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K�LIMN"O�N+P�QSR	TN"U NWVJXZY�N"[(U \4U][ MN)O�N"U
^�_ `Wa N"[ ^ VbO�c>V

R(VbcZc `d_ [�eZN _ N"f L N _ f L Nhg�i�jlkdmlj�QSn4N)cZ[]N"O�o _ N�PpklklqrQsPWqtc>VbulN"U

vxwy{z)|�} wy�~(��VbgZU���N�fWVbe _ N�eEN���V�udN"U][ � ` g/eEN"U���VbXZ[]N"Ute>VJgZU���N"U _ TN"U]NpVJXZY�eZN�[ZTN)�WTN)f ` O�O�XZgZ��fWVJ[ � ` g��
g ` XZU�c _]` c ` U ` gZU�XEgZN/VJcEc _]` f L N9g ` XZ�lN)����Nl��XE[]������U�VJg4[+eZN"U ` XZ[]����U�N"[�OxTN"[ LZ` eZN)U�e�TN"�dN"� ` cZc�TN"U�c ` X _
�D� ` oZU N _ �lVb[]� ` g�N)[���V���TN _ ���<fWVJ[ � ` g�e>VbgZU���N(e ` O�Vb��gZN�eEN"U�U \4U][ MN)O�N"U _ TN"c>V _ []��UW�4� ` XZU�XZ[ ������U ` gZU�g ` [�VbO��
O�N"g4[���N"U _ TN"U]NWVbXZY	eZN ^ N"[ _ ��N"[���N"U `d_ e _ N"U(c>V _ [ ��N)��U�c ` X _ N"Y4c _ ��O�N _ ��N"U�fWVJXEU�VJ����[ZTN)U�N"Y4��U [�Vbg7[ N"U(N)g7[ _ N
c>VbgZgZN"U�N"[(VJ��V _ O�N)UW�d� ` XEU�N"Y4c ` U ` gEU(g ` [ _ N�e�TN)O�V _ f L N�N"[�e�TN��>gE��U U ` gZU(XZg	O ` e MN"��N(eZN�c _ ` c>Vbu7VJ[ � ` g
eZN)U(c>VbgZgZN"U�N"[�eZN"U�VJ��V _ O�N"Up�
���<� z����b� wy	~ _ TN"U]NpVJXZY�eZN�[ZTN"�pTN"f ` O�O�XEgZ��fWVJ[ � ` g��"udN"U][ � ` g�eEN"U��DVJXZ[ N"UW�df `l_ _ TN"��Vb[]� ` g�e�� VJ��V _ O�N"Up� `d_ e _ N"U
c>V _ [ ��N)��Up� _ TN"U]NWVbXZY	eZN ^ N"[ _ ���
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	�� � � ~ K�L ��U�c>Vbc>N _ c _ N"U N"g4[]U�V�gZN� VJcZc _]` Vbf L [ ` ��VbXZ��[�O�Vbg>VJudN"O�N"g4[G��g�[]N"��N"f ` O�O�XEgZ��fWVJ[ � ` g
gZN)[� `d_�� UW���D[���U�o<VJU]N)e ` g�eE��U [ _ ��oEXZ[]N"e�U \4U][]N)O�N"Y4c>N _ ��N"gZf"Nd����N�eZN��<gZN�V	O ` eZN"� ` ����VbXZ��[]U�VJgEe
Vb��V _ O�U�c _]` c>VJu4VJ[ � ` g��4XZU ��gEu�c>V _ [ ��Vb� `l_ eZN _ U�VJgZe ^ N"[ _ ��gEN"[]Up�
� y��<��� ��	�� zJ~�[]N"��N"f ` O�O�XEgZ��fWVJ[ � ` g�gZN"[� `l_�� � ��VJXZ��[�O�VJg<VJulN)O�N"g4[W��Vb��V _ O�f `d_]_ N)��Vb[]� ` gG��c>V _ []��VJ�
`d_ eZN _ UW� ^ N"[ _ ��gZN)[]U
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6 V�f _ ` ��U]U�VJgZf)N�VJf"[ XZN"����Nl�IN"g�[�Vb������N�N"[tN"g�f ` O�cZ��N"Y4��[ZTNl�EeZN"U _ TN"U]NWVbXZY�eZN�[ZTN"�pTN"f ` O�O�XEgZ��fWVJ[ � ` g�N"Yd�
cZ���,74XZN	�D� ��g4[ZTN _�8N"[�u _ VJgEeZ��U]U�Vbg4[�c ` X _ ��N"U977XEN"U][ � ` gZU�eEN9ulN"U []� ` gG� ^ V _ O�����N)U�eZ�;:�TN _ N"g4[ N"U�� ` gZf)[]� ` gZU
e�� XZg�U \4U][ MN)O�N�eEN�ulN"U []� ` g��Gg ` XZU�c `l_ [ ` gZU+XZgZN�Vb[][ N"g4[]� ` g�c>V _ [ ��f)XZ��� MN _ N MV ��V974XZN"U []� ` g�eEN�ulN)U][]� ` g
eZN)U(VJ��V _ O�N"U�N)[(VJX�eE��Vbulg ` U][ ��f�eEN"U�c>VJgEgZN"UW�<74XZ�»VbcZc>V _ V 8 = [�XZgZN�eZN"U�cZ��XZU�e�TN"����fWVJ[ N"UW� 6 N"U�g ` []� ` gZU�eZN
fWVbXZU�Vb����[ZTN�N)[�eEN�f `d_]_ TN"��VJ[]� ` g/e�� Vb��V _ O�N"UW�4e>VbgZU�XZgZN�VJf"f)N"cZ[]� ` g/��V _ ulNl�<\ a�` XZN"g4[�XZg _$8` ��N�f"N)g7[ _ Vb��N"[
U ` g4[ Vbf"[]XEN"����N)O�N"g4[�Vbo `d_ e�TN"N)U�U ` XZU�eZ���lN _ U VbgZul��N"Up�$>(X��4X�eZN(�D� ��O�c `l_ [�VJgZf)N�e�� XZgZN�c _ ��U]N�N"g�f ` O�cZ[ N
eZX�fWV _ VJf"[ MN _ N _ TN"c>V _ []�IeZN)U�c L TN"g ` O MN"gZN"Up�lg ` XZU�c _]` c ` U ` gZU���f"�<XZg TN"f"��VJ� _ VJulN�g ` XZ�dNWVJX�� MV�[ _ Vp�lN _ U�eZN"U
` XZ[]����U�N"[�OxTN)[ LZ` eZN"U�e�TN"�lN"� ` cZc�TN"U�c ` X _ �D� ` oEU]N _ �lVJ[]� ` g�N"[���Vt��TN _ � �>fWVb[]� ` g	e>VbgZU���N�e ` O�Vb��gZN�eZN"U�U \7U¥�
[ MN"O�N"U _ TN"c>V _ [ ��Up� 6 � ` o a N"f)[]� �»�4��UZTN�N)U][���V�eZ��U [ _ ��oZXE[]� ` g+eZN���V � ` gZf)[]� ` g+eZN�eZ��VJudg ` U []��f�U]X _ ��N"U fWVJcZ[ N"X _ U
e�� Vb��V _ O�N"UW�

�D�JUp� VJul��[IN"U U]N"g4[ ��N)����N"O�N"g4[Ie>VJgEU�f"N"[�V _ []��f"��N�e�� N"Y4c ` U]N _ XZgZN e TN"O�V _ f L Nl� `d_ ��ul��g>Vb��N MV�g ` [ _ N f ` gZg<VJ��UD�
U�VJgZf"Nd�Jc>V _ ��N�[ _ VJ��[]N"O�N"g4[�eZN)UVbU]c<N"f"[ U�eZ\4g>VJO��,77XEN"U>���pTN"U MV��D� ` f)f"X _]_ N"gZf"N�eEN"U�c>VJgZgEN"U�N"[�eZN"U�VJ��V _ O�N"Up�
U�VJgZU�Vp� ` � _�MV	O�VbgZ��cZXZ��N _ N)Y7cE����f"��[ N"O�N"g4[�XEg []N)O�cZU�ud� ` o>Vb�'c L \4U �%74XZNd� 6 N"U�VJ��u `d_ ��[ L O�N"U�N"[�N)Y7c�TN��
_ ��N)gZf"N"U	e�� XZ[ ������U�Vb[]� ` g U ` g7[�N)gxf ` X _ U	e��]TN"[]XEeZN9N"[�gZN9U ` g4[�c>VJU�e TN"f _ ��[ U	��f)����� ` XZU�c _ TN)U]N"g4[ ` gZU	��N
f ` g4[]N"Y4[]N�eZN9udN"U][ � ` gxeZN _ TN"U NWVJXZY�N"[�XZg,TN"[�VJ[�eZN9�D� V _ [�N)U]U]N)g7[ ��N"����N)O�N"g4[�VJY�TN9U X _ ��V�f `d_]_ TN"��VJ[]� ` g
e�� Vb��V _ O�N"UW��?�N)��Vtc<N _ O�N"[W�de>VJgEU���N(c<V _ Vbu _ VJc L N�U]XZ���lVbg7[p�leEN(U]��[ XZN _ ��N([ _ Vp�lVJ���ZN)[�eZN(c _ TN"U]N)g7[ N _ �D� VJc{�
c _ ` f L N�f LZ` ��U]��Nl��@�g4�<g��4g ` XEU�N"Y4c ` U ` gEU���N)U�O ` e�TN"����U�VJ[ � ` gZU�c _ ` c ` UZTN"N"U�N"[���N"U�U ` ��XZ[]� ` gZU�N"g4�4��U�VJu�TN"N"Up�
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CEDGF HJI"K	L�MNPORQSI"KUTWV�OSOWI"KXIYLZV�[V�\�]^I"K
6 V�udN"U][ � ` g/eEN _ TN"U]NWVbXZY�N"U][�Vbf"[]XEN"����N)O�N"g4[�VJeZO���U]N�f ` O�O�N9TN"[�VJg4[�� ` gZf"[]� ` gZgZN"����N"O�N)g7[���gZe�TN"c>N)g4�

e>Vbg4[]N�N"[�� ` ul�,74XZN"O�N)g7[ UZTN"c>V _ TN"N+eZN���Vt[ _ VJgZU O���U]U � ` g�eZN)U(e ` gZg�TN"N"U�c _]` c _ N)O�N"g4[�eZ��[]Nd�ZO 8N)O�N�U]�GN"����N
c<N"XZ[+XZ[]������U]N _ ��N"U�O 8N"O�N)U _ N"U U ` X _ f"N"U�c L \4U]�,74XZN"UW�_?���g<7/VJ� _ N)U�� ` gEf"[]� ` gEgZN"����N"U�eZN�ulN"U []� ` g�U ` g4[�e�TN��
�>gE��N)Ua` MV�U�Vp� ` � _ ��V�udN"U][ � ` gxeZN)U���VbXZ[]N"Ucb ` Xxc>VJgEgZN"Ued)��eZN9��V�UZTN"f)X _ ��[ZTNd��eEN"U	f ` g4�<ulX _ VJ[]� ` gZUW� eZN"U
c<N _ � `l_ O	VJgZf)N"UW�EN"[�eZN���Vtf ` O�cZ[�VboZ������[ZTNl�J� ` XZU�g ` XZU(��g4[ZTN _ N"U]U ` gZU���f"� MV+��V�udN"U][ � ` g	eZN"U(c<VJgZgZN)UW�
?�� N"U [�XEgZNf74XZN"U []� ` g�f ` O�cE��N)Y7Nd� 6 � VbU]c<N"f"[+��g7[ _ ��gZU MN'74XZN"O�N)g7[ _ TN"c>V _ [ ��� MV ��V�� ` ��U�e>VbgZU��D� N"U]c<VJf"N

N"[�e>VJgEU���N�[ N"O�cZUp�4eZN"U�O�VJgE���©N"U][�VJ[]� ` gZU�eEN�c<VJgZgZN)U(e>VbgZU���N"U _ TN"U]NWVbXZYI�>VbXZulO�N"g4[]N(��V+f ` O�oZ��g>VJ[ ` � _ N
eZN)U(c _ ` oZ� MN"O�N"UW� ^ V _ Vb������N"X _ UW�d���<��VJXE[�c _ N"gZe _ N�N)g�f ` O�cE[]N(eEN"U(c L TN"g ` O MN"gZN"U�eEN�e�TN�� `l_ O�Vb[]� ` gZU eZN"U
c>VbgZgZN"U�� `l_ U�eEN"U�U]��ulg<VJ����U�VJ[ � ` gZUp�6 N"U�[ _ Vp�lVJXZY�Vbf"[]XEN"��U(U]X _ ��N(U X a N"[ � ` g4[�VJcZc>V _ V 8 = [ _ N�cZ��XZU ��N)X _ U�c _ TN ` f"f)XZc>VJ[ � ` gZUp�>�+� VJo `l_ eG�4��� ��O��
c `l_ [�VJgEf"N�eZN+[]N"gZ� _ f ` O�cZ[ N�eZN)U�fpVJU�eZN�c>VbgZgZN"U�u�TN)g TN _ Vbg4[�eZN"U ` f"f"X _ _ N"gEf"N"U�e�� VJ��V _ O�N)U�c ` []N"g4[]��N"� �
��N"O�N"g4[���gEe TN"c<N"gZe>Vbg7[ N"U�N"g4[ _ N�N"����N"Up�g@�gZU XZ��[]Nl�<��N�o<N"U ` ��g9eZN�O	VJgZ��cZXZ��Vb[]� ` g�eZX	[ N"O�cZUp�ZU ` XZU � `l_ O�N
eZNte>VJ[ N"U(e�� ` f"f"X _]_ N)gZf"N"Up��e�� ��g4[]N _ �lVJ����N"U ` X	eZN�c _ TN"fITN"eEN"gZf"N�e>VbgZU(XEg�[ N"O�cEU�� ` ul�,74XZNl� 6 N�o>N)U ` ��g	eZN
eZ��U [ _ ��oZXEN _ ��V�udN"U][ � ` g _ N"�4��N)g7[(VbXZU]U �IU ` XZ�lN"g4[p�4e 8X MVt��V�[�Vb������N�eZN�cZ��XZU�N"g	cZ��XZU�u _ VbgZeZN�eZN"U _ TN)U]NWVbXZYI�
Vb��gEU]�Y74X�� MV+��V��lV _ �WTN"[ZTN�u _ VJgEeZ��U]U�Vbg4[]N�eZN"U � ` gZf)[]� ` gZUp�

h_h,ºjiWk�l'm�k
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CED C  NP\�\	�I"[GV_L�MGNjO Q�� V�[GVa\<] I"K
� gEN�c>VJgZgEN�N"U][�U XZU]f)N"cZ[]��oZ��N�eZN�e�TN"f"��N"gEf L N _ XZgZN�fWVbU]fWVbeZN�eG� Vb��V _ O�N"UW����P ��� U ` XZ����ulgZN(74XZNl�G[D\4cZ� �

74XZN"O�N"g4[W�pcZ��XZU ��N)X _ U�c _ ` oZ� MN"O�N"U�c<N"XZ�dN"g4[VbcZc>V _ V 8 = [ _ N�U]��O�XZ��[�Vbg TN"O�N)g7[<e>VbgZU�XZg _ TN)U]NWVbX��JN"gZudN"gZe _ VJg4[
XZgEN�u _ VbgZeZNW74X>Vbg4[]��[ZTN�e�� VJ��V _ O�N"Up� 6 N�u _ VbgZe�� ` ��XZO�N�eZN�e ` gEg TN"N"Up�Z��N"X _ � _ TN�77XEN"gZf"N�eEN(f ` gZU]XZ��[�VJ[]� ` g
N"[���V�f ` O�cZ��N"Y4��[ZTN�eZN"U _ TN"U]NWVbXZY	O ` eZN _ gZN"U _ N"gZe9eZ����f"����N(��N�[ _ VJ��[]N)O�N"g4[�N���fWVJf)N�N"[(VJe�TN'74X>VJ[�eZNtf"N"U
Vb��V _ O�N"UW�
>���gZU]�D�dc ` X _ ��N"X _ [ _ VJ��[]N)O�N"g4[W�d���IN"U][���g4[ZTN _ N"U U�VJg4[�eZN _ TN"eZXE� _ N���N(g ` O�o _ N�e�� VJ��V _ O�N"Up����P ��� f ` gZU]� �

e MN _ Nf74XZN��D� N"gZU N"O�oZ��N�eZN)U�VJ��V _ O�N"U�u�TN"g�TN _ TN"N)U�N"U][�� ` gZf"[ � ` g�eZN���V�g<VJ[]X _ N�eZN"Utc _]` oZ� MN"O�N"Up�IeZN���N"X _
� ` fWVJ����U�Vb[]� ` g�N"[�eZN���N"X _+` f)f"X _]_ N"gZf"N�e>VbgZU���N�[ N"O�cZUp�'Vb��gZU]� 74XZN�eZN	��V	f ` g4�>udX _ Vb[]� ` g�eZX _ TN"U NWVJXG�6 V�f `d_]_ TN)��Vb[]� ` g�e�� VJ��V _ O�N)UW��74XZ��c>N _ O�N)[(eZN+U][ _ XZf"[ X _ N _ e>VbgZU���N�[]N"O�cZU(��V f ` ����N"f"[ � ` g9eZN"U�Vb��V _ O�N"U
` oZU]N _ ��TN"N"UW�GN"U [�VJ� `l_ U(f ` gZU]��e�TN _ TN"N�f ` O�O�N�XEgZN ` c�TN _ VJ[]� ` g9c _ TN)����O���g<VJ� _ N MV���V e TN"[]N)f"[]� ` g�eZN+c>VJgEgZN"U
e>VbgZU���N"U _ TN"U]NpVJXZYI�

��N"Ut[]N"f L gZ�,74XZN"U+eZ���lN _ U]N)U�U ` g4[�VJ� `l_ U�N"g4�4��U�VJu�TN"N"U�U X _ ��N+[ LIMN)O�N+eZN���V�f `l_ _ TN"��Vb[]� ` g�e�� VJ��V _ O�N"Up�
��U]U XZN"Up�ZN"g4[ _ N�VJXZ[ _ N"Up�ZeZN�O�VJgE��cEXZ��VJ[]� ` gZU�eZN�o>VJU N"U�eZN�e ` gZg�TN"N"U b���P�� � d"�deZN��D� ��g4[]N)������ulN)gZf"N�V _ [ � �>f"��N"����N
b�� k � d"�4eZN�O�VbgZ��cZXZ��VJ[ � ` gZU�eZN�u _ Vbc L N"U(b���PWj � d)�4eZN�fWVJ��f"XZ��U�eZN�c _ ` o>VboZ������[ZTN"U*b���PlP � d ` X�eEN��D� XZ[ ������U�Vb[]� ` g
eZN _ TN"U NWVJXZY	eZN ^ N"[ _ �Eb����Z�Zm � d)�
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! DGF "$#WT N�L�%'&I"K�I"KcQWI L�\�V)(jVaMG[
� ` XZU�g ` XEU'U ��[]X ` gZU�c _ ��gEf"��c>VJ��N"O�N"g4[Ie>VJgZU���V�c L VbU]N�eZN�e�TN"[ N"f"[]� ` g�eZN"U�c>VbgZgZN"U MV�[ _ Vp�lN _ U���V�f `d_]_ TN��

��VJ[ � ` g�eG� Vb��V _ O�N"UW� 6 N�c _ ��gZf"��c>N�u�TN"g�TN _ VJ��eEN�eE��Vbulg ` U][ ��f�VJe ` cZ[ZTN�N"U [(eZN�O ` e�TN"����U N _ ��N)U ` oZU N _ �lVb[]� ` gZU
eZX U]\4U][ MN"O�N�N)g/fWVbU(eZN+O�VbXZ�lVJ��U�� ` gZf"[ � ` gZgZN)O�N"g4[W���D��Up� Vbul��[�eZN _ N"f ` gZg>V 8 = [ _ N+c>V _ O��I��N"U(U ��[]X>Vb[]� ` gZU
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e3e2

ci : hiérarchie de capteurs

S : superviseur (central)

ei : éléments de réseaux

: sites

c4 c5

: remontée d’alarme(s)
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� g�N"gZU]N)O�oZ��N�e�� VJ��V _ O�N"UEN"[���N)X _ UGe TN"c<N"gZe>VbgZf"N"U�U ` g4[ _ N)c _ TN"U N"g4[ZTN"NpU MV ��� Vb��eEN�e�� XZg�e�� `l_ e _ N c>V _ []��N"�
TN"[ �,77XEN"[ZTN�U X _ ��N"U(Vb��V _ O�N"UW�dU ` ��[�XZg1. .IO ` []� ��e�� VJ��V _ O�N"U30 0��6 V��<ulX _ Nrjte ` gZgZN�U]��Y�N"Y4N"O�cZ��N"U�eEN�O ` [ ���©U�e�� VJ��V _ O�N"Up� � g	O ` []� �Ic>N)XZ[�f ` g4[ N"gZ� _ eZN"U(Vb��V _ O�N"U
[ ` XZ[ N"U���gEe TN"c<N"gZe>Vbg7[ N"Ufb f ` O�O�N��	�$d"� ` X�e�TN"c>N)gZe>VJg4[ N"Ufb�f ` O�O�N	��
�d)� ` X 8N"[ _ N��4��eZNfb f ` O�O�N	����d

5�Æ_h�576



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

a5

a6

a1 a2

a3

T4 : A4 T5 : A5 T8 : A8

T2 : A2

a7 a8

a9

T1 : A1 T3 : A3

a1 a2

a4

������� j ��� ).29��2���& � #%��� ���(& �	� ) �����_! �$#,��
'&(���

g ` [ZTN�VJ� `l_ U��G�I�(N)XZY9O ` []� �®U�c>N)XZ�lN"g4[�TN"u4VJ��N"O�N)g7[�Vp� ` � _ eEN"U�VJ��V _ O�N"U�N"g�f ` O�O�XZgcb�f ` O�O�N ���+N"[
��� d)�

� D C 	9V�OWOWI_K
� gEN�c>VJgZgEN�e�TN)U]��ulgZN�XEg/eZ\4U¥� ` gZf)[]� ` gZgEN"O�N"g4[ ` X�XZgZN+e�TN"�4��VJ[ � ` g�eZN�o ` g � ` gZf"[]� ` gZgZN"O�N"g4[W�<N"����N

g�� N"U [�c>VJU ` oZU]N _ �lVJoE��N�eZ� _ N"f"[]N)O�N"g4[�O�Vb��U�c>N)XZ[�c _]` � ` 77XEN _ cZ��XZU]��N"X _ U b�� ` � _ N�o>NpVJXZf ` XZcgd e�� VJ��V _ O�N"U
eZ��U c>N _ UZTN"N)U�e>VJgEU���N _ TN"U]NWVbX��6 N"U�c>VbgZgZN"Utc>N"XE�lN"g4[�U N�c _]` c>VJudN _ �"?�� N"U [D� MVp�DeZ� _ N�74X�� XZg9eE\7U¥� ` gEf"[]� ` gEgZN"O�N)g7[�U X _ XZg TN"�WTN"O�N)g7[
eZN _ TN)U]NWVbX/e ` gZg�TN�c<N"XZ[�fWVJXEU]N _ XEg�eE\7U¥� ` gEf"[]� ` gEgZN"O�N)g7[�U]X _ eZN"U�TN"�pTN"O�N"g4[]U�eZN _ TN"U NWVJXc74XZ����XZ�GU ` g7[
f ` gZgZN"Y4N"U	c ` X _ XEgZN _ Vb��U ` g 74XZN"��f ` g�74XZNZb a N"X�eZN9cZ����N	eZN	c _]` [ ` f ` ��N)UW��c _]` f"N)U]U]XEU�c<VJ� _ � _ N"��VJ[]� ` g
eZN+f ` g7[ N"g>VbgZf"N�c>V _ N)Y7N)O�cZ��N�d)�Z� ` XZU�XZ[]������U ` gZU(VJ� `l_ U(��N+[]N _ O�N�eZN+fWVbXZU�Vb����[ZTN�N"g4[ _ N�c>VJgZgEN"UW�I� ` XZU
f ` gZU]��e�TN _]` gEU�TN)u7VJ��N"O�N"g4[Y74X�� ���Jc<N"XZ[GN"Y4��U][]N _ XZgZN�fWVbXZU�Vb����[ZTN'N)g7[ _ N�eZN"XZY�c>VbgZgZN"UGU�VbgZU"74XZN�eEN"U'Vb��V _ O�N"U
g�� VbcZc>V _ VJ��U]U N"g4[�N"g4[ _ N�N"����N"UW�6 N"U _ TN"U NWVJXZY eZN ^ N"[ _ ��c>N _ O�N"[ []N"g4[�e�� N"Y4c _ ��O�N _ eEN"U�����N"gZU+eZN�fWVJXZU�VJ����[ZTN�eZN	g>VJ[ X _ N"U�eE���dN _ U N"U
N"g4[ _ N9��N"U+c>VJgEgZN"U 6 V _ N)��Vb[]� ` g eZN�fpVJXZU�VJ����[ZTN	N"g4[ _ N�c<VJgZgZN)U�N"U][�Vb� `d_ U _ N"c _ TN"U N"g4[ZTN"N MV9�D� VJ��eZN�eG� XEg
. . _ TN)U]NWVbX eZN�c>VbgZgZN"U/0 0�� 6 N)U�f ` g4�>udX _ Vb[]� ` gZU�TN"�pTN"O�N"g4[�Vb� _ N"U�eZN�����N"gZUteZN�fWVJXEU�VJ����[ZTN+c ` U]U ��oZ��N"U�N)g7[ _ N
c>VbgZgZN"U�U ` g4[ _ TN"c>N _ [ `d_ �pTN"N"U+e>VbgZU(��Vt�>udX _ N 3 � `»MX9��N"U�c>VJgZgEN"U�U ` g4[ _ N"c _ TN"U]N)g7[ZTN"NpU�c>V _ ��N"U�f"N _ f)��N)U�N"[
��N"U�[ _ VbgZU]��[ � ` gZU�N"g4[ _ Ntc>VJgZgEN"U(c>V _ eZN"U _ N"f"[�VJgZud��N"U

6 V �>udX _ N � e ` gZgZN�XZg�N)Y7N)O�cZ��N�eZN _ TN"U NWVJX�eZN�c>VbgZgZN"Up� 6 V�c _ TN"U N"gZf"N�eZN�f"\4f"��N"U e>VJgZU ��N _ TN"U]NpVJX�eZN
c>VbgZgZN"U _ N"c _ TN)U]N"g4[]N���N _ N"[ ` X _ U]c ` g4[�Vbg TN�eEX _ TN"U NWVJX�eZN+[ZTN"�pTN"f ` O�O�XEgZ��fWVJ[ � ` g MV XZgZN�U ��[ X>VJ[ � ` g9cZ��XZU
g `d_ O	VJ��Nl�

6 N)U _ TN"U NWVJXEY/eZN�c<VJgZgZN)U�U ` g7[te ` gZf+eZN"U _ TN)U]NWVbXZY/eEN ^ N)[ _ � �>gZ��Up� `l_ eZ��g>VJ� _ N)UW�<fl� N"U][¥� MV&��eE� _ N�74X�� ���
g�� \	V�c>VbU�eZN�c ` gZe�TN _ Vb[]� ` g�eZN���V�e�TN"c>N)gZe>VJgEf"Nl�<N"[	TN"[ �%74XZN)[ZTN"U�U]X _ ��N)U�[ _ VbgZU]��[ � ` gZU�c>V _ XZg9VJ��c L Vbo>N"[
b eZN�O ` []� �®U�eG� Vb��V _ O�N"Ued)�

� ` XZU+f ` gZU ��e TN _]` gZU(77XG� XEg�����N"g�eEN�fWVbXZU�Vb����[ZTN�N"g4[ _ N�c>VJgEgZN"UW��U ` ��[�XZgEN�[ _ VJgZU ��[]� ` g��GN"U [���eZN"g4[ ���(TN
c>V _ XEg�N"gZU N"O�oZ��N(eG� Vb��V _ O�N"U bJTN"�dN"g4[]XZN)����N"O�N"g4[��4��eZN�d N"[ 74XZN�f"N"[�N"gZU N"O�oZ��N(N)U][�U][ _ XZf)[]X _ TN�N"[ � `l_ O�N
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Causalité simple Panne rémanente Panne résorbéePanne spontanée

Causalité exclusive Causalité simultanée Causalité OU Causalité ET

P1 P2T1

T2 P3

P1

P2T1

P1 T1

P2

P3

P1
T1

P1T0 P1 T1

P1

P2

T1

T2

T1 P1

P2

P3 P3

��������3 � �j��� �"-���
G����)+����� 1��#�1��& ��������)+
G�'� �	� #,)+�����0���(�����	�'�$#,)+��1�

XZg . .�O ` []� ��e�� VJ��V _ O�N)U�0 0��I� ` XZUtg ` [ ` gZU ���(��N�O ` []� ��e�� VJ��V _ O�N"U�VJU U ` f"�WTN MV���V�[ _ VbgZU]��[ � ` g����"� ^ V _
Vb������N"X _ UW�Jg ` XZUG��Vb��U ` gZU��D� L \7c ` [ LIMN"U N 77XG� XEg�N"gEU]N"O�oZ��N�e�� VJ��V _ O�N"UGe ` gEg TN _ TN"c<N _ [ `l_ ��N(��N"U�c L TN"g ` O MN"gZN"U
` oZU]N _ �lVJoZ��N"U�� `l_ U�eG� XEgZN�[ _ VbgZU]��[ � ` g�N"g4[ _ N�c>VbgZgZN"Up�

� D ! 	9I"\�L�I_KUIYLZ] V�K����WV
	EI_KUQ�� V�[GVa\<] I"K
��VJgZU�XZg _ TN)U]NWVbX g ` g/UZTN"f"X _ ��UZTNl����N"U�O 8N"O�N"U _ N"U]U ` X _ f"N"U�c L \4U]�,74XZN"U�c<N"XZ�dN"g4[ 8N"[ _ N�XZ[ ������UZTN"N"U MV���V

� ` ��U�c ` X _ �D�]TN"f ` XZ��N"O�N"g4[�eZX9[ _ Vp�<f�N"[(c ` X _ ��V�udN"U][ � ` g9eZX _ TN"U]NWVbX�����VJgEU�XZg9[]N)� _ TN)U]NWVbX��<� `d_ UG77XG� XEg
f ` O�c ` U�VJg4[�[ ` O�o<N�N"g	c>VJgEgZNl�4���IN"U][�U XZU]f)N"cZ[]��oZ��N�eEN�oE� ` 74XZN _ ��V _ N"O ` g4[ZTN"N�eZN�c>V$74XZN"[ U�e�� VJ��V _ O�N"Up�
c _ ` � ` 74X>VJg4[(Vb��gEU]��eEN"U'. .�O	VJU74X>VbulN"U�eG� Vb��V _ O�N"U 0 0��g?�� N"U [(��N�O ` eZN�eZNr� ` gZf)[]� ` gZgEN"O�N"g4[�eZX _ TN"U NWVJX
74XZ�Gc _]` � ` 74XZN���N(O	VJUG77X<VJulNd��?�N"��V+c `l_ []N�e�� VJXZ[�VJg4[�cZ��XZU MV+f ` gEUZTN'74XZN"gEf"N 74XZNt��N _ TN"U NWVJX�eZN�ulN)U][]� ` g
N"U [ `d_ u7VbgZ��UZTN�eZN���V),f ` g L �pTN _ V _ f L �,74XZN�N"[S77XEN���VtulN"U []� ` g	N"U [(f"N)g7[ _ Vb����UZTN"Nl�

@�g�fWVbU�eEN�U�VJ[ X _ Vb[]� ` g�eEX _ TN"U NWVJX eZN�[ZTN"�WTN"f ` O�O�XZgZ��fWVb[]� ` gUb�� ` � _ N�eEX _ TN"U NWVJX eZN�ulN"U []� ` g d"�GeZN"U
[�VJO�c ` gEU�cZ��N"��gZU�c>N)XZ�lN"g4[�c _]` � ` 74XZN _ eZN"U�c<N _ []N"U	e�� VJ��V _ O�N)UW��?�N"��V�UW� N"Y4cZ���,77XEN�g ` [�VbO�O�N"g4[�c>V _

T2 P3

P1

P2T1

T4

T3

P5

P6

T5

T6

T0

T0’ P4

P7 T7

T8

��� � � � � 	 2���& � #%�(���(
�1�������	� �	� �����<���'�
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a2

a3

a1

A4 ; A8

a8a7

P3

T4

T4

T8

T8

P6

��� � � � � �j�	��������1���<����)+�����(���(& �	� ) ���0�"! �$#%�	
'&(�'�

��N+��Vb��[*74XZN���N"U���g4� `l_ O	VJ[ � ` gZU�eZN�udN"U][ � ` g ` g4[�u�TN"g�TN _ Vb��N)O�N"g4[�XZgZN�c _ � `l_ ��[ZTN�O ` ��gZe _ N�U X _ ��N+[ _ Vp�>f
eZN�e ` gZg�TN)N"UW�"?�N)U�c>N _ []N)U�e�� VJ��V _ O�N"U���gZeZXZ��U]N)g7[�eZN"U/. .�[ _ ` XZU'0 0Ge>VJgZU���N"U ` oEU]N _ �lVJ[]� ` gZUW� 6 N)U�c>N _ []N)U
e�� Vb��V _ O�N"U�U ` g4[�f ` gZU]��e�TN _ TN"N"U�f ` O�O�N�TN)[�VJg4[���gZe�TN)c>N"gEe>VJg4[]N)U���N)U�XZgEN"U�eZN"U�VbXZ[ _ N"UW�j@�����N"U+U ` g7[+N"g
_ N"�lVJgZf L Ntg>VJ[ X _ N"����N"O�N"g4[�e�TN)c>N"gEe>VJg4[]N)U�eEN��D� TN"[�VJ[�eZN�� ` gZf"[]� ` gZgZN"O�N"g4[�eZX _ TN"U]NWVbX��

� � ��%"!"%"������%"� � � � 
�.�����(�+�S�	���	�+�	���(� .� �'%������ �9.�

6 N _ TN"U]NWVbX9eZN�c<VJgZgZN)U _ N"c _ TN"U]N)g7[ N���N"U�fWVJXEU�VJ����[ZTN)U�N"g4[ _ Nt��N)U�c>VJgZgEN"U(U XZU]f"N)cZ[]��oZ��N"U�eZN�U]N�c _ ` eZXZ� _ N
e>VbgZU���N _ TN"U]NpVJX	eZN([ZTN"�WTN"f ` O�O�XZgZ��fWVb[]� ` gG� 6 N)U�O ` []� �®U�e�� Vb��V _ O�N"U"74XZ�(TN"[]�,74XZN"[ []N"g4[���N"U�[ _ VbgZU]��[]� ` gZU�eEX
_ TN"U]NWVbX/eEN�c<VJgZgZN)U _ N)c _ TN"U N"g4[]N"g4[���N"U�U \4O�cZ[ 8` O�N)U Vb[][]N)gZeZXZUp�>Vp�lN)f���N"X _ U�e�TN"c>N)gZe>VJgEf"N"U�N"[���gZe�TN"c>N)g4�
e>VbgZf"N"Up�

�EDGF  #WOWV�] M ���SI IYLZK3�I"] V�OPL�M ���WI Q � \	�I_K�I_V �RQSI TSVaOSOWI_K
@�g�VJcZcZ���,74X>VJg4[���V	eE\7g<VJO��,74XZN�U [�VJgEe>V _ e eZN"U _ TN"U]NpVJXZY eZN ^ N)[ _ ��VJX _ TN"U]NWVbXxeZN�c>VJgZgEN"UW� g ` XZU

e�TN)f _ ��� ` gZU���N"U ` oEU]N _ �lVJ[]� ` gZU�Vb[][]N)gZeZXZN"Up��� `d_ U(eEN�eZ\4U¥� ` gZf)[]� ` gZgEN"O�N"g4[ U�eEX _ TN"U NWVJX�eEN�[ZTN"�WTN"f ` O�O�X4�
gZ��fWVb[]� ` gG�6 � N"gZf L V 8 = gZN)O�N"g4[IeZN�c>VJgEgZN"U�e<VJgZU�XZg _ TN"U]NpVJX+eZN�[ZTN"�WTN"f ` O�O�XZgZ��fWVb[]� ` g���O�cZ���%74XZNG�D� N)gZf L V 8 = gZN"O�N"g4[
eZN)U�VJ��V _ O�N"U�e>VbgZU���N _ TN"U NWVJX�eZN�ulN"U []� ` gG�a?�N"��V	��gZeEXZ��[�eEN"U�e�TN"c>N)gZe>VJgEf"N"U�N)g7[ _ N���N)U6Vb��V _ O�N"U�eZN"U
O ` []� �®U�f ` gZf"N _ g�TN"Up� 6 V6�>ulX _ N/��e ` gZgZN�XZg�N"Y4[ _ VJ��[(eEX _ TN"U NWVJX�eZN+c>VJgEgZN"U�N"[���V+f ` gZfpVJ[ZTN)g>VJ[ � ` g9eZN
eZN)XZY�O ` []� �®U��b��N)U�O ` []� �®U � � N"[ � �(VJU]U ` f"�WTN"U _ N"U]c<N"f"[ ���lN"O�N"g4[ VbXZY�[ _ VJgZU ��[]� ` gZU�� � N"[�� � 74XZ�Ec>N"XE�lN"g4[
U N�e�TN"f"��N"gEf L N _ N"g	UZTN'74XZN"gEf"Nl�
6 V g ` [ � ` g�eZN�UZTN)O�VJg4[ �%74XZN eZN _ TN"U]NpVJX�f ` gZU]��e�TN _ TN"N���f"�ZN"U [�f"N"����N�eZN�UZTN)O�VJg4[ �%74XZN f ` O�c `d_ []N)O�N"g4[�Vb��Nl�

fl� N"U [D� MVp�DeZ� _ N*74X�� N"����N�U]N(e�TN��>gZ��[�c>V _ XZgZN�eZN"U f _ ��cZ[ � ` g�eEN"U�N"Y�TN"f"XZ[ � ` gZU 74XZN�c>N"XE[�N�:IN"f"[ XZN _ ��N _ TN"U NWVJXG�
6 N�U N"gZU�e ` gZg�TN�VbX _ TN"U]NpVJX�eZN�c<VJgZgZN)U/TN)[]�,74XZN"[ZTN�N)U][�VJ� `l_ U(e�TN��>gZ��c>V _ ��Vt��VbO�������N�e�� `l_ e _ N"U�c>V _ [ ��N)��U
U X _ ��N"U(Vb��V _ O�N"UE74X�� ���<e TN"f _ ��[p�ZN"����N�N"U][�g ` [ZTN"N
	���4�

� ` XZU+Vp� ` gEU�o>N)U ` ��g�e�� N"Y4c _ ��O�N _ N"Y4cZ����f"��[]N"O�N"g4[���V�f ` gZf)X _]_ N"gZf"N9N)g7[ _ N�c>VJgZgEN"UW� ^G` X _ e�TN��>gE� _
��V�UZTN"O�Vbg4[]�,74XZN�eZN _ TN)U]NWVbX�eZN�c>VbgZgZN"Up�Ig ` XEU(g ` XZU�VbcZcZXZ\ ` gZU�e ` gZf+U]X _ ��N"U�UZTN"O	VJg4[]�,74XZN"U�eG� `d_ e _ N"U
c>V _ [ ��N)��U�eZN"U _ TN)U]NWVbXZYxeZN ^ N"[ _ ����N"[�g ` g U]X _ ��N"U�UZTN"O�Vbg4[]�,74XZN"U�eG� N)g7[ _ N"��Vbf"N"O�N)g7[ U�u�TN"g�TN _ VJ��N"O�N)g7[
f ` gZU]��e�TN _ TN"N"Up� 6 Vr�>ulX _ N�qt������XZU [ _ N�f"N"��V�c<V _ ��� N"Y4N"O�cZ��N�eZN(eEN"XZY _ TN"U]NpVJXZY�eZN ^ N"[ _ �Y74XZ�IU ` g4[�TN'74XZ���lV&�
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Deux ordres partiels (sans motifs concurrents) : Un ordre partiel (motifs concurrents) :

T1 T2

PP

P1

P2

������� q ��� #/#%�	�'� 
G����)+��� �����a1��&(���<� )������ �_! ��
G��
G�'� ����
'��)+��#.�W����
�1�'�'�����$29����� ����
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a5

a6

a7 a8

P5 T5

P6

T8
A5 // A8

T5 T8
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T0 T2 T4 T0’ T8 T1 T5 T3 T7

T0 T2 T4 T8 T1

T0’ T5 T3

T7
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��N"g4[]U�eZX�c ` ��g4[(eZN+�4XZN�eEN"U�UZTN�77XEN"gZf"N"U+eZN+[ _ VJgZU ��[ � ` gZUp�>O	VJ��U 74XZ��U ` g7[�eZ��U][ ��gEulX�TN"U�c>V _ ��N)U `d_ e _ N"U
c>V _ [ ��N)��U�U X _ ��N"U�[ _ VbgZU]��[]� ` gZU 74X�� ����U�VJeZO�N"[][ N"g4[W�

6 V f ` gEf"X _]_ N"gZf"N eZN9c>VbgZgZN"U	U ��udgZ� �>N 74XZN9��N"U9Vb��V _ O�N"U�eZN"U	O ` []� �®U+f ` gEf"N _ g�TN"U9U]N�c _ ` eEXZ��U]N"g4[
eZN ��V-,f ` g���gZe�TN"c<N"gZe<VJg4[]Nl� 6 N"U+O ` [ � �®U(f ` gZf"X _ _ N"g4[ U�U]N _]` g4[+e ` gEf ` oZU N _ ��TN"U . .�N"g4[ _ N"��VJfITN)U 0 0�� 6 V��Z�
udX _ N ��c _ TN"U N"g4[]N�XZg�N"Y4[ _ VJ��[�eZX _ TN"U]NpVJXxeZN c>VJgZgEN"U�N"[���V�f ` O�c ` U]��[]� ` g�c<V _ Vb��� MN)��N _ N"c _ TN)U]N"g4[�Vbg4[
�D� N"g4[ _ N"��VJf"N"O�N"g4[�eZN�eEN"XZY9O ` []� �®U�eG� Vb��V _ O�N"U(VJU U ` f"�pTN"U MV eZN"U�[ _ VbgZU]��[]� ` gZU*77XE�'c<N"XZ�dN"g4[ 8N"[ _ N�[]� _ TN"N"U
U ��O�XE��[�VJg�TN)O�N"g4[�e>VbgZU���N _ TN"U NWVJX��

6 V ��VbO�������N 	��� N"U][	VJ� `l_ U�e TN"f _ ��[ N9u _$8VJf"N MV�XZgxVb��u `l_ ��[ L O�N�eEN�f ` gZU [ _ XEf"[]� ` g e�� N"Y�TN"f"XZ[ � ` gZU�eZN
_ TN"U]NWVbX9eZN ^ N"[ _ �D��74XZ�Ic _ N"gZe9N"g	f ` O�cZ[ N(N"Y4cZ����f"��[]N)O�N"g4[���VtU][ _ XZf)[]X _ N�eZX _ TN"U]NWVbX��	��g9VJU U ` f"��N�c ` X _
f"N)��V�VbX _ TN"U]NWVbXxeZN	c>VbgZgZN"U�XZg _ TN"U]NWVbXxeZN ^ N"[ _ �9TN'74XZ���lVb��N)g7[(74XZ��N"U [�U�VbX4��N)[ K � _ N"U][ _ N"��g4[W� ^G` X _
f"N�[D\4c<N�eEN _ TN"U]NWVbXZYI����V+f ` gZU][ XZf"[ � ` g�e�� N"Y�TN"f"XZ[ � ` gZU�N"U [�f ` gEg7XEN�N"[�c _ ` XZ��TN"N�f `l_]_ N"f"[ N b�� ��� d"�Y?�N"[ []N
f ` gZU][ _ XZf)[]� ` g/VbU]U ` f)��N MV+XZgZN�UZTN'74XZN)gZf"N+eZN�[ _ VbgZU]��[ � ` gZU�XZg `l_ e _ Ntc>V _ []��N"�IU]X _ f"N"U�[ _ VJgZU ��[ � ` gZUp�
6 V��<ulX _ N�m�e ` gZgZN�XZg	N"Y4N"O�cZ��N�eZN�UZTN'74XZN"gEf"N�N)[���� `d_ e _ N�c<V _ [ ��N"�'VbU]U ` f"�pTNl�
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6 � `d_ e _ N(c>V _ []��N"�IU X _ ��N"U�VJ��V _ O�N"U�VbU]U ` f)�WTN MVtXZgZN�N"Y�TN"f"XE[]� ` g	N"U [ ` oZ[ N"g4X�N"g	U]XEoZU][ ��[ X>VJg4[���N"U�[ _ VJg4�
U ��[ � ` gZU�c>V _ ��N"U�O ` []� �®U�e�� VJ��V _ O�N)UW� 6 V��>ulX _ N�k�������XZU][ _ N���VrU]XZoZU []��[]XE[]� ` g�eZN"U	TN"�pTN"O�N"g4[]U ����� � 
 N)[�� �
eZN�� _ N)U]c<N"f"[]���dN"O�N"g4[�c>V _ ��N"U `d_ e _ N"U(c>V _ [ ��N)��U������ � 
 � � � c ` X _(` oE[]N"gZ� _	� �

6 N	O ` e MN"��N�VJ��gZU]�	TN)[�VJoE����c<N _ O�N"[�eZN	U \7g4[ L TN"[]��U N _ �D� N"gZU N"O�oZ��N�eZN"U�U]c�TN"f)���<fWVJ[ � ` gZU�e ` gZg�TN"N"U�c>V _
�D� XZ[]������U�Vb[]N"X _ �"?�� N"U][¥� MV&��eE� _ N�74X�� ��� f ` g4[]��N"g4[ MV ��V � ` ��U��D� N"gZU N"O�oZ��N+eZN"U+c>VJgZgEN"UW�GN"[+��N)X _�_ N)��Vb[]� ` g�eZN
fWVbXZU�Vb����[ZTNl� MVt[ _ Vp�dN _ U���N"U�cE��Vbf"N"U�N"[�[ _ VbgZU]��[]� ` gZU"`dN"[���N"U�O ` []� �®U�e�� VJ��V _ O�N"Up�lVp�lN)f���N"X _ U�e�TN"c<N"gZe<VJgZf"N)U
N"[���gZe�TN"c<N"gZe>VbgZf"N"Up�<U]X _ ��N)U�[ _ VbgZU]��[ � ` gZUW�
?�N)[�N"Y4N"O�cZ��N+��VJ��[�VJcEc>V _ V 8 = [ _ NxTN"u4VJ��N"O�N)g7[�eZX g ` g{��e�TN)[]N _ O���gZ��U]O�N�N"g4[ _ N�eEN"U TN"� ` ��XZ[]� ` gEU�c ` UD�

U ��oE��N)U MV�c>V _ []� _ e�� XZg�O 8N"O�N�TN"[�Vb[�eEN�c<VJgZgZNd�lc>V _ N)Y7N)O�cZ��N(c ` X _ ��V�c>VbgZgZN�
���N"[���N"U�fWVJU�eZN�c>VJgEgZN"U
O�XZ��[ ��cE��N)UW�df ` O�O�N	
 
 N"[	
�J�

�ED C 	 \�MK�I I"O �YNj] T�L�I QSI"KX] V�K ���SV
	EI"KcQ���Va[GV�\�] I"K
6 V c _ ��U N�N"g+f ` O�cZ[]N�eZN"U�O	VJU74X>VbulN"UGU]N��DVJ��[�eZ� _ N"f"[]N)O�N"g4['VbX�gZ���lNpVJX�eZXtO ` e MN"��N�eZN�c _]` c>VJu4VJ[]� ` g��

N"g+\���g7[ZTN"u _ VJg4[�eEN"U�TN"� ` ��XE[]� ` gZUIeEX _ TN"U NWVJX�N)g�� ` gEf"[]� ` gteZN�U]N)U�O ` eZN"UIeEN�� ` gZf"[ � ` gZgZN"O�N"g4[Ic ` U]U ��oE��N)UW�
?�N"��V�c<N _ O�N"[W� MV�c>V _ [ � _ e�� XZg TN"[�VJ[�eZN�c>VbgZgZN�e ` gZg�TNl�Je�� N"Y4c _ ��O�N _ cE��XEU]��N"X _ U ` oZU N _ �lVb[]� ` gEUVb[][ N"gZeZXZN)U
U N"� ` g(77XEN�eZN"U�O	VJU74X>VbulN"UGc>N)XZ�lN"g4[�U]N�c _]` eZXZ� _ N ` X�g ` g�� 6 V c _]` o>VJoE������U�Vb[]� ` g�eZX _ TN)U]NWVbX�eZN�c>VJgEgZN"U
c<N _ O�N"[�eZN(eZ��U f _ ��O���gZN _ �J� `l_ U�eZN���Vre TN"[]N)f"[]� ` g�eZN(c<VJgZgZN)UW�4N"g4[ _ N(��N"U�TN"� ` ��XZ[]� ` gEU�c ` U]U ��oE��N)U�U N"� ` g���N"U
Vb��V _ O�N"U ` oZU]N _ ��TN"N"Up�

� � .�����(���'%)���S�	���	�+�	� ���

6 N+c _ ��gEf"��c>N�N"U [�eZN+cZ��VJf"N _ N)g�N"g4[ _ TN)N�eZX/U XZc<N _ �4��U]N"X _ eZN)U���g4� `l_ O�Vb[]� ` gZU*b���f"� eZN"U ` f"f"X _]_ N)gZf"N"U
e�� Vb��V _ O�N"U�N"[�eZN"U�e�TN"c<N"gZe<VJgZf"N)Ued"� ` oZ[ N"g4XZN"U�c>V _ eZN"U(fpVJcZ[ N"X _ U�cZ��VJfITN)U�U]X _ ��N _ TN"U NWVJXG�Zc ` X _ � ` X _ gE� _
eZN)U(eZ��VJudg ` U []��f"U�eZN�c>VbgZgZN"Up�
@g�XZ[]������U�VJg4[�eEN"U�[ N"f L gZ�,74XZN"U�e�TN)�lN"� ` cEc TN"N"U�e>VbgZU���N�fpVJe _ N(e�� N"Y�TN"f"XE[]� ` gZU _ TN"c>V _ []��N"U�� qZ�<P 3 � �dg ` XZU

c ` XZ� ` gZU N"g4�7��U�VJulN _ ��V(fpVJcZ[ X _ N�e�� ��g{� `l_ O�VJ[ � ` gZUIeZN�c _ TN"fITN)eZN"gZf"NtfWVJXZU�VJ��Nl�dc>V _ N"U][�VJO�cE������VJudN�e>VbgZU���V
f ` XZf L N�eZN�ulN"U []� ` g+c>V _ N)Y7N)O�cZ��Nl�p� ` XZU�N"Y4f"��X ` gEU'eG� N)O�oZ�WTN"N��D� ��g4[ _ XZU � ` g�e>VJgZU���N�[ _ V&�>f�eZX _ TN"U]NpVJX�eZN
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[ZTN"�WTN"f ` O�O�XZgZ��fWVb[]� ` g��bc ` X _ eZN"U _ VJ��U ` gZU�eZN�f `"8XZ[_`Zfl� N"U [(c ` X _ 77X ` ��g ` XZU�g ` XZU�o>VbU ` gEU(XZgZ�,74XZN"O�N"g4[
U X _ ��N"U���g4� `d_ O	VJ[]� ` gZU�77XEN�c>N)XZ[(VJcZc `l_ []N _ ��V�f ` XZf L N�eZNtulN"U []� ` g��

� DGF ���SK�I_\�(jV_L�MGNjOWK
^G` X _ f L V$74XZN�U]��[]N b�XEg TN"�pTN"O�N"g4[�eZN _ TN"U NWVJX ` XxXZgxu _]` XEc>N�e��]TN"�WTN"O�N)g7[ U�eZN _ TN)U]NWVbXgd�XZg fpVJc4�

[ N"X _(` oZU]N _ �lN���N"U(Vb��V _ O�N"U�c _ ` eEXZ��[]N"Up� 6 N)U�fWVJcZ[ N"X _ U(c _ ` eEXZ��U]N"g4[�f L VJf)XZg	XZg `d_ e _ Nl�Zf ` g4[]N"g>Vbg4[�eZN"U
Vb��V _ O�N"U�c _ ` eEXZ��[]N"U�U X _ ��N(U]��[ N�VJU U ` f"�pTNl� ?�� N)U][�f"N"[�N"gZU N"O�oZ��N(eG� `d_ e _ N"U 74XZ�<N"U][�� ` X _ gE�IN"g�N"g4[ _ TN"N�eEX
U XZc>N _ �4��U]N"X _ �I� ` XZU�g ` [ ` gEU��	��
�������D� N"gZU N"O�oZ��N(eZN)U `l_ e _ N"U � ` X _ gZ��U�c>V _ ��N"U�fpVJcZ[ N"X _ Up�6 V	�<ulX _ N P �9c _ TN"U N"g4[]N�XZg _ TN"U XZ��[�VJ[�c ` U U]��oZ��N	e�� ` oZU N _ �lVb[]� ` g c>V _ ��N"U�fpVJcZ[ N"X _ U�flPl� fWj N"[�f 3
eZN���V6�>ulX _ N�Pd� 6 N"U�TN)�WTN)O�N"g4[]U�eZN _ TN)U]NWVbXZY b NlP MV�N � d�N"[���N�U XZc<N _ �4��U]N"X _ b®n�d�U ` g4[��>ulX _ TN"U�c>V _ eZN"U
LZ`d_ � * ` g7[�VJ��N"Up� 6 N"U _]` gZeZU+g ` � _ U��>ulX _ N"g4[�eZN)U6Vb��V _ O�N"U�c _]` eZXZ��[ N"UW� 6 N"U _]` gEeZU�u _ ��UZTN)U��>udX _ N)g7[teZN"U
c>VbgZgZN"Up��g ` g ` oZU N _ �lVboZ��N"UW� 6 N"U � MN"f L N)U ` oZ���,74XZN"U��>udX _ N)g7[�eEN"U TN)f L VJgZudN"U�eZN	O�N"U U�VbulN"U+N"g4[ _ N���N"U
TN"�pTN"O�N"g4[]U�eZN _ TN"U NWVJXG� ��g V�����
� � ����� ��� � �4�Z� ` XZU���Vb��U ` gZU��D� L \4c ` [ LIMN"U]N(74XZN���N"U�Vb��V _ O�N"U�U ` g7[
` oZU]N _ ��TN"N"U�c>V _ ��N"U�fWVJcE[]N"X _ U(flPd�ZfWj+N)[(f 3 e>VbgZU�XZg `l_ e _ Ntf `lL TN _ N"g4[�Vp�dN"f��D� `l_ e _ N�e>VJgZU���N'74XZN"��N)����N"U
U N�U ` g4[�c _]` eZXE��[ N"U�U X _ f L V$74XZN�U]��[]Nd����VJgZU���N+fWVJe _ N�eG� XEg/U \7U [ MN"O�N�eZN�ulN)U][]� ` g�f"N"g4[ _ VJ����UZTN"Nl��N)����N"U
U ` g4[�N"gZU XZ��[]N�[ _ VJgEU]O���U N"U(VJX	U]XEc>N _ �4��U N"X _ n�c<V _ �D� ��g4[ N _ OxTN"eZ��VJ� _ N�eEN"U(fWVbcZ[]N)X _ U�f � N"[(f��Z�

n ` XZU	��� L \4c ` [ LIMN)U]N 74XZN���N"U	fWVJcZ[ N"X _ U `l_ e ` gZgEN"g4[�f `l_]_ N"f"[ N"O�N"g4[	��N"U9VJ��V _ O�N"Up���D� N"gZU N"O�oZ��N	eZN"U
`d_ e _ N"U ` oZU N _ ��TN"U�N)U][+��gEf"��XZU�e>VbgZU��D� `l_ e _ N�74XZ� f ` g4[]��N"g4[+[ ` XZ[]N"U+��N"U+e TN"c<N"gZe>VbgZf"N"U�N"g4[ _ N9VJ��V _ O�N"Up�
[ N"����N)U 77XG� N)����N"U�U]N�U ` g4[�c _]` eZXE��[ N"UW��?�N)[][]Nt��gEf"��XZU]� ` g�N)U][�u�TN)g TN _ Vb��N"O�N"g4[�U][ _ ��f"[]Nd�>cEXZ��U74XZN(��N"U�e�TN"c>N)g4�
e>VbgZf"N"UtN"g4[ _ N	VJ��V _ O�N"U�U N�c _]` eZXE��U�VJg4[�U]X _ eZ�;:�TN _ N"g4[]U�U ��[]N"U�eEX _ TN"U]NWVbX�eZN+[ZTN"�pTN"f ` O�O�XZgE��fpVJ[]� ` g�gZN
c<N"XZ�dN"g4[(c>VbU _ VJ��U ` gZg>VboZ��N"O�N)g7[ 8N"[ _ N ` oZU]N _ ��TN"N"U�c>V _ ��N"U�fpVJcZ[ N"X _ U�eZX _ TN"U NWVJX eZN�ulN)U][]� ` g��
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6 N�c _ ��gZf)��c<N	eZN	��V _ N"f ` gZg>Vb��U]U�VbgZf"N9f ` gZU ��U []N MV e�TN"[ N _ O���gZN _ U]����N"U ` oEU]N _ �lVJ[]� ` gZU�eG� Vb��V _ O�N"U�N"[

eZN	��N"X _ U�e�TN)c>N"gEe>VJgZf)N"U _ TN"� MN"��N"g4[��D� ` f)f"X _]_ N"gZf"N�e�� XZg b ` X�eZN	cZ��XZU ��N"X _ U�d `l_ e _ N"U�c>V _ []��N"��U�U]X _ eZN"U
Vb��V _ O�N"U�e�TN��>gE� b Ued c>V _ ��N _ TN"U NWVJX�eZN�c>VbgZgZN"Up� MV�[ _ Vp�lN _ U���N)U(O ` []� �®U�eG� Vb��V _ O�N"UW�Z��VbgZU(��N�fWVJU�e�� XZgEN
U c TN"f"� �>fWVb[]� ` g c>V _ ��VJ��[]N�N"[�eG� XEgZN ` oZU N _ �lVb[]� ` g ��e�TNWVJ��Nl����V _ N"��VJ[ � ` g�N"g4[ _ N9XZg `l_ e _ N	e�TN��<gZ�(c>V _ ��N
_ TN"U]NWVbX/eEN�c<VJgZgZN)U(N"[���� N"gEU]N"O�oZ��N�e�� `l_ e _ N"U � ` X _ gZ�Ic>V _ ��N)U(fWVbcZ[]N"X _ U(N)U][(XEgZN _ N)��Vb[]� ` g	e�� N"Y4[ N"gZU]� ` g
e�� `d_ e _ Nl�Y@�g/N�:»N"[p�I��V+U]c�TN)f"� �>fWVJ[ � ` g�c>N"XE[�f ` g4[]N"gE� _ eZN)U�e�TN"c>N)gZe>VJgEf"N"U�N"g4[ _ N�eZN"U�Vb��V _ O�N"U�eEN�U ��[ N"U
eZ��U []��gZf"[ UW�E@g _ N"�lVJgEf L Nl��c ` X _ ��N"U _ Vb��U ` gZU�TN)� ` 74X TN"N"U�f"� ��eZN)U]U]XEUW����N"U�fWVJcE[]N"X _ U�gZN c ` X _]_ ` g4[�c>VJU
� ` X _ gE� _ e�� ��g4� `d_ O�Vb[]� ` g9eZN	e�TN)c>N"gEe>VJgZf)N�c ` X _ eZN"U�VJ��V _ O�N"U�eEN�U]��[ N"U�eZ��U][ ��gEf"[]Up�j?�N"��V	��gZeZXZ��[(77XEN
��N"U `d_ e _ N"U ` oZU]N _ ��TN"N"U(f ` g4[]��N"gZgEN"g4[�O ` ��gZU eZN _ N"��VJ[ � ` gZU�eZN�e�TN"c<N"gZe>VbgZf"N 74XZN���N"U `d_ e _ N"U�U]c�TN)f"� � TN"U MV
[ _ Vp�lN _ U(��N _ TN)U]NWVbX9eZN�c>VJgEgZN"UW�6 � ` f)f"X _]_ N"gZf"N+e�� XZg ` X	eZNtcZ��XZU]��N"X _ U `d_ e _ N"U(c>V _ [ ��N)��U�eZN�O ` []� �®U�e�� VJ��V _ O�N"U�e<VJgZU�XZg	N"gZU]N)O�oZ��N
e�� `d_ e _ N"U�� ` X _ gE�Ic>V _ ��N"U�fWVbcZ[]N)X _ U�U]N�[ _ VJeEXZ��[(VJ� `l_ U�N"g	[]N _ O�N�e�� N"Y4[]N"gEU]� ` g	e�� `l_ e _ Nd�6 V 74XZN)U][]� ` g�eEN���V _ N"f ` gEg>VJ��U]U�VJgZf)N�N"U][�VJ� `l_ U �
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Unit é de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
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