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BDC EGFIHKJ7LNMPORQ"SUTWV�XYJ7Z[M\SUJ�]GE^T_Z�`�EGa9McbPJdbfe9TIJ�ghJ7Z�MPJ7LjiIa_Ohe9TIJ<Z�JkM\lmghnGE^bcOoMci_`(J<Z�SpC E^bPSIEGaIa_lGa_LkJ7`�Jda9M
]qT_Z�J7arV�stZdC lmuIu_goOve9TIJda9MwJdaxQylGORM{zfSUJ|a_EG`	F_bcJ7T_Z[J<Z}bcJ<ZcZcEGTIbjLkJ<Z}u_lmbcMPlGnG~dJ<Z�SpC T_arZc�UZKMP�d`�J"McJ7`�u_Z�bP~dJdg,�IJdM
Jda�u_lGb[MPOhLdTIgoOhJdb"lmTI��bcJ<ZcZcEGTIbjLkJ<ZwbP~7ZcJ7lGTU�p�/s�lma_Z|LdJ(V�X��pE^a�ZcJ(u_bcE^u�E9Z[J(SUEGa_L(SpC Jk�UuIghEGbPJdb"SUJdTI��MK�qu�J<Z�SIJ
uIbPEGFIgh�d`�J<Z"�
� ����a�uIbP~7ZcJda9MPJ"S�C lGF�E^bPS�TIaIJ�McJ<LjiIaIOve9TIJ|u�J7bc`�JdM[MPlGa9M{SpC E^FUMcJ7aIOhbwSUJ7Z�SU~7ghlGOhZ�SIJ|F�E^TUMwJdarF/EGTUM<�
� ����a�`�EGa9McbPJ{J7a_Z[T_ORMPJ�e9TIJ�g�C EGbjSUE^aIa_lma�LkJdb�SUJ7Z}`�J7ZPZclGnGJ<ZDJ7Z[M�Z[Oh`	TIgvlmOhbPJ{z	g,C EGbjSUEGaIa�lma_LdJdb�SUJ<Z�MP�GLji_J7Z7�
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BDC EGFIHKJ7LNMPORQ�SIJ�LdJkM�Jd�UJdbjLkOvLkJwJ<ZKM�SUJ{]^EGT_Z�uIbP~7ZcJda9McJ7b�TIa\EGTUMPOogpSUJ�Z[Oh`	TIgvl®MPOoE^a\e9TIOplmTUMPEG`fl®MPOhZcJ{LdJdbcMPlmOhaIJ<Z
SUJ<Z%McJ<LjiIaIOve9TIJ7Z%]qTIJ<ZDJ7a�LkEGT_bPZ7�®¯Da�u_lGb[MPOhLdTIghOoJ7b7�mOhgIQ°E^TIbPaIORM�TIa�LkJ7b[MjlmOha(a_EG`	F_bcJwSpC EGbjSUE^aIa_lma�LkJdT_bPZ%SUJ{F_lGZcJ
lGL7LkE^`(u�lmnGa_~7Z}SUJ|goJ7TIbjZ}McJ7Z[MPZ{SUJ�QylmOvZclGFIOoghOoMc~�±°E^T�E^bPSIEGaIa_lGa_²dlGFIOhgoOoMc~´³N�

BDC EGTIMcOhg�J7Z[M{Oha_Z[MPlmghgh~
u�E^TIb�SIJ7Zw`fl^LjiIOoa_J7Z�µUEGgvlmbPOhZ�T_aIOhe9TIJ7`�Jda9M7�#¶�·_a�SUJ
u/EGTI]^EGOhbwgoJ	ghlGa_LkJ7b7��Jk�U~7LdTUMcJ7b
SpC lmF/EGbjS\gvl�LkE^`(`flGa_SUJ|Z[i_Jdghg�Z[T_Oo]®lma9MPJ(�

¸G¹Gºq»/¼G½¿¾q¸UÀ7ÁUÂ9Ã_¹9Ä9ÄIÅGÆ^ÇUÈUÉ/Ê®ËUÅU¼<Ã_½9Ì^ÌUÍG»�ÎP¼q¸´Ã

Ïwa_J�Q°E^OhZwg�C EGTUMPOog�ghlGa_Lk~^�UEGax]GEGT�Z�SUJd`flma�SUJ|SUJ|goJ�MPJ7Z[McJdb�SUJ"ghlÐQylG²dEGarZ[T_Oo]®lma9MPJf�
� �w¶%HKEGTIMcJdb�TIa|uIbPEqLdJ7ZPZ[J7TIbpe9TIOGTUMPOoghOvZ[J%TIa
Ñ�Ò®Ó
Ñ/Ô;Ô
ÕIÔ;ÖG×qØ
Ò{Ù�Ú|Û{Ü_Ú	Ý\Þ�ßkà�áhâ|nGbj�GLdJ;lGT�`�J7a9Täã,å�æ®çéèoêUë�æGæNêUë�æGæ
ì�í/îPï7ðjñkòPòdïmî ã��

� ��ó�bc~7Jdb{ô�MP�GLji_J7Zwn^bP�^LkJ	lGT�`�JdaqTõã,å�æ®çéèoêUë�æGæNêUë�æGæ ì è ì´òcö ã��#B�J7Z�u_lGbPlG`(�dMcbPJ7ZwSIJ(LdJ7Z�Mj�GLjiIJ<Z{ZcEGa9MÐ�÷�øÐùú÷pû�ùú÷pü�ùþýIÿ��%ø(ù��Gý_ÿ���øÐù��Iÿ��;ûfù��Uÿ	��ûfù��_ÿ��;ü�ù�
<ýIÿ	��üfù�� �
B�J7Z|SI~dgvlmOvZ|LkbPORMPOhe9TIJ<Z
Z[E^a^M%~7n^lmTI�(lmTI�Ðu/~dbPOoEUSUJ<Zd��
	C E^TIFIghOoJ��wu_l^ZDSUJwSU~dMcJdbP`�Ooa_JdbDTIafa_Oo]^J7lmTfSUJ�u_bcOhEGbPORMP~wLkE^bcbPJ7LkMcJ�]qOhZ�� z��,]qOvZ
SUJfghlxu/~dbPOoEUSUJ�SIJ7Z"Mj�GLjiIJ<Z���EGa?ZcEGTIi_lGORMPJ�lmuIu_goOve9TIJdb|gvlr`�~kMci_EqSIJ�SpC l��/J<LNMjl®McOhEGa SUJfu_bcOhEGbPORMP~��wl®MPJ
��EGaIEGMcE^aIOhLG�%¶�]^J7LrLkJdM�E^TUMcOhg,�DgoJ<Z�aIOh]GJ7lGTU��SUJruIbPOhEGbPORMP~�]^EGa9M�SUJ � z ����� ± ����� J7Z[M�ghJraIOh]GJ7lGT SIJ
uIbcOhEGbPOoMc~�goJ|uIghT_Z�~7goJ7]G~<³k�

ô_����bPSUE^aIa_lGa_LkJ7b�ghJ�HKJdT�SUJ�MP�^LjiIJ7Z�J7a�lmuIuIT_�^lma9M�Z[T_b�g�C OhLdEGaIJäã�� ð	�Iñ æ�� �Rç"!$# ò ç"%&� � ì è�ç ï !}ã��
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BDC EGFIHKJ7LNMPORQ;SUJ|LkJkM�Jd�qJ7bPLdOhLdJ�J<ZKMwSUJ"]^EGT_Z}`�EGa9McbPJdb�LkE^`�`(J7a9M�OhgpJ7Z[M�u�E9ZcZcOhFIgoJ"SUJ|LdlGghLdTIghJdb�TIa�McJd`�u_Z�SIJ
bP~du/EGa_ZcJ|SUJ"F�E^TUMwJdarF/EGTUM{SpC TIarJda�Z[J7`	FIghJ|SUJ"MP�^LjiIJ7Z�bP~du_lGb[MPOoJ<Z�Z[TIb�u_goT_ZcOhJdTIbjZ�uIbPEqLdJ7ZPZ[J7TIbjZd�

��ax~kMcT�SUOoJ"ghJ|Z[�UZ[Mc�d`�J|SU~<LkbPORMwSIlGa_Z�ghlÐ·_n^TIbPJ � �IB�J|Z[�UZ[Mc�7`(J"J<ZKMwLkE^a_Z[McOoMcTI~|SUJ
SUJ7TU�\uIbPEULkJ<ZcZcJdTIbjZ7�9B�J
uIbPEULkJ7ZPZcJdTIb65�iI~7F�J7bcn^JÐghJ7Z�MP�^LjiIJ7Z)7 
 �87 � JdM67 � �pB�J(uIbPEqLdJ7ZPZ[J7TIb:9
iI~7F�J7bcn^JÐghJ7Z�Mj�GLjiIJ<Z)7 � JdM67<;_�#B�J7Z
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Processeur a Processeur b
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Bus de terrain

=?>A@CB �)D Ï{aIJ
lmuIu_goOvLdlmMcOhEGa\bP~du�lmbcMcOhJ

MP�^LjiIJ7ZE7 
 JkMF7 � LkE^`(`ÐTIaIOve9TIJda9M�nGbj�GLkJ�z(TIa�`�J<ZcZPlmn^J{u/~dbPOoEUSUOve9TIJÐ�UghJ"`�J7ZPZclGnGJ)G 
 �UB�J7Z}Mj�GLjiIJ<ZH7<;ÐJdM
7 � LkE^`(`ÐTIaIOve9TIJda9M�nGbj�GLdJ�z�TIar`�J7ZPZPlmnGJ�u/~dbPOoEUSUOve9TIJ��IgoJ"`�J7ZPZPlmnGJ:G � �

B�J<Z}MP�^LjiIJ7Z}JkMw`�J<ZcZPlmn^J7Z�Z[E^a9M�SI~k·_aIOvZ�u_lGb�goJ<Z�u_lmbjlm`��dMcbPJ7Z�Z[T_Oo]®lma9MjZ"�

��J<ZcZPlmn^J X�~dbPOhEqSIJ V
Jd`�u_ZwSIJ"LdEG`�`	T_aIOhL7l®MPOoE^a
±°J7ax`fZj³ ±yJdar`fZP³

� � �JI�I K
� � K�I �

B�J�MPJd`�u_ZÐSUJ�LkE^`(`ÐTIaIOvLdlmMcOhEGa?Ooa�LkghTUM	ghJ7Z|MPJd`�u_ZÐSUJfuIbPEGu_lGn^l®MPOoE^a���SpC lGL7Lk�7Z7��SUJfMPbPlGa_Zc`(OvZPZ[OhEGa�JkMÐSIJ
Mcbjl´]GJ7bPZc~dJ(SUJ7Z|LdEGT_Lji_J7Z7��B�J(McJ7`(u�Z
SUJfbP~du/EGa_ZcJ(·_a_lmgDS�C TIa?`�J7ZPZPlmnGJ&LwJ<ZKM
E^FUMcJ7a9T�u_lGb:7<MON-GQP+R ùTS PVU
McJ7`�u_ZwSUJ
LdEG`�`	TIa_OhL7l®McOhEGaxSUJ:Lj�

V��GLjiIJ X�~dbPOoEUSUJ ó}lmu_l^LkOoMc~ XDbPOhEGbPORMP~ XDbPEqLdJ7ZPZ[J7TIb
±yJdar`fZP³ ±°J7ax`fZj³

V � ��I�I ' � l
V � K�I � � l
V�ô ��I�I ô � F
V ' K�I � � F
V � W�I ô ô l

��a�Z[E^TIi_lmOoMcJwL7lmgvLkTIghJdb%ghJ7Z�SU~dgvlmOvZ%SUJ�F/EGTUM�J7a�F�E^TUM�SUJwLji_l^e9TIJ}MP�GLji_J�SIT�Z[�UZ[Mc�d`�J^�mX�EGTIbDLdJ�QylmOhbcJ^�maIEGT�Z
lmghghEGa_Z�lGuIuIghOhe9TIJ7b}gvl�`�~kMPiIEUSUJYXwE^goOvZKMPOhe9TIJ��
� �w¶�]^J7L|ó�iIJ7SIS_lmb<�ISU~k·_a_OhZPZ[J���T_axu_bcEGHKJkM�LkEG`�u/EGbcMPlGa^M�ghJ7Z�uIbPEULkJ7ZPZcJdTIbjZC5\JkM<9´�Z
{EmMcJ��|e^T�C OvLkO,�UgoJ<Z�uIbPOoE��
bcOoMc~<Z�SUJ7Z}Mj�GLjiIJ<Z�]GEGT�Z}ZcEGa9MwSUE^aIaI~dJ<Zd�

� ����a�u/E^ZcJ\[]L_^ S P ù ý �]`�TIJdgvZ�ZcEGa9M�goJ<Z}McJd`�u_Z{SUJ|bc~7u�E^a_ZcJ�SUJ<Z�MP�^LjiIJ7Z}JdM{SUJ7Z�`�J<ZcZPlmn^J7Zba
ô_��X;E^TIb\e9TIJ7ghZ�Mj�GLjiIJ<Z	c®`�J7ZPZclGnGJ7Z�SUE^ORM�E^a `�EqSIOR·_J7b�ghJ�u_lmbjlm`��dMcbPJ S Led�dgfJhq��s�EGaIaIJ7b�ghJ7Z�]®lGgoJ7TIbPZ\SUT

S Led�dgfJh
u/EGTIb�ghJ7Z�MP�GLji_J7Zic´`�J7ZPZclGnGJ<Z�LkE^a_LkJ7bca_~7Z7�
' �j��J7L7lmgvLkTIghJdb;goJ<Z
McJd`�u_Z�SUJ�bP~du/EGa_ZcJ�lGuIbP�7Z;l´]GEGOhb�`�EUSUOo·_~}goJ<Z S Led�dgfJhq��`�TIJdgvZ
ZcEGa9M�goJ<Z;aIEGTI]^J7lGTU�"McJd`�u_Z
SUJ"bc~7u�E^a_Z[Jka

� �j��~dOoMc~7bcJ7b%goJ<Z%EGu/~dbjl®MPOoE^a_Z%ô"JkM ' HKT_ZPe9T�C z|LkEGaq]^JdbPnGJda�LkJ�SUJ7Z�MPJd`�u_ZDSIJwbc~7u�E^a_ZcJG��`�TIJ7ghZDZcEGa9MDghJ7ZDSI~dgvlmOvZ
SUJ"F�E^TUMwJdarF/EGTUM{SUJ<Z�Lji_lmléaIJ<Z�SUJ"McbjlmOoMcJ7`(J7a9M�V � c®V�ôÐJkM{V ' c®V � a
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s�lma_Z�g,C Jd�qJ7bPLdOhLdJÐu_bc~<Lk~7S_lma9M7�#aIE^T_Z"l´]GEGa�Z�ZcTIuIu/E^Zc~(LdEGaIaqT_Z�g,C E^bPSIEGaIa_lGa_LkJ7`�Jda9M�SUJ<Z"`�J7ZPZclGnGJ7Z�u/~dbPOoE��
SUOve9TIJ7Z7�Z
wE^T_Z�bPJdn^lGbPSIEGa_Z�`flmOha^MPJda_lGa9M�LdJ"u�E^Ooa9M{ZcTIb�TIarbc~<Z[J<lmT�E��#bPlGa^MwSUJ<Z�n^lGbPlGa^MPOoJ<Z�McJd`�u/EGbPJdghgoJ<Zd�

��axbPlGuIu�J7goghJ|e9TIJ|goJ"MPJd`�u_ZwSIJ
LkEG`�`ÐTIaIOvLdl®MPOoE^a�SpC TIa�`�J7ZPZPlmnGJ�J7Z[M{LkE^a_Z[McOoMcTI~|SUJ<Z�~dgh~d`�Jda9MjZwZ[T_Oo]®lma9MjZ
±yLkQK�ut ó���V I�I�v ³��

D B�J|SU~dgvlmO�SIJ"Mcbjl´]GJdbjZc~dJ�SIJ7Z�LkE^T_LjiIJ<Z|±é·I�UJ<³k�
D B�J�SU~dgvlmOUSUJ�Mcbjlma_Zc`�OhZPZcOoE^a\±°]®lmbPOvlmFIghJ�L7lmb�SU~du/Jda_S_lma9MDSUJ�gvl�e^T�lma9McOoMc~�SpC OoaUQ°E^bc`flmMcOhEGaÐz{Mcbjlma�Z[`�JkMcMcbPJ<³k�
D B�J|SU~dgvlmO�SIJ|uIbcE^u_lmn9l®MPOoE^a ±°]®lmbPOvlmFIghJ|LdlmbwSI~du/Jda_SIlGa9M�SIJ|ghl�SUOvZKMjlma_LdJ
z(u_lmbjLkE^TIbcOhbN³N�
D B�J|SU~dgvlmO�S�C l^LdLk�<Z�e9TIO�SU~7u�J7a_SrSUTruIbcEGMcEULkE^goJ6��¶{ót±°]®lmbPOvlmFIghJ<³k�
D B�J|SU~dgvlmO�SIJ|bc~<LkJduIMcOhEGa?±é·I�UJ<³k�

��J<ZcZPlmn^J X�~dbPOhEqSIJ V;lmOhgoghJ wyx�X ó}¶<

±°J7ax`fZj³ ±yJdarEULNMcJdMPZj³ ±yJda{z}|´³ ±°J7a~z}|´³

l ' � �JI�I ��I
F �JK ' �m��I �J��I
L ' ' �m��I �J��I
S � K ��I�I ����I
J K ' � ' ��I ����I

s�lma_Z�LkJdM�Jd�qJ7bPLdOhLdJG�/EGa�Z[TIu_u�E9Z[J(e^T_JÐghJ7Z"SU~7ghlGOhZ�SUJ(uIbcE^u_lmn9l®MPOoE^a���SUJ(bP~7LkJ7uUMcOhEGa JkM|SUJ	MPbPl´]^JdbjZ[~7J
SUJ7Z
LkE^T_LjiIJ<Z�SIT�bP~7ZcJ7lGT�ZcEGa9M�a_~dnGghOhnGJ7lGFIghJ7Z7�#B�J7Z"SU~7ghlGOhZ|SUJ(MPbPlGa_Z[`�OvZcZcOhEGa ZcEGa9M
SUEGa_aI~dJ<Z�S_lma_Z"ghJ(MPlmF_goJ<lmT�LdO��
SUJ<ZcZcT_Z�SIlma�Z�ghJ7Z�L7lGZ�E��\T_a�bP~7ZcJ7lGT�wkx�X�JdM}TIa�ó}¶<
 ZcEGa9M�TIMcOhgoOvZ[~<Zd�IB
l|MjlmOhgoghJ|SUJ7Z}`�J7ZPZclGnGJ<ZDJ7Z[MwSUEGa_aI~dJ�z
McOoMcbPJ|Oha_SUOvLdl®MPORQK�

���<�)�����8�y�Z���H�������\�\���<��� �u���Z�������q���
��a�bjlmuIu/JdghgoJÐe^T�C TIa FIT_Z|ó}¶<
�t��/¯_x W�K�v TUMPOoghOhZcJ	ghJ	u_bcEGMcEULkE^goJÐó�µ � ¶)cGó}¶�±°~7]9OoMcJ7`�Jda9M�SUJ(LkE^goghOhZcOhEGa�³k�

ó�i_l^e^T_Jw`�J7ZPZclGnGJ�J7Z[M�OvSUJ7a^MPOR·�~{TIaIOve9TIJd`�J7a^M<�9B�C OvSUJ7a^MPOR·/Ldl®MPJdTIb}LkE^a_ZKMPORMPTIJ{J7afQylmOoM�T_aIJ{uIbPOhEGbPORMP~{SpC lGLdLd�7ZDlGT
`�~7SUOhTI`r��B�C lGbcF_ORMPbPlGnGJ"ZdC Js�#J7LkMcTIJ
n^bP�^LkJ|z�TIaIJ	~d`�OhZPZcOoE^axF_ORM�z�F_ORM�SIJ|g�C OhSIJda9McOo·�LdlmMcJ7TIb	±yLkQK�_FIOoM�SUE^`�Ooa_lGa9M
JkM
F_ORM	bP~7LdJ7ZPZ[OoQP³k��¯Da5Ldl^Z
SUJ�LdEGa9McJ7a^MPOoE^a��pghJ7Z
LdEGTIuIghJdT_bPZ|~7`�JkM[Mjlma9M
TIa `�J7ZPZPlmnGJ�SUJ�u_goT_Z|QylmOhFIgoJfu_bcOhEGbPORMP~
u_l^ZcZcJda9M�Jdax`�EqSIJ|goJ<LNMcT_bcJ^�
� �wB�J{u_bcEGMcEULkE^goJ�ó�µZ��¶ ghJ{u_goT_Z�LdEGTIbjlma9M�J<ZKM�LkJdghTIO#TUMPOoghOhZc~�u_lmb�¯%MciIJ7bca_JkM|±,ó�µ ��¶6cGó}s"³N�b`�TIJ7goghJ7Z}ZcEGa9M
goJ<Z�SIO��#~dbPJda_LdJ7Z�Jda9MPbcJ�ó�µ ��¶6cGó}s JkMÐó�µ ��¶6cGó}¶õJda�McJ7bc`�J�SUJ(Q°EGa_LkMcOhEGaIaIJ7`�Jda9M�JdM
SUJ(SI~dgvlmOvZ�SIJ
LkEG`�`ÐTIaIOvLdl®MPOoE^a��

� ��XDbcE^u�E9Z[J7b�TIaIJ
ZcEGghTUMcOhEGaru/JdbP`(JdM[Mjlma9M{SpC EGbjSUEGaIa�lma_LdJdb�goJ<Z�`�J7ZPZclGnGJ<Zd�UB�J<Z�`�J7ZPZclGnGJ<Z�u/JdT_]GJda9MwOhg�bPJ7Z��
u�J<LNMcJ7b�goJ7TIbjZ�LkEGa9MPbPlGOoa9McJ<Z�McJd`�u/EGbPJdghgoJ<Zba

ô_�ws{~dMcJdbP`�Ooa_Jdb�goJ	McJd`�u_Z�SpC lGL7Lk�7Z�lmT bc~<Z[J<lmT�u/EGTIb"Lji_lGe9TIJ	`(J<ZcZPlmn^JG��¯Da�SU~<SUTIOhbcJÐgoJ	McJ7`(u�Z�SUJ�LkE^`&�
`	TIaIOvLdlmMcOhEGarSUJ7Z�`�J<ZcZPlmn^J7Z7�

���<�)�����8�y�Z���H�������\�\���<��� �u���Z�������O �¡
BDC lmghghEqL7l®MPOoE^a SUT `�~<SUOoT_`�S_lma_ZfT_aWbc~<Z[J<lmT�wkx�X�t óCxK¶ W�Wmv J<ZKM�bc~<lmghOhZc~ru_lmb�T_aWlmbPFIORMPbcJ�LdJda9McbjlmghOvZ[~^�

BDC lmbPFIOoMcbPJ�u/E^ZPZc�7SUJ"TIaxQ°EGa�LNMcOhEGa_aIJd`�Jda9M{Ld�qLdgoOve9TIJG��ó�i�lGe9TIJ|Lk�ULkghJ"J7Z[M{LkE^a_ZKMPORMPTI~��
D s	C TIaIJ|uIi�lGZcJ"S�C ~7`(OvZPZ[OhEGarSUJ7Z�OhaUQ°E^bc`fl®MPOoE^a_Z�u/~dbPOoEUSUOve9TIJ7Z|±yaIEG`�`�~dJ<Z�]´lGbcOvlmF_goJ<Z�SIlma_ZFwkx�X�³k�
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