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opyEg�h7h\�$�`�:xpyE�fg�h��Et\¤�tpdf�:o�½%qKoH���:�:r�ovt*xpqKtvh\�R�:��o*rf�foph\�ºtp��y$� ��¾:iK¾�cXdfh¹t*xpqE���:tv�:yE�fqK�/qE�fov½/h\xHtvy¶tpdf�:o
}�xvy$����h�g �$u¶tpd�h7ovu��f�>dfxpyE�fyErfo�}�xvyE�Ex*qKgjg��:���£o*�>d�y`yK�	d�qKo��?hOh��¥tvy¶xvhO¡¯rfovh7�ºyE��ov�.��h\xp�.���£ovh�}fqKx*q�tph
�OyEgj}��:�:qKtv�:yE�1Ã�gHy��frf��h�o�¡�yEx ¡¯rfxptpd�h�x xvh�rfovhjo*d�yEr��.�¶��h�optvyExph\�ZqKo1opyErfx*�ºhj�ºy���hE¤�qK�f�¶�ºy$g����.��h\�¶qKo
o*rf�>d¹��hO¡�yExph �ºy���h �Kh���h\x*q�tp��y$�»¾
@¶h opdfqK����dfy�½�h\�Kh\x�ovh\h1tpdfqKt/t*d��.oX��y`h\o%��yKtX��h\h\�7tvy��?h�t*d�h �OqEovhE¤`dfy�½�h\�Kh\x\¾ [{��ovtph\qK��¤fq��\qKxphº¡¯r��

r�ovh�yK¡�tpd�h¹op�>dfh\�fr��:�.���¢o*}�h��º��Â?�OqKtv�:yE�fo�y�¡WqK� -X/�- ½X�:�:�/qK���:y�½ rfo�tpy¢��h��ºyEgj}?yEoph��:t��.�EtpyZg�y��fr��:h\o
t*dfq�t �\qK�¶��h�optvy$xvh��¢qKo1y$�`z{h\�Ot �ºy���h�¡�yEx�¡¯rfxptpdfh\x xph\rfophK¤�½�d�q�tvh\�Kh�x t*d�h�qK�OtprfqK�2h\�$�`�:xpyE�fg�h��Et1qK���
�.gj}��:h\g�h\�$tpqKtv�:yE�¹qKx*�>d��:tvh\�Otprfxph1½X���:���?hK¾

JF ��$J?;
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� � Õ �K�f� Õ8Ù�� �*� � "�� ÕE× ��� Ù ��� Õ Ú -X/�-]� @ZhWÂ?x*ovt	�f�:o*�Orfo*o2t*d�h �\qKophXy�¡�ov�.���E��hOÛN�O��y��>Á�h�� -0/�- ¤`�.�j½�d��.�>d
qK���3�PqExv�.qK�f��h�oXdfqP�Kh1tpdfh�opqEgHh��O��y��>Á�¾	cXd�h �.o*opr�h �.oX�:���.rfoptpx*q�tph\�¹�:�¹t*d�h ¡�yK�:�:y�½X�:����}��.�ºt*rfxphK¤��.�¹½�d��.�>d
t*d�hX���.xvh��ºtvh����$xpqE}fd��fhºÂ?���.����tpd�h��O�:x*�Orf��tv¡¯xvh\h/o*�>d�h\��r����.���1op}?h\�O�
Â��Oq�tp��y$��yK¡�opyEg�h%ov�.���K�:hºÛ��º�:y��>Á�h�� -X/�-
�.oX��h�}��:�Otvh��1Ã

they all depend on the same inputs

other
input data
input clock

[{�Rtpd�h£qE��y��Eh7}��.�ºt*rfxvhE¤�tpdfh¹�$xpqPu WOy$��h\oH�ExpyEr�}�q��:�%�PqExv�.qK�f��h�o�½�d��.�>dR�fh\}?h\�f�¸yE�Rtpd�h£o*qKg�h7o*rf�`Û
ophOtHy�¡��.�f}fr�t*oO¤	��h\t�rfo��OqK���/tpdfh\g  $­�±P« 
P« ">¾Zc+qKo*Á`o�qKxph8��yEt�o*rf�`z{h��ºtHtvy¢t*d�h[xv�.opÁZy�¡��Oxph\q�tp�:�f�£¡¯qKÁKh
�fh\qK�f��y��>Á`o�¡¯xpyEg��:gj}��:h\g�h\�$t*q�tv�:yE��¾ [{�8¡¯qK�OtO¤�qEo%q��:����qExv�.qK���:h\o%�?hO�:yE���E�:�f�Htpy�t*d�h opqEg�h t*qKo*Á���h\}?h\�f�
y$�£tpdfh�o*qKg�h��:�f}�r�tpo\¤»h\qE�>d£tpqEopÁ[�OqE�_�?hHhOs`h��Or�tph\�ZqK�O�OyEx*���.����tvy¹tpdfh�¡�yE���:y�½X�:�f�8op�>dfh\g�h�Ã�i����ºyE�
Û
�:h\�Ot1�:�f}�r�tpo\¤!D&��hºs�h\�\r�tvhjt*qKo*Á?¾HcXd�h�qE�ºt*rfq��'½%qPu¹t*d�hjtpqEopÁ[�.o1hºs�h\�\r�tvh��_�.o qKx*���:tpx*qKxpuK¤5}fxvy��`�.��h\�¢��t
�OyE�`¡�y$xpgjo/tpdfh�op�>d�h��fr��:�:�f�jo*}?h\�º��Â?�\q�tv�:yE��¾
[{�¹tpdfh���hºs�t�}��.�ºt*rfxvhE¤�½�h�o*d�y�½=dfy�½=tpdfh�qK�ºt*rfq��»�.gj}��:h\g�h\�$tpqKtv�:yE�¹½X�:�����?h�}fxph\}fqExvh��1Ã

or RPC,
or...

task activation

black-box tasks,
they can be preempted!

sequential code,
or procedure call,
or...

cXdfh�tpd��.�>Á¶qKx*xvy�½�o1�.�fop�:��h8tpd�h7tpqKo*Á¶��h\}��.�ºtph\� y$�¥tpd�h7��yEtvtvy$g opd�y�½ yE�fh8}�y$opop�.����h�¡¯r����:u ovh �`r�h\�`Û
tp�:qK�2op�>d�h��fr��:�:�f�8y�¡�tpd��.o1tpqEopÁ�¾�cXd�h��»¤»½�dfq�t1o*d�yEr��.�¢�?hjxvh�q��:��u£optvyExph\�¢qKo1ovy$rfx*�ºhH�Oy���h�¡�y$x�¡¯r�xvt*d�h\x
xph\r�ovh��:o%y$���:u£­®Ä�Å�± �º«>­ËÓ*±K¦O­Ë¬¯§�°¶¦¨§�°�«¨¬.«>­�¬®°$È7§{Ò1­�ÄfÅ�­N±�«�
 �\¬¯Å0�	Å¨Æ8±�«/�O²�±E¦�
=� �¨§ )`Å>«���­�§pÈ$ÅO­®Ä�ÅºÓ �2¬®­�Ä¹­�ÄfÅO¬®Ó
±�«¨«º§�¦O¬¯±�­�Å*Æ8¬®°�­�ÅOÓ�Òº±K¦¨Å�«º¦¨ÄfÅ¨Æ�Ç�²�¬®°$È�«Nª�Å¨¦O¬ É�¦¨±�­�¬¯§�°�«º´
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[{��}fqKxptv�.�Orf�:qExO¤���¡?t*d�hXoprf}�}�y$xvtp�:����hºs�h��Or�tp��y$�HqExp�>d��:tvh��ºt*rfxvh��:�$�EyK�:�Kh\o+q1xvh�q���Û�tp�:g�h�tpqKo*Á$�:�f��opu�ovtph\g
�.gj}��:h\g�h\�$tv�.����opyEg�h�}�xvh\h\gj}�tv�:yE�¹g�h\�>dfqE���.opg¿�.�¹yEx*��h\x�tvy���u��fqEgH�.�OqK���:u�yE}ftv�.gH�5WOh o*�>d�h\��r����.���H¡�yEx
�?h\opt%xvh�op}?yE�fophWtp�:g�hE¤$t*qKo*Á`o��\qK�8�?h ¡¯xvh\hO�:u�oprfo*}?h\�f��h�� ��xph\o*rfg�h\�8�Eujt*d�h�xph\qK�
ÛNtv�.g�h ÁKh\x*��hO��¤`½X��t*d�yEr�t
�.gj}fq��.xp�:�����OyE�`¡�y$xpg��:t�u�y�¡'tpd�h y$�`z{h\�Ot%�Oy���h1tvy��:tpoXo*}�h��º��Â?�OqKtv�:yE�»¾

� � Õ " ÕF�+Õ �����	�E�f� Õ£Ù�� � 	 �¯������� ÕK× ��� Ù ��� Õ Ú -X/�-]� cXdfh��Eh\��h�xpqK���5W\qKtv�:yE�j�.o/���:�:r�ovt*xpqKtvh\�8�:�7tpdfhW¡�yE�
Û
�:y�½X�.����}f�:�Otprfxph�Ã

clock-dependent

or RPC,
or...

task activation,

k

h

kk

cXdfh�y$���:u¢��hO½ }�yE�:�$t �.o1tpdfqKt�q��:�2��tph\gjo ���.op�\rfo*ovh��Z�?hº¡�y$xvh�qKxphj��y�½��O��y��>ÁEÛN�fh\}?h\�f��h��$tO¾�cXd`rfo1tpd�h
�OyEgj}fr�t*q�tp��y$�fo�y�¡	t*d�h/ {t*qKo*Á$o%">¤�t*d�hO�.x��:�$tph\x*�fq��2o*�>d�h\�frf���.����¤�qE�f�_t*d�hO�.x qK��ovt*xpqE�ºtv�:yE��¤5gHrfopt��?h�}�h�x{Û
¡�y$xpg�h��µrfov�.���Ro*�>d�h��fr��:�:���¸op}?h\�O�
Â?�\q�tp��y$�fo��.qK�?hO�:��h��-�$u��?y`yK�:h\qE�foO¾D[{�-tpd�h¶qK�?y��Kh£hºsfqEg�}f��hE¤�tpd�h
�OyE�fop�.��h\xph\� -0/�- �:o/qK�Otv�:�PqKtvh��8�$u�ovy$g�h �º�:y��>Á
��¤`½�d��.�>d��.��t*rfxp��o/�fhºÂ?��h�o/tpd�h1qK�Otv�:�PqKtv�:yE���O��y��>Á ��yK¡
t*d�h���h�}��:�Otvh��7t*qKo*Á�¾'cXdfh���yEtvtvy$g �:�:��h �.o�Ã
iK¾ M � �5h\xph\�$tXtpqEopÁ`oX�OqE�7d�qP�Kh ��� ��h�xvh��EtXqE�ºtv�:��q�tp��y$�7�O��y��>Á`oO¾
D�¾-.�y$xXh\qE�>d7t*qKo*Á�¤ftpd�h��:�$tvh�xp��q���o*�>d�h\�frf���.�����Kh���h\x*q��:�:u8��h\}?h\���fo�y$�¹opyEg�h1�.�Etph\x*�fq��"�º�:y`�>Á`o\¤f��¾ hE¾�¤
yE�[opyEg�h }fxvh����.�Oq�tph\o%�.�$�KyK�:�`�:�f�H�.�$tvh\x*�fqK��ovt*q�tvh�o%y�¡'tpd�h t*qKo*Á�¾'cXd`rfo�tpd�h �.�$tvh\x*�fqK��op�>d�h��fr��:�:�f�
�:oW��u��fqKg��.��¤f�fr�t��\qK�¹��h�}�xvh��ºyEgj}frftvh\�[qKt%�OyEgj}��:��h tp�:g�hE¾

�f¾X~��.ovy?¤Et*d�hWt*qKo*Á�qE�fovt*xpqE�ºtp��y$��d�qKo	q��º�:y`�>ÁEÛ���h\}?h\����h\�$t	o*�>d�h\��r����.����o*}�h��º��Â?�OqKtv�:yE�»¾2cXd��.o��.o	qE��y�Û
tpd�h�xXovy$rfx*�ºh�y�¡+�fu`��qKg��:�1o*�>d�h\��r����.���?¤`qK�:opyj�ºyEgj}frftvh\�¹q�tX�OyEgj}��:��h1tv�.g�h�Ã2�:tX�:o/�.g�}f��h�gHh��$tvh\�
�:�¹t*d�h�¡�yEx*g y�¡'q� povyK¡�t�½/qExvh�g�yE���:tvy$x#" ½�df�:�>d7yE}?h\�fo	��¡�y$xp�f�:�fo/t*d�h }�y$opop�:�f���:��t�u8y�¡"hOs�h\�Orftv�.����q
�K�:�Kh��8t*qKo*Á�q�tXqj�K�:�Kh����.�foptpqK�$t\¤���h\}?h\�����:�f��yE�7tpd�h��\rfxpxph\�$tXoptpq�t*rfo%y�¡+tpd�h -0/�- �º�:y��>Á`oO¾

��¾XcXd��.o opy�¡�t�½%qKxph gHy$���:tvyEx �OqE�£��h��OyEgH���:�fh\�[½X�:tpd£t*d�h��.�$tvh\x*x*rf}�tv�:yE�[g�h\�>d�qK���.opg y�¡�t*d�h�o*rf}`Û
}�y$xvtp�:�f�jxph\qK�
ÛNtv�.g�h�ÁKh\x*��hO�»�.�$tvh��f��h\�7tvyjy$}�tv�.g�� W\h�xvh�op}?yE�foph�tv�.gHh yK¡"t*d�h hºs�h\�\r�tv�:yE��¤�½X��t*d�yEr�t
�:gj}fqK�:xp�.�����ºyE��¡�yEx*gH�:t�u�yK¡"tpdfh yE�`z{h��ºtX�ºy���h tpy��:tpoWop}?h\�O�
Â?�\q�tp��y$�»¾

� ��� � � ) 0 .�! !(. 3 1 #
� )�� 3 .�� 
�1�� , � � � ��#&% !(, #&0 
 !()	� � .�� ) ��)	��) ,/�"!/#�.��

cXdfh�½�dfyK�:h�qK}f}fxpyEqE�>d��.o�opr�g�gjqExv�5WOh����.�7t*d�h1¡�yK�:�:y�½X�:�������.q��$xpqEg=Ã

JF ��$J?;
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original module

all items are clock-dependent !!

monitor: exo2endo + scheduling

[{�¸tpdf�:o����.q��$xpqEg¹¤��Ex*qPu xvh��ºtpqE���K�:h\o���h���yKtph¹t*dfxphOh[gHy��frf��h�o��$Q % �/T % ���8yK¡ tpdfh_ovy$rfxp�Oh -0/�- op}?h\�O�
Û
Â��Oq�tp��y$�»¤»d�h\���ºh��E���Eh\�_�$u�� ���1Q?Y��/T Y�����¾ @ZhjqKo*opr�gHh�d�h\xph�t*dfq�t�tpdf�:o1}fqExvtp��tp��y$���:�f�7dfqEo �?hOh��
�E���Eh\�£�$u¹tpd�hj��h\op�:�E��h�xO¤��fqKoph\�[y$�[¡¯rf�f�Otv�:yE�fqK�+qE�f�_qKx*�>d��:tvh��ºtpr�xpqK�3�ºy$�fov�.��h�xpqKtv�:yE�fo\¾X�WyEtvh�t*dfq�t�tpd�h
�.��h�g�}?yKtph\�f�Oh�yK¡ -0/�- �OyEgj}?yEop��tp��y$�@���+Y����	� �3q��:��y�½�o+rfo+tvy �fr�}����.�OqKtvh%ovy$rfx*�ºh��Oy���h/qKt+�OyE�$�Kh����:h\�f�Oh
½�df���:h }fqKxptv�:tv�:yE���.���jtpdfh�op}?h\�O�
Â?�\q�tp��y$�»¾
cXd�h��»¤/½�d���tph£�frf�f���:h\oj�.�fop�:�fh7t*d�h[�Ex*qPu¥xph\�OtpqE���K�:h\o���h\}f�:�Ot�tpd�h£optpx*rf�ºt*rfxpqKtv�:yE� �.�$tvy¥tpqEopÁ`ojqKo

�f�:o*�Orfo*oph\�¹��hO¡�yExphK¾
.'�.�fq��:��u[t*d�h��f�:qE�>Á7dfqK�
¡®ÛNhO�:�:�:}foph\o ��h\�fyKtvhHtpd�hjg�yE���:tvy$xpo\¾ � y$���:tvyEx*oWqExvhH�:�¢�>dfqKxp�Kh yK¡�i���}�xvy��`��Û

�f�:���£t*d�h8qE�f���:tv�:yE�fqK�	�ºy$�Et*xvyE�2tvy_gjqKÁKh�tpd�h7�ºyE��ov�.��h\xph\�¶g�y��fr��:h�h\�f�fy`�>d�xvy$��yErfo1��¡�qKopu��f�>dfxpyE��y$rfo
�OyEgjg�r����:�\q�tp��y$��g�h����:q qExvhXtpy���h�rfoph\�»¤$qK�f� D �Wo*}?h\�º��¡�u`�:�f��tpd�h op�>d�h��fr��:�:�f� y�¡»tpd�h qK�foptpx*qK�Ot2tpqKo*Á`oO¾
[{��}fxp�:�f�O�:}f��hE¤��ºyEgjgHrf���.�Oq�tp��y$��g�h\�f�:q�qK�f�Hxvh�q���Û�tp�:g�h%Á�h�xp��h\�:o+��y1��yKt'��h\h\�Htvy1��hXo*}�h��º��Â�h\�Hd�h\xphK¤

qEoWt*d�hOuZ�OqK�Z��h�rfoph\�_¡¯xvh\hO�:u_}fxpy��$�.��h��£tpd�h\u¢xph\o*}�h��ºt�tpd�h�oph\�f�`Û�xph\�ºh\���EhHqE�fovt*xpqE�ºt��ºyEgjgHrf���.�Oq�tp��y$�
g�y���h\��qK�f�[�ºy$�`¡�yEx*g tpy�t*d�h�o*�>d�h\�frf���.�����ºy$�fovt*xpqK�:�$t*o/ophOt��$u�t*d�h�g�yE���:tvy$xpo\¾
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cXdfhjqE��y��Eh�qE}f}fxpyEqE�>d_�.o oprf}�}�y$xvtph\�¥�$u_tpd�h������ �ºyEgjg�yE�¢¡�yEx*gjq�t ¡�yEx opu��f�>dfxpyE��y$rfo��:qE���ErfqK�Kh�o
� M�Í/�(H��N¾"cXd�h � ���8¡�yEx*gjq�t»�.o»yE��h�}?yEo*op�:���:h��ºy$�f�OxphOtph2�:gj}��:h\g�h��Et*q�tp��y$� yK¡$y$rfx -0/�- g�y`�fhO��¤��.�f�O�:rf�f�:���
o*�>d�h��fr��:�:���¶op}?h\�O�
Â��Oq�tp��y$�fo\¾ [�tjovh�xv�Eh\o�qKo�q¢�fqEov�.o�¡�yExHtpd�h[�ºy���h¹�Kh���h\x*q�tp��y$� opr��:tvh¹�.��tpdfh7|	o*}fxp��t
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36: � #"! - }fxpy�z{h��ºtO¾SE�¾ � qK�>dfqExp� qE�f��|W¾�l r�tvtph\��qExvh/�Orfx*xph\�$tv�:u ½/yEx*Á$�:�f��yE� �Eh\��h�xv�.���Oy`�fh��Eh\��h�xpqKtv�:yE�
��qKoph\�7yE�7tpd��.oX½/yEx*Á?¤`½X�:tpd[��� ��h�xvh��$t�xvh�q���Û�tp�:g�h/>H¾YE�¾?qK�f�¹qKx*�>d��:tvh\�Otprfxph\o%qEo%tpqKxp�Kh\tpo\¾
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[{�¹t*d��:oWqK}f}?h\�f�f�
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� � W - % �)% �/Z
q W - %�� Z � � �

q � � ; �	� ; ���4; � % � �

set vset u

set uset v

set y

h,u,v,y

y

u,yv,y

u,v,y

h=T
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� ����� � ¤�qK�f�S*���� �8�$u �?_ � � W - %�� Z>¾
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Unit é de recherche INRIA Rhône-Alpes, 655, avenue de l’Europe, 38330 MONTBONNOT ST MARTIN
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