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Architectures parallèles,

bases de données,

réseaux et systèmes distribués
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QSRUuGuGZhY+Zhuqc ���V�0�L�����>ZOc�Zhuq�NbnQeRVuGuGZOYCZhuqc>ZhgSc_r>vZHrqb
vZ�mW\l�W�gSxquqcSa6mZOgSZ�rqZ�QGvZhgSZ
Wjfqw�QGvZhTUfGlnbnZhQSgH�-PEW QeckW uqc�r�� fGuGZ
rqZhgX`XQSbniGcebnRVu�`XRVY+i-RUQSceZhYCZhuqcXW lnZ rsZ�c;xqiIZ\W lnTVRUQSbncSaGY+b�±Vf0Z�r�� fGuGZó��RVu-`¨cSbnRVu6oqlnZ iGQSRG`XZhgegSfGg�rqZ\`XRVuI`XZhiGcebdRUu�T�vZ��
u6mZhQeZ\l�W\u0ZhcSlnbngSc�rqf�QGvZhgeZ
W f�rsZ�i0QSRG`XZhgegSZhfGQeg�`XRUQSQSZOi-RUu-rGW uqcH�����ÊW iGiGQeRG`Sa0Z�ZOgSc_bnlnlnfGgSceQGvZhZ�i-WjQ_l�W�iGQGvZhgeZhuqckWjcSbnRVu
rqZ�l�W\gexquNcea6mZhgeZ r�� fGu�QGvZhgSZ
Wjf�rqZ�iGQeRs`¨ZhgSgeZhfGQSg�QGvZ
WjldbngXW uqc�l�W�rqbn�qbngSbnRVu�iIRVlnxquGRUYCb�W lnZV�
�°®I�ô�O¬k�! "
ª � vZ
±Uf-W cebnRVuGg�QGvZ
`¨fGQSQeZhuqcSZhgHo�QGvZhgeZ
W fsw gSxqgecSRVlnb�±UfGZhgHo�W lnbnTVuGZhY+Zhuqc
oIRVQXrqRVu0u-W u-`¨ZhYCZhuqcHo6iGbniIZhlnbnuGZVo
W lnlnRG`hW cebnRVu6oVr>vZhi-ZOu-rGW uI`XZhg�fGuGb¦��RUQSYCZOg
oV`XRUu-`XZhi0cSbnRVu�W gegSbngScGvZhZ\i-WjQ�RUQkrqbnu-WjcSZhf0Q
oqgSxquqcSa6mZhgSZ�WjfGcSRUY�WjcSb�±UfGZVoHl�W u#�
TNWjTVZ\rqZ\rqZhgX`XQSbniGcebnRVu�rqZ\Y�W cGvZOQSbnZhl;oNµ�¶_zS·
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Y�W lnbngSY R ��gexNgecSZhY+g\R ��W-,CuGZ�QSZ
`¨fGQSQeZhu-`XZ�ZH±VfIW cSbnRUuGg
�I^_lnTURVQSbnceaGYCg Y�WHxCpIZ�QSZOiGQSZhgeZhuqcSZ
r´WjctW+�UZhQSx�a0bdTUa
lnZh�UZhl�bnu%�\�U�G�L��o�`XlnRUgSZCceR�a0R £ RVuGZ+YCbnTVaqc�gSiIZ
`Xb¦��x4ceaGZhY Y�W ceaGZhY�WjcSb�`hWjldlnx�W u-r W QSZ�bnu%W u Z
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Wju-r���fGlnlnx�i-WjQkWjldlnZhlI�9RVQSY�� ��aGZ�bnuGiGfGc�gei-ZH`Xb¦¢ `hW cebnRVu�`hW u�pIZ�cSQkWjuGg;�9RVQSY+Z
r�bnuqcSR�W���RUQSY¡`hWjlnldZHrC���V�G�L�/.10Ê~32
4 W�gSf0pGgSZhc��\�U�G�L�$5 £�aGb�`Sa�bdg gSfGbncXW pGlnZ���RUQ_TUZhuGZhQXW cSbnuGT�W�uGZOcSlnbngSc��9RVQ_ceaGZ�QSZhTUfGl�W Q�WjQSQXWHx�i0QSRG`XZhgegSRVQH�L��aGZhu
¢-uIW lnlnxNoVWju7698;:�< u0ZhcSlnbngSc>bng�TVZhu0ZhQkWjcSZ
r���RUQ�cSaGZ\`XbnQX`XfGbnc
�q�\�U�G�L�/.¡bng�RUpGckWjbnuGZ
r�pqx�i-ZOQ;��RUQSYCbnuGT\W�geZhQSbnZhg�Rj�
iGQeRVTUQkW Y cSQXW uGgð��RVQeY�WjcSbnRVuGg>£�aGb�`ea�`hWju�p-Z�bnu-rqZhiIZhu-rsZhuqcSlnx�iGQSR �UZ
rLoLW u-r+ceaNf0g_cSa0Z rqZOQSbn�VZ
r��\�U�G�L�/.�i0QSR �
TUQkW YKbng�`XRUQSQSZH`Xc�pqx\`XRUuGgSceQSf-`XcebnRVu 4 WjgSgefGYCbnuGT cSa-Wjc ceaGZ>gSiIZ
`Xb¦¢ `hWjcSbnRVu�£�W g�`XRUQSQSZH`Xc�5O�V��aGZ_���V�0�L��l�WjuGTVf-WjTVZ
bng��VZhQex�QSZOgScSQeb�`XcSbn�VZ�bnu�cSaGZC`¨l¥WjgSg�R ��W lnTVRUQSbncSaGY+g�cSa-Wjc�bdc\`hWju�QeZhiGQeZhgSZhuqcHoEpGfGc�bng�f0gSZX��f0lE��RVQ iGQSRUTVQXW YCY+bnuGT
Y�W cSa0ZhY�WjcSb�`hW l0c;xNiIZhg�Rj�?W lnTURVQSbnceaGYCg�gef-`ea�W g�cSa0Z�=qbduIrqg `¨fGQSQeZhuqcSlnx�p-ZhbnuGT�i0QSRViIRVgeZ
r���RVQ�gebnTVu-Wjl Wju-r+�Nb�rqZOR
iGQeRG`XZhgSgebnuGT-�q��aGZ_`¨fGQSQeZhuqc ���V�G�L��Zhuq�NbnQeRVuGY+Zhuqc bng�p0fGbnldcERUu�cSRVi�Rj�?>���@L�BA�C_��@BD�EI�F0n[
�32SoVW\`¨RVYCY+ZhQk`¨b¥Wjlnldx
WH�VWjbdl�WjpGlnZ�gSxqY�pIRVlnb�`�WjldTUZhpGQXW�gSxqgSceZhY £�aGb�`Sa�gefGiGiIRVQecSg�bnYCiIZhQkWjcSbn�VZUoH��fGu-`¨cSbnRVu-Wjl;oVW u-r�QefGlnZ��;p-W geZ
r�iGQeRVTUQkW Y �
Y+bdu0TCi-WjQkWVrsbdTUYCg pGfGbnlnc\RVu4ceRVi4R ��W+gexNY�pIRVlnb�`�`hW l�`XfGl�WjcSRVQH�L��aGbng\Zhuq�qbnQSRUuGYCZhuqc�iGQeR �Nb�rqZOg�ceaGZ�YCZ
WjuGg\ceR
pIRVcea¤`¨QSZ
WjcSZ�Wju-r+QSfGu����V�G�L�4ceQkW u0g;��RUQSY�WjcSbnRVuCWju-r�W u-WjlnxNgebng�ceRNRUlng
�

�ER�rqZhYCRUuGgSceQkWjcSZ�cSaGZ�iGQSRUi-RUgSZ
r4rsZhgSbnTVu�iGQeRs`¨ZhgSgHoE£�Z�£ WjuqcSZ
r�cSR�`eaGRVgeZCW u�Z¨w0WjYCiGlnZ\i0QSRVp0ldZOY�£�aGb�`ea
£�W g uGRVc�cSRqR�`XRVY+iGlnZXw6oGpGfGc £�aGb�`ea�W c�cSa0Z�gXW YCZ�cebdY+Z�cSZhgecSZ
r4W�pGQSRqWVr�QkW u0TVZ\Rj� �\�U�G�L�F`hW iIW pGbnlnbncSbnZhg�bnu
RUQkrqZhQ�cSR¤¢-u-r4ceaGZCgecSQeZhuGTVceaGgCW uIr�£�Z
W�=quGZhgSgeZhg�R �_ceaGZ����V�0�L�FgSxqgSceZhY��§��aGbng\iGQeR
yXZ
`¨c�a-W g\ceaqfGg�a0Zhlni-Z
r
fGg�bnu�rqZh�UZhlnRViGY+Zhuqc�Rj� ceaGZ����V�G�L�4Zhuq�qbnQSRUuGYCZhuqcH�V��aGZ�ZXw-W YCi0ldZ�cea-W c�£>Z\`eaGRVgeZ\bng�i-RUldxquGRUYCb�W lGrqbn�qbngSbnRVu§�
��aGbng�iGQSRUpGlnZhY bng\bnuNceZhQSZOgScSbnuGT�pIZ
`hW f0gSZ�bncHG�bnuq�VRUln�VZhg�W¤gSxqgSceZhY R �_Y�f0cSf-Wjldlnx�QSZH`XfGQSgebn�VZ�Z
±Uf-W cebnRVuGgHo*G�bng
gei-Z
`¨b²¢IZ
r�bnu�cSZhQeYCg>R �Ec;£�R\iIW QkWjYCZhceZhQSg>£�aGb�`eaCgei-Z
`¨b²�9xCcSa0Z�gebn�hZ�R �6cSa0Z�c;£>R\bnuGiGf0cSg
o�G�a-Wjg�Y+RVQSZ�cea-W u+RVuGZ
RUfGcSiGf0c
o�G�a-W g>W�gSxqgSceRVlnb�`�geRVlnfGcSbnRUu�cea-W c�QeZ
±UfGbnQSZhg�Y+RVQeZ�cea-W u�RUuGZ_c;xqiIZ�R �6iGQeRs`¨ZhgSgeRVQ
oIW u-rIGtbdg�uGRVc�Wjln£ WHxqg
[-JKJKL Z�,�`XbnZhuqc 4 rqZOi-ZhuIrqbnuGTCRUuCcSa0Z�`eaGRVgeZhu�iGQeR
yXZ
`XcebnRVu�5O�
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r4bnu4ceaGZ�`XRUuqcSZXwGc�R ��gSxqgSceRVlnb�`CW QeQkWHx�gSxquqcSaGZOgSbng�QeZhgSZHW Qk`eaV0 �Go?WX2 rqRUuGZ�Wjc
:�Y�:�Z-� bnu�·0QkW uI`XZV�q^ ��fGu-rGWjYCZhuqcXW lq��ZHW cSf0QSZ�R ���\�U�G�L��oq£�aGb�`eaCgSZOcSg_bnc�Wji-W Qec��9QSRVY|RVcSa0ZhQ��9fGu-`XcebdRUu-W lLl�Wju#�
TUf-W TUZhg
oIbng�cSa-Wjc�W lnl§�VW QSb�WjpGlnZhg_bnu����V�G�L�FWjQSZ�p-W geZ
r�RUu�iIRVlnxqaGZ
rqQXW lEbnu-rqZXw�rqRUY�W bnuGg�0n[H~32ð�\[�W Qeb�W pGlnZhg�W QSZ
gecSQSRUuGTVlnx�c;xqi-Z
r�Wju-r�rqZhuGRUcSZ�W\Y�W iGiGbnuGTó��QSRUY W u]�!��^ ��_U^K`�ab	��!� 4 cSaGZ gSZhc�Rj� W lnlGbnuqcSZhTUQkWjl-iIRVbnuqcSg�£�bnceaGbnuCW
gei-Z
`¨b²¢IZ
r�fGu0bdRUu�Rj� iIRVlnxqaGZ
rsQkWK5?cSR��VW lnfGZhgEbnu�cSaGZ�c�	��d����^ `�aI	��!� 4 bduqceZhTVZhQeg
oUQSZ
Wjlng
oURVQEp-RqRUldZHW uGg�5h� ^FiIRVlnxqaGZ��
rqQeRVu6o\eXfhg]ikj?l m�f;npo-qqo bng�cSaGZ bnuNceZhQSgeZ
`XcebdRUuCRj� W ¢IuGbncSZ�gSZOc�Rj�6a-W l¦��iGl�WjuGZhg
oHZ
WU`eaCR �L£�aGb�`ea�bng�rqZX¢-u0Z
r�pqx�W
lnbnuGZ
WjQ�bnuGZ
±Uf-W lnbnc;xq�
��a0Z�gSxquqckWHw�R � Wti-RUldxqaGZHrqQSRUu�bdu����V�G�L��bng 4 ��RUQ�ZXw-W Y+iGlnZ+5�r ets$u�vxwUy�z\sKz {}|~y�z���v�z\s
qqo Wju-r+cSaGZ�gSxquqckWôw�R ��ceaGZ rsZ
`Xl�W QXW cSbnRUu�R ��W u�bduqceZhTVZhQ��VWjQSb�W pGlnZ�m2pIW gSZHr�RUu�cSa-Wjc_bnu-rqZ¨w�rsRVY�WjbnuCbng+r\���
ets$u�vxwUy�z\sKz {}|~y�z���v�z\stq��K��s+���������X�*|H�U^KgSxqgSceZhY¡Y�WHx�aIWH�VZ�bnuGiGfGcHoqRVfGceiGfGc
oGWju-r+lnRs`OW lL�VW Qeb�W pGlnZhgH�
��aGZ�ZH±VfIW cSbnRUuGgEcSa-Wjc?rsZX¢-uGZ�ceaGZ��VW Qeb¥WjpGlnZhgL�9RVlnlnR £�ceaGZ_rqZ
`Xl�WjQkW cebnRVuGg�W uIr�WjQSZ_rqZhlnbnYCbnceZ
r pNx�cSaGZ�i-WjbnQ6R �B=VZOx �
£>RVQXrqg?�\����Wju-r����K�-�X��a0Z�l�W uGTUf-W TUZ bng§Z
±Uf-W cebdRUu-W l;ohWju-r Z
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±Uf-W cebdRUu���� ��sK���\�\�����k�B����� ����������sK���K� �k�
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���VW Qeb¥WjpGlnZ�cSR�Wju�bnu-rqZXwCrqRVY�W bnu\RUu�cSaGZ�{9�9� ���qxqu#�
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Unité de recherche INRIA Rhône-Alpes, 46 avenue Félix Viallet, 38031 GRENOBLE Cedex 1
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Unité de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
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