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(Exécution sur 16 processeurs 
Paragon, sauvegarde asynchrone copy-

on-write, incrémentale approchée)
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Synchro.
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�
	���
 F�L���� , � �������<�>,�7z� ";1�#%92��,>-*�<!���&�7�"%?

2 "5?>�������<�>,]7�� "213#K9;��,.-/��![6 E8789;: "K?m,8?m,.�>�+9;,>���.#A"%! ,.�>��-*?I!�-*$<"%&<��1zU+!���4=45#K?]�>"K?P��"%9;,>- R
$<"24="%!�, �Fq'r�� =�v�. � �*.��Fs4����� x{q�� U � q49��)r . � v �A���2r��dx{q�� "2, w2v2p(3%x/�Fv;w L

�.- � - � - � ��c�i ����_ f��)$+fJ$�j
a�$�a%b{c�e
2 "A!�-*$<"K&)� @�&<?%U�!���4=45# �Fq'r�� =�v . � �*.��Fs4����� x{q�� "K?m,]��!�"5?P��� R 9;�<��9FC�"A&)� ?PE�?P,>�24="57z� "21 R

��(/��-^,F&',.-/��!I,."24=�+? R �.#2"%()}6��-<��"2�.4=";,�7z� "2!���!+-�� ���>4=-G?P"%�z(d� -/!6,."2�U�{&<9;"W7�� &<����"%(dU%"2!�9;"W}6��-69;��!+9;"%�>!�"
(*&DB�"%?P,>-*�<! 7�"K? ���.��9;"K?>?>�+?%U+7�"Q(G&Y4=#24=��-/�."�";,87�"%?�-/!6,>"%�>�.����,.-/��!+? L 2 "K? "%!�,.-^,.#%?�4=&<!�-*����(*#2"%?
�+&)��(*&Q92�<�+9FC+"�7z� &<7�&<��,.&),>-*�<!Y?>�<!6,�(*" w2v��)tDv��C� o2�%�<!�"�7�"�4=#24=�<-*�."�9;��!�,.-/B���"�7�" ,.&)-*(*(/"���1�" y U
(d� �����dx 3Kx1��� o ��� � =3p.v"�*. R �+!�-^,.#�7z� "21�#%9;��,>-*�<! y ";,Z(*" s�p>q!�FvSwFwSr3w o{"2!+?>"24�@�(*"]7z� &<9;,>-*$3-^,.#%?T";, ?>"2B R
45"%!6,.?%U<(*�39%&)(*-*?>#�?>�����+!�92&<(*92��(*&),>"%��� y L 2 " !��<4�@��."�7�"I92"%?�"2!6,>-/,>#K?W"%?P,O92�<!�!3�Y?P,.&),>-G}��+"24="2!6,%U
7�"X4=&<!�-*�2�."X�J!�"X�+&�?D&\$<��-/�=�J�>"K9;�<�+�>-*�D� ( � &)(*(/��92&),>-*�<! 7�E3!+&)4=-G}��+"X7�":45#%4=�<-*�>" L�� (Z"%?P,
92&)(G9;�+(/#=�+&<����! ����,>-*(�7�"Y7�-/4="2!�?P-*�<!�!+"24="2!6,�";1���(*�<-/,.&<!�,�(*"%?8-*!'� �<�.4D&',.-/��!+?�9;��!�!3��"%?�?P,.&),>- R
}��+"24="2!6, ?P�+�Z(/"K?T,03�9FC�"%? L

2 � -*!6,>#%�>~2,O7�" (G&A92�<�+9FC+" 7z� &�7�&)��,.&',.-/��!D"%?P,O7�"5�{&<9;-*(*-^,."2�O(/" ���<�>,.&<B<" 7��0?P���+�����P,T7z� "21�#%9;� R
,>-*�<! 6 E8789;: ?>����7�-)� #2�."2!6,.?�!��'E�&<��1A,."24=�+? R �.#2"%( L	� 9;" 3m�<���KU��+!D�����P,F&)B<"I&�#;,.#�"�� "%9;,>��#]?P�+�
(/"K?�!+�'E�&)��1�,."24=�+? R �.#2"%( | C����>��?�"2,#! �#� H � ";,T��!X?P-*4A�+(*&),>"2�+�O&A#;,>#�7�#%$<"%(/������#]&)�V7�"%?.?P��?
7�" � ��!YX � �<(G&)�.-*? L

�.- � - � - � 
 c � $�i f��/_	�.���<i�a%bdc�e ��$P(/(dc.��$�a%_3i�h �
2 "I!+-/$�"%&)�D-*!6,>"%�>4=#%7�-*&<-/�."�7��0(/��B<-G9;-*"2(�92�<!+?P,>-/,>��&)!6,�(*"]?>�������<�>,O7�� "213#K9;��,.-/��!Y"%?P,�!+�<4=4=#

��q49��)r . � v �I�0�2r�� x{q�� ���V"%!+9;���>" �����*q�� ���
v2r�p L
2 "����<(*" 7�"�( � &)(*(/��92&),>"%����"K?m,�7�"�B<#%�>"%�W( � "213#K9;��,.-/��!Y7�" �
��� =�v;w U��+!�" ,�3<9FC�"�92�<�.�>"K?P���<!�7�&)!6,

&)�H4=��7��%(/"=&\E�&<!�,I#;,>#D7�#2�+!�-[7�&<!+?](/"5�+&)�F&)B��.&<��C�" F+L ��L�� o B��.&<��C�"A���>-*"2!6,.#�&<92E�9;(*-*}6��"=7�&)!�?
(/"K}��+"2(z9FC+&<}6��"]!����+70�."2���.#%?>"2!6,>"I��!X92&)(G9;�+(�"2, 9FC+&<}6��"8&)�F9 ��!+"892�<!6,>�F&)-*!6,>"]7�"8���>#K9;#K7�"2!+92"



� rKs<s+q'p��dw>.�� v��I���2r��dx{q���� �
v2t s�w .�vQp0� s+q��+w;v��Fq��C�dp��)x���� � q��)�2p����C�{w �'r��	�%�'r��
vSw � �

"%!6,>�." 7�"2��1=92&<(*92��(*?%U<7�#K9;���>#Z&\$<"K9O(/"K?W&',>,>�.-/@���,.?W?P,.&),>-G}��+"%?W7�"K?N,03�9FC�"%?%U<92�<4=4="Z�+&)�["213"%4=��(/"
(*"2�+�.?�#%9FC�#K&)!+92"%? y L�� !V�+&)�>,>-G9;��(*-*"2�KU�( � &<(/(*��92&),>"2�+�;� �����>!+-^,T��!����.7��<!�!+&<!+9;"%��� s��'p .*� �%�)r�� U�}6��-
"K?m,]��!H���.7��<!�!+&<!+9;"%�����+�>#%"24=��,>-)�������>-*�<�.-/,>#%?���1�"%?5o -*(N"%?P,]#%B�&<(/"%45"%!6,����6?>?>-*@�(/"57�"=7�#;�+!+-/�
7�"%?]�<�F7��<!+!+&)!+92"24="2!6,F?�7�-)��#%�>"%!6,.?87�"5(d� �<�F7��<!+!+&)!+92"24="2!6,]�+&)�87�#��{&<��,��+&)�]( � -*!6,>"2�.4=#%7�-G&)-*�."
7�"8?>"2�.$3-*92"%?T"216,."2�.!�"%?T�=( � &<(/(*��92&),>"2�+� R $��<-*� * F�L)(�L)��L G y L

2 � &<(/(*��92&',."2���]-*45�+(*&<!�,."�92�<4=4="A�<�F7���!�!+&)!�9;"2�+���+&<�]7�#1�{&)��,8��! �<�F7��<!�!�&)!+92"24="2!6,����.# R
"%4=��,>-)�I�:���.-*�<�.-^,.#%?��+13"K? L � 9FC+&<}6��"Y! ���+7k&)�+�+&)�>,>"%!+&)!6,��:�+!�"�,�3<9FC�"�"%?P,5&<?.?>�392-/#%"Y��!�"
�+�>-*�<�.-^,.#<U3}6��-z!�"�9FC+&)!+B<"���&<?O��"%!+7�&<!�, ?>�<!0";1�#%92��,>-*�<! L 2 � &<(/(*��92&',."2���T&<?.?>���>"]}6��� ��,.�<��,T-/!�? R
,F&)!6,%U
9)� "%?P,A(*"Y!����+7 #%(/-*B<-*@�(*"�&\$<"K9=(*&X���.-*�<�.-^,.#Y(*&X�+(/�+?�-*45���<�>,.&<!6,>"Y}6��-�"K?m,5";1�#%92��,># L U !
! ���+7H"K?m,Q#%(/-*B<-*@�(*"D?P-[,.�<��,."%?�(*"%?�92�<!6,>�F&)-*!6,>"K?]92�<!+7�-^,.-/��!�!+&)!6,Q?>�<!J";1�#%92��,>-*�<! o{92�<!6,>�F&)-*!6,>"%?
7�"D���>#K9;#K7�"2!+92"<U�92�<!6,>�F&)-*!6,>"%?87z� ";1�92(/�+?>-*�<!J$6-G&X( � ��,.-/(*-G?>&),>-*�<! 7�"D�>"K?>?>�<�+�.92"%? y ?>�<!6,�$<#%�>-/�+#2"K? L
2 � ���.7��<!�!+&<!+9;"%���T�+&)� 7�#��{&)��, ";1���(*�<-/,>"���!X"2!�?P"%4A@�(*"Q7�"8�+(*"%? 7�� "213#K9;��,.-/��!�,.�>-*#2"K?Z�+&<�Z���>-*� R
�.-/,>#%? L

� -��.- � - 
 � _6h 1�b;��_6`
2 &V92�<�+9FC+"5(G&X��(*�+?�C+&<��,>"D7���?>�������<�>,A7z� ";1�#%92��,>-*�<! 6 E�789;: "K?m,A92�<!+?P,>-/,>�+#2"D7z� ��! "2! R

?>"24�@�(*"=7�"Y?P"%�>$3-G9;"%?]!�#K9;"K?>?.&)-*�>"K?8�0( � ";1�#%92��,>-*�<! 7�"=,03�9FC�"%?�7�-*?P,>�.-/@+��#2"K? L 2 "%?�?>"2�.$6-G9;"K?�?P��!6,
7�#2$<"%(/������#%? "2!��."%?>��"%9S,F&)!6,�(*"[45��7��%(/"�7�"[,03�9FC�"%?Q6 E87�9;: UK7�"[4D&)!�-*�2�."W�T���<��$��<-*�z(/"K?�-*!�,.#2B��>"%�
7+&)!+?O( � &<!+&)(*E�?P"]7z� ���.7��<!�!+&<!��2&<@�-*(/-/,>#]7��V?>E�?m,.�24="=o $<��-/� * F�L)��L F�L)� y L 2 "%?�,03�9FC�"%?O9;��!+?P,>-/,>�+&<!�,
(*"%?T?>"2�.$3-*92"%?O?P��!�,OB<#%�>#%"%?��+&)�T( � ���.7���!�!+&<!+9;"%�����+&<�O7�#��{&)��,T-*!6,>#%B<�.#I��(d� &)(*(/��9%&',>"%��� L6M "8��(/��?2U
7�"�4D&)!+-/�%�>"5��&<?.?>���>"%�I7�"K?I,>"24=�+?87�"5�.#2���<!+?>"A@��<�.!�#%?I���<���](/"=?>�������<�>,87z� ";1�#K9;��,.-/��!�U�92"%?
,�3<9FC�"K?Z?P��!6,O��(*�+?Z�+�>-*�<�.-^,F&)-*�>"K?T}��+"892"2(*(/"K?Z7�"�( � &<����(*-*9%&',>-*�<! L

2 "%?
���.-/!+92-/��&)��1A?>"2�.$3-*92"%?
7��5?>�������<�>,[7z� "21�#%9;��,>-*�<!�U)?.9FC�#24D&),>-G?P#K?�?>���N(*&��+B����>" F�L���� ?P��!6,
(*"%?Z?>��-*$'&)!6,.?�Z

, � "2�.$3-*92"%? 7�" ?>E6!�9FC��>��!�-G?>&),>-*�<! 7z� C+�<�.(/��B<"%?%U 7�"l7�-�� �+?>-/��! ��&)@+(/"k"2, 7�" B<"%?P,>-*�<! 7�"
B<�.�<����" L 2 "V���<(*"07�"X92"%?D?>"2�.$3-*92"%?�";,D(d� &)(*B<���>-/,>C+45-G}6��"0?>�<��? R 3P&<92"2!6,>"V?P��!�,Y92"2��1l}6��-
�<!6, #;,.#8���>#K?P"%!6,>#%?Z7+&)!+?T(*"��+&)�F&)B��.&<��C�" F+L G�L���L ��L

, � "2�.$3-*92"57�"57�-G?P,>�.-/@���,>-*�<! L�| "=?P"%�>$3-G9;"A"K?m,�&)�+��"%(/#=�09FC�&<}6��"�&�9S,.-/��!H7z� ";1�#%92��,>-*�<! !�# R
9;"K?>?>-^,F&)!6,Q��!�"09;�<4=4���!�-G92&',.-/��!J&\$�"%95��!k&<��,>�."Y92&<(*92��(*&),>"%���Yo " L B L $'&)(*-*7+&',>-*�<!�7z� ��!�"
9;��!�,.�.&<-/!6,."V7�"X���.#%92#%7�"%!+9;"X7�-G?m,.�>-*@���#%" y L�� ( ?2� &)���+��-/":?>���=(/"K?D?P"%�>$3-G9;"K?57�"X7�-�� �+?>-/��!
��&)@+(/" "2,07�" B�"%?P,>-*�<! 7�" B��>������"%?D���<���V&<?.?P�+�>"%�D(*& $'&)(*-G7�&',.-/��!�7�"H9;��!6,>�F&)-*!�,."%?D7�"
���.#%9;#K7�"2!�9;"8"2!V,>"%4=�+?Z@��<�.!�#<U�"2,�9;"%92-z4=~24="�"2!V���.#%?>"2!+92"87�" �{&)��,."%? L

, � "2�.$3-*92"07z� �<�F7���!�!+&)!�9;"24="%!�, LN| "X?P"%�>$3-G9;"Y-*4=��(G&)!6,>"0��!l���.7���!�!+&<!+9;"%45"%!6,�7�-)��#%�>"%!�,
7�" ( � ���.7��<!�!+&<!+9;"%���N�+&)��7�#��{&<��,�o ���.7���!�!+&<!+9;"%45"%!6,[� .�v;r�����x 3\v �)r���y ���<�+�W(/"K?N,03�9FC�"%?
&)���+(/-G92&),>-*$<"%?�(*"I7�#K?P-*�.&<!6, L�| "]?>"2�.$3-*92"�7�-G?P����?>"]7�� ��!0"2!+?>"24�@�(*"����.#%7�#2�+!�-z7�"I���>-*�<�.-/,>#%?
�=?>&57�-G?P����?>-^,.-/��!�U3";,Z-*!+?P�%�>"8(*"%?O";1�#K9;��,.-/��!+?T7�"8!����+7�?Z7�&<!+?O(/"K?O�+(*"%?Z&<?.?>�392-/#%"%?O?P"%(/��!
��!�"����<(*-^,.-*}6��"Q7�� ���.7���!�!+&<!+9;"%45"%!6,T}6��-�(*��-�"K?m,Z���.�<�+�>" L


 �<�+?�&\$��<!+?I-/4=��(G&)!6,.#5�+(/�+?>-*"2���F?�?P"%�>$3-G9;"K?I7z� �<�F7���!�!+&)!�9;"24="%!�,Do $��<-*� $ ��|Z|�� 	*	 &W���<���
�+(/�+?�7�"�7�#2,.&)-*(G? y L 2 � ��!Q7z� "2!6,>�."["2��1I";1���(*�<-/,>"W7�"%?z��(G&)!�?zB<#%!�#2�.#%?z?P,.&),>-G}��+"24="2!6,�o ��&)��"213"%4=��(/"
��&)�W( � &<(/B��<�.-^,.C�4="Z���.#%?>"2!6,># 7�&<!+?[(*" �+&<�.&<B<�F&)��C�" F+L ��L F+L � y L 2 &��+B<���." F�L���� "213�+(/-G9;-/,>" (*"-� ��!+9 R
,.-/��!�!�"%45"%!6,87��J?PE�?P,>�%45"=7z� �<�F7��<!+!+&)!+92"24="2!6,I�V7�"%��1 !�-*$<"%&<��1 7�&)!�?�(*"59%&<?I��� �<!H��,>-*(/-G?P"
92";,Z�<�F7���!�!+&)!�9;"2�+�%U3!���454=#Q?>���Z(G&A��B<���."�� s������ L

2�� �+B��
	���
�������� ����� 
�������
���� �
!

#"�	.~ � 
$! � �

#����
Y�
�%�&
�!�� �(')�&�*� ���%+ �,!-��
�! � �.��	���� � ��




��� �����Tr��'r��

t2 t3 t3 t2

Tâche idle

Gestion du temps

Diffusion / gestion de groupes

Synchronisation des horloges

Gestion de la distribution

Ordonnancement Oplan
(déroulement d’un plan statique préemptif)

Files mise à jour tous les PPCM
t2 plus prioritaire que t1, t3 et t4

Structure de données maintenue par Oplan

PPCM des périodes

t1 t1 t2 t2 t4

t1

t2

t3 t4
Tâches ordonnancées par Oplan
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V-II (pipeline)

IV-II (icache)

III-II (pred. Branch)

II-I (pessimisme analyse)

I (WCET effectif)
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