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Elue
Libération initiée par
la tâche

Réveil

Election

Blocage
(ressource, temps, E/S)

Préemption
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Réseaux
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Tâche périodique
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Tampon

7 ·§�(� D
��[8�M�i ���? �¤�]�@���@�O�¤�@�i�(¥²�i�_���]�i¥ �O ��]¯(�i� �O�¤�@ ��@�   [8 ®���i¥¦�
�]¯(�1�'�®�]� P'¥d�@�`�l�`�@�]�.�i�i l l�(�U�] �R
��� 8 0 J >M7�7�/176;�48564.792¦K H > \ / H = mJ}ig]x s<x{eDf"! jM\Ag]e<f�v jpq > mJ}in]ykrd?ix sMv{n
rie[g m?n�sJs[nU?ieC@3aMh­g]e<f(g]hihijlhim?nU?ieM|]v{gC\kjlvNM opx |]e<j®q<x g]h�f(n q > m }in�sC@3�_nU? ?(q<x v{x s[u
J opx |]e<j®q<x{g]h�n qM}iu q<u?e[g]|]u?hiu?x{q<u^N @

¡8� 8 0 J >M7�7�/176;�4856/1792�-Y/O0¦-�/1032A:w2A:<>t7Y7�4.5648792 = r(v jlm?n?opn?h*q9f(n�s@q > m }in�s
n qMg]eJf%g]hihkjlhim?n?opn?h*q9v{g%m�jlv @

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]np� e



� �@���'0���� � . /�)���$¸��/ . $���%�. (D� (D���¬��. 1��&5

Processeur

Réseaux

ProcesseurProcesseur

Tâche périodique

Message

Tampon

��@ �@g]opo n?h*qtriv jlm?n?eMv n�stq > mJ}in�s�� J s ! x v¤v{nT. j ?%q���� N @½B@ �@g]opo n?h*qto g%f(u?v{x s[n?eMv{n�s9m?g]h*qJe<jlx{h q<n�s9f%n�rie[u?m?u�f(n?h(m?n n?h q<e[n�u?opn q[q<nU?ie9n qDe[u?m?n?r(q<nU?ie��
"d@ �@g]opo n?h*qtrkjlewq jl|]n?e1v{n�e[u�s<n�j ?!n qMm�jlv mU?iv{n?eDv{n�sMqJn?oprkstf(n�m?g]o oK?ihix{m�j®qJx{g]h�f(n�s
opn�s<sJjl|]n�s��

e.@ �_nU?(q9g]h­m�jlv{mU?iv{n?e�?ih!rix{e<n�f(u?v jlx_f"! n$#%u?mU?(q<x g]h�n?h*qJe[n�u?o n q[q<nU?ietn qDe[u?m?n?r(q<nU?ie��
�B@��"?in�f(x{e<n�f(n�v jpq jlx{v{v n�f(n�stqJjloprAg]hisMf(n�m?g]opo ?ihix{m�j®q<x g]hksiJ n$#8F3s<g m �ln qJscN��
2�3 E /t: W / \ : H :w23, J
	 CY7�4 /O-Y- H : ;_/@2A:[>M7 234856- W 0F,�4 H 0A,.-�/1032A:[4

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]np�^�

� �p��.8� ��� 0 � ) / $��f. ��,','0���(D� )@���&%�.+)U���-,�. ��/ � 0 ��/ ,¬� � )@���f.

����¢��£�¤�i�i¥¦�i�����@�§�*¨¤�*©@�i i�
¡8�¬«­�����®�*�¤���_�]�i ��@�R�@�]¯(�i¯i�@�i�@�i�'�
ªU�¬±¬�]�@���@�O�¤�@�i�i¥¦�i���¬�@�R¥²�( l ]�¤³��i i�
° �¬«­�����®�*�¤���_�]�i ��@�RµM���U���i��µ9���U�k�
´8��·¸��¥¦�i�@ l�����@�@�(¥²�i�_���@�§�*�¤¥¦�9���@ (�

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]np�Ch



� 	������%
 �

� � � ����� �6��� �I� ���������f!

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]np� S

� 0��b(D����� %&) $�� )1�b(��¬� . 1�365

7	� 48C�0F: W 2A:JBDC�4 WKJ 4 - H / ;�48564.792 =
MCB � �i � l���\A_�(����µ1�¤ l¯i�i � l�U�¬º i 
 ± b�� ª�
 �<�]�( ®�] ��@��¼[�¤�� l�'µO����� �]¯§¼[�¤�i���`�i  �
�EDU©@�`µM�(� @1�'�@�@�]�8�*©@���@�]�'�]�`Y.�@��
%�

M ¢ �]���@�i� �1�¤���i �©@�i�U�]�` ®�]�`Y.�@�i ���? �¤�]�@���@�O�¤�@�i�(¥²�i�_� R
º��'�]�0� i ���@�¤�]���@�`�0��� � �] ®����� �`�6�Jº]i ������
��(��º¬�'�]�-� i ���@�¤�]���@���-�����ED8����� � �
�Jº i ������
�
 · b N ¹ »�
 �

MON �U�l�l�i �©@�i�U�l�� ®�]�BY8�@�i ��@�R�O���¤�i�i¥²�i�_��R@º]i ����� ·���
 ± b�� ´�
 @@º]i ��� B @
º i ��� B �(��º]i ��� B P"i 
�����º � ° 
 �@º]i ��� �!
 ± b"� ª#
 @ : ·$�K����� ·
�%� � �] ®�&� �`��·¸�i�(�]�i�¤ l���@³ 
$
'� N º)(�ª�
 �

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]np�[l



� 0��b(D����� %&) $�� )1�b(��¬� . 1 � 5

7 E >t76;¤2A:<>t7Y7�4.564.7D2¦Kt,.7�,�0F/ H J 4 W L�4.C�0F: W 2A:<BDC�4 WKJ 4 - H / ;�48564.792 =
��� d��i ��]¨¤� ©@�( � l���_�¬�¤�]�@���@�@¯(�i � l�(����� �@�
�1�'�]�¤¥��(�l�]�¸�@���@�@¯��<�9¯(�l���8�@�4@
�*©O�'�]³��§�@�]�8�i�( l l�i�U� @����`� 
%�

¡8� : �����( � l���_���¤ l l��³��@¯(�i ��¤���@�l�8�i�i ® l�i�U���i���U�]�¤�����*�¤�_��Y.�@���£���*©O�'�]³��
�@�]�.�i�i l ®�i�U��¥;� DU��¥d�@¥ �]©@¯i�¤�l�`Y8�@�§�@�� ®���`�!�1�¤ ¬�'�l�l�i���_�]�¤�1«­�(�l�]�
�*©O�'�]³��R�@¯(�9�i�@� �@�
���
�@�i ��¤��³��¤�]� �]©@¥²�i !��? �¤�l�@���@�O�¤�@�i�i¥²�i�_�¬�@�
  [8 ®���i¥¦�¤� �8� �@�@���*¨¤�*©@�R�@�§�9�i�U�]R(�l�]�¸�O�£�¤�(¯i�� l�U�����¸�@�]�8�(�i l l�i�U�
�i���U�]�¤��� @O�@� �¤�U�®�]�R�@�]�.�i�i l ®�i�U�¬�i  �¬�*©@���� l�J�

ªU�¬±��
�]�(�l¥²���@�¸���¤�l  Y8�@�§�]���U�]�i ����i !�*¨¤�*©@�i � l�����¬�'�l�l�]� µO�@¯i�i ��¤� D
�@�]�.�i�i l ®�i�U�] i�

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]np� �

� 0��b(D����� %&) $�� )1�b(��¬� . 1���5
7GF L 4856- H 4 J 4��;/O234�� >M7�>O23>t7Y:C;�� 4
LD2 E :w2 R

��� d��i  �*¨¤�*©@�i ­ ®�����­�¤�l�@���@�@¯i�i ­�O�¤�@ ��C? �¤�]�U�]���(�]���` l ]�¤�_�­�@�����i�U���9¯(�l���8�@�'�
¡8�¬±�� �¤ l l�`³��@���@�@�§�*¨¤�*©@� � � �@�
�@�]�.�i�i l ®�i�U���² l� �£���i���@�@�`�l�����
�@�
¼[�¤�` ]�'µO���`�`�]¯¸�i ®���]�i ®�M�i�(�]¯(�	�1�0�?�$�?��

� J������U�

ªU��·§�¤�@ ��`�R�i�¤ ��i���_�l�*�¤� �]��@O��� �¤ l ®��³��@�§�£���]¨¤� ©@���¤���@�]�.�i�i l ®�i�U��� ��� �
° �¬±��
�1�¤ l l��� �����*¨¤�*©@�� ®�@�BA'�¤���]�'�
´8� N �l� R(���`�¤�]  Y.��? ���D��? [#���O�`�@ ��@�R�]¨¤� ©@��� �¤�]�@���@�O�¤�@�(�(� @�� a �@��¥�µ@�]�
�@�§�@�]�8�i�( l l�i�U�] ��@¯i�i�i l l�¤�`�]�i (�

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n�½M^



� �p��.8� ��� 0 � ) / $��f. ��,','0���(D� )@���&%�.+)U���-,�. ��/ � 0 ��/ ,¬� � )@���f.

����¢��£�¤�i�i¥¦�i�����@�§�*¨¤�*©@�i i�
¡8�¬«­�����®�*�¤���_�]�i ��@�R�@�]¯(�i¯i�@�i�@�i�'�
ªU�¬±¬�]�@���@�O�¤�@�i�i¥¦�i���¬�@�R¥²�( l ]�¤³��i i�
° �¬«­�����®�*�¤���_�]�i ��@�RµM���U���i��µ9���U�k�
´8��·¸��¥¦�i�@ l�����@�@�(¥²�i�_���@�§�*�¤¥¦�9���@ (�

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n�½(�

� 	������%
 �

� 	���������� �����f!O�'� ����� ��� �'� ���f�

7 ·§¯%�9�i�@�O�¤�@�i�( ��i���®�]���`�i ��]¨¤� ©@�(  R

����¢p�'�l�]�¤³��R�@�¸�]�i l ®���U�]�i�i  �<�ED R1¢ ��¢b@@¢­«­¢b@ �8º�¢b@ ���`� 
%�
¡8�¬«­�����®�*�¤���_�]�i ��@�R�@�]¯(�i¯i�@�i�@�i� �<�ED R1�(��¥²¥d�@�@���k�'�]�`���@ )
%�

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n�½]½



� �&%&)8�@�p� %&)8� .�$�� ,¬��/f(�/f$�� %�(D� 14365

7 ¢��]�¤µO� �i¥²�i � l���@���EA_¯i  R

���¬«!�¤���i�@�`�(���@� �¤�]�@���@�O�¤�@�i�i¥¦�i����Y8�@�D�]�i  �9�i�(�l�����( ��i���_�l�*�¤�`���]�( ��@�
�@�]¯(�i¯i�@�i�@�i� �< l��¥d�@�£�'�l������@U�EDU¯i�i�U�]�`����
%�

¡8��·¸¯i�i�`�@�(�¬�@�R�£�d¼[�¤�� ]�'µO�`��� �]¯R©@�¤�l ����`³��@�R�`�¤�ZY8�@�¸�`�i ��*¨¤�*©@�i � l���_�
 l���@¥¦�� l�i  � �@�( ��i���_�l�*�¤�`���]�( ��@�R�@�l¯i�i¯i�@�i�@�(�¤�

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n�½ "

� �&%&)8�@�p� %&)8� .�$�� ,¬��/f(�/f$�� %�(D� 1�� 5

7 ¢��]�`�@�i�`�1�¤�`�i ¬�'�@�@�]�.�*©@�i  R
���¬«­���@�@�`�]�`���@ ��`�@�`�]���¤���i  �<�1�'�]�¤¥��(�l�]� GIH 
%� : D@¯i�(�U�]�������(��¼[�¤�` ]�'µO���`�`�]¯

� � A_�i�§¼w�¤�]¥d�@���i � ®�M¯i�i� `�Y.�@�i )
%�
¡8� N VM�i�(�*�'�]�`���
�@�i ��@�]���¤�l�`�]¯i �� «­©@�(�l�]�
P �­�����i���������

�� d N ¹ ¶\@M« b : � (#
 
 � N �@�O�����i�'µO����� �]¯§����¥¦�`�]¯i�'� �M�¤�` ]�'µO���`�`�]¯¸�(�
�EDU¯i�i�U�]�`���D�

ªU� i �8�@� `O�k�'�]�`���@ ��@�i ��@¯i�£�¤�` ��(�l�`�]�BY8�@�i �� «­©@�(�l�]�
P �­�£���(�����`����
%�
N �@�O�`���k�'µO�`���`�l¯§�`��¥²� �]¯i�¤� �M�¤�` ]�'µO���`�`�]¯¸�(���ED@¯(�i�U�]�����D�

° �&�¬�]�`���` ]�'�]����� �@�
�1�'�]�¤¥��(�l�]� ��� �`�®�]�(� � 
 B � � � ° 
 � �8�(�@���i¥²�(�����9���U�¬���
¼[�¤�` ]�'µO���`�`�]¯ �<�O� �]���k�¤ �¯WA_�i�_�]�@�i�`���i¥¦�i�����l���i �³¤�*�¤�@��
%�

´8� b �i�U�l�� ®�]�BY8�@�§��? �¤�]�@���@�O�¤�@�(�i¥²�i�_� �	�¸���(��¢p�'�]�O�¤  

��� � (#
 
%�@¢p�¤ ��@�
¼[�¤�` ]�'µO���`�`�]¯¤�

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n�½ e



� �&%&)8�@�p� %&)8� .�$�� ,¬��/f(�/f$�� %�(D� 1���5
7 ¢��]�`�@�i�`�M���@�§�£�  ®�����U�]�`���
�@� �­�����i��������� 
'�Ld N ¹ ¶#
 �(���@��«­©@�(�l�l�¦�(�¬�¤�

 « b : � (#
�R@�]�i�@�U�]�����i !�*¨¤�*©@�i ��`�@�@¯(�9�(�@�O�¤���]�( ��i� ¥²�.�@� `1�¤�_���`�i�U�] 
�1�'�*�¤¥��%�l�]�i i�

7cb [8�9�¤�l©��i l�i �R B ¨¤�*©@�i � ®���`���'�9¯(�]�`�8�@�BY8�@�i  @@ ®���`���9¯(�]�`�8�@�BY8�@�i ��@��¥ R(¥²�
�9¯%�]���.�@�¤�

7 B �i�*©@�@�`Y.�@� R
��� i �8�@� `O�k�'�]�`�����9���U��º]i R

M D ��� ��� ��� � F��	�"��
��"��
��)H � �	�'��
��'��
�� 

¡8� i �8�@� `O�k�'�]�`�����9���U� : ·�� R
M P��H 2�� ����� P H�� � ����� D ��� ��� � F P��
�� � 
���� �

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n�½��

� �&%&)8�@�p� %&)8� .�$�� ,¬��/f(�/f$�� %�(D� 1�� 5
T2

T4T3

T1

 "! #$! #&%!
')( * +�, +-,
'/. + 0 0
'/1 * +�2 3
'54 + 6 6

7 : D@�(¥¦�O��� R : ·�� 7 �*¨¤�*©@�i ��'�9¯(�l���8�@�BY8�@�i (�
M P��7 2 �98 �
M P��� 2;:��
M P��: 2�� ����� P : � P��� � � � � P��7 � � 7�� 2�� ����� � J � : � �)� �98 �=< � 2?>��
M P �= 2�� ����� P = � P �: � � : � P �� � � � � 2�� ������@A� > �=< � : � � � 2 @ �

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n�½ h



� �&%&)8�@�p� %&)8� .�$�� ,¬��/f(�/f$�� %�(D� 1�� 5
� atq<x{v x sJj®q<x{g]h�f0?�� \MRURUX-[ @Fb*#(n?opriv{n�}(x swq<g]e<xHL)?in P$Q v n�q<x opn?e9f'! ?ih�s6�iswq��?o n n�swq9opg%f(u?v x s[um?g]opopni?(hin�q > mJ}in�r3u?e[x{g(f(xHL)?in j]D]n?mT(�� �����
	 P = ����
 � %�� �����
	 P ����
 @
� c9h�s<g�?i}ijlx{q<n�e<uUD]n?x{v{v n?e�?ihin q > m }in H 0 v ! x hkswqJjlh q�� P = %���
 @

0 10 20

Réveil effectif de i

15 : Réveil théorique de i

�¤jpfij®q<n�n ~'n?m q<xED]npf(n�e[uUD]n?x{v_f(n�v j q > mJ}in H s<n?e<j#: ����
 @kz(j |]x{|�?in�n�swqDf%n�� � P - ��
 @
� < n?oprksMf(n�e[u?r3g]hks<n ��� � P � �(J�� �?ykj]D]n?m�F

� � P % ��J 1
� KPL!NMOUQ �,SIV � �(J�� K( K W % K

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n�½ S

� �&%&)8�@�p� %&)8� .�$�� ,¬��/f(�/f$�� %�(D� 1���5

Temps de réponse T2

Temps de réponse T1

Activation n Activation n+1

T1 T2

Jitter T2 = Temps de réponse T1 

T1 : C1=6 ; P1=18  (gris)

T2 : C2=9 ; P2=18  (noir)

� b3#%n?opriv n�fB?!rie[g%fB?im q<nU?iecb®m?g]hks[g]o o j®q<nU?ieiF
;=< ��n q < ½ s[g]h qMjlm q<xHD]u?n�sMq<g�?(q<n�sMv{n�s��[lG?ihix q<u�sDf(n qJn?oprksC@
;=< ��v{x q�?ih­m�jlr(q<nU?ie9n qtq<eJjlhis<opn q9v jZDljlv{nU?ie(D]n?e<s < ½GL-?ix¤f(g]x{qMv ! jP �mJ}in?eI0pv ! u?m?e<jlhA@
;=< ½ f%g]x{q�� qJe[n�jlm qJxED]u?nYs ?ieOq<n?e<opx{hkjlx s<g]h�f(n < ��@
; �"?in?v�n�swq9v{n�q<n?oprksMf%n�e[u?r3g]hks[nYf(n < ½ �
a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n�½ l



� �p��.8� ��� 0 � ) / $��f. ��,','0���(D� )@���&%�.+)U���-,�. ��/ � 0 ��/ ,¬� � )@���f.

����¢��£�¤�i�i¥¦�i�����@�§�*¨¤�*©@�i i�
¡8�¬«­�����®�*�¤���_�]�i ��@�R�@�]¯(�i¯i�@�i�@�i�'�
ªU�¬±¬�]�@���@�O�¤�@�i�i¥¦�i���¬�@�R¥²�( l ]�¤³��i i�
° �¬«­�����®�*�¤���_�]�i ��@�RµM���U���i��µ9���U�k�
´8��·¸��¥¦�i�@ l�����@�@�(¥²�i�_���@�§�*�¤¥¦�9���@ (�

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n�½ �

� 	������%
��

� � �'	 ���I���'����� � �&� �'�"� � ! ! ����� !

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n "C^



# ��$���%'%¬��%�(D����� %&) $�� � �f. .8� Z �f. 143b5

7 ¢��]�¤µO� �i¥²�i � l���@���EA_¯i  R

���¬«­��¥²¥²�i�_�!�@¯(�]�%�]¥²���@�%�¬���¸�]�i¥ �O ��@�R�i��¥²¥d�@�@���i�'�]�����#��? �@�
¥²�( l ]�¤³�� ]

¡8�¬«­��¥²¥²�i�_�!���( �¥²�i ® ]�¤³��i ��@���BA_�i�_���`�� � l�R�1�'�®�*�¤³��(���£���l�i l l���U�]�(�
�]¯( l�k�¤�
�]���U���i�
�l�i ®�9�(�(�*�¤�_�¬���(�U�] ��i���_�l�*�¤�`���l�i ��]�(¥¦�9�¤�]�(�����( i�

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n "i�

# ��$���%'%¬��%�(D����� %&) $�� � �f. .8� Z �f. 1���5

7 d��i ��i���_�l�*�¤���_�]�i ��@�R�]�(¥¦�O ��O�¤�@ ����§¥²�8���(����� �@± R

Couche réseau

Couche transport

Couche liaison

Couche physique

Etc 

Couche réseau

Couche transport

Couche liaison

Couche physique

Etc 

1

2

3

4

...

Sous-couche 

MAC

MCB �]�¤�@ ®�9�¤�l��R : D8�@�]�i l l�`����7 �@¯i³��.�i�£�'�]�`���
�@�i ��i���_�l�*�¤���_�]�i ��@�§�l�i¥¦�O i�
M º�¯i l�k�¤� RO�i��¥²¥d�U�*�'�l�����;�@�R�1��Y.�@�(��A8 ��(��¥²¥d�U�*�'�]�����D�
M ¢�©
[8 l�`Y.�@�QP"d����¤�� l��� P"i N « R@�1�'�l�*�¤³��§�@� ¥²�i�@�`�@¥ 2i3 �@�l�¤�]�8�i���`�
��? �'�lµO�`�l�]�¤³��¤�

7 �!�@ ZPF�]¯i l�k�¤� D��]�i¥ �O ��]¯(�i� a �(���@� ©@�( �� P�¡ 7 �i���@�*©@���'�@�O�`���k�'�l�BA_�¸�@�
��[8�M� � �l�]�¤�@ ®�9�¤�l� � �
a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n "*½



# ��$���%'%¬��%�(D����� %&) $�� � �f. .8� Z �f. 1��&5
7GF L 4856- H 4 W J 4 0F, W 4./1C L J ,�234�0F5 :J7Y: W 234 W =
M ¢ �]�8�@�@�(�l�`Y8�@�§�(���]�¤µ9�¤�l�`Y8�@� R?i N ¢ 
{·���� � � 
 @ B ���_�i��µO�@ ZPF� :f: :
» (_¡8� ° 
{¢ � � � ´ 
 @ �Y� ¢)
 «­� N � � 
 @O¢��]��`@µO�@  
 � B º � ¶#
 �

M ·¸��¥²�¤�]�BY8�@� R �!�'�]� �­�@  
 «­� N � � 
 �

MON ¯(�]���O�¤�U�]�BY8�@�QP'  �1�'�]�£�¤��R � B · i � d �A´�´¤ªd�(� N º����§« ° ¡ � �(��¶_¡ � �
N A8�£�'�]�`�����(�BAU�`���¸�(��¥²���`�`�*�¤� �]��@.�£�  ®���@�@��¢p�'�]© � �`�@�@�(�

{· : « � ¶ @ b : N � ¶�
 �

M ���@�@�@ ®�l�l�����¤�U�l��¥²�¤µO���`� R@µO�@ ¬« N � 
�� : d � ¶#
 �

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n "Z"

# ��$���%'%¬��%�(D����� %&) $�� � �f. .8� Z �f. 1���5
7 B �i¥¦�O ��@���i��¥¦¥��@�@�`�k�'�]�`���#�(��¥¦�9�� l¯§�@� 
 «�± B ( (#
�R

d5

d6

d4

d1

d2

d3

Tâche
productrice

Tâche
consommatrice

Médium

supérieures
CouchesCouches

supérieures

Couche Couche
MACMAC

;	� 4�n q ��
 � f(u?v jlx sMf(n�q<e<j]D]n?e<s[u?n�f(n�stm?g�?im }in�s�� � ' � f%u?v jlx_f(n�e[u?m?n?r(q<x g]h!@��Ojlv{mU?iv�. jlm?x v{n]y
� #%nfJ3\3g]e[hin^N @

;	� ) � f(u?v jlx_f(n�qJe<jlhks[opx s<s[x g]h­s ?ietv n�o u�f%xH?ioSJ Dljle[x jM\iv n]ykm�jlv{mU?iv . jlm?x{v n P$Q qJjlx{v v{nopn�s<sJjl|]n^blf(u&\(x{qON @
;	� , � f(u?v jlx_f(n�rie[g]rkjl|*j®q<x g]h8J Dljle[x jM\iv{n]ykm�jlv mU?iv�. jlm?x{v{n P!Q q jlx{v{v nYe[u�s[n�j ?�b�D x{q<n�s<s<n^N @;	�  �
 
 � $ %�\ 
�
 %dRURUX-e$RUX7E g�a [ $;
 %.V�V��-Y %.a [ � YUXU%da����R%.[]\ %�� $MX���
 � E X-e�
>
 aE [Cg.RUg!V gZ$MX 
�
 %.[�� \MRC[_%��.X����
a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n " e



# ��$���%'%¬��%�(D����� %&) $�� � �f. .8� Z �f. 1���5
7 d�? �'�lµO�`�l�]�¤³��R�@¯ `O�@� �¬����¥²¯%�]©@�8�@�§��? �¤�i�B�i ¬�¤� ¥¦¯i�@���@¥ � 8 \�: 4 ;¤2A:[=
-Y0F:J7 ;�:[-Y/ H = ;�>t56-�>1032348564.792;-Y0A, J : ;¤2A: \ H 4 J 4 W 234.56- W /^; ; � W ^
7 : ��¯(¥²�i�_�] ��@�§�*� D@�`�@��¥²�����@�( ��@�]�¤�]�.�i�����( ���? �'�lµO�`�l�]�¤³��SR
MON �`³��¤�]�`�]©@¥¦�¬�1�'�¬�i�.�¤�9¯(�*�'�l�����#��� �i��¥¦�M¯(�]�`�l�����D�

MON �lµO� �l�*�¤³��§  [U¥¦¯(�l�]�BY8�@�¸��� �¤  [8¥²¯(�l�l�`Y8�@�'� N �lµO�`�®�*�¤³��
�i�(���l�]�¤���� ®¯QPF�]¯(�1�'�l�l� � ���¤�]�����#�@��¥²�����l�]�( ��<��� �'�lµO� �l�]�i )
­�(����? �i l�(�£� A_�i  R
Y.�@� �@�l�i�@� � ? ���@� �]�£�'�]�XA_���@����� �i��¥²¥d�@�@�`�k�'�]������]

M �<[8�@� ©@���@�( ¬��� �¤  [8�@� ©@���@�(  2�3 [#������� �@�@��©@�¤�l����³��§³����¤µ1�¤���	�d�]���@ 
�`�i ��i���U�O�`�i�U�] ^]

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n ")�

# ��$���%'%¬��%�(D����� %&) $�� � �f. .8� Z �f. 1��&5

7 ¢��]�`�@�i�`�1�¤� D#�@�]�¤�]�.�i�����( ���? �'�lµO�`�l�]�¤³�� 
���¢ : � ° 
 R
M 4 + ��� 9�� 8 8��	�A@ =
M ���@�§ ®�*�'�]�`���
�@¯i�@�`¯i��@t�'�@�9�i�`¯i� � ¥²�����l�]� � ¯(¥²�(���W[U�i�`�`Y.�@�i¥²�i�_���@�@�
�l�]�¤¥²�¸�@��  [8�@� ©U�l���@�� ]�'�]�`���D�

M «­©O��Y8�@�§�i l�i���QA_�§¯i¥²�%���¤�`�¤�]  @ ���@�
���@  �*�¤�����]�i���'�]��¼��1�'���]�'�@�9�¤�l� � ���
�l�]�¤¥²�¸�@��  [8�@� ©U�l���@�� ]�'�]�`���D�

M d ? �¤�]�U�l�R��? ¯i¥²�� ® l�������@�i ��i ®�i�£� A_�i ��( ®���@�]¯(�@¯(�]�(�]¥¦���@¯§�(� `\DU� 2�3
�1�'�l�]�¤³��§�]�(¥¦�9�¤�]�(�D�@� ¥²¯i�@�`�@¥ �

M � 0F>O23>f;�> H 4�
 : 4�23>t7 =
M ���@�
� �(�]��� �(�`�]�i�@�`�� l�(�����
�@�
�¤�]�U�]�e`\DU�R�(���l�l�����( � ®�*�'�l�����@ ��J�ED2R
�]�¤�M������³��`�§�(��µ9���@�(����
%�

M ���@�§ ®�*�'�]�`��� Y.�@� �l���i���`�����
� �(�]���
¯i¥²�(�� l�i ��@���@�@¯i�i  @1�O�@��  @
�l�]�¤�@ l¥²�(�����
� �(�]��� � �£�� ®�*�'�]�`���� ®�@�BA'�¤���]�'�

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n "�h



# ��$���%'%¬��%�(D����� %&) $�� � �f. .8� Z �f. 1���5

M � > HCH :<7�K =
M ���@�§ ®�*�'�]�`���
�@¯i�@�`¯i��@1�@�`�]� � ¥;���`�l�]� � @U¯(¥²�(���@�
¥²�i ® ]�¤³��R ®�U�¬���
¥²¯(�@���@¥ @U�`�
A8�`�*�¤�_���@� � �i l�i���QA_� � � ¯(¥²�(�l�l�l�¤�

M : ���]¯(�M���@ l��@1� ? �i l�i���QA_�§¯i¥²�(�� l�i ��@���@�@¯i�i i�1¢ �@�`  @O���§¥;�����®�]�
�`���]�%�l�]��³��§� ? �( l�i�£� A_�§ l�@�BA'�¤���i�

M d���¥;���`�l�]���@�` ®�9�� l�R��? �@�@�R����  �]�R��? ��� AU� �*�'�]�����@ L`\DU� Y8��? ���9�1�'�]�(���U�l�
�@�R¼[���i���
 l¯WY8�@�i�_�]���(�����'�

M P H ����� P � =
M ���@�¸�@�]���¤�l�`�]¯E`\D@�§�i ®�¬�¤ l l�8�(��¯i� � �*©O��Y8�@�� ®�*�'�]�`���D�
M «­©O��Y8�@�§ ®�*�'�]�`���
¯i¥¦�(� Y8�O�¤�@� �i�`���§���§ l���@©O�¤�`�l�¤�
M d��i �¯EA_�i���l�@�i���`�i ��i���`���` l�����@ � l���_���]¯(³���¯i�i ��1�'�¬�`�§µO���¤�� ��@�R���
�@�]�`�¤�]�`�l¯SR@���  ®�*�'�l�����
�@�¸�O���@ �¼w�¤�l�]�§�@�]���¤�]� �]¯¸�¤µ@�]���(�������§¥²¯i�@���@¥
�

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n " S

# ��$���%'%¬��%�(D����� %&) $�� � �f. .8� Z �f. 1��&5

7 7 4 \ C W P ��� =
M «��]¯i¯i�§�1�'���­�� l©��(�����_�]�i�D�9���U�����i ��'�@�O���`�k�'�]�`���@ ��¤�U�]��¥¦�¤µO�����( i�
M �¬�]�`���` l¯¸���@�`�l�£�¤���(¥²�i�_���1�'� i �(�]�i�(�@�i ]���­�i� ���M���U�¬���¦«­�£�¤ l ®� �M� N �@�¤�@�l¯
�¤� � ���U�]��? ©.�@���1�'���@�R�@��¥�µ@�]�i� D��i���@ ®�l�l�@�(�]�i�U�] ¬�¤�U�]��¥²�¤µO���`�i i�

M d��k�¤�@�(���9���U�¬�`�i ��'�@�O�����i�'�]�����@ ��¤�U�]��¥²�¤µO�`���i i�

M º�¯i l�k�¤� ¥d�@�`�l� �?¥²�����l�]�( ­  [U¥²¯%�l�]�`Y.�@�¤�
MCB �]�¤�@ l¥²�� ® l�����#�1�'���@�XV9�@ l�`���D�
MCB �¤�M������³��`�§�(�
µO�@  @O�1�¤�`�]�i !�]�¤�] l�¤�@¯i�i  @1³�¯i�@¯(�*�¤�`�i¥²�i�_�������@³��@�i�U�
¥;� DU��¥d�@¥ ° (�¥ �M���U���@�
�@¯(µO�`���@�¦�)i �­�`� P' i�

M «­��¥¦�9�� l�¤���] !�l���( a`1�'µO�`�i 9��¼[�¤�`µO���( ��i�UcU�6� �¤�U�]��¥²�¤µO�`����
 �
M �8�(� AU���(�i ��@�R  cU�]�(�]¯R�@��¼w���@�(�l�����@�@�i¥²�(�����l���i �¯WA_�����@¯(  � «­º�«I@
�¤� Y.�@�`�l�l�i¥²�i�_� @@�@�£�¤³��@��  �]�`Y.�@�R�@�R�i���U�O���i�U�l )
%�

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n " l



# ��$���%'%¬��%�(D����� %&) $�� � �f. .8� Z �f. 1��&5

7 N �lµO�`�l�]�¤³���« N � a �'�lµO� �l�*�¤³��¸�1�'���(��¥¦�9¯(�l�`�]�`��� a�� «&��i N �@���
�@�i ®�®�]�@�(�]�`¼ � « ��i N P�« N 
%�
7 � �@�(���]� `O�k�'�]�i�U�l ¬�@�R�l�]�¤¥²��a �@�l���¤�]� �]¯i i�U���@�i�_�]� `O�i�'�]�i�U�] ¬�@�@�BY8�@�i ��(�
¯i¥²�` ­�1�'���@�@�� ®�i�@���R ®�*�'�]�`���D�

M d��¤�]  Y.�@�����¸µO�@ ��( ®�¬�`�`µ@�]��@O¯i¥¦�� l l�`���#µO� �9�dµO�`���@���C? ���@�(���]� `O�k�'�]�i�U���O�@�� 
¯i�(���U�]���@�R�£���M�¤�l�]�i�@ ®�¤�

M ���#µO�`� ��� �[�]¯i�i�i ® l��¼ 
��i ®��¥;�¤  Y.�@¯¸�1�'���@��µO� �9� ( �J�@��¥²�`�O�¤���)
%�
MCB ���U���i���U�O�`�i�U������ l�¤�����@��µO� ���@�XV9¯(�l�i�����@�§�i�i���@�fY.��? ���^AU���(������? ¯(¥²�(�l�l�l�
�1�¤ l ®���i�
�l¯i�i�(�@�]�`���D�t¢��@��  @@�]¯(¯i¥²�(����¥¦¥²¯i�@�£�'�l�i¥²�i�_�!���¤�]  Y8�@�§�£�
�M�¤�l�]�i�@ l�R�i ®���@���@���\A_�k�¤�����`µ@�l�¤�

M : ¥²�� l ®����� µO�`� ��µO�`�97 ¯i�i���U�]�§�9�¤�l�l�i�@ l� a ¼[�¤� µO���R�@¯(µO�`� PF�]�¤�����`�¸�@�
�]¯( l�k�¤�D�

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n " �

# ��$��&%'%¬��%�(D��� � %*) $�� � � .<.8� Z �f. 1�3�� 5

Site A

id : 01

id : 12

Site B

id : 09
id : 32

Site C

id : 49

id : 07

Site D

id : 10

id 49 : 00110001 

id 12 : 00001100 

00001100

Identificateurs de trame

; �'n�sts<x q<n�s � y  y��dn q + s[g]h q1f(n�s1o j�� q<e[n�s�F%u?o n q[q<nU?ie<sMf%n q<e<jlopn�s^@!�@}kjlmU?ih!f(u q<x{n?h q(?ihinv{x swq<nYf"! x f%n?h q<x � m�j®qJnU?(eJs"?(hixML)?in�sC@
; �'n�sts<x q<n�s � n q ��m?g]o opn?him?n?h*q 0Yu?o n q[q<e[n�n?h o��?opnDq<n?oprks1v{n�stx f(n?h*q<x � m�j®q<nU?ie<s���½�n q^e �J rie[x{g]e<x q<u�sON @
; �'g]e<s9f%n�v jpq<e<jlhks[opx s<s<x{g]h!fB?�"-�?opn�\ix q�ykv n�s<x q<n]��rkj]sJs[n n?h!e<u?m?n?r%qJx{g]hA@
; �'n�s<x q<n � |*jl|]hin n qtqJe<jlhks[opn qDs[g]h­x h . g]e<o j®q<x{g]h!sI?ietv n�\d?ksiJ n?h*q<e[n]^ n q l g%m q<n qJscNU@
a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]nfe ^



# ��$��&%'%¬��%�(D��� � %*) $�� � � .<.8� Z �f. 1�3 3b5

7 ·§�R� ? �¤�]�@���@�O�¤�@�i�i¥²�(�����@�R�*¨¤�*©@�i ��¤� D�¥²�i l ]�¤³��( �R

c9e<f(g.@3f(n q > mJ}in�s c9eJf%g.@kf(n�o n�s<s<jl|]n�s
<�> m }(n�s -­n�s<sJjl|]n�s
�.e<g m?n�s<s<nU?ie -­u�f(xH?(o6f(n�m?g]opo ?ihix{m�j®q<x g]h�1jlrijlm?x{q<u < n?oprksMf(n q<e<jlhks<opx sJs[x{g]h#M

q<n?oprksMf(n�rie[g]rkjl|*j®q<x{g]h#M
qJn?oprkstf(n�q<e<j]D]n?e<s[u?n

< n?oprkstf"! x{h*qJn?e6. u?e[n?him?n < n?oprks1f"! jlm?m ��s
< n?oprkstf(n�e<u?r3g]hks[n < n?oprkstf(n�m?g]opo ?(hix m�j®q<x{g]h

f%n�q 0lm }inT0Yq > m }in

7 ¢ �����_�] ��i��¥¦¥��@�@ IRO¯i�*©@¯k�¤�@�i�4@t�9¯%�]���.�@��@O�(�]�¤�
7 �.�9¯i�i� `O�i�`�l¯i �RO�k�'�*�¤�(� �(�]� 7�>M7 -Y0A,.4.56-�2A:[= @1`1�'µO����� �]¯¤�

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]nfek�

# ��$��&%'%¬��%�(D��� � %*) $�� � � .<.8� Z �f. 1�3 ��5

7 «!��¥²¥¦�i�����k�¤�`�i�@���%���`�§�]�(¥¦�O ��@�R�i��¥²¥d�@�@���i�'�]�����#��? �@��¥²�i l ]�¤³��
�9¯%�]���.�@�`Y8�@� ] 2�3 �i�
�'�@�O���BY8�O�¤�_���`�i �¥ R(¥²�i !¥²¯(�]©@�.�@�i  Y8�@�¸�9���U�¬�`�
�1�'�l�*�¤³��§�@���@�l�8�i�i ® l�i�U�k�

7 : D@�(¥¦�O���¸�O�¤�@ ��`���k�¤ ��@�
µO�@ ¬« N � R
M d ? �`�@�i���l� `O�k�'�]�(�U�¬��? �@�
¥²�i l ]�¤³���« N � a �@�]�`�¤�]�`�]¯E`\D@�§��? �@�@�R�*¨¤�*©@�¤�
N VM�i�(�]�(��� ? ���@�i�_�]� `O�i�'�]�i�U���@�i �¥²�( l ]�¤³��i � l�i������º¬�'�]�_i ���@�¤�]���@���'�

M d��R�@�]�¤�l�8�i���`�R��? �'�lµO�`�l�]�¤³��§�@��« N � �i ®���@� �¤�]�@���@�O�¤�@�i�(�U� ���@�]�`�¤�]�`�l¯
`\DU���i��¥²�8�@�  "�! %('��-+0� %

������ 
^+-,�
c,&� +��K�+� ,?�N�?�8� �8
��	 "�$ �%"'��)+0�9%

3���?>
: DD�U�]�i¥ �O ��@�§�]¯(�9���@ ®� R

��� H 2�� H � � H�� 1
(� YR[�� H � 
 ��� HN 
 � � 

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]nfe ½



# ��$��&%'%¬��%�(D��� � %*) $�� � � .<.8� Z �f. 1�3.�&5
7 : D@�(¥¦�O��� R

i  l³ ¢ ¯(�]���.�@� B �*�¤�@ l¥²�J� P'¢ �]�¤�1�¤³@� N �i�d�(  B �¤�*�¤�
�J�i�
¥² )
 �J�i�����$
 �J�i����� 
 �<�i����� 


� ° » ( �A´ ( ¡¤ª (
µ �3¶ �A´ ( ° � ( ´¤¶ (
� ° �A´ ( ( �A´ (
� » �3» ( ¡¤ª ( ° � (
� ¶ ° ¡�´ ( ´¤¶ ( »U� (

7 B �i¥¦�O ��@�R�l�]�QA_�(�l l¯i���@�( ��i���@�*©@�i ¬�%���@�§�]¯i�i�(�@�l�����  l�U�@�M�� l¯i ¬���@�� (�

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]nfe_"

# ��$��&%'%¬��%�(D��� � %*) $�� � � .<.8� Z �f. 1�3���5

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]nfeZe



� �p��.8� ��� 0 � ) / $��f. ��,','0���(D� )@���&%�.+)U���-,�. ��/ � 0 ��/ ,¬� � )@���f.

����¢��£�¤�i�i¥¦�i�����@�§�*¨¤�*©@�i i�
¡8�¬«­�����®�*�¤���_�]�i ��@�R�@�]¯(�i¯i�@�i�@�i�'�
ªU�¬±¬�]�@���@�O�¤�@�i�i¥¦�i���¬�@�R¥²�( l ]�¤³��i i�
° �¬«­�����®�*�¤���_�]�i ��@�RµM���U���i��µ9���U�k�
´8��·¸��¥¦�i�@ l�����@�@�(¥²�i�_���@�§�*�¤¥¦�9���@ (�

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]nfe-�

� 	������%
 �

� 	 �&����� � �����f!O�I����	 
 � � ����	 
 �

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]nfe)h



� ��%*)8�@�p� %*)8�f.�$�� ����� ) � % ����� )

Réseaux

Systèmes Monoprocesseurs

7 N �@�@�]�8�*©@�i ¬¥¦¯(�]���%�] IR1�(���@�i�(�@�]�i�U�¬�@��  [8 ®���i¥²�( �����¯ Y8�@� �9�i¥²�(���]�`�(�] i�

7�� �@���*©@�(�l� ©@�-� ��� ����� A'�¤�����@�%� ]
M ·¸¯i���¤� P'�i���_�l�*�¤�`���]�§�@�RµM���U���(�
µ9���U��RO�¤�]�@���@�O�¤�@�i�i¥²�(�����@��¥²�i ® ]�¤³��
�O�@�` ��]�i  ���@�R�£� ¼[�¤�` ]�'µO���`�`�]¯¸�@�§�@�]�8�*©@���(�
�@�]�8�*©@���J�ED R

 B ��� � ° @ d : � � ´ @@º��®«!(U��@t« b N � ´ 
 
%�

M «­�����®�*�¤���_�]�i ����8�i�¤���i i� B �i ®���@���£��¼[�¤�� ]�'µO�`��� �]¯��@�]�8�i�( l l�i�U�¬�1�'�
�@�]�.�i�i l ®�i�U�k�

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]nfe S

� ���-,�.+$�� ��/ ,���%�.8� ����� ) � % ���:� ) 143b5

T1

T2Ti
Tk

m1, m2, m3, ...

ma

mb

7 P >t7D230A/1:J79234 
 Zt,�0':6� 4�0 = � �3G = J ��� J G :C� � P
7 7 42;_/ H ;_C H � > H : W 2A:JBDC�4 = ��� � �(�(�]�����
�@���]�i¥ �O ��@�§�]¯(�9���@ ®�� l���@ ��£�
¼w�¤�]¥²�¸��? �@�@��³���³��@� 
 B � � � ° 
 R
M �8��� � � G = @O���¸�]�i¥¦�O ��@�R�]¯%�9���@ l�R�@� B ���
M �

��� �i ®���k�¤���i�@�`¯�@O�i� ¼w���@�(�l�����
�@���@�]�¤�]�8�(�����§��? �'�lµO� �l�*�¤³���@@�@�i ��¤�U�l�]�i 
¥²�( l ]�¤³��i !�9¯(�l���8�@�BY8�@�i ��(���]�i�fY8�@��� ��� 2 � G = �

M � G : �i ®���k�¤�`�i�@��¯��QA_�i��� : 2 �
��� �

M P / H ;_C H :w23,.0A/@2A:<= : C W BDC 	 
 ;�>t7 Z14�0FK1487 ;_41^
a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]nfe l



� ���-,�.+$�� ��/ ,���%�.8� ����� ) � % ���:� ) 1���5

�_^ � H�� � � � P ��� � � � P>��� ���� � P>���
½M^ � H�� �Ojlv mU?iv{n?e � qJn?oprks � f(n � e[u?rAg]his<n J � �cN �"C^ < jlh q(L)?infJ	� H�� � ��
P ���� N
�e ^ � H�� � � � P ����� � � � � � 
 ������� 
�� H�� � K � ��M^ � H�� ���� � P�� � �hC^ � H�� �Ojlv mU?iv{n?e � qJn?oprks � f(n � e[u?rAg]his<n J � �cN �SM^ �

z%x H n�swq"?(hin�q > mJ}in F
� � P � ��J � �� � P % ��J�� � KML!NPORQ �,S V � ��� � K! K W % K

z%x H n�swq"?(h�opn�s<sJjl|]n f%g]h qMv n�qJn?oprkstf(n�m?g]o oK?ihix{m�j®qJx{g]h�f(n q > mJ}inO0Yq > m }(n�n�swq \3g]e[hiu�rijle�E�iF
� � P � ��J)�E�

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]nfe �

� ���-,�.+$�� ��/ ,���%�.8� ����� ) � % ���:� ) 1��&5
T1

T2

T5
T3

T4

Processeur a Processeur b

M1

M2

Bus de terrain

<�> m }in �_u?e[x g%f(n �Ojlrkjlm?x qJu �.e<x{g]e[x{q<u �8e[g m?n�sJs[nU?ieG 4 �_^C^ e � jG  hC^ � ½ jG ) �_^C^ " ½ \G , hC^ ½ � \G ' � ^ " " j

-­n�sJs<jl|]n �_u?e<x{g%f(n + u?v jlx_f%n�m?g]opo ?ih(x m�j®q<x{g]h�f%n�q > m }(nO0Yq > m }in� 4 �_^C^ h�  hC^ �
a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n��M^



� ���-,�.+$�� ��/ ,���%�.8� ����� ) � % ���:� ) 1���5
7 7�:<Kt7�4 W�� T@Q%S@T = D �<F � H 2 J

-­n�sJs<jl|]n^b < > mJ}in � 4 �  G 4 G  G ) G , G '
� � ^ ^ ^ ^ ^ ^ ^
� � h � e � � ½ ��½

7�� 0A485 :��.0A4 :[23,�0A/O2A:[>t7�� H :<Kt7�4 W�� TUQ��OT = ¥²�.�@� `O�k�'�]�`��� � �`�l�l�(� 7 �k�¤���(�@�
�]�i¥ �O ��@�§�]¯(�M���@ l�¤� � � 4 2 � G�4 @ � �  2 � G , @ � G ) 2 � � 4 �%� � G  2 � �  �

-­n�sJs<jl|]n^b < > mJ}in � 4 �  G�4 G  G ) G , G '
� � � 	 ^ 
 � ^ ^
� � �
��� 
���	 �
��
 �
���


 
�� 
�� e 
 
�� 
 
�
 ½ ��½

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n��(�

� ���-,�.+$�� ��/ ,���%�.8� ����� ) � % ���:� ) 1���5
7 +�4.C L�:��.564 :[23,�0F/@2A:[>M7�� H :[Kt7�4 W�� TUQ��OT = ¥²�8�@� `O�k�'�]����� � �`�®�]�(�97
�k�¤�`�i�@�D�]�i¥¦�O ��@�§�l¯(�9���@ l�'� � � 4 2 � G 4 @ � �  2 � G , @ � G ) 2 � � 4 �(�
� G  2 � �  �-­n�s<sJjl|]n^b <�> m }in � 4 �  G 4 G  G ) G , G '

� � � 	 ^ � 
�� ^ ^
� � �
��� 
���	 �
� � �
��
��


 
�� 
�� e 
 
�	 
 
�� ½ ��½

7�4 0F>t: W :��.564 :w23,.0A/@2A:<>t7�� H :[KM7�4 W�� T@Q��1T = ¥²�.�@� `O�k�'�l����� � �`�l�]�%�
� � 4 2 � G�4 @ � �  2 � G , @ � G ) 2 � � 4 �(� � G  2 � �  � � � �l�]�(�l ��`�@�i���l�`Y8�@�( a�� ¥ Ri¥²�¬�]�i¥ �O ��@�§�]¯(�9���@ ®� a �i��� A_�(�]³��i�@�i���(�¬�'�®� R(���@�i ��k�¤�`�i�@�� (�

-­n�s<sJjl|]n^b <�> m }in � 4 �  G�4 G  G ) G , G '
� � � 	 ^ � 
�� ^ ^

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n��]½



� �p��.8� ��� 0 � ) / $��f. ��,','0���(D� )@���&%�.+)U���-,�. ��/ � 0 ��/ ,¬� � )@���f.

����¢��£�¤�i�i¥¦�i�����@�§�*¨¤�*©@�i i�
¡8�¬«­�����®�*�¤���_�]�i ��@�R�@�]¯(�i¯i�@�i�@�i�'�
ªU�¬±¬�]�@���@�O�¤�@�i�i¥¦�i���¬�@�R¥²�( l ]�¤³��i i�
° �¬«­�����®�*�¤���_�]�i ��@�RµM���U���i��µ9���U�k�
´8��·¸��¥¦�i�@ l�����@�@�(¥²�i�_���@�§�*�¤¥¦�9���@ (�

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n�� "

� 	������%
 �

�O� � � ��!�� 	 �I��� � � �f! �^� � ��	���!��'� ��	�� � 
I�'� � �6��� 	 ��!

7 N `O� �@� R
����·¸¯(�]�%�]¥²���@�%�����d�*�¤�`���`�§�@�( ��*�¤¥¦�M���@ ��"`O����? ¯WA8�`�]�%���@� ¯EA_�i���l�@�i�
�@¯(µM�¤�]�@�i¥²�(���

¡8� +#,�234�0'5 :<7�4�0 H 4 -Y:<0A4 J , H /1: J 4 56,856>10': W /@2A:<>t7 J
	 C�7 564 WkW /OK14
2�3 ;�/ H ;_C H L�> H : W 2A:JBDC�41^

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n�� e



� ����� %�.U����%'%¬��� � %&)�$�� )U�p�-,���% 1�365

ServeurFile

Loi d’arrivée

Loi de service

798 \�: 4<;¤2A:<= = �@�i l�(�l�`�@�]�`��� �������'�l�]�XA_¯i��� �%���`���D l�(� A8���i� � �9���U���¤µ@�]�i�@� �
�@�i ��(�]�`� �(�]�i ��@�R�M�(�]¼w�¤�]¥;�¤�@�(� ���*a¸�@��¥�µ@�]�§�@��¥²�( l ]�¤³���@�� a¸�@¯i���¤���@�
¥²¯i¥¦�¤�]�� ]�'�l�����;��? �@�
¥²�i l ]�¤³��.
%�1d�� �l�]�`�SR��S2�� �	���

7 ���¤�*�'�]�����#�@� �_�(�@�O�¤����R ��P � P'� R
M � R1�`���D��? �'�l�l�BA_¯i�§�@�i ��(�����(���] 6� i @ � @ · 
%�
M � R1�`���D�@�� l�%� AU�`�i���@�i ��i���`�i�_�] 6��i+@ � @ ·�
 �
M � RO�@��¥�µ@�]�§�@�� l�%� A_�i�U�] i�
M : D@�i¥¦�O�`�i �R�

��
�� � @�

�"P�� � @�
������ � @ N � N � � @ �`���
a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n����

� ����� %�.U����%'%¬��� � %&)�$�� )U�p�-,���% 1 � 5

7 E : H 4 J
	 /@2k234879234 � � � � � 9 7 F�� T >1@ =
; 8 rie[g%fB?im q<nU?ie<s9n qY��m?g]hks[g]o o j®q<nU?ieC@; �@g]h q<e<jlx{h q<n�stq<n?opr3g]e<n?v{v{n�sDf(n�stq > m }in�ste<n�s[r3n?m q<u?n�s9n q � H�� ,-� 6 (*�U@; �'g]x¤f(n�m?g]hks[n?e Dlj®q<x{g]h!fB?�f(u&\ix qGF��� 6 = @
; ��opn�sJs<jl|]nDrie[g(f0?ix{q9g�?­m?g]hks<g]opopu rkjletjlm qJxEDlj®q<x{g]hA@

7�4 4 W 2 J 4 =?/t: W / \ : H :w23, =
¢ ���U���@� � �i� �@�§�*¨¤�*©@�i �©O�'�]¥¦���@�`Y8�@�( �R

� ����� P : ? 8� ����� P : ? 8 ? (��� 0"!
: ���O�¤�@ ����§�k�¤ ��i���_�l�*�¤� �]� R

� ����� P : ? 8 J =
� ����� P �;: ? 8 J = � ? (��� 0"!

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n�� h



� ����� %�.U����%'%¬��� � %&)�$�� )U�p�-,���% 1���5

ATM ATM

AAL1
AAL1

Producteur Consommateur

Gigue

� �¤j qJjlx v{v n�o�j #%x{o ?io f(n�stqJjlopr3g]hks1e[u?|�?iv jlh*qDv n q<e<j � mYf(n�v jpm?g�?imJ}inYf(n q<e<jlhks<r3g]ewq 0f(u&\ix q � #%n�f'! �1< - n�s[q9f(nfF
� ����� P V � ������ W

g�� � ����� P : ? � H ��� � @%n�swq $MX7E $`a Y ��[_%.e�
X
 � $ %�\ 
�
 %.V�V�a D a $ %dR^\Mg�e>
AX-Y D X-YCY_%��.X0Y
(%.e Y $MX R&%�D�E g�e6X)R�� H ��� ��P � ��� � H ����� < � ��� � H �g� 0 @
�	� v{vH?is[q<e<j®q<x g]h�f(n�v jpv g]x_f%n �'x q[q<v n J�
 ����� P =�� � N�F

� ��� � P 
 ����� � �����
a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n�� S

� ����� %�.U����%'%¬��� � %&)�$�� )U�p�-,���% 1(� 5
7 ���¤ ®�R�@�R�£� �@¯(¥²���@ ®�l�*�'�l�����2R
��@�
#� $ %�\ 
AX D � D g�[�\`Y&%dR^\Mg�e��

� ����� P ����J = � ? (��� 0 ! Je, �� 0"!�­opn�s<sJjl|]n�s1f(u��[j rie[u�s<n?h*qJs9fijlhks1v n�qJjlo r3g]hA@ ��� 8 
]� q > mJ}in�m?g]hks[g]opo j®qJnU?(e^@½B@�� g�[^eAX eAgZD � [CX 
AX�D X-YCY_%��.X��
� ����� P������� � ! �

" 1O 	  $# L !&%('*) V � ����� J,+ O 	  $#( O 	  $# W < �.-
+ O 	  $# � f(u�s6�%him }ie[g]hix s<j®qJx{g]h�f"! ?(h�r(e<g%fB?im q<nU?ie(D%x s0/ 0�/ D%x sMfB?!m?g]hks[g]opo j®qJnU?(e^@

"d@	1 � RUX0e R^\Mg�e f%n � ������rkjletu qc?if(n�s9j ? # v x{opx{q<n�sDs ?ie2�$@3c \(q<n?h q<x{g]h�f(n � ������rkjlejlrir(v x{m�j®q<x g]h�f(n �'x{q[q<v{n�@

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n�� l



� 	������%
 �

� �f! 
�� �

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]n�� �

� /f.���� /

7 ·§�Xd²�i�@� �]¯i�i � l�U�@�O��¯(¥²�i�_�*�¤�`�]�( ����`¯i�i  � �����]¯(�1�'�®�]�`�]�`���9R
M �����ED@¯i�(�U�]��¼ @1��? �i  ���O�`�@ � l�\d¦ ]�¤��� R@�@�]�8�i�( l l�i�U�	7 �]¯( l�k�¤� D 7
¥²¯(¥²���`�]� ��³�¯(�]�(��³����¤µ1�¤�`�i¥²�i�_�k�

M ¢��£�¤�i�i¥¦�i�����@�R�]¨¤� ©@�( i�
M ±¬�]�@���@�O�¤�@�i�i¥¦�i���¬�@��¥²�i ® ]�¤³��i i�
M ·¸��¥¦�i�@ l�����@�@�(¥²�i�_���@�§�*�¤¥¦�9���@ !�@�R�i��¥²¥d�@�@���k�'�l�����@ i�
M «­�����®�*�¤���_�]�i ��]�i¥¦�M�¤�]�i���`�i !�@�RµM���U���i��µ9���U�k�

7 i �'�l�U�]�`�]¯§�@� �@��¥;�¤�`�@�§�1�¤ ��i�@�i�¤�l���'�l�]�(���_�]�SR
M ¢ �i�
�@�R�]¯i ®�@�`�*�'�] !�]©@¯i�¤�l�`Y8�@�( �Y8�@�D ®�� l���`�i������¥¦�M�� l¯i i�
M ·¸¯(�]�%�]¥²���@�` l¥²�QPF�@�l¯i�i�� ®�����#�@¯i�i�i l l�¤�`�]�i¥¦�i���¬¥²�����@ ­µ9��� � �k�¤�@ ®���@�i 
�i��¥¦¥��@�@�`�k�'�]�`���@ i�

M d ? �ED8�9¯(�l���i�@�i�§�@�]��¥¦�R�i�@�(�¤�]�¤���`�
a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]nihC^



� 	������%
 �

� �f�<	������ � !

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]nihi�

M ��� � �?i �¤���@¼[�¤�(�]�¤�]�`�@³ N �U�]��¥;�'�]�`��� ¢��]�¤�]�.�i��� �
M P ��� �1«­�����®�]�����`�(� N �l�k� ���(� �­�¤� �9�
M E ; � ���t�¤�(�]�¤� [;���@ ®�®�]�@¥²�i�_�*�'�]�`���
¢��l�¤�]�8�i���J�
M E ; E 8 � � �`�]  ����� � � �] ®�¬±¸�U�i�
M ��� P �1i �i�@���@¥ N �i�i�i ¬«!���_�l�]���J�
M � � 8 E ;�� 4 H �1¢��]�.�i�i l &� ���i�`� �­�@ i�
M P H ����� P � �O«!�'�l�]�`�(� �8�i�@�i� i �@�`�l�`�O��� N �i�i�i l ¬�¤�@� «­�������` l�����
·¸�(�]�(�(�]����� N A_�����O�¤�@�i�'�

M 4 +���� � B ��¥¦�§·¸�XAU�� ®����� i �@� �]�`�O�`� N �i�i�( l i�

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]nih*½



� 	������%
 �

� ��� � �<� ����� !

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]nihZ"

�����	��

�������������������������� "!#�$�"%��" "&��	')(*��+,&-�.+/+/021
 �3�45 76809 :�;4<6/45�>=�1.45 "45=.�"+
3)�"?96>02@"�>=BAC4D+/+/=��E@F?G��6/HI=��>3J+LK
��(M45AN�" "09A5�.?O�845@�=.�/65P"Q	 "02R
4<�>+/026TSU=�H*V	=��/6>�
W ���>=.?90G ��;P�X�



�;�

����YM�[Z�\��J]�����?G��^C45_L09A<^
�L'`�BAN�;45!"��?909 ;1�a	4<@�45 "!��. 
6b(c�.+,&;+E_L096>�dae02f�4<�/4D 
6
�b�/�>09R��.?O(8093g45+�6>=Jh:4<4<68a	4D�.!"?909 ;4D+bK
��iT O�kje45?245 "!"4
��lm���n450G?9 ;4<�poq45!"+�rsP
h#=B!;45?90G ;1J�� �!-tc4<�/HI=��>3��� "A<4vu�R.��?G����6>09=
 U=�H W =.3g@��;6/45�b�wS;+,6/453J+<P
�	3J+,6/4<�>!F��3:P;V	=�6��Bxyl	=.?9?G�. "!OPOz5{7Z�\;�

����Q	�|{�}��g�m�����;��A������>!OP�]"�"YM024<~�45�;45�/�5PB�`�F���OP��� "!����"lm�F�;=. O�b'`�	+/+/021
 �09 ;1
�/4���?�x�6>0G3�4e6��.+,&;+E6>=`��=.3g=.1.45 ;45=
�"+83)�"?96>02@"�>=BAC4D+/+/=��E+,S;+,6>453g+bK.�n]
�� w�����/S
z5{
{�}"�

� W lb��{.���J��� W ����6/6/45�I��454p�� "!#]"�k�B6/�>=.+/ �09!;4<�5�	')ae09+/6/�>02~��"6/45!d@F02@�45?909 ;4
+/AN�;45!��"?909 ;1��;45 �!Bx�6>=�xy45 "!-�	 ��.?2S;+/09+E=�H*�;456/4<�>=�1
45 ;45=.��+<P�3)�"?96>0�x��/4D+/=.�;�>A<4
�/4���?�x�6>0G3�4�+,S;+,6>453g+bK.�Lz5{.{.�;�

� W lbu�{�
��glm� W �;4<6/6�="P�h��k�B0G?9?2S$P"�� "!:(v����=.��A��;4D 
6>=
�;HT�e')a	S; ��.3g09A
�BAN�;45!��"?909 ;1�=�Hc�84���?�x�6>0G3�4e(*��+,&;+8Q	 "!"4<�Lt��/45AC4D!;45 "AC4 W =. �+,6/����0G 
6>+�K
�n�8�>�.�

a9bdc9e<f(g]hihkjlhim?n?opn?h*qMq<n?oprkste[u?n?v_e[u?rkjlewq<x`yAz%x{hi|]}igl~��ieJjlhi� ��jl|]nih e



����� �����
	��y� � 	�
 ��� �������T�����k��� ��� �k�
��� ��� �����.� ��������� ���! "� � � ��# �.�
 ���%$�� � � �'&����
	��T� � 	CP"X"o �
r	�Gz)(;z�*kzD{�}"Pk�B4<@"6/453m~�4<�pz5{.{�
"�

� W iy��{.{�� W iT�	h#ub���,+�	<�>� ��-/. ���y�����/� � �F��u�!"096>09=. dlb4<��3105+5POz5{.{.{"�
� W �e( 
.
���%�� W =.6/6/4<65P"]���a	45? ��AC�>=.032$P W �"�p�.09+,4<�5PF�� "!54*�Fh���3J3�4<��0 �

6 � .7� �8���9� # � � �!���:�y� �%$ 	;�<+>�<����lb4<�>3=05+<P"X�


.
"�
� W �eQ|{�}���j`� W =
�"?9=.�;��09+<P"]"�Fae=.?9?90G3g=��>4
P;�� "!#(v�;�v0G "!;~�4<�/1��?> � 	!�@� �@A!� �T� .

B �
	��y� � 	DCE � � # � $ �@	p�9� . >m��	 � &
�8
GF�� .IHJ.�K �8!"!"09+/=
 BxML 4D+/?24<Sdtn�;~�?90G+/�;4<�>+
Y 6>!O�9P z5{.{�}"�

� aeu W {.\���(v�"a	45A�&.4<�D�b')(L�;�/4<4 t*=�@��"? ���L�MR;09=. "0GA<+Ea���6���~��"+,45+eK
�n�8�>�.� ���N� �
O �P&
�PQ � �$�CP o X7re��X.{R*B��}"P"�b@"��09? z5{.{�S;�

� ael	� Z9(��J�$��ae����?G? �� "! W �"YM09�O�L'g�e -�`�/4D��? 6>093g4e+/A��"45!"�"?90G ;1g@��>=�~�?24D3 K
�
6 $ ���/��� ��� �T		�L��	5�/�9� #!� P�X�SU�9z5X7Z)*kz<}.
�P z5{
Z�(;�

� a,L � {;zs�g]"�Fa	_8S.45�b�� "!:�m�"iy=7�� " "=.� �:UM��	V�<+�	5�/� ��- � �)# � ��-W� � .9� 	!�@� � �<�X	 OZY\[
�D� � 6 [ � un!"026�09=. "+bh#�.+/+/=. OPF3J���>+�z5{.{"z.�

� l	un�|{�S��ga)�"lb4D��! �b'`h#iTYOx,�B(8abx�zD�.�.�.� K
�n�L�/�
� ����� � O �P&.�RQ � ���<P
o X7re��X.�R*BX�(;P"�b@"��09? z5{.{�S;�

]"^Z_"`MaRb!c
c9d�c
e�f�gJf�cDh�hMf�gJi9jk`ml�f�nT`ml�i9d�`@hMoNp�qPorc
s!t
b�uIv
`wd�c
x y8d�s!f{zD|

� �m�v��{.���gt*��]"�F�	=w=.@�3J�. O�8')(L093�4eae02R;09+>09=. :h#�"?96>02@�?24p�EA<AC45+>+JL 026>��=.�;6b�
���"+	h���+,6/45�	K
��(M45AN�" "09A5�.? �L4<@$=��/68�b�Ex�{.��
.
.}wZ�
"P"Q	 "026>45!-(M45AN�"=.?9=.1
0245+
�L45+,4D���>A�� W 4D 
6/45�5P�].�� ;4JzD{.{.�;�

� YMun� {
����Y��BY 4<~$=.�"AN�;4<�L�. "!d]"�"�	���w6>4<HI�. "0 �L'm�8!"3g0G+/+/09=. W =. 
6>�>=.?�45 "!;x�6>=�x�4D "!
ae09+/6/�>02~��"6/45!:��0G "!"09 ;17+bK
� @F��1
45+pzD{.XP*BX�
7(;� W �p�B( X
�;z.P"Y 45AC6>�"�/45+8V	=�6>45+809 
W =.3�@F�;6/4<�b�;A<0245 "A<4
P~}�=.?�z<

�.X"P"V	=5R.4D3m~k45�vz5{.{.�"�

� YMu�j[

���g]���Y 4<1.���� �!OP"%��k�;09 ;1
�"=.fcP�Y��"Ve�� F�;P�Yn�"h����>A!�
PF%���ae�;@$=. 765Pk�� "!
lm��le�
�F!"0 �L'`�L~$=.�"6b��=.�" �!"+L=.H*���"fk45�>+b�B�F���/45!-~7Sdtc4<��09=B!"09A�(*��+,&;+p�;6>�;4
iT�bh#��@��>=��,45AC6	K
��iT d6��;4�z5��6��-un�;�>=.3J09AC�>=)iT 76/4<�> ���6>09=. ��.? W =
 ;H 45�/45 "AC4 =�H
�L4D��? (8093g4v�wS;+,6/453J+vo�L iTt �B45+/+/09=
 FrsP�t*=.�/6>="P�]
�"?2S-X�



�;�

� YMiyQ[Z���� W �;Yn�"YM09�-�� "!#]"�8L[�"YM�5S;?G�� "! �L'��BAN�;45!��"?909 ;1J�	?21
=��>096>�"3J+�H =.�
h#�"?26�02@"�>=�1
����3J3g09 "1`09 -�`le����!-�L4D��?�xy(L093g4	un 7RB09�>=. " "3g45 76bK
��� �9� ���k�.� ���
� � � Y 	�	 �)#!� ��� ��� � ��� �� ���%$�� � � �'& O � #!�7� �������.P�X.
�o,zDr	��}�SP*'S;z
P�]
�� w�����>S
z5{7Z��;�

� ��l|{
���)�`�k�e�:�� "!#�$��lm�F�B=. �b')(L021
�768tc4<�/HI=��>3��� "A<4 ��=.�" �!"+8=�H*lb45�;��09+,6>09A5+
HI=��b���84���?�xy(L093�4v�BAN�;45!��"?909 ;1Jt��>=�~�?24D3 K
��(M45AN�" "09A5�.?O�845@�=.�/65P�h��5S z5{.{.�;�

]"^Z_"`MaRb!c
c9d�c
e�f�gJf�cDh�hMf�gJi9jk`ml�f�nT`ml�i9d�`@hMoNp�qPorc
s!t
b�uIv
`wd�c
x y8d�s!f{z!z



� ��l|{
���)�`�k�e�:�� "!#�$� lm�k�B=. �b'm%*0 2;45!;x�@"�>09=.�>026TS�+>A��;4D!"�"?909 "1g=�Hc@�4<�>09=B!"0GA
6��.+,&;+8=. :3)�"?26>02@��>=BAC45+/+/=.�8+,S;+,6/453J+LK
�8z5{
{.�;�

� tnQe]�{.���Uj)�"tn���/=.?9?24
�?U ��	;�<+�	5�/� ��- ��u�!�026>09=. �+Eu�SB�>=
?9?245+<P;!T�5AC453m~"�>4gz5{.{
�;�
� �bi W 
"zs��t*�F�L09AN������!OP"%�� W =�6/6/4565P"�� "!#h �F�L0GA������>!O�b'��e -?G09 ;4 �BAN�;45!��"?909 ;1J=�H

�L4D��? (8093g4eae09+,6/�>09~��;6/45! W =.3g@��;6>4<�>+ L 026�� W =.3g@�?24D2 W =
3g3)�" �09A5��6>0G=. 
W =. "+,6/�N��09 76>+	K
��Z�6��-iT 
65� W =. "HT�F=. dun ;1
09 ;454<�>09 ;1J=�H W =.3g@�?24D2 W =
3�@��"6/4<�
�wS;+,6>453g+5PF�w&
=DR;!;4Jo��B_n4D!;45 FrsPF].�" ;4)X�
.
�z.�

� �B(L��{�S���lm�k�w6/�N��+/+<�	')%F�.AC6>=��/SU%*?9=B=��bVb4<6y_�=��>&B+Lt��8��%*iT��Q�� �;6>�;4  ���6>�;�N��?
AN�"=.09A<4mK
�n�8�>�.� ����� � O �R&.�PQ � ���CP o X
re�XSP*'(;P"�b@"��09? z5{.{�S;�

� (LiyV�{�}��J��� L[�B(809 "!"45?9?$�� "!d]�� W ?G���>&��E'ml	=.?G09+,6>09A	+/AN�;45!��"?G��~�0G?9026TSJ�� ��.?2S;+/09+�HI=��
!"0G+,6/�>02~F�;6/45!:�����>!-�/4D��?�xy6>093g4	+/SB+/6/453J+LK.� O �@# � �!$ � �)# ��	�	 � �'&U��� .
O ��# � ��$ � � &
�/� �I�I� �'&.Pk}

�o X�xT�7r	�9z.zDZP*kz5��}"P��L@��>09? z5{
{�}"�

� Q	tnu�{�}���t*�"Qb@k4D "!����	�� "!#t*��]"�F�b=B=�@F3J�� �8' W =
3g3)�" �09A5��6>0G=. �t��>=.6>=BA<=.?9+
HI=��Lun3m~�45!"!;4D!:�wS;+,6/453J+LK
� H �=A � .7. � . B �
	��y� � 	 [ � � &9�,� �I�I� �~&�P
Z;o/z.zDre��}�SP*B��("P"V	=5R.4D3m~k45�vz5{.{�}��

� � Q�{�
��J]�� � �:�� �!:a)�"t ���> ���+<�e'`�BAN�;45!��"?909 ;1�t��>=BAC45+/+,4D+E_L096>�d�L45?24D��+/4

]"^Z_"`MaRb!c
c9d�c
e�f�gJf�cDh�hMf�gJi9jk`ml�f�nT`ml�i9d�`@hMoNp�qPorc
s!t
b�uIv
`wd�c
x y8d�s!f{z��

(L093�4D+<P;a	4D��!"?G09 ;45+<P�t��/4DAC45!;45 �AC4
PF�. "!-u{2"A<?9�"+/0G=. d�L45?G��6>0G=. "+LK
��� HGH{H
� �/�9�8	C� # � �@� �8	 � � B � � �����9�>� H �~& � ������� � �~&�PMz)S"o �7r	����S�

*B��S.{;Pkh����>AN� z5{.{.
"�

�X4�unY {�S���lm� 4k4D?26y_E�� "1.4<�5�	' W �	V�09 d0G "!"�"+,6>�>0G��? �L@�@�?909A5��6>09=. "+bK.���8�/�
� ����� �
O �P&
�PQ � �$�CP o X7re��X�

*BX�}"P"�b@"��09? z5{.{�S;�

]"^Z_"`MaRb!c
c9d�c
e�f�gJf�cDh�hMf�gJi9jk`ml�f�nT`ml�i9d�`@hMoNp�qPorc
s!t
b�uIv
`wd�c
x y8d�s!f{z	�


