#&'30/''+($(121(, )+ #$%&!'!%( E F)+' SP ∈ P $& /:7-1 *# "()7*76 #' /)+#&' ∆1 #' ∆2 *#$8:1&D#-#&'/ *# "()7*73 ∆1 #' ∆2 )--$'#&' I%)+( KD$(# O3RJ *1&/ SP /+ #' /#$,#-#&' /+ EG Q, #8+/'# SP16 SP2 ∈ P 6 '#,/ 5$# SP  ∆1

SP1 #' SP1  ∆2
SP2 HG Q, #8+/'# SP36 SP4 ∈ P 6 '#,/ 5$# SP  ∆2

SP3 #' SP3  ∆1
SP4 HG SP2 ≡opi=1,...,n )--# $&# '(1&/1'+)&

∆ = (op1, ..., opn) ")$( D1(1&'+( ,1 )((#'+)& *# #''# -)*+K1'+)&3
 !"# O3R G S#,1'+)& *# )--$'1'+%+'7 *$ :1&D#-#&'3
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 !"#$% &''$()%*% '+ ,%#,+-+)&#. /*( 1+.-*2*.)( /$ (132+ 45*()676/&%*8 /$ 2#/9'* /* ,%#3/3: +$.&;*+$ #,3%+)&#..*' 4+$)%*2*.) /&)8 +$< &.()+.*( /* * ,%#3/3: +$((& =&*. 7 /*(  !"#$!&" ' #&"( ) $ "*&"+ 4+>+.) /3%&;3* /$ (132+ &.&)&+' ,+% /*( 1+.-*2*.)( &./&;&/$*'( /5$.* 2+.&9%*  !"#$:?$57 /*(  !"#$!&" ( !,! ) $ "*&"+ 4#.@#%2*.) +$ (132+ &.&)&+': .#$( $)&'&(#.( '* ,%*2&*% +<&#2*/* AB!℄D !"#$%$&'"( )*+ -$(%*.*(&+ )/ +-0.$ $/1 '(+&$(*+ 2'$'+0*+ E F#&) S $.* ;*%(&#. /$ (132+(*'#. $. 2#/9'* /* ,%#3/3 T D F$,,#(#.( ?$5$.* .#$;*''* ;*%(&#. 4#%%*)*: S′ /$ (132+ (#&) /3%&;3*/* S ,+% +,,'&+)&#. /5$. 1+.-*2*.) /$ (132+ ∆T D G5*() +'#%( ?$* ∆T ,#$%%+&) H)%* ,%#,+-3 7 $.*&.()+.* I 4#.@#%2* +$ 2#/9'* T 8 ?$& (5*<3$)* (*'#. $. (132+ SI := S + δI: E ⇔I 3"!!*&'"( +&!/&/!*44* E S∗I := (S + δI)+∆T *() $. (132+ #%%*) (*'#. '* %&)9%* /* #%%*)&#.()%$)$%*''* /3J.& ($% '* 23)+2#/9'* /$ K#%LM#N $)&'&(3 4;#&% (*)&#. ODODP:D Q<,'&&)*2*.)8 ∆T,*$) H)%* #%%*)*2*.) +,,'&?$3 7 SI = (S + δI) RI 3"!!*&'"( !*4$&'5* 6 470&$& E I *() #.@#%2* +;* S∗I 8 5*()676/&%*8 (*'#. '* %&)9%* /* #.@#%2&)3$)&'&(3 RI 3"!!*&'"( +0.$(&'8/* E ∆T *) δI .* (#.) ,+( *. #.M&) (32+.)&?$*DS+ J-$%* OD! &''$()%* '* @+&) ?$5&' .5*() ,+( )#$T#$%( 3;&/*.) /5+,,'&?$*% $. 1+.-*2*.) /$ (132+ 7$.* &.()+.* =&+&(3* /$ 2H2* ,%#3/3DQ. #.)%+()* +;* '5*<,%*((&;&)3 /*( '+.-+-*( /* K#%LM#N ?$& /3)*%2&.* '*$% ,#)*.)&*' 7 2#/3'&(*% /*(1+.-*2*.)( #2,'*<*( A ℄D S*( +$)*$%( /* A U℄ +V%2*.) E W &'()* +,*,- .)/ 0.'1 .) . *+ +) !) 2$!,.31 43$*!)1 0-$,!,1 )14 )50-)1136 7()14"8"!3-)/ &') .) 1'00$-4 8 23)'5 )50-32)- .) 9$4 !) $*4-�.) )4 .) 9$4 !)!$**,)1 )14 0.'1 320$-4 *4;/ 0.'1 .) # *+)2)*4 !)<3)*4 $20.)5) )4 !3=3.) 8 -, .31)- XD S5*<&()*.* /*,'$(&*$%( ,+%+/&-2*( /* 2#/3'&(+)&#. *) '* 2+.?$* /* 23)1#/*( /* #2,+%+&(#. /*( /&Y3%*.)*( +,,%#1*(,#$% %3+'&(*% '*( 1+.-*2*.)(8 @#.) ?$5&' *() /&V&'* ,#$% '*( &.-3.&*$%( /* "ZF /* 1#&(&% $.* )*1.#'#-&*+/3?$+)*D[ '+ /&Y3%*.* /*( -$#.,!" '& /&"# ,! '&" &0&-# ,!" 4>5)043$* ? *!.3*+ @ 44)-*1: A \℄ ?$&.* ,*%2*))*.) ?$* /*( 1+.-*2*.)( #2,#%)*2*.)+$< 4,+% *<*2,'*8 '* ,+)%#. A$..B C .* 1+.-* ?$*'53)+) /5$.* &.()+.* /$ ,%#3/3: 2+&( .#. /$ (132+8 A U℄ ,%#,#(*.) O] -$#.,!" '1 2$!/&3&!#4D# *+) @ 44)-*1: *)  #&2! 41&" '& "1--,.# $1 2$!/&3&!# 4D# *+) E'00$-4 F) 4'-)1:8 ?$& *.#2=&.+&(#. ,*%2*))*.) /53;+'$*% '*( )*1.#'#-&*( /* -*()&#. /*( ,%#3/3( *<&()+.)*( ;&(676;&( /* '*$%%*(,*) /$ ($,,#%) +$ 1+.-*2*.)D S5&.)%#/$)&#. /* '+ .#)&#. /* ,+)%#. /$ 1+.-*2*.) .5+ ,#$% =$)?$* '+ #2,+%+&(#.D S*( ,+)%#.( #.) 3)38 ,#$% '+ ,%*2&9%* @#&(8 &.)%#/$&)( ,+% D#G H.)5 *!)- #22* $.*/*(%&,)&#. /* (#'$)&#.( ,#$% /*( ,%#='92*( %3$%%*.)( A]^℄8 *) '*$% -%+./ ($9(8 &.&)&*% ,+% '* IJF APB℄*) _G E#23!4 A]O℄8 /+.( '* -3.&* '#-&&*' ?$5#. '*$% #..+`)D _+.( '* /#2+&.* /*( K@ZF(8 '*( ,+)%#.(AOP℄ #.) 3)3 ,%#,#(3( ,#$% '5+.+'>(* /* '5*<,%*((&;&)3 /$ a"Z 4D$*4-$."F.$K @ 44)-*1: AO\℄ *) '+ /*(%&,6)&#. /*( /&Y3%*.)*( 2+.&9%*( /* 2#/3'&(*% '*( +(,*)( '&3( +$< /#..3*( 4L$-C9$K M 4 @ 44)-*1: AOU℄ *)+$< %*((#$%*( 4L$-C9$K A)11$'-) @ 44)-*1: AO]℄ /+.( '*( a"ZSD G*,*./+.)8 ,#$% $.* 3;+'$+)&#. /$,#)*.)&*' /5$. "ZF (*'#. (+ M*<&=&'&)3 *) (#. +/+,)+)&#. +$< 1+.-*2*.)(8 *( ,+)%#.( (#.) &2,#%)+.)(2+&( &.($V(+.)(D _5+$)+.) ,'$( *()8 ?$5$. *.(*2='* /* ,+)%#.( /$ 1+.-*2*.) #Y%* $. &./&+)*$% &.)36%*((*.) ,#$% (+;#&% (& $. 6- 2)K$-C 4/$ 1+.-*2*.): ,*%2*) /5*<,%&2*% /*( 2#/&J+)&#.( ,'$( #$ 2#&.(#2,'*<*( /+.( '* M#) /* #.)%�'* /*( ,%#3/3(D S*( ,+)%#.( /5+/+,)+)&#. A U℄ %3/$&(*.) '+ #2,'*<&)3 /*'53;#'$)&#. /*( ,%#3/3( 4*<,'&&)*2*.)8 * ?$* (#.) '*( ,+)%#.( /* #.*,)&#.6 M)13+* @ 44)-*16 +$ -3.&*'#-&&*': *) 3'9;*.) '* .&;*+$ /5*<,%*((&#. /*( 1+.-*2*.)( *. @+&(+.) +=()%+)&#. /*( #,3%+)&#.( (5+,,'&6?$+.) +$< .c$/( *) +$< )%+.(&)&#.( /$ 2#/9'* /* K#%LM#ND Q. #.(3?$*.*8 '*( ,%&2&)&;*( /53;#'$)&#./$ K#%LM#N .* (#.) ,'$( #.(&/3%3*( ?$* #22* /*( #,3%+)&#.( /* =+( .&;*+$D d./3,*./+22*.) ?$5&'((#&*.) %3+'&(3( ($% '* (132+ #$ '*( &.()+.*( /$ ,%#3/38 5*() 7 * .&;*+$ 1+$)8 ?$* .#$( &''$()%#.( '*(,%&.&,+$< 1+.-*2*.)( ?$* /#&) ,#$;#&% ($,,#%)*% *) #Y%&% $. "ZFDI S5&.(*%)&#. /5$. @%+-2*.) /* ,%#3/3 4;#&% '*( J-$%*( QD!8 QDe8 *) QDP: RI S+ ($,,%*((&#. /5$. @%+-2*.) /* ,%#3/3 4;#&% J-$%* QD : RI S* /3,'+*2*.) ,*$) H)%* %3+'&(3 (#$( @#%2* /* ($,,%*((&#. *) /5&.(*%)&#. /* @%+-2*.) /* ,%#3/3
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 !"#$%& '()&* +,-. /0 1* &*2345*2*78 9:)7 ;&5(2*78 9* 3&$<9< "#$%& '()&* +,=.,>:5)8&*? 358&$7? 3*)#*78 @8&* *234$A<?B 35& *C*234* D <E57(* 9:)7 *7?*2F4* 9:58%#%8<?B *C8&58%$7 $)%74)?%$7 9:)7 ?$)?G3&$<9< H 35&8%& 9:)7 ?E<25B *75?8&*2*78 9:)7 ;&5(2*78 9* 3&$<9< 957? )7* F$)4*B35&544<4%?*& 9*? ;&5(2*78? 9* 3&$<9<B 5I$)8 $) ?)33&*??%$7 9:)7* 9<3*7957* 9* $78&�4*B 2$9%'58%$79:)7* 8&57?%8%$7 $79%8%$77*44* K-L℄,
 !"# +,L 0 +C*234*? 9* E57(*2*78? D 2$9%'58%$7 9* 4:$&9&* 9:*C<)8%$7 9*? 58%#%8<?,
 !"# +,N 0 O7?*&8%$7 *7 ?<&%* 9) ;&5(2*78 E *78&* 9*)C *7?*2F4*? 9:58%#%8<? $7?<)8%;?,

 !"# +,! 0 O7?*&8%$7 *7 35&544P4* 9) ;&5(2*78 P *78&* 9*)C *7?*2F4*? 9:58%#%8<? ?57? $79%8%$7,
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 !"# "# $ :.;;)(''+,& -6.& /)012(&* -( ;),9-9 S#

 !"# "#< $ =9;50(2(&* -6.& /)012(&* -( ;),9-9 D#
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 !"#!$%&'()!* !℄ #$%% &'()'(*+,'-. /%'0)*+1 2$-+,'-*% 4)5,6*+,'-. #$%% 7. 8.9 75)+5:;5( !<<=. =℄ >. ?$:*4 et al..  !"$%% &'(!$ )*+"!,(-."* /0%-$,% 1 2!.34.*4  $"56$ (*3 /"+-'(!$ 78!"948 !"$%% 7$8*"6"40. @,%5ABC-+5(4,5-59 =DDE. F℄ >. G5,15(+ et al.. 8H5)+ I5J B 4$))'(+,-K HA-*:, 1*-K54 '2 0'(LI'04 0,+1'$+ %'4,-K '-+('%.:"9!*(6 "+ )*-$66.4$*- )*+"!,(-."* /0%-$,%9 !DM=N O<FP!=<9 !<<Q. R℄ >. @54L5. /'(:*% 2'$-H*+,'- *-H '-5)+$*% H54,K- '2 HA-*:, *H*)+*+,'-4 ,- * 0'(LI'0 :*-*BK5:5-+ 4A4+5:. C- ;)<// =>? 1  !"$$3.*4% "+ -8$ @A-8 &**9(6 ;('(.. )*-$!*(-."*(6 <"*+$!$*$ "*/0%-$, /.$*$% B ;)<//C@ADCE"69,$ F9 )*K5 SDE!9 =DD!. E℄ @. >. T. U*- H5( 8*%4+ 5+ al.. &*45 1*-H%,-K O 8 -50 )*(*H,K: 2'( ;$4,-544 )('544 4$))'(+. G(-((*3 H*"'6$34$ I*4.*$$!.*4J K@BLD 1?LMN?OLJ9 =DDE. V℄ &. 8. W%%,4 et al.. ?A-*:, 1*-K5 0,+1,- 0'(LI'0 4A4+5:4. C- <P</ =MK 1  !"$$3.*4% "+ "*+$!$*$"* P!4(*.Q(-."*(6 ",59-.*4 %0%-$,%9 )*K54 !DP=!. 8&> T(5449 !<<E. S℄ @. >. T. U*- H5( 8*%4+. WJ+5(:,-*+,-K +15 HA-*:, 1*-K5 ;$K O 8 '-(5+5 *))('*1 +' 4$))'(+0'(LI'0 1*-K5. )*+"!,(-."* /0%-$,% R!"*-.$!%9 =DD!. Q℄ 8. 8K'4+,-, et al.. C:)('U,-K I5J,;,%,+A '2 0'(LI'0 :*-*K5:5-+ 4A4+5:4. 29%.*$%%  !"$%% S(*(C4$,$*-9 )*K54 =Q<PFR=9 =DDD. <℄ /. &*4*+, et al.. @'(LI'0 5U'%$+,'-. )*-$!*(-."*(6 <"*+$!$*$ "* <"*$5-9(6 S"3$6.*4 T -8$ I*-.-0U$6(-."*%8.5 &55!"(89 )*K54 RFQPREE9 !<<V. !D℄ >. X(*H'%25( et al.. ?A-*:, 0'(LI'0 415:* 5U'%$+,'- ;*45H '- 0'(LI'0 +A)5 U5(4,'-,-K *-H0'(LI'0 :,K(*+,'-. C- <"*+$!$*$ "* <""5$!(-.V$ )*+"!,(-."* /0%-$,%9 )*K54 !DRP!!R9 !<<<. !!℄ 7. @. 7*H,Y et al.. >*-*K,-K 1*-K5 *-H +,:5 ,- HA-*:, 0'(LI'0 )('54454. )*-$!*(-."*(6 :"9!*(6"+ <""5$!(-.V$ )*+"!,(-."* /0%-$,%9 < O<FP!!V9 =DDD. !=℄ 7. G,-H5(%5 et al.. &'((5+-544 (,+5(,* 2'( HA-*:, 1*-K54 ,- 0'(LI'0 4A4+5:4P* 4$(U5A. G(-( WH*"'6$34$ I*4.*$$!.*49 EDM!N O<PFR9 Z$%A =DDR. !F℄ @. >. T. U*- H5( 8*%4+. [5-5(, 0'(LI'0 :'H5%4 O \'0 +' 1*-H%5 HA-*:, 1*-K5 *-H *)+$(5:*-*K5:5-+ ,-2'(:*+,'- ] C- <"*+$!$*$ "* <""5$!(-.V$ )*+"!,(-."* /0%-$,%9 )*K54 !!EP!=V9 !<<<. !R℄ T. @'15H et al.. T*++5(- ;*45H *-*%A4,4 '2 ;)5%R04. XY7 7$8*.(6 !$5"!-J R)7C7UCL>>LC>AJX9$$*%6(*3 Y*.V$!%.-0 "+ 7$8*"6"40J 2!.%Z(*$9 =DD=. !E℄ @'(LI'0 T*++5(-4 C-,+,*+,U5. ?'$:5-+*+,'-9 L5A )*)5(49 =DDS. !V℄ @. >. T. U*- H5( 8*%4+. T*++5(-4 *-H J)H% O 8 (,+,*% 5U*%$*+,'- '2 +15 J:% )('544 H56-,+,'-%*-K$*K5. 5̂1-,*% (5)'(+9 _$55-4%*-H `-,U5(4,+A '2 5̂1-'%'KA9 =DDF. !S℄ a. G$445%% et al.. @'(LI'0 (54'$(5 )*++5(-4. 2I7& ["!\.*4  (5$! /$!.$%J [ ?LF9 =DDR. !Q℄ a. G$445%% et al.. @'(LI'0 H*+* )*++5(-4. 5̂1-,*% (5)'(+9 #(,4;*-59 =DDR. !<℄ a. G$445%% et al.. @'(LI'0 '-+('%BI'0 )*++5(-4 O 8 (5U,45H U,50. 2 S <$*-$! U$5"!- 2 SC>OCLL9=DDV. =D℄ ?. \'%%,-K40'(+1. 78$ ["!\]"' U$+$!$*$ S"3$6J G"9,$*- /-(-9%J )%%9$ ?^?. @'(LI'0 >*-*K5B:5-+ &'*%,+,'-9 !<<E. VV
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 !"#$℄ &' ()*+, et al.' -. 01123.244 +44524 +. 0.2635)7 80*27+.9 0: ;01<=0;4'  ! "#$&&'(!)* $+ ,-& .,- /0#$1&2! 3$!+&#&!& $!  !+$#42,($! 56*,&4* 7/3 5 89:;< 3$#=<  #&>2!'< ?0!& @9AB@> $??!'"##℄ (' &' ()*+,' @).*7+.9 *A.)8+ 4B28) B).92 +. 610244 80*274' C. C0*,#2>2*(2! D2,2E2*& 3$!+&A#&!&> 6)924 $#DE$# > #DDD'"#F℄ (' G+.*2172 et al.' -. *2)7+.9 ;+3B 4315351)7 0.=+34 H23;22. 610244 3A62 ).* +.43).2 B).924'F0*(!&** "#$&** G2!2)&4&!,> 6)924 #!IE#J?> #DDI'"#I℄ (' G+.*2172 et al.' -. *2)7+.9 ;+3B 428).3+)77A 0.=+3+.9 H54+.244 610244 B).924' H&-!(2>I&1$#, J FABKKLAKMN J!(O&#*(,6 $+ J>4< 3$410,&# 5(&!& P20>,6< ?0!& BKKL'"#K℄ L' LA et al.' (28).3+ 01123.244 +. )*)63+M2 610244 8).)9282.3 4A43284' F0*(!&** "#$&**G2!2)&4&!,> 6)924 $?FE#DJ> #DD '"# ℄ N' OP.3B21 et al.' NB).92 8+.+.9 +. )*)63+M2 610244 8).)9282.3 4A43284' Q! ,-& G$O& ,$G&2!(!)+0>  !,&#!&, 56*,&4* BKKR S 3$$1 5< DQC< TCDC< 2!' QDFC5/> 6)924 FD?EF# > #DD '"#!℄ &' Q' R' M). *21 S)743 etal.' C.B21+3).2 0: ;01<=0;4 T ). )6610)B 30 3)<7+.9 610H7284 127)32*30 B).92' H-&$#&,(2> 3$410,&# 5(&!&> #!DU$E#V T$#KE#DF> #DD#'"#J℄ W' O2019)<0605704 et al.' S. 0M21M+2; 0: ;01<=0;8).)9282.3 T X108 610244 80*27+.9 30 ;01<=0;)5308)3+0. +.:1)43153512' D(*,#(E0,&' 2!' "2#2>>&> D2,2E2*&*> FU#V T$$?E$KF> $??K'"#?℄ N' Q0B). et al.' (3)32 0: 3B2 )13 +. ;01<=0; 8).)9282.3 1242)1B ).* 610*534' 5 TGQD I&N>#KU#V> Y5.2 $?? '"FD℄ X' NB)10A et al.' S *A.)8+ ;01<=0; 8).)9282.3 4A4328 :01 001*+.)3+0. 0: 00621)3+M2 )3+M+3+24'F0*(!&** "#$&** G2!2)&4&!, U$#=*-$1*> 6)924 #DKE#$ > #DD '"F$℄ Q' R24+ et al.' S *27)1)3+M2 )6610)B :01 =2Z+H72 H54+.244 61024424 8).)9282.3' F0*(!&** "#$&**G2!2)&4&!, U$#=*-$1*> 6)924 $ ?E$JD> #DD '"F#℄ (' G+.*2172 et al.' X72Z+H72 4566013 0: 32)8 61024424 HA )*)63+M2 ;01<=0; 4A43284' D(*,#(EN "2#2>>&>D2,2E2*&*> $ U$V T?$E$$ > Y57A #DDI'"FF℄ Q' &24<2' -H[23\01+2.32* *24+9. 0: ) =2Z+H72 ;01<=0; 8).)9282.3 4A4328' C. CDF 5 V9W S"#$&&'(!)* $+ ,-& 5&$!' /2*, /0#$1&2! 5641$*(04 $! C'O2!&* (! D2,2E2*&* 2!'  !+$#42,($!56*,&4*> 6)924 $$?E$FD> L0.*0.> ]^> $??J' (61+.921\_217)9'"FI℄ Q' &24<2' F0*(!&** "#$&** G2!2)&4&!, S3$!&1,*< X2!)02)&*< C#-(,&,0#&*' ?!J\F\KID\!FK#$\#'#DD!'"FK℄ Q' &24<2' X72Z+H72 80*27+.9 ).* 2Z253+0. 0: ;01<=0; )3+M+3+24' C. Y 355 V9W S "#$&&'(!)* $+,-& H-(#,6AP(#*, C!!02> Y2Z2((  !,&#!2,($!2> 3$!+&#&!& $! 56*,&4 5(&!&*A[$>04& :> $??J'"F ℄ Q' *2 L20.+ et al.' @+9B7A *A.)8+ )*)63)3+0. +. 610244 8).)9282.3 4A43284 3B1059B 2Z253+0.80.+301+.9' F0*(!&** "#$&** G2!2)&4&!,> 6)924 $J#E$?!> #DD!'"F!℄ R' W)*)8 et al.' S :018)7 :1)82;01< :01 ;01<=0; 3A62 ).* +.43).2 B).924 5.*21 01123.2440.431)+.34' 2̀B.+)7 126013> #DDF'"FJ℄ N' S' a77+4 et al.' S ;01<=0; B).92 +4 ) ;01<=0;' F0*(!&** "#$&** G2!2)&4&!,< G$'&>*< H&-A!(\0&*< 2!' /41(#(2> 5,0'(&*> 6)924 #D$E#$!> #DDD'"F?℄ N' S' a77+4 et al.' `B2 B)53)5,5) ;01<=0; 4A4328' C. Y 355 V9: S "#$&&'(!)* $+ ,-& LK,- Y2Z2(( !,&#!2,($!2> 3$!+&#&!& $! 56*,&4 5(&!&*> $??!'"ID℄ (' G+.*2172 et al.' W+4[0+.3 ).* 0M217)66+.9 610244 B).924 T NB)772.924> 40753+0.4> )667+)3+0.4' Q!,-& G$O& ,$ G&2!(!)+0>  !,&#!&, 56*,&4* BKKM S 3$$1 5< DQC< 2!' QDFC5/> 6)924 $D$E$#D> #DDI'"I$℄ G' QP7721 et al.' G572\H)42* *A.)8+ 80*+b)3+0. 0: ;01<=0;4 +. ) 82*+)7 *08)+.' D2,&!E2!=A*6*,&4& (! F]#$< H&-!(= 0!' U(**&!*-2+,> $???'"I#℄ Q' G2+B213 et al.' -. 3B2 0880. 4566013 0: ;01<=0; 3A62 ).* +.43).2 B).924 5.*21 01123.2440.431)+.34' Q! H-& G$O& ,$ G&2!(!)+0>  !,&#!&, 56*,&4* BKKL S 3$$1 5< DQC< 2!' QDFC5/> #DDF'"IF℄ &' Q' R' M). *21 S)743 etal.' C*2.3+:A+.9 0880.)7+3+24 ).* *+c212.24 +. 0H[23 7+:2 A724 54+.9H2B)M+01)7 +.B21+3).2' C11>(2,($!* 2!' H-&$#6 $+ "&,#( ^&,* BKK@> 6)924 F#EK#> #DD$'
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