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r�� P* [qv��kBd§^up4^edokJ`�`NP/t*kJ`h^ec��J�oP�qv��av\���� pJt"t$M"\&r]P��gp�t*pJc�^_P¥P"`���P<t�^eavceP�P$^�b<t$c_d§^_aNc_P�rvpm`v\��gp�O�b*O�kJdoceP�¨
c_doP*`�`NP��9� P"O¥q�2"tuLvP/r]P/t$kBcec_kJO�qNc_P¥rNP"\�r]kB`N`Nb"P"\�`NP��oaNd@pJqNqvpJc�^_P*`vpJ`B^�qvpB\*����P/\eZ[\�^eM"O�P/r�� P* ]qN��kBd§�
^up4^_d�kB`©O�aN��^edoqN��P* ]P���P<\/pJt"t$M<\/pma] �t*pJc�^_P"\"� �j� a]^edo��dg\_p4^edokJ`¶\ed�O�aN��^_pm`vb*P�r�� aN`NP�t"pmce^eP�qvpJc/qN�oav\ed�P"aNc_\
pJqNqN�odot"p4^_d�kB`v\Sq>P*aN^&r]kB`vt¥r]P*�BP*`Ndocst*kJ`]��dot$^eaNP"���oPJ�>i pmc&P$ ]P*O�qN�oPJ¤>�oP�qNdo�okm^eP L�� �mL����eS�UoQ���`�� pmaN^ekm�
c_dg\�P/�9� kJaN�BP*ce^eaNc_P fhaNP�rNP/^ec_kJdg\�q>kJce^_\"�,:j` pBr]O�P$^�^upm`h^¥fha�� aN`NP�pmqNqv��dgt*pm^edokJ`�`�� p�¦>P"\ekJdo`�fhaNP�r�� aN`
\eP*av��q�kBc�^2P$^Sfha�� P*�o��P�\_pmd�^2rNb$^eP"ceO�do`NP*c�\ed�aN`�q�kBc�^�P<\�^�r]dg\�q>kJ`vd�¦N�oPJ¤]do��`NP&q>P*a]^�Z pD�BkJdoc¢qv��av\�rNPU^_cekBdo\
pJqNqN�odot"p4^_d�kB`v\2t$kJ`�t$kJavc_pJ`B^_P"\"¤]t$P�fhaNd�`�� P"\�^�qvpJ\�pJce¦vd§^_c_pJ¦N��P&\_pm`v\2�oP�\�Z]\�^eM*O�P�r�� P$ ]qN�okJd�^_pm^edokJ`��
K
kJa]^_P"\��oP"\¢d�`h^eP"c���pBt$P<\¢r]P&t$kBO�O�aN`Ndgt*pm^edokJ` t*kJ`h^eP"O�q�kBc_pJd�`NP<\jq>P*c_O�P$^�^_P*`h^�r]P"\2t$kBO�O�aN`Ndgt*pm^edokJ`v\

P"`�P<\�q�pJt$P&a]^_d��odg\epm^eP*avc"� �@� do`h^eP*ce��pJt*P&qNceb<t$aNcu\eP*aNc�rNpJ`v\2��P�rNkJO�pmdo`NP&P"\�^�R�� `NP$^ [ �m�Y\ �

=�&�=�&�= � �� 5 �"� 6��<�]6�° 5 � &  &�° 5 5 �  [��µ�°�´ Nµ  [��s  ��� 3��  h²
	�¯ �
� �sP$ ]dg\�^_P�r]P*aN �O�k4ZBP*`v\/rNP�^ecupm`�\��ªb"ceP"c r]P"\�r]kJ`v`Nb*P<\/P*`h^_ceP�av`NP+t"pmce^eP�P*^ �op O�b*O�kJdoceP�r�� aN`

i�9U���%p�^_P"tuLN`NdgfhaNP�qvpJc�P*`h^ec_b*P<\u®m\�kBc�^_d�P<\�qNcekB�JcupmO�O�b*P<\@qvpJc��oP�qNcek]t*P"\_\�P"aNc"¤NpJqNq>P*�ob&^ecupm`v\��ªP*ce^�� ���
-tL ���/�,� 
��%�-��� G ����� � �n��� � ��� � /���pmd�^�^ecupm`v\ed�^eP*cs�oP"\�r]kB`N`Nb*P<\&rNpm`v\&av`NP �*kJ`vP¥r]P�O�b*O�kBd�c_P�c_b"\eP*c_�Jb"P
pJa�\�Z]\�^eM"O¥P¥r�� P$ ]qN�okJd�^_p4^_d�kB`�pD�4pm`h^Sfha�� do�g\S`�� pmc_c_d��BP*`h^S¬��gp t*pJc�^_P -ªkBa�d�`[�BP*cu\�P"O¥P"`h^"¤�¬/�op�O�b"O¥kBd�c_P]/
-ª«v�v� |9/$� �%p�^eP"tuLv`NdofhaNPUqvpmc2pJt"t$M<\¢r]doc_P"t�^�¬��gp�O¥b"O�kJdocePB¤hpJqNq�P"��bS^ecupm`v\��ªP*ce^ �L . - F0��� � ��� H ���-�,��A
� �����#��� /$¤@\*� PVU P"t$^eaNP+r]d�c_P"t$^eP"O¥P"`h^ \epJ`v\��9� pJdor]P�qvpJ\_\�P"c�qvpmc ��P�qNc_k]t$P<\e\eP*aNcN-ª«v�v� ��/$�@i5kJavc���pmdoceP�av`
^_c_pJ`v\��ªP*ce^ [ �Y\ ¤%�oP/qNc_k]t$P<\e\eP*aNc�t*kJO�O�P*`vt*P/qvpJc�d�`vd§^_dopJ��dg\�P"c��oP"\�c_P*�Bdo\�^ec_P"\�rNa�t$kJ`h^_c�B��P"aNc0FUT �-pD�JP<t
�9� pJr]c_P"\_\�PSO¥b"O�kJdoceP&\�kBaNcut$PJ¤B�op��okJ`N�BaNP*aNc2¬�^_c_pJ`v\��ªb*c_P*c<¤BP*^��9� pBr]c_P"\_\�PSrNPsr]P<\�^_d�`�p4^edokJ`%� �%Pst*kJ`h^ec��J�oP*avc
FsT � �oM*�BP&aN`NP�do`B^_P*c_ceavq]^edokJ`�aN`NP&�ªkBdo\��oP&^ecupm`�\��ªP"c�^�pJt"t$kBO¥qv��d9�%�j� kJq>b*cup4^_d�kB` do`Nd�^edob*PJ¤���P�qvcek]t$P<\e\eP*avc
P<\�^�pJ��kBc_\��od�¦Nc_P�r�� PVU P"t$^eaNP"c�r�� pJa]^ec_P"\�^=SJtuLNP<\*�

�@� P"O¥qv��kBd
r]P��9� aN`�kJa�rNP���� pmaN^ec_P�P"\�^S�Jb"`Nb*cupm�oP*O�P"`B^�tuLNkBdo\ed%q�pmc��9� do`h^eP"c���pBt$P�r]P�t$kJO�O�aN`Ndgt*p4^_d�kB`
qvd��okm^upm`h^��op�t"pmce^ePB¤�¬�qvpmce^edoc�r]P��gp�^_pJd��o��P�r]P/r]kJ`v`Nb*P<\�¬�^ecupmd�^eP"c��4� �j� pm�o��avceP�r]P<\�t$kBaNce¦>P"\�r]P/t$k�y]^_\
P"`�^eP*O�qv\�qvpmc�cupmqNq>kJce^�¬��op�^upmdo���oP/r]P<\�r]kJ`N`vb*P"\�^ecupm`v\��ªb*c_b*P<\srNP/t$P"\�^eP"tuLv`NdofhaNP<\ - «��v�%��/�O¥kB`h^ec_P
fha�� do�NP"\�^jqNc_b$�ªb*cupm¦v��P2r�� P*O�qN�ok4ZJP*c �oP�^ecupm`v\��ªP*ce^ i ��EFq�kBaNcj�oP"\5O�P"\_\epJ�JP<\�t*kJaNce^_\5P*^j��P2^_c_pJ`v\��ªP*ce^ FsT �
q>kJavc��oP"\�qN�oav\2�okJ`N�h\*� �%p¥t$kBaNc_¦�P&t$kB`vt$P"ce`vpJ`h^¢�oP FsT � qNc_b"\eP*`h^ePUaN`�^eP*O�qv\�r�� do`Nd�^edgpm�odo\_p4^_d�kB`�¨[d���P<\�^
� y�� � o*<9r�o�|]q_nOu } �Yo(l9mYo��Ol6mYo�p�n } qvo�z}� x=r�o�p��qvo��O�Oo�p,l6mYo������������ l6mYn�| o�zw~Io?q_q_o } q�yc� � m9qvnO�OnOpvxXqvo�mYz��Yo(rtsYu�nOpvnOzE�Oo�~Iu9�Yo�Yo�qvz_x } pw��o�z}q
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Carte d’entrée/sortie
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K
c_pJ`v\��ªP*ce^�qvpmc¥P*`h^_ceb"PD®4\ekJce^edoP�qNc_km�
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1

Carte d’entrée/sortie

Controleur de bus

CPU

Mémoire

3

2

Controleur DMA
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K
c_pJ`v\��ªP"c�^�qvpmc�pJt"t$M"\�r]doceP<t�^�¬ �op

O¥b"O�kJdocePB�

rTy�¬¥�gp�\eZ[`vtuLNc_kJ`Ndg\epm^edokJ` rNP"\�t$docut$aNd�^_\�r]a�t$kB`h^ec��J�oP*aNc�FUT � pD�JP"tS�op¥O�b*O�kBd�c_PUP*^�¬��gp¥ceb<\�P"ce�4pm^edokJ`
rNa�¦vav\2i�9 ���

Taille du message

Temps de 
transfert

DMA

PIO
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�
�S���oaNc_P&rNP��op�t$kBaNc_¦�P�r]a�t$k�y]^�r]P&^ecupm`�\��ªP"c�^�r]P�r]kB`N`Nb"P"\"�

=�&�=�& X � �� 5 �][  #�D² &� &
° 5n5 �  [� w  #�D��� 5  �´� �D²  �4�[�� N���  5 ��´B°&s 6  6 5 ²� #�4��� &n6 T6 �� 
�
p�qvcedo`vt$doqvpJ��P�t*pJav\�P�r]P�\�avc_t*kKy]^&��kB�Jdgt$doP*� fhaNP���P<\s¦Nd�¦v��dokm^_LNM"fhaNP<\�r]P�t$kJO�O�aN`Ndgt*p4^_d�kB`�^_P*`h^eP"`B^

r�� b"��doO�d�`NP"c�t$kJ`�t$P*c_`NP��oP"\sc_P"t*kJqNdoP"\SO¥b"O�kJdoceP�d�`h^eP"ceO�b<r]dopJd�c_P"\sr]P<\Ur]kB`N`Nb"P"\sfBavd5\ekJ`h^sqvpmce�ªkJdg\SP6U>P<t��
^_aNb*P<\2P*`�b*O�dg\e\edokJ`�kJa�P*`�ceb<t$P"q]^edokJ`��

�%P"\�ceP<t$kBqNd�P<\�P"`�b*O�dg\e\edokJ`�\ekJ`h^%^�Z[qNdgfhaNP*O�P"`B^5a]^_d��odo\eb*P<\%q>kJavc5t*kJ`v\�^ed�^eavP*c5r]P"\�\�P"�JO�P*`h^u\
t*kJ`h^edo�Jav\
¬�qvpJc�^_d�c&r]P�r]kJ`v`Nb*P<\Ub"qvpmcu\eP"\UP*`�O¥b"O�kJdocePB¤>q>kJavc&pml�kJa]^_P*c&r]P"\sP"`B^X2$^_P"\�\eq�b<t$d�«�fhaNP"\&pma+qNc_km^ek]t*kJ�oP
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\ekJa�\��ol�pJt*P*`h^"¤$kBa�P*`�t$kJc_Pjq>kJaNc
q�P"ceO�P*^�^ec_P¢¬S��� pmqvqN��dgt*pm^edokJ`�r]P¢ceb"a]^edo�odo\eP*c�r]P"\
P*O�qN�gpJt*P*O�P*`h^_\
O�b*O�kJdoc_P
\_pm`�\�t$kBcec_kJO�qNc_P���P<\�r]kB`N`Nb"P"\�¬�^_c_pJ`v\eO¥P*^�^_cePC-ª«v�v�
{a/$�E:j` ceb<t$P*qN^edokJ`�¤��oP"\�c_P"t$kBqNdoP"\�\ekJ`h^�\eaNc�^_kJa]^
aN^edo��dg\�b"P"\�rNpJ`v\s��P�t"pJ\&k
	+��P<\�r]kJ`v`Nb*P<\�\�kB`B^&c_P9;$avP"\sqvpmc��gp�t*pmce^eP�c_b"\eP"pJa�pD�4pm`h^�fBavP¥�9� pmqNqN�odgt*p4^_d�kB`
`%� pJd§^�do`vr]dgfBavb�¬¥fhaNP"��P*`�r]cekBd§^�do����pm�o�gpmd�^2�oP"\�qN�opBt$P"c -ª«v�v�>y /��
i5kJavc@b*�odoO¥do`NP"c¢t$P<\@c_P"t*kJqNdoP"\+P5\�aNq>P*ce�vaNP<\<R -�pma�O�kJdo`v\jq>kJavc@�oP"\¢O¥P<\e\_pm�BP"\ r]PU�Jcupm`vrNP2^_pmdo�o��PY/�¤hd��

��pJa]^���pJd�c_P P*`�\ekJce^ePjfhaNPj�gp2¦Ndo¦N�od�kJ^eLNM<fBavP@\�kBd§^�t*pmq�pm¦N�oPjr�� pJ\_\�aNc_P*c�av`&^ecupm`v\��ªP*ce^%r]doceP<t�^
r]P<\%r]kB`N`Nb"P"\�r]P
�9� pmqNqN�odgt*p4^_d�kB`��JP*cu\ �gp�t*pJc�^_P�ceb<\�P<pma�P*` b*O�do\_\ed�kB`�¤mP$^2fhaNP��gp�t*pJc�^_P�ceb<\�P<pma�r]P"\�^edo`vpm^_pmdoc_P�\�kBd§^¢t"pmqvpJ¦N�oP
rNP&rNb*q>kB\eP*c�r]doceP<t�^_P*O�P*`h^��oP"\�r]kB`N`Nb*P<\2P*`�O�b*O�kJdoc_Ps¬��9� P"O�qN�opBt$P"O¥P"`h^�\�^edoqNaN�ob�qvpJc���� pmqNqv��dgt*pm^edokJ`��

Mémoire deMémoire de 
l’interface de 
communication

l’application

Transfert
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9¢kBqNd�P<\�do`h^eP*c_O�b"r]dgpmdoc_P"\�pD�4pm`h^�^ecupm`�\��

O�dg\e\edokJ`��

Mémoire de 

Transfert

Mémoire de 
l’interface de l’application
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9¢kJqNdoP"\�do`h^eP*c_O�b"r]dgpmdoc_P"\�¬¥��� pmc_c_d��Bb*PJ�

Transfert

Mémoire de

communication

Mémoire de 
l’applicationl’interface de

0�S 2��vz
�
K%cupm`�\�O�dg\e\ed�kB` \_pm`v\2t$kBqNdoPUdo`h^eP*c_O�b$�

rNdopJd�c_PJ�

Transfert

Mémoire de

communication

Mémoire de 
l’applicationl’interface de
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K
c_pJ`v\�O�dg\e\edokJ` \_pm`v\�t$kBqNdoPsdo`h^eP"ceO�b$�

r]dopJd�c_PJ�

� �N6��"�76�° 5 i5kJavcst*P���pmdoc_PJ¤v�oP"\Udo`B^_P*ce��pJt*P"\SrNP�t$kBO�O�aN`Ndgt*pm^edokJ`�kB¦N��do�JP"`h^s\ekJaN�BP*`h^S�9� pJqNqN�odot"p4^edokJ`�¬
P6U>P<t�^_aNP*c �9� kBq�b"c_pm^edokJ`¥r�� b"O�do\_\�dokJ`¥P*`¥qN�oav\ed�P"aNc_\�b*^_pmq>P"\2¨Br�� pJ¦�kBc_r���� pmqvqN��dgt*pm^edokJ`¥r]b"t*��P"`vtuLNP2��P�r]b"¦Na]^
rNP��9� kBq�b"c_pm^edokJ`�P*`�do`vr]dgfhavpm`h^s��� P*O�qN�gpJt*P*O�P*`h^srNP"\SrNkJ`N`Nb"P"\s¬�b*O�P*^�^ec_P -ª«v�v� z�/$¤�P"`v\�avd§^_P�P*�o�oP�q>P*a]^
P6U>P<t�^_aNP*c@r�� pJa]^ec_P"\�^=SJtuLNP<\ P*`��JP"d��o�gpm`h^j¬&`NP�qvpJ\jO¥k]r]d�«vP"cj��P<\jr]kB`N`Nb*P<\ P*`�t*kJaNcu\ r]P2^ecupm`�\��ªP"c�^<¤mP*`]«�`
P"���oP�r]kJd�^�do`B^_P*c_cekB�JP"c¢�gp¥¦Nd�¦v��dokm^_LNM"fhaNP�q>kJaNc�\_pD�JkBd�c2¬�fhaNP*��O�kBO¥P"`h^2�oP&^ecupm`�\��ªP"c�^�P"\�^�^eP"ceO�do`NbJ�

���[´� As
²76�° 5 i5kJaNc&c_b*�J�oP*cs�oP¥qvcekB¦N��M"O�P�rNP"\sceP<t$kBqNd�P<\&¬��gp�ceb<t$P*qN^edokJ` - «v���nC1/�¤��oP"\&¦Ndo¦N�od�kJ^eLNM<fhaNP"\
aN^edo��dg\�P"`h^¥r]P<\�qNc_km^_k[t*kJ�oP"\�do`h^eP"ce`NP<\�¬�¦vpJ\eP r]P ������K�����*�\�,�m� fBavd¢�BkJ`h^�q>P*c_O¥P*^�^_ceP�¬�aN`�b"O¥P*^�^_P*aNc
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r�� pm^�^eP"`vr]c_P�fhaNP���P�ceb<t$P*qN^eP*avc�\ekJd�^�qNcX2$^�pD�DpJ`h^�r�� P*`[�Jk4ZBP*c�r]P<\�rNkJ`N`Nb"P"\ - «v�����a/�� ��do`v\�d9¤ t$P<\�r]P"c��
`vd�M"ceP<\Sq>kJaNc_c_kJ`h^�2$^_ceP�\�^ek]t��Jb"P"\SrNd�c_P"t$^eP*O�P"`B^&pma+¦�kB`�P*`�r]cekBd§^sqvpmcs�gp t*pJc�^_P�c_b"\eP"pJa���i pJc��ªkBdo\"¤vP"���oP"\
qvcekBq�kh\�P"`B^UaN`NP�pm��^eP*c_`vpm^edo�JP�¬ ��� P*`[�JkBd
r]P¥O�P"\_\epJ�JP�^_c_pBr]d�^edokJ`N`NP"�¢¨ �9� b<t$c_d§^_aNc_P�¬�rNdo\�^_pJ`vt$PB��Fspm`v\st$P
t"pJ\"¤%�9� b"O�P$^�^_P*aNc¥do`vr]dgfBavP �oaNd§� OQ2*O�P �9� P*`vr]c_kJd�^¥pJavfhaNP*�¢d��¢��pmaN^�\�^ek]t��JP"c��oP"\�rNkJ`N`Nb"P"\"¤
�oP c_b"t*P*q]^_P*aNc
b*^_pJ`B^�t$kJO�qN�oM$^_P*O�P*`h^@q�pJ\_\�d����BK
kJa]^_P$�ªkBdo\"¤Bt*P$^�^_PS\�^ecup4^eb"�JdoP�ceP"q�kBc�^_P�\�kBaN�JP"`h^@��PSqNcekB¦N�oM*O�P�r]a/c_P*`vrNP��$�
�BkJav\�pJa�`Ndo�JP"pJa�pmqNqN�odgt*p4^_d§��¤>t*pJc���� b*O�P$^e^eP"aNcS`�� p�qvpB\2^ekBa4l�kJavc_\�t*kJ`N`�pmdg\e\_pm`vt*P�r]P��9� P"O¥qv�opBt$P*O�P"`B^S¬
aN^edo��dg\�P"c�r]a�t �J^eb&ceb<t$P"q]^eP"aNc"�

Émetteur Récepteur

RDV

ACQ

Données

0�S 2 � �
�
X]t*b*`vpJcedok�r]P&ceP"`vr]P��*�9�BkJav\�P"`B^_ceP&�9� b"O�P$^�^_P*aNcSP$^�r]P�c_b"t$P"q]^eP"aNc<�

:j` ceb<pm�od§^_bJ¤%t*P$^e^eP/^_P"tuLN`vdofhaNP�`�� P<\�^¥ceP"`h^_pm¦v��P/fhaNP���kBc_\_fhaNP��op�^_pmdo�o��P�r]P"\�r]kJ`N`vb*P"\�r]b*q�pJ\_\�P/av`
t*P*ce^_pJd�`�\�P"aNdo��� :@`/r]Pc;*pv¤m��P<\ r]kJ`v`Nb*P<\ q�P"aN�JP"`h^�2$^ec_P2P*`[�Jk4ZBb*P<\�rNP�O�pJ`NdoM*c_P�kBq]^edoO�do\�^eP�¨m��P�c_b"t*P*q]^_P*aNc
q>P*aN^�`NPsqvpB\�t*kJ`N`�pY0g^ec_PS�oP*aNc2r]P"\�^edo`vpm^edokJ` P"` O�b*O�kBd�c_PJ¤hO�pmdg\@^upm`h^¢qvdo\�� �%Pst"pJ\¢b"tuLNb<pm`h^"¤hdo� rNkJd�^��oP"\
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t*kJc_PUr]P<\@q�pJt��]\¢¬¥p4^e^eP"`B^_PJ�[i5kJaNc�aN`�¦�kB` c_P"t*kJaN�[c_P*O�P*`h^¢r]P<\¢^eP*O�qv\2r]P&t$kBO�O�aN`Ndgt*pm^edokJ`v\"¤h�op¥t*pJc�^_P
rNkJd�^ 2*^ec_P�k]t"t$aNq>b*P�pma�O�p4 ]doO�aNO���R�`NP�t"pmce^eP¥ceb<\�P<pma+t*�opB\e\edgfBavP�`NP�q>P*a]^�qNL[Z]\edofhaNP"O¥P"`h^&P"`[�Jk4ZJP"c
kBa�c_P"t*P*�JkBd�csfha�� av`+O�P"\_\_pm�JP¥¬��op �ªkJdg\*�eFUa�^_c_pD�4pJd�� r]kBd§^��oaNd�2$^ec_P¥�ªkJaNc_`Nd5P*`+�ªkJ`�t�^edokJ`�r]P�\�kB`�b*^_p4^
r�� k]t*t*aNqvpm^edokJ`�¨ aN`NP��ªkJdg\saN`�P"`[�JkJd5pJt"t$kBO¥qv��d9¤�av`NP¥pJa]^ec_P�^=SJtuLNP�r]kBd§^s��aNd�2*^ec_P�\ekJaNO�dg\�PB�e9¢P"�op�\eaNd§^
�oP�qNc_d�`�t$doq�P�r�� aN`�kJcur]kB`N`vpm`�t$P*avc�rNP�qNcek]t*P"\_\�av\�fhaNd9¤j�okJcu\efha�� do��P"\�^/d�`[�Jk]fhaNb�qvpJc�aN`¶qNc_k[t*P"\_\�P"aNc<¤
rNb*c_kJaN�oP&aN`�pm�o�JkBced�^eLNO�P&q>P*c_O¥P*^�^upm`h^Sr]P�tuLNkBdo\edoc�aN`�`NkJaN�BP"pJa�qNc_k]t$P<\e\eav\2qNcX2$^<�vi5kJaNc�fhaNP�t$P*�gp�\�kBd§^
q>kB\_\ed�¦N�oPJ¤h�oP&rNb"t$kBaNqN�gpm�BPSr]Ps��� pJt$^edo�hd�^eb&r]Ps�op¥t*pJc�^_PSc_b"\eP"pJa/P$^�r]a��vkm^�r�� P$ ]b"t*a]^edokJ` rNPs�9� pmqNqN�odgt*p4^_d�kB`
P<\�^�kB¦N��do�Bpm^ekBd�c_PJ� �%�BP"t��9� pJqNq�P"��¬�O�pBr

@
qvpBt���P*^/O�pJr

@
aN`vqvpJt�� ¤5��� pmqvqN��dgt*pm^edokJ`©r]kJd�^/\�P��od�O�d�^eP*c/¬

P�qvpB\e\eP*c�t*kJO�O�pm`vr]P R�r]P"\�^ecupm`v\_pJt$^edokJ`v\�c_b"\eP"pma�`Nb"t*P"\_\epJd�c_P"\ -ª«v�v��|<��/��

Interface de communication bas−niveau

Pilote de Madeleine

Chargé de l’émission

Madeleine

Application

Réseau

Paquets en attente

0�S 2���|"�
�
�@� pJqNqN�odot"p4^edokJ`�r]b"q�kh\�P/r]P<\�qvpBfBavP$^_\�P*`¡p4^e^eP*`h^_P rNpm`�\��op��odg\�^_P/fBavd¢\ekJ`h^�pm�okJcu\&qNcedg\�P"`

tuL�pmc_�JPsqvpmc2�oP&^eLNc_P"pBr�tuLvpJce�BbsrNPs�9� b*O�do\_\ed�kB`��

k?k�o*<9r�o�|]q_nOu } ��x=n qvo�p_mYzi�Yo�pE~cx=rvsYn } o�pi~TmY� q_n qvs]z_o�x=�Y{�o�p�

�}� |i�5�
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X &�2�& X B �As  ��]²]6�° 5 &  [��´J° 5 ²���T6 5 ²  [�� sns5µ�6�´�]²76 w  h�� h²�&  h���"²���]²<� ��6  [� & Z °	s
²76��N6���]²76�° 5
�%P"\¥^ecupm`�\epBt�^edokJ`�\¥rNP LNMPOPQ&R�QTS�UPQ V�`NP�\�kB`h^�rNb"t$�oP*`�tuLNb*P<\¥fha�� pma©O�kJO�P*`h^/r]a¶r]b"q �J^�r�� aN`

q�pJfhaNP$^/kBaF¬��op�^_P*c_O�d�`vpJdo\ekJ`¶r�� aN`¶O�P"\_\_pm�JPB� ��P�tuLvkJd� ©r�� P*`[�Jk4ZBP*c�kJa¶r]P+\�^_k[t��BP*c��oP"\�r]kJ`N`vb*P"\
do`h^eP"ce�[doP*`h^�¬¥t*P�O�kJO�P*`h^�P$^�P<\�^���pJd§^S¬¥qvpJc�^_d�c�r]P<\2O�k[rNP"\�r]P&^_c_pJ`v\eO¥dg\_\�dokJ`�r]a�qvpJfhaNP*^�t*kJaNcupm`h^�P$^
rNP��op�O�b*^eLNk]r]P�^_c_pJ`v\��ªP*ce^S\�q>b"t*d§«vb"P�qvpJc���P�qNd��okm^_P�ceb<\�P<pma�a]^_d��odo\eb/¨���� kJq>b*cup4^_d�kB`�r�� kBq]^edoO�do\_p4^_d�kB`�P<\�^
«�`vpm�oP*O�P*`h^�r]docedo�Jb"P&qvpmc��9� pJqNqN�odot"p4^_d�kB`��

�Sa]^ekBcedg\�P"c@�gp�qNc_kJ�BceP<\e\ed�kB`�r]P<\@t*kJO�O�aN`vdot"p4^edokJ`�\jP*`�q�pmcupm�o��M"��P�r]PS��� pmqNqv��dgt*pm^edokJ`�c_P*O�P$^@P"` t*pJav\eP
�oP�O�k]r]P r�� pmqNqv��dgt*pm^edokJ`¡r]P"\�kJq]^_d�O�dg\epm^edokJ`v\�r]P L�MPOnQTRAQTS�UoQ_V>���@� kBq]^edoO�do\_p4^_d�kB`�d�`h^eP"ce�[doP*`h^�q>kJaNc
pJ��doO�P*`h^eP"c��op�t"pmce^eP&P$^�`NkB`�q>kJavc�\epm^edg\���pJd�c_PU�oP"\St$kJ`h^_c_pJd�`h^eP<\2r]kJ`N`vb*P"\2q�pmc2��� pmqvqN��dgt*pm^edokJ`��

Interface de communication bas−niveau

Paquets prets

Paquets en attente

Pilote de Madeleine

Optimiseur

Chargé de l’émission

Madeleine

Application

Réseau

0�S 2���|"{
�
�j� kJq]^_d�O�dg\�P"aNc�pJqNqN�odofhaNP&r]P<\�\�^ecup4^_b*�Bd�P<\@\eaNc¢�gp���dg\�^_PsrNP"\¢qvpJfhaNP*^_\�P*`�p4^�^_P*`h^ePsr�� b*O�do\_\ed�kB`

q>kJavc�pm�od�O�P*`h^_P*c��gp��odg\�^_P�r]P"\2qvpBfhaNP$^u\2qNc2*^_\"�

�@� kBq]^edoO�do\_p4^_d�kB` t$kB`v\�dg\�^eP�P"`/��� ���������?��
�������� r�� aN`vPS�odo\�^ePsceP<t$P"`v\epJ`h^j��P<\@qvpBfhaNP$^u\@P"` p4^e^eP*`h^_PSP$^���P
� � �K���,�7�T���-���&� rNP�t$P"c�^upmdo`v\Sr�� P*`h^_ceP�P*a] �r]P���p ;$kB`�¬/t$P¥fBavP���P�^ecupm`v\��ªP*ce^U\ekJd�^U�oP�qN�oav\UceP"`B^upm¦N�oP�P"`
^_P*O�qv\sq>kJaNc&�9� pJqNqN�odot"p4^edokJ`%� �%P�c_P*�BcekBaNq>P*O�P*`h^srNP"\sqvpJfhaNP*^_\sdoO¥qv��dgfhaNP��oP�ceP<\�q>P"t$^&rNP¥r]P"a] �\ekJce^eP"\
rNPst*kJ`h^ecupmdo`h^eP"\S¨[��P<\�t*kJ`h^ecupmdo`h^eP<\@pmqvqN��dgt*pm^edo�JP<\@P*^��oP"\2t$kB`h^ecupmdo`B^_P"\@��dob*P<\�¬��gp�O�b$^_LNk]r]P�r]PS^_c_pJ`v\��ªP*ce^
rNa/qvpJfhaNP*^¢\eq�b<t$d�«vb*P�q�pmc@�oP�c_b"\eP"pJa�a]^edo��dg\ebJ� �%P"\�t$kB`B^_c_pJd�`h^_P"\ pmqvqN��dgt*pm^edo�JP<\@\eP�ceb<r]aNdg\�P"`h^¢¬�pmaN^ekJc_dg\�P"c
kBa/`NkB`/��� do`h�BP*cu\�dokJ`�r]P&r]P"a] �qvpJfhaNP*^_\�\�PUc_pJqNq�kBc�^upm`h^¢pJa�O 2"O�PUO�P"\_\_pm�JPB�Ji5kJavc¢t$PU��pmdoc_PJ¤J�oP"\¢c_M*�J�oP"\
r�� do`[�JP*cu\ed�kB`¥\ekJ`h^jt$kB`v\�av�§^upm¦N�oP"\ q�pmc5^ekBa]^eP<\ �oP"\j\�^ecup4^_b*�JdoP"\ r�� kBq]^edoO�do\_p4^_d�kB`v\�¨mP"���oP"\ q>P*av�JP*`h^@qvceP"`vr]c_P
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av`NP��ªkJc_O�P��Jb*`vb*c_dofhaNP�t$kBO�O¥P�t*P*�o��P�r�� aN`NP�O�pm^ec_dot*P�t$kJ`N�ªcekB`B^upm`h^���P<\/t*pJc_pBt�^_b*c_do\�^edgfhaNP"\�r]P�r]P"a] 
q�pJfhaNP$^u\*����P"\�t*kJ`h^ecupmdo`h^eP<\&��dob*P<\�¬�aN`�qNc_km^ek]t*kJ�oP�\ekJ`h^�`NkJ^_pJO¥O�P"`B^�rNP"\�t*kJ`h^ecupmdo`h^eP"\&\eaNc��gp�^_pJd��o��P
rNP"\¢O¥P<\e\_pm�BP"\"¤h\eaNc��op�`Nb"t*P"\_\�d�^eb&r�� aN` c_P*`�r]P��*�9�BkJav\"¤JP*^_tm�&9¢P<\�rNP*c_`Nd�M"ceP<\@\�^ecup4^_b*�JdoP"\�\ekJ`h^¢P* [qvcedoO�b*P"\
q�pmc��oPsqvd��okm^_P�ceb<\�P<pma�t"pmc�do��P"\�^���P�\eP*av��¬�q>kJav�JkJdoc2P$ ]qNc_d�O�P"c�r]P&^eP"���oP"\�\eq�b<t$d�«�t$d�^eb<\*�
ij�oav\ed�P"aNcu\j\�^_c_pm^eb"�JdoP"\�q�P"aN�JP"`h^�2$^ec_P�pmqNqv��dgfhaNb*P<\j¬saN`NP�OQ2*O�P��odo\�^eP�q>kJaNc kB¦]^eP"`Ndocj��P2qvpBfhaNP$^jqNcX2$^

¬�q�kh\�^_P*c�\eP*�okJ` r]P<\�kJcur]ceP<\¢rNd U b*c_P*`h^_\"�hi5pJc2P$ ]P*O�qN�oPJ¤[�9� pJ�J�J�okJO�b"c_pm^edokJ`�r]P"\�qvpBfhaNP$^u\�t*kJaNce^_\¢qNaNdg\���P
c_P*�BcekBaNq>P*O�P*`h^�r�� av`�c_P*`�r]P��*�9�BkJav\2¬¥aN`�O�P"\_\epJ�JP&t$kJavc�^�P$^�do`[�JP"c_\eP*O�P*`h^<�

�
p¥rNb$^eP"ceO�do`vp4^_d�kB`�rNP��op¥O�P*do���oP*avceP�t$kBO�¦Ndo`vpJdo\ekJ`�r�� kBq]^edoO�do\_p4^_d�kB`v\�P"\�^Sr]d �t*d��oPJ�]i5kBaNc�q�kBaN�JkBd�c
t*kJ`]�ªc_kJ`h^_P*c�^ekBa]^eP<\ ��P<\jt$kBO�¦Ndo`vpJdo\ekJ`v\"¤4�gpsrNb$^eP"ceO�do`vp4^_d�kB`�r�� av`¥b"��b"O�P*`h^¢r]P�t*kJO�qvpmcupmdg\ekJ`�P<\�^j`vb"t$P<\��
\_pmdoc_PJ¤hd�� q>kJaNc_c_p�\*� pm�Bd�c�r]a�^eP*O�qv\2r]PU^ecupm`�\��ªP"c�^�P*`��ªkJ`vt$^edokJ`�rNPU�gp�^upmdo���oPsrNa�qvpBfhaNP$^2qNc_kJq>kB\ebS�Jc=SJt*P
¬�aN` b<tuLvpm`h^_d��o��kB`N`vpJ�JP�qNc_b"pJ�opJ¦N�oPSr]P"\@^eP"O�qv\2r]PS^_c_pJ`v\��ªP*ce^�r]P&tuLvpJfhaNPSceb<\�P<pma�� ��do`v\ed�¤[aN`�t*p4^upm�okJ�BaNP
rNPs\�^ecup4^_b*�JdoP"\@qNc_b"r]b*«v`NdoP"\¢kJa \ekJaNO�dg\�P<\@q�pmc���� a]^edo�odo\_p4^_P*aNc2do`vr]b*q>P*`�rNpm`h^eP<\¢rNa O�p4^_b*c_d�P"�>\ekJav\��ol�pJt$P"`h^
q>kJavcecup 2*^ec_P&b$^ea�r]d�b�P*^��op¥O�P*do�o��P"aNceP�\eb"fhaNP"`vt$P�r�� kJqN^edoO¥dg\_p4^edokJ`�\2q�kBaNcecup�2$^ec_P&ceP*^eP"`havPJ�

X &�2�& 8 � 5 ²]6�´K6�s ]²76�° 5 &� [��´J°>����� 5 6�´ ]²]6�° 5 �
9¢P"c�^upmdo`v\�P"`vtuLvp10g`NP"O�P*`h^�r]P�qvpJfhaNP*^_\�d�O�q>kB\eP*`h^¥av`�P*`[�JkBd@doO�O¥b<r]dgp4^�¬WL�MnOPQTRAQTS�UoQkV>�5i pmc

P* ]P*O�qN�oPJ¤@r]P"a] �qvpJfhaNP*^_\/\eavt*t*P"\_\�d���\/r]kB`h^ ��P�O¥k]r]P�r�� P"`h�BkJd�P<\�^�O�pBr
@
c_P"t$P"d��BP

@
:jUi@nI:¢XvX�¨¢��P

c_b"t*P*q]^_P*aNc¥¦N�ok]fBavP�\ekJ` P$ ]b"t*a]^edokJ` ^_pm`h^/fhaNP���P<\¥rNkJ`N`Nb"P"\¥c_P*�gp4^edo�JP<\�¬+aN` qvpJfhaNP*^�r]kB`h^¥�oP�O¥k]r]P
rNP�c_b"t*P*q]^_d�kB`�P"\�^sO�pBr

@
ceP<t$P"d��BP

@
:jUi@nI:¢XNX�¤��9� b"O�P$^�^_P*aNc&P"`h�BkJdoP�r]kB`vt�rNM"\&\�kB`�r]b"q �J^s�oP�q�pJfhaNP$^

t*kJ`vt*P*c_`NbJ�
�@� b*^_p4^�r�� k]t*t*aNqvpm^edokJ`�r]P��op�t*pJc�^_P�q�P"a]^�pmav\_\edjr]b"t*��P"`vtuLNP*c&aN`vP�^ecupm`v\_pJt$^edokJ`�� i pmc�P* [P"O�qN��PB¤��op

t"pmce^eP�P<\�^S�odo¦NcePB¤�r]P<\Sq�pJfhaNP$^u\�\ekJ`h^SP*`�pm^�^_P*`h^eP�O�pJdo\S��P�\�aNdo�4pm`h^Sq>P*a]^&\�P�ceb"�Jb*�oP*c�do`h^eb"ceP<\e\_pm`h^�q>kJaNc
�9� kJq]^_d�O�dg\epm^edokJ`��)LNMPOPQTRAQTS�UoQ V¡O�pJ`vfhaNP�r]P�t$�gpmdoce�Bk4ZBpm`�t$P/q>kJaNc�P<\�^_d�O�P"c/\*� d���P<\�^�qNc_b$�ªb"c_pJ¦N�oP�r]P
c_P$^upmcur]P*c2�oPs^ecupm`v\��ªP*ce^"�
RS`NP2P$ [^eP"`v\�dokJ`¥r]P"\
�ªkB`vt�^_d�kB`v\�O�pBr

@
qvpBt��UP*^5O�pBr

@
aN`NqvpBt��&P"\�^�`Nb<t$P<\e\_pmdoceP@q�kBaNc5��� P*`¥d�`N�ªkJc_O¥P"c"�

:@���oP"\�rNkJdo�JP*`h^2d�`�r]dofhaNP"cS\ed���� pmqNq>P*�%P"\�^�\eaNdo�[d%r�� aN`NP�q>b*c_d�k]r]P�r]P�t"pm�gt$aN��kBa�qvpJc�aN`�pma]^_ceP&qvpBfBavP$^�P$^
P"`�do`vr]dgfhaNP*cS��P<\2O¥k]r]P<\�r]P�c_b"t$P"q]^edokJ`�P$^Sr�� b"O¥dg\_\�dokJ`��

�Sa�^eP"ceO�P�r]P�t*P$^�^_P�b$^_avr]PB¤vdo��qvpmcupmd�^�do`B^_b*c_P"\_\epJ`h^�r�� do`Nd�^edoP*c�aN`vP�`NkJav�JP*�o�oPs�BP*cu\�dokJ`�r]P%LNMPOPQ&R�QTS�UPQ
q>P*c_O�P$^e^_pm`h^@�9� d�`h^ec_k]r]avt$^edokJ`/r]PS\_tuLNb"O�pB\jr�� kJq]^_d�O�dg\epm^edokJ`v\jqN��a�\@t$kBO�qN��P* ]P"\"�m9¢P"t*dvdoO�q�kh\�P�av`/tuLvpm`]�
�BP*O�P*`h^ r�� pmcutuLNd§^_P"t$^eaNc_P�rNP2T�pJr]P"��P"d�`NP�fhaNdNr]P"�[c_pUpJrNpJq]^eP"c5\ekJ`�pJt$^edo�[d§^_b�¬s�9� b*^_p4^jr]P<\ t*pJc�^_P"\
ceb<\�P<pma] 
P*^�`NkJ`�¬�t$P"��aNd
r]P"\�pJqNqN�odot"p4^edokJ`�\2P$^�do`B^_cek]r]avd�c_PUav`NP�pma]^_km� r]P"\_t$c_doq]^edokJ`�r]P"\�rNkJ`N`Nb"P"\"�

6I�_^ � #}��� � e+�?���������c� � bc� ������������ "!#���

LNMPOPQTRAQTS�UoQ q¥pUP"`N�JP"`vr]c_b*P�r]P<\ tuLvpm`N�BP*O�P*`h^u\�rvpm`v\5�9� pJc_tuLvd§^_P"t�^_aNc_P2rNPiLNMPOPQ&R�QTS�UPQ V>�JX]P*aN�oP"\
�oP"\jqNLvpJ\eP"\ r�� b*^_pm¦v��dg\e\eP*O�P"`B^ P*^¢r]P2�ªP*c_O�P$^_aNceP�rNP"\ t$kB`N`NP* [dokJ`�\5kJ`h^jb$^_b�\epJaN�JP"�Bpmcur]b"P"\�¬&��� dorNP*`h^edgfhaNPJ�
�@� pJc_tuLvd§^_P"t�^_aNc_P�r]P-LNMPOPQ&R�QTS�UPQ�q�P"\�^�r]b"\ekJc_O�pmdg\�kJc_�BpJ`Ndo\eb*P�P"`�^_cekBdo\Ut$kJa�tuLNP"\�¨��gp t*kJavtuLvP��Jb"`Nb$�
c_dgfBavPJ¤"tuL�pmc_�Jb*PjrNP@�gp��JP<\�^_d�kB`�r]P"\�r]kJ`v`Nb*P<\*¤"�op�t*kJavtuLvPjceP"�opm^edo�JP@¬���� kJq]^_d�O�dg\epm^edokJ`�P*^
�gpSt$kBavtuLNP@r�� pJ¦v\��
^_c_pBt�^_d�kB`�¤mqNdo��kJ^_pJ`B^¢��P<\@t*pJc�^_P"\ r]Pst$kBO¥O�aN`Ndgt*pm^edokJ` - «v���v|Dy /��hQ�kJa�\jqNc_k]t$b"rNkJ`v\ dgt$d>¬��gp&qNceb<\�P"`h^_p4^_d�kB`
\eZ[`h^eLNb*^edgfBavP¥r]a�c��J�oP�r]P�tuLvpJt*aN`NP�r]P�t$P"\&t*kJO�q�kh\epJ`h^eP"\"�o9¢kJO�O�P��gp q�pmce^edoP��od�b"P¥¬��9� kBq]^edoO�do\_p4^_d�kB`
`vP&t*kJ`vt*P*c_`NP&qvpJ\2�oP�t �J^eb&c_b"t$P"q]^eP"aNc<¤]`NkJav\�rNb"t$c_do�JkJ`�\¢dgt$d�av`NP��[aNP�r]P&�op¥qvpJc�^_d�P�b"O�P$^�^_cedgt$PB�

�}� |i�5�
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Interface de communication bas−niveau

Optimiseur

Paquets prets

Paquets en attente

Pilote de Madeleine

Chargé de l’émission

Madeleine

Application

Réseau
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¬ PUqvpB\e\eP*cjt*kJO�O�pm`vrNP�R�r]P"\5^_c_pJ`v\_pJt�^_d�kB`v\�ceb<\�P<pma¥`Nb"t*P"\_\epJd�c_P"\ ¬$LNMPOPQ&R�QTS�UPQ q�� �%p&qvpJc�^_d�P�LvpJa]^eP
p�q>kJaNc2c��J�oPUr]P&t$kB���oP"t$^eP*c2�oP"\�qvpBfBavP$^_\�P*^��oP"\�do`]�ªkJc_O�p4^edokJ`�\¢fhaNd��oP*aNc�\ekJ`h^�pB\e\ek]t$dob*P<\*�T9¢P"\2r]P"ce`NdoM*c_P"\
rNkJdo�JP*`h^ 2$^_ceP�r]dg\et*cedoO�d�`�pm`h^eP<\Uq>kJavc�fBavP���P�c_b"t$P"q]^eP"aNc&qNaNdg\e\eP�dorNP*`h^ed�«vP*c��oP"\�rNkJ`N`Nb"P"\�¨��oP�`[aNO�b*c_k
rNP+t*pJ`vpm�sP*O�qNc_aN`h^ebB¤¢�9� dor]P"`h^ed�«�pm`h^�r]P��9� P* ]q�b<r]d§^_P*aNc�P*^�aN`�`havO¥b"cek©r]P+\eb"fhaNP"`vt$PB� �%P"\�qvpJfhaNP*^_\
\ekJ`h^sP*`vt"pmqv\eaN�ob"\Srvpm`v\UaN`NP�\�^_cea�t�^eavceP�fhaNd5qNc_b"\eP*`h^_P�^ekBa]^eP<\U�oP"\UO�b$^up4� r]kJ`N`vb*P"\S`Nb"t*P"\_\epJd�c_P"\S¬/�oP*aNc
^_c_pJd§^_P*O�P*`h^<�m9¢P"\¢`NkBaN�JP<pma] ¥b*�ob*O�P*`h^_\�\ekJ`h^@qN�gpJt*b"\�rNpm`v\@aN`NPU��dg\�^_P�^upmO�q�kB`��#� ��P* [dg\�^ePSav`NPS�odo\�^ePUqvpmc
do`h^eP"c���pBt$P�r]PSt*kJO�O�av`Ndot"p4^_d�kB`�¦vpJ\��9`vd��BP"pma¥q>kJce^eb*PUrNpm`v\�L�MPOnQTRAQTS�UoQ q��m9¢P*^�^_PS\�b"qvpmcup4^_d�kB`�q�P"ceO�P$^
r�� P<\�^_d�O�P*c���P�^_c_pD�4pJd��@¬��JP*`vd�c�rNP"\�t"pmce^eP<\&a]^edo��dg\eb*P"\�qvpmc�aN`NP/OQ2*O�P�d�`h^eP"c���pBt$P/r]P�t$kJO�O�aN`Ndgt*p4^_d�kB`
¦�pJ\_\�PB��:j`�PVU P$^"¤
\�djqv��av\edoP*aNcu\�t*pJc�^_P"\&a]^_d��odo\eP*`h^��gp�O 2"O�P�d�`h^eP"c���pBt$PB¤�P*�o��P<\�\�kB`h^�pJ��doO�P*`h^eb"P"\&qvpJc��op
OQ2"O¥P��odg\�^_PJ����P�\_tuLNb"O�p�|<yUP<\�^ c_P*qNc_k]r]aNd�^5q>kJavc@tuLvpJfhaNP�do`B^_P*ce��pJt*P2rNP�t$kJO�O�aN`Ndgt*p4^_d�kB`�q>kJce^eb"P2rvpm`v\
LNMPOPQ&R�QTS�UPQ q�O�pmdg\2`�� P<\�^�q�pJ\2c_P*qNc_b"\eP*`h^ebsq>kJaNc�r]P<\�fhaNP"\�^edokJ`�\�r]P&��dg\�do¦Ndo��d�^ebB�

9¢P"c�^upmdo`NP"\spmqNqv��dgt*pm^edokJ`v\SkJ`h^U¦>P"\ekJdo`�r]P�^ecupm`v\eO�P$^e^ec_P�¦>P"pma�t$kJavq�r]P�rNkJ`N`Nb"P"\"��i5kBaNcspJO�b*�od�kBceP"c
�oP*avc�r]b"¦Nd�^"¤[P*�o��P<\@q>P*av�JP*`h^�ceb"qvpmce^edoc@b<fBavd§^upm¦N�oP*O�P*`h^���P"aNc_\�t$kBO�O�aN`Ndgt*pm^edokJ`v\@P*`h^ec_P�^_kJav\¢�oP"\¢ceb<\�P<pma] 
¬¥r]dg\�q>kB\ed�^edokJ`��NRS`NP�pma]^_cePsq�kh\e\edo¦Nd��od�^eb&P"\�^�r]P�\�P&\�P"ce�[doc�r]a�qvceP"O¥doP*c2c_b"\eP"pJa r]dg\�q>kJ`Ndo¦N�oPJ�]i5kJavc2t*P*�gpN¤
LNMPOPQ&R�QTS�UPQrq�p4l�kBa]^eP&aN`vP���dg\�^_P&^_pJO¥q>kJ`�pB\e\ek]t$dob&pJa�q�\�P"avr]km� c_b"\eP"pma .�3�� fhaNd%P"\�^�q�kB`vt�^_d�kB`N`Nb*P
�okJcu\_fBa%� aN`vPst"pmce^eP&ceb<\�P<pma�p�t$kJ`�\�kBO¥O�bU^ekBav\�\�P<\�qvpBfBavP$^_\"�
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fhaNd�\ekJd�^2��P&qN�oav\2c_P*`h^_pJ¦N��PsP*`�^eP"O�qv\�r]Ps^ecupm`v\��ªP*ce^�¬��gp¥t*pmce^ePB�	9¢PUq�pJfhaNP$^�P<\�^�qN�gpJt*bsrNpJ`v\2aN`NP&�odo\�^eP
do`h^eP"ceO�b"rNdopJd�c_P�¬�r]do\eq>kB\ed§^_d�kB`�rNP��op�q�pmce^edoP��op�qN�oav\S¦vpJ\_\�PB��9¢P$^e^eP��odg\�^_P�r]kJd�^�2$^_ceP�t*kJ`v\eP*c_�Jb"P&�op�qN�oav\
c_b"rNaNd§^_P q>kB\_\�do¦N�oPJ�,:j`©PVU P$^"¤ \ed¢�9� kJq]^_d�O�dg\�P"aNc��op�ceP"O¥qv��d�^�P*^�fha�� P*�o��P�`�� P"\�^�qvpB\�t*kJ`v\ekJO�O�b*PB¤�tJ� P<\�^
pJa]^_pJ`h^Sr]P�qvpBfBavP$^Sfha�� P*�o��P�pJaNcupmd�^2qva�t$kJ`�\�P"ce�BP*c�q>kJaNc���pJd�c_P�r]P<\�kJq]^_d�O�dg\epm^edokJ`v\�qN��a�\SpmqvqNcekBqNc_d�b"P"\"�
9¢P"�op+�oaNd2�opJdo\_\�P�aN`NP�O�pmc_�JP�r]P�O�pJ` ��aN�[c_P qN�oav\¥d�O�q>kJce^_pJ`B^_P�fhaNd�`vP�q>P*a]^#2*^ec_P�fhaNP�¦>b*`Nb*«�fhaNPJ�
QSb"pJ`NO�kJdo`v\*¤�P*�o��P�`NP�r]kBd§^sqvpJ\�2$^_ceP��[dgr]P/¨ \�d
��� kJqN^edoO¥dg\eP*aNc&r]kJd�^��ªkBaNce`vd�cUaN`�qvpBfBavP$^U¬/t*kJ`v\ekJO�O�P*c
doO�O�b"r]dgp4^_P*O�P*`h^"¤@��P�^_P*O�qv\/r]P��ªkBceO�p4^_d�kB` P<\�^/q>P*cur]a���9¢kJO�O�P�rNd§^/qN�oav\�^��m^<¤j�op¡t"pmce^eP�`NP�q>P*a]^
t*kJ`v\ekJO�O�P*csfha�� av`�qvpBfBavP$^s¬ �op/�ªkJdg\UrNkJ`vt�aN`�q�pJfhaNP$^sP*`�t*kJaNcu\UP$^&aN`�qvpBfBavP$^�r�� pD�4pJ`vt$P�P<\�^&aN`NP
O�P<\�aNc_P�pJrNpJq]^eb"PJ�
ijc_b"t*b"r]P"O�O¥P"`h^¢�9� kBq]^edoO�do\eP*aNc@b$^_pJd§^�ceP"qNc_b"\eP*`h^eb�t*kJO�O�P�aN`�^eLvceP<pJr�q>kJaNc�pmO�b*�od�kBceP"c �op�t$kJO�qNc_b$�

LvP*`v\ed�kB`���9¢P*q>P*`�rNpm`h^"¤4�9� kJq]^_O¥dg\_p4^edokJ`¥P"\�^jaN`NP2kBq�b"c_pm^edokJ`¥q�kB`vt�^_aNP*�o��P�¨4P"���oP�`�� psqvpJ\ r]P2cupmdg\�kB`�r�� 2$^_ceP
pBt�^_d��BPJ� �j� kJqN^edoO¥dg\eP*aNc�P<\�^�r]kB`vtsaN`�pmqNq>P*�%rNP&�ªkJ`vt$^edokJ`��

Y  �´B° 5 �<°���� ]²� [��� �%Pj^_LNceP<pJr�r�� b"O¥dg\_\�dokJ`�P<\�^5pma�\eP*c_�[dot*P¢r]P¢�opUt*pJc�^_P@c_b"\eP"pma%��� �[\�aNc_�JP"d��o�oP@�9� b*^_p4^
r�� pD�4pm`�t$P*O�P"`B^jr]P2�gp�t*pJc�^_P¢c_b"\eP"pJa��,FSM<\jfha�� aN`�q�pJfhaNP$^jP<\�^jq�pmce^ed9¤4d��N�oP2ceP"O�qN�opBt$P2qvpJc aN`�pma]^_ceP�fha�� d��
qvceP"`vr�rNpm`v\2�gp��odo\�^eP��ªkBaNc_`Nd�P&qvpJc��9� kBq]^edoO�do\eP*aNc<� � ��P<\�^�b"�BpJ��P"O¥P"`h^�tuL�pmc_�Jb�r]P��gpm`vt*P*c��oP"\�qNc_k]t$b<r]aNc_P
r�� P* [qv��kBd§^up4^edokJ`�r]P"\�qvpBfhaNP$^u\¢q>kJavc2fhaNP&�oP"\2r]kB`N`Nb*P<\2\�kBd�P"`B^�r]docedo�Jb"P"\¢�JP"c_\��oP*aNc2P*O�qN�gpJt*P*O�P*`h^�«v`vpJ��¤
fhaNPs�oP"\�O�P"\_\epJ�JP"\�r]P&t$kB`B^_c�B��Ps\�kBd�P"`h^�qNc_dg\¢P"`�t*kJO�q]^ePQ-�rNP*O�pm`vrNP&rNPUc_P*`vrNP��$� �JkBav\"¤hpBt*fhaNd�^�^eP"O�P*`h^"¤
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r�� P"`h�BkJd�r�� aN`�O�P"\_\epJ�JP�t$kBO¥q>kB\eb&r�� av`�q�pJfhaNP$^St*kJaNce^�P$^Sr�� aN`�qvpBfBavP$^���kB`N�v�
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p�^XSBtuLNP�r]P��9� kBq]^edoO�do\eP*avcst*kJ`v\edo\�^eP¥¬�\eb*�oP"t$^edokJ`N`vP*c<¤vP*`��ªkJ`vt$^edokJ`�r�� av`/l�P*a�r]P�\�^_c_pm^eb*�Bd�P<\�qNc_b$�

rNb$«v`NdoP"\2kBa�`NkJ`�¤]av`�P"`v\eP*O�¦v��P�t$kBLNb*c_P*`h^�r]P&qvpBfBavP$^_\S¬�P"`[�Jk4ZJP"c�\eaNc�aN`vP&t"pmce^ePB�
i5kJavc2t*Ps��pmdocePB¤h�9� kJq]^_d�O�dg\�P"aNc�^ecupD�DpJd��o�oPs¬�qvpmce^edoc�r�� aN`NP&��dg\�^eP�r]P&qvpJfhaNP*^_\"¤[qvpJfhaNP*^_\�qNc_k[rNaNd§^u\2qvpmc

�oP"\2pJqNq�P"�o\2\eavt*t*P"\_\�d���\2r]P&��� pmqvqN��dgt*pm^edokJ` ¬��gp��ªkB`vt�^_d�kB` O�pJr
@
qvpJt�� 7 84¤]t$P"\�qvpBfhaNP$^u\�\ekJ`h^2P*`Nc_dgtuLNdo\2r]P

fhaNP"�ofhaNP<\&O�b$^_pm� rNkJ`N`Nb"P"\ -�P$ ©¨���P�r]P"\�^edo`vp4^upmdocePB¤���P�`[aNO�b"cek�r]P \eb"fhaNP"`vt$P�r]a¡q�pJfhaNP$^<¤�P$^utm�O/&i5kJaNc
kBq]^edoO�do\eP*c&�9� pBt*t*M"\&pma] +b*�ob*O�P*`h^_\�rNP�t*P$^e^eP��odo\�^ePB¤�t$P*�o�oP$� t$d P"\�^�\�av¦>r]do�[do\eb*P�P"`+qN�oav\ed�P"aNcu\s\ekJa�\�� ��dg\�^eP"\
\eq>b"t$d�«�fhaNP<\*¤ `NkB`�qvpB\srNd�c_P"t$^eP*O�P"`B^�pJa] �t*pJc�^_P"\"¤�O�pmdg\�¬�tuLvpJt*aN`NP�r]P"\sdo`B^_P*ce��pJt*P"\sr]P�t$kJO�O�aN`Ndgt*p4�
^_d�kB`�¦vpJ\�`Ndo�JP<pma�� FUP�qN�oav\"¤jaN`NP��odo\�^eP�\eaNqNqv��b"O¥P"`h^_pmdoc_P�c_P"t*aNP*do�o��P��oP"\�qvpBfhaNP$^u\�r]kJ`h^/�oP�ceb<\�P<pma ¬
P"O�qNceav`B^_P*c¥q�kBaNc���P"aNc�^ecupm`v\eO�do\_\�dokJ` `�� p�b$^_b�\eq�b<t$d�«vb�qvpmc��9� pJqNqN�odot"p4^edokJ`%� �%P"\�b*�ob*O�P*`h^_\¥c_b"t*kJ��^eb"\
rvpm`v\st$P*^�^eP�r]P"ce`vd�M"ceP���dg\�^_P�q>P*av�JP*`h^h2$^_ceP¥pmdo`v\ed�kBc_rNkJ`N`vpJ`vt$b<\S\eaNc&�op�qNc_P*O�doM*c_P�t*pJc�^_P�c_b"\eP"pJa���do¦Nc_PJ�
�Sd�`�\�d9¤mLNMPOPQTRAQTS�UoQ q�P"\�^@¦NdoP*`/pJceO�b"P�q>kJavc@P$ ]qN�okJd�^eP"cjqN�oP*do`NP*O�P"`B^¢��P<\jt$kB`]«v�Javc_pm^edokJ`v\ �%��4 ��� �!��
��54 � ¤
t*kJ`]«��JaNcup4^_d�kB`v\@k 	���� kJ`�r]dg\�q>kB\eP�r]P�qN�oav\�doP*avc_\�t"pmce^eP"\�q>kJaNcSqvpmcupm�o��b"��dg\eP*c���P<\�t$kJO�O�aN`Ndgt*p4^_d�kB`v\"�
i5kJavc¢\eb*�oP"t�^_d�kB`N`NP"c@�oP"\jq�pJfhaNP$^u\@¬&^_c_pJ`v\eO¥P*^�^_cePB¤J�9� kBq]^edoO�do\eP*aNc2r]dg\�q>kB\ePSr�� aN`/b"�JP"`B^upmdo�vr]Ps\�^_c_pm^eb$�

�Bd�P<\jfhaNd>q�P"aN�JP"`B^�2$^ec_PS\ekJd�^@qNc_b"r]b*«v`NdoP"\"¤B\ekJd�^@qNc_b"t*do\eb*P<\ qvpmc¢��� pmqvqN��dgt*pm^edokJ`�� 9¢P*q>P*`vrvpm`h^"¤B��PStuLvkJd� �r]P
�9� kJcur]ceP�r�� pmqvqN��dgt*pm^edokJ`�r]P<\jkJqN^edoO¥dg\_p4^edokJ`�\ \�aNc@aN`�P*`v\eP*O�¦N�oP�r]P�qvpBfBavP$^_\jq�kBaNcjP*`�^_d�c_P*c@�op&O�P*do�o��P"aNceP
\�^ecup4^_b*�Bd�Ps`�� P"\�^�qvpJ\�pJdo\ebJ¤Nt*kJO�O�Ps�9� d��o��a�\�^_ceP��9� P* ]P*O�qN�oP&\eaNdo�4pm`h^"�
ijc_P*`vkJ`v\ r]P"a] �kBq]^edoO�do\_p4^_d�kB`v\ t$kB`v\�dg\�^_pm`h^ ¬&pm�J�B��kBO�b*c_P*c
rNP"\5O�P"\_\epJ�JP<\
t*kJaNce^_\2¨4�9� av`NP��Jc_kJaNq�pm`h^

rNP"\SrNP*O�pm`vrNP"\SrNP�c_P*`vr]P��$� �JkBav\�¬�aN`�O¥P<\e\_pm�BP�t$kBaNc�^<¤v�9� pJa]^ec_P��ªkBceO�pm`h^�aN`����Bcekh\��&O¥P<\e\_pm�BP�t$kBaNce^
¬�q�pmce^edoc�r]P���q>P$^_d§^u\���O�P"\_\epJ�JP<\�t$kJavc�^u\*��>�pma]^e�9do���Jc_kJavq�P"c2^ekJa�\���P<\�O�P"\_\epJ�JP<\�t*kJaNce^_\Spma�cedg\_fBavP&fhaNP
�gp�r]P*O�pJ`vr]P/r]P�c_P*`vrNP��$� �JkBav\&\�kBd§^�P"`[�Jk4ZJb"P�\eP*aN�oP�qvpJc��op�\eaNd�^eP�kJa¡r]kBd§^e�9kB`+c_b"\eP*c_�JP"cUav`�O�P<\e\_pm�BP
t*kJaNce^�¬¥�op�r]P"O�pJ`vr]P�r]P&c_P*`vrNP��$� �JkBav\
	
i5kJavcSc_b*q>kJ`vr]c_P�¬/t*P�qNc_kJ¦N�oM*O�PB¤v`NkBav\SpD�BkJ`v\�qvceb"�ha�r�� do`h^eb*�BceP"c�aN`�\edoO�aN�gp4^_P*aNcsp4«v`�r�� P"\�^edoO�P*c

�oP¥ceb<\�aN��^_pm^sr]P<\&r]d U b*c_P*`h^_P"\s\�^_c_pm^eb*�Bd�P<\*�o9¢P�\edoO�aN�gp4^_P*aNc&q>kJaNc_c_p 2$^ec_P�t*pm�odo¦Nceb¥¬/�9� do`Nd�^edgpm�odo\_p4^_d�kB`��[dop
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