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cwmjz{UF��gbY�z;gjdFmbY�ak�²}Fn�}©vF��d|a�x3Y\¦§n�mjzkYkm7x3YLa7vFmjnegjn3z�nw��YLayx3n�}F}F`LaL�SX�ce��a7x3YZmbYL}|x3mjY\zkYk����Y�ai¥Dz���nwd|�wYkmbgbY�aBce£|}�x3YPv?YkmjXZY�gbgbmjY\��Y
x3`LvF��nw��YkXZYk},gJx3hs}|cwX\���,dFY�x3Y�vFmjnegjnszknw��YLa°Y�f3��aig{ce},gjaVc�xFcev3gj`LaVYkgL�F��Y�zkc�ar`�z{UF`Lcw},gL�Fx3Y�}Fn�dF�wYL����YLaVabnw��d3gb��nw}¡ak 
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m{cevF��x3Y�x3YV}Fn�dF�wY�ced3f�abYkmj�s��zkYLaL  ¯ n�}|z�mjW�gjYkXZYk},g��ez�Y°gihsv¡Y5xS« cem{z{UF��gbY�z;gbd|mbYVx3nw��g¢v¡YLmbXZYkg!gbmjY�ced3fPnwv?`km{c�gbYLdFm{a(Ykg¢¦§nwdFmj}F��ababYkd|mja
x3Y�abYkmj�s��zkYLayx3YPmj`kv?nw}¡x3mbYPmjcwvF��x3YkXZXZYk},g�ced3f��?YLabnw��}|a7x3YLayd|ajce��Ykm{a5Ykg�x®« ��}F}Fn���Ykm7z�nw}¡aig{ceXZXZYk},gyxFcw}|ay��Y�x3n�X�ce��}FYPx3Y�a
abYkmj�s��zkYLaVn �²YkmbgjaL�Fz�Y�z��S�F��Yk}Ga��Fm �\XZnw��}|x3mjY7zknf�3g� 
>	YLa®mj`LabYLcwd3fBv|mbn��wm{ceXZX�ce�F��YLa²n�}�g�z�YLa(x3Ykmj}F��WkmjYLa®cw}F}F`LYLa®mjY�gjYk}sd|a	�*« c�gbgbYk},gj��n�}�x3Y1}Fn�X��FmjYkdFfyz{UFYLmjz{UFYLdFm{aSY�g	��}|x3d¡aigjmb��Yk��a

x3Y5gb`k��`LzknwXZX�d|}F��zLc�gj��n�}|ak �tJY5}|nwX��|mbYLd3f�vFmjneoiYkgja¢n�}�g1cw�¡n�d3gb��a ��x3Y�aImj`LabdF��gjc�g{a¢xS« dF}FYJ�,d|cw����gb`5��mjmb`LvFmbn3z{U|cw�F��Yrv?YkmjXZY�g!g{ce},g
�­z�Y�gihsv?Y�xS« cem{z{UF��gbY�z;gbd|mbY©x®« YL}�g{ceXZXZYkm�dF}FY�vFU|cwabY�x®« ��}|x3d|a!gbmj��ce����ajc�gj��n�}®�rcwd�oinwdFm{xS« UsdF�B�|��YL} c=��ce}|zk`kYw  ¯ Y�gbgbY�a!Y�z;gb��nw}
Y�aig�z�n�}|ajcwz�mj`kY ��z�YLa7v|mbnwoiY�gjaL  �D�1x3`kgjce������YZ��YLa7vFmj��}¡z���v|ce��YLa7cem{z{UF��gbY�z;gbd|mbY�aB`kgbd|xF��`LYLa �.gbm{c=�wYLmjaJ��Y�XZnw}¡x3YZY�g�vFmj`LabYk},gbY\��Y�a
x3� �²`kmjYk},gja�Y �?n�m!g{a�x3Y�aig{ce}|x|cem{x3��ajc�gj��n�}�YL}�zknwdFm{aL 
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Noeud du réseau

RSVP
de routage

Algorithmes
DiffServ
Services

...spécifiques

Algorithmes de services à valeur ajoutée

Interface V Utilisateurs

Table de
routage

Ressources physiques

proc. unité de connexion, cartes de comm.,

Interface CCM

Contrôleur

Représentation abstraite des ressources de routage

CPU, buffer, buffer mgmt, bandwidth,
scheduler, table de routage, classifieurs, ...

Génériques Spécifiques / service

table OSPF, diffserv PHB

(VPN, VOD, ...)

Interface L

Interface U

 Forwarding Engine, contrôleurs de trafic de routes, ...
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>	YLaIcwvFvF����zLc�gb��nw}¡aI�s��ab`kY�a¢v|cwm1z�Y�aI��}�gjYkmb¦'cwzkYLaIx3YJvFmbn��wm{ceXZX�c�gj��n�}Pabnw},g1vFmj��}¡z���v|ce��YkXZYk},g1x3Y�a1cwvFvF����zLc�gb��nw}¡aIx3YJzknw}3£|��d3¥
m{c�gj��n�}�YkgBx3Y�XZn3x3��£¡zkcegb��nw}Gx3hs}|cwX\���,dFY�x3Y�a5`L�,dF��v?YkXZYk},gjaJY�gJx3Y�a5mjYLaja!n�dFm{z�YLaLK'Y�fS ¡cw����n3zkc�gj��n�}�xFY�mbY�ababnwd|mjzkYLa°v|cemBz���cwaja!Y
x3Y7gjmjce£¡z O� 

l¢cem{ce����Wk��YkXZYk},g �.z�YLaJgbm{c=��ced3fGxS« cem{z{UF��gbYLz�gbdFmjYw�?x3YLaBvFmjYkXZ��WkmjYLa5v|mbn�v¡n,a!��gb��nw}|aBxS« ��},gbYLm!¦'c�z�Y�a 9 nw},gB�sd���Y5oin�dFmycwd3gbn�dFm
x3Y���c¤xF���²`kmjYk}|zk��cegb��nw} x3Y�a!YLmb�s��z�YLaH�1�� N>®YLa¨vFmbYLXZ��YLmja�mb`�a!dF��gjcegja¨xFY©z�YGgjmjc=��cw���BvFmbn�v¡n,a!YL},g¨dF}FY�Ykf,gjYk}|ab��nw} x3d¬XZn3x3Wk��Y
l5[6@w�w��mjYkv?n�ajce},g�a!dFm���c�}|c�gjdFmjYZxF���²`kmjYk},gbY�x3Y�a�z�n�X\v?n�ajce},g{ayxF`�£|}F��a�xFcw}|a7dF}FYZ��}�gjYkmb¦'cwzkY 9 ��ajc=�wn���myx3YLa�zknwXZv?n�ajce},gja
��`k}F`Lmb���,dFYLaL�(��}|x3`Lv¡YL}|xFcw}�g{aPxFY�gjnwd3g�a!YLmb�s��z�Y�abv?`Lz���£¡�,dFY�Y�g�x3YLa\z�n�XZv¡n,abcw}�g{aPabv?`Lz���£¡�,dFY�a ��x3YLaZabYkmj�,��z�Y�a�x3n�}F}F`�a K'Y�fS 
	 � ���V�
�!�����GlT>�q²�| L k �O; el�nwd|mIz�Yk��cF�w��Y�aIced3gjYkdFm{a¢x3YJzkYLa�gjmjc=��cedFf�vFmj`Lz�n�}F��a!YL}�gIcwdZabYk��}�xS« dF}FY5��},gbYkmb¦'cwzkY 9 x3YV¦§nwd|mb}F��m1xFcw}|a
dF}©vFmbYLXZ��YLm5gbYLXZv|aBxFYLaJcw�|a!gbm{cwz;gj��n�}|a5x3YPmbY�ababnwd|mjzkYLaV�w`L}F`kmj����d|YLa�Ykgyx3YPv¡YLmbXZY�gbgbmjY���c¨a!v?`Lzk��cw����ajc�gb��nw}�xFY�z�Y�aJmjYLaja!n�dFm{z�YLa
v?nwdFmJdF}�abYkmj�s��zkY7v|cembgb��z�dF����Ykm� 

Lines & ports

Module
Connection

Transporter

Engine
Forwarding

Controler

Capacity

Router
Controler

Controler
Traffic

Computing

Storage

Transport

Forwarding
Engine

Forward
Mapping

Classifier

Connection
Module

Scheduler
Connection

Module
Queues

Line & Port
Queues

Line & Port
Scheduler

Forward
Policy

Database

Trafic 
Policy

Database

Trafic Tables

Routing Tables

Code-point
Mapping

Trafic
Profiles

Trafic
Treatment

QoS
ParametersAddress

Space

Trafic
Descriptor

Flows

Threads

Memory
Disk Space

Marker

Meter

Shaper

Dropper

PHB Config

TCA Config

Monitoring Data
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¯ Y�z��²c�}FnwgjceXZXZYk},g°`�gb`ymj`Lce����a!`5v?nwd|mrdF}.mbn�d3gbYLdFm �Dl­Y�gVv¡n�dFm°��Yya!YLmb�s��z�Y 	 � ���V�
�!����� � > ��' �w��cs�stBp '~���3�stJp ' �w���¾ 
>(cy£|�wdFmjY5�7������d|a!gbmjY���Y�aIx3� �?`LmbYL}�g{aIz�n�XZv¡n,abcw}�g{a¢�,dF�|YL}�gjmbYL},g1xFce}|aI�*« ��},gjYkmb¦'cwz�Y 9 x®« dF}�mjnwdFgbYkd|m �Dl�  ¯ YLa1z�nwXZv?n�ajce},gja¢abnw},g
xS« dF}FY�v|cembgJx3YLaJce�|a!gbm{cwz�gb��nw}|aV��`k}F`Lmb���,dFYLa�x3Y��¡cwabY KÅgbm{ce}¡a!v?nwmbgL�|zLcem{cwz�gb`kmj��aigj���,dFY�a°xFdGmbn�d3gbYLdFmL�3YL},gb��gb`�x3Y�zknw},gbm�Dw��YLa�O°�,dF�
mjYk��mbn�dFv¡YL},gy��YLa7YL}�gj�±gj`La7¦§n�}|z;gj��n�}F}FYL����YLa��,dF�¢��YLa7mjYkvFmj`LabYk},gjYk},g�K*z�n�}�gjm�D���YZx3Y�mjnwd3gjYw�®zLcev|c�z���gb`Zx3YZgbm{ce��gbYLX\YL},gL�SXZ`kXZnw��mjYw�
YL}�gj�±gj`NxFY /	���4�T��� EF��G �3O;�5YL����YLa!¥¾X�ULXZY�XZ��abYLa.Yk} v|��c�z�Y�v|cwm�xFYLa�z�nwXZv?n�ajce},gja K§v?nwmbgL�rgjce�|��Y�a.x3Y�mbn�d3gjcw�wY��rz���cwajab�±£|YLdFm{ak�
v|cwmjcwXZW�gbmjYLaVx3Y *Bnsq²�S k L �O� 

¯ Y�XZnsxFWk��Y��w`L}F`kmj����d|Y�v?Ykd3gZYk}|abdF��gbY/U�gjmbY�a!v?`Lzk��cw����ab`�v?nwdFm\dF}­abYkmj�s��zkY.abv¡`�z���£¡�,dFY K'��zk� 	 � �N�
�
�!� O�  >I« Yk}|abYkXP�F��Y�x3Y
zkYLaJzknwXZv?n�ajce},gjaV¦§n�mbXZYL}�gB�*« ��},gjYkmb¦'cwz�Y�cw�|a!gbm{ce��gbY 9 v?nwd|m5dF}�mjnwd3gjYkdFm �Dl c=�wY�zyabYkmj�s��zkYLa5xFY�*Bn,q² ¡lI��d|a5mj`LzkYkXZXZYk},gL�¡dF}FY
vFmjnwv?n�ab��gb��nw}­x®« ��},gbYkmb¦'cwzkY - �s��YL}�g¨xS« U�gjmbY�vFmjnwv?n�ab`kY�v?YkmjX\Ykg!g{ce},g¨x3Y�X\Ykg!gjmbY�cwdªabYk��}ªx®« dF} abYkdF�5mj`LabYLcwd®�¢x3YLaZmj`LabYLcwd3f
�s��m!gjdFYk��a.c=��YLz�vFmjnegjn3z�nw��YLa.x3Y *BnsqªY�g�X\`�zkcw}F��abXZYLa.x3Y©mjnwd3g{ce��Y�a!v?`Lzk�±£¡�,dFY�a.tB� �SqsYLmb�²�V�GlT>�q²���D}�g;qsYkmj�²�J L k k �qs�y��Y�a
gjmjc=��cedFf�cwvFv¡n�m!gjYk},gyxFYLa7ce�|a!gbm{cwz�gb��nw}|a5��},gb`LmbY�abajce},gjYLaL�|��Y��wmjnwd|v¡Y �Dl abnwd �²mbYPcwz;gjdFYk����YkXZYk},g�xS« d|}©vFmjnw�F��WkXZY�X�ceoiYkdFm7�,dF�
Y�aig��%« cw�|a!YL}|z�Y�xS« dF}ªvFmbnwgbn3z�n���Y�x3YGz�n�}�gjm�D���Y�x3Y�gihsv¡Y B�q3�Gl v?YkmjX\Ykg!g{ce},g¨xS« c�zkzk`Lx3YLm\mj`kYL����YkXZYL}�g�cedFf�mbY�ababnwdFm{z�Y�a�x3Y�a
mjnwd3gjYkdFm{aL 
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¯ n���dFXP�F��cF  ¯ Ykg!gjYBYkf,gjYk}|ab��nw}�v?nwmbgbYBabdFmr�*« cevFv|����zkcegb��nw}¨x3Y�a1v|cwmjc�x3���wXZYLaIxFYJmj`LabYLcedZvFmjnw��mjcwXZXZcw�F��Y5ced3fZmb`�a!Y�ced3fZXZnw�F����YLa
ajce}|a°£¡�*  � ��� �}�T�����\cwx3mjYLaja!Y�x3YLd3f�n��3oiYLz�gb��¦'a�vFmj��}|zk��v¡ced3fS  >®Y�v|mbYLX\��Ykm�Y�aig5x3Y�zknw}|zkYk��nw��m°YkgJx3`kv|��n�h�YkmVdF}�XZ`Lzkcw}F��a!XZY�x3Y
�,d|cw����gb`Zx3Y�a!YLmb�s��z�Y\cwxFcwv3gjcw�F��YPv¡n�dFm�x3YLaymj`LabYLcwd3f�abcw}|a5£¡��ayXZnw�F����YLaL V>	Y\abYLzknw}|x©nw�3oiY�z;gj�±¦1Y�aig�x3YZz�n�}|z�YL�wnw��mJYkg�mb`�ce����abYkm
dF}|YJcem{z{UF��gbYLz�gbdFmjYVnwdF��YkmbgbY��evFmjnw�wm{ceXZX�ce�|��Y°Y�g1c�z;gb���wY�v?nwd|mI�*« ��}|a!YLm!gj��n�}�x3Y5}Fn�dF�wY�ced3fPabYkmj�s��zkYLa¢x3Y5ab���w}|cw����abcegb��nw}\��}¡z���d|ce},g
��c�a!���w}¡ce����ajc�gj��n�}�v?nwdFm5��c��,d|ce����gb`�x3Y�abYkmj�s��zkY7c�xFcevFgjc�gj����Yyx|ce}|a5xFYLa�mj`LabYLcwd3f.u¢T��¤  � ��� �}�T�����PYLa!g5�|cwab`�a!d|m��*« cevFv|mbn3z{UFY
l5[6@w�w��YkgJx3`k��Yk��nwvFv?Y�a!dFm5zkY�gbgbY�cev|vFmbn3z{UFY�x3Y7}Fn�dF�wY�ced3f¨n��3oiY�g{a�v?nwdFm���c\X\n��F������gb`�Ykg5v¡n�dFm���c *Bnsq�c�xFcev3g{c�gj����Yw 
>1« uJl ��x3Y *Bn,q.cwxFcwv3gjcegb���wY7v?YkmjX\YkgJced3f�cevFvF����zkc�gj��n�}|a�x3Y�abv¡`�z���£|YkmBced�mb`�a!Y�ced�dF}FY7¦§nw}¡z;gb��nw}Gx3Y�XZY�a!dFmjY�x3Y��,d|ce����gb`

K'`k��ce��d|c�gj��n�}­x3Y.��c�v?Ykm{z�YkvFgb��nw}Þx3Y���c©�,d|ce����gb`�v|cem\�*« cev|vF����zkcegb��nw} O�  ¯ Ykg!gjY�¦§n�}|z;gj��n�}­x3Y���d¡ce���±gj`.Y�aig�z�n�X\v|��`kgb`kY.v|cem\dF}
YL}|a!YLX��F��Y7x3Y7v¡n�����gb���,dFYLaVxS« cwxFcwv3gjcegb��nw}|a �PX\Ykg!gjmbY7Yk}  �dF�smbY7abdFm�x3���²`kmjYk},gjYLaVz�n�}|x3��gb��nw}|a°x3Y7XZnsxF�±£¡zLc�gj��n�}.x3Yy��c\�,d|ce����gb`
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Architecture actuelle Architecture future

de services
(routage, facturation, ...)

Composants génériques
de services

(routage, facturation, ...)

RéseauRéseau

Composants génériques

Services
avancés

(nr vert,messagerie vocale)

Domaine
Opérateur

Domaine client/ fournisseur
de services

API

Services à valeur ajoutée
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d3gj����YLa�cwd�gbm{ce��gbYLXZYk},gL -* ��c������w}|Y����3dF}�v|mbYLX\��YkmVcev|v¡YL�?Y�aig°¦'ce��g ����cP� � M1¥ � �rced¨gjmjc=��Ykm{aIx3Y7��c�¦§nw}¡z;gb��nw} ���"����
 �����!�������
�,dF��mjYk}s�wn��±gy��Y\}FnwXP�FmjYPxS« ��},gjYkmb¦'cwz�Y�aBxF`Lz���cemj`kY�aJxFcw}|ay��c�X�cwz{UF��}FYw  ¯ Y\}FnwXP�FmjY�YLa!g7��}|ab`kmj`Px|ce}|aB��Y\v|c���d|Y�g�x3YPmj`kv?nw}¡a!Y
cwd.gjmjc=��Ykm{aVx3Y���c�zknwXZX�ce}|xFY '���������������� �Z��cZ������}FY���  �D�(abYkmbg�`k��cw��YLXZYk},g��\�*« �±gj`km{c�gj��n�} K'�����w}|YLa �"! �#�"
(O5xFce}|a5��c���d|Yk����Y
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v?nwdFm7z{U|c���d|Y���},gjYkmb¦'cwz�Y��|�%« YL}|abYkX��|��Y\x3YLaycwx3mjYLajabYLa5cw��}|ab�(�,dFYP��Y\��T * abnw},gymb`�z�dFv?`kmj`LaJY�gyceoinwd3gj`LaBced�v|c��,dFY�g�  ¯ Yk��dF��¥¾zk�
Y�aig5`LX\��aV�s��c\��cZXZ`�gbU|nsxFY �"�!��������K'�����w}|Y �"�6OVdF}FY7¦§n���aVmjYkXZvF���* 

T(nwd3g�zknsxFYD��������"6���D�BY�aig�zknwXZvF����`ZYk}NdF}�cwaja!YLX��F��Ykd|m7abv?`Lz���£¡�,dFY�cev|v¡YL��` ���J�FG G��
�;  >	c.vFmj��}|zk��v¡ce��YZxF���²`kmjYk}|zkY�c=�wYLz
��YLaycwaja!YLX��F��Ykd|mja5zk��c�abab����d|YLa5Y�aig7�,dFYPzkYk��dF�±¥Dz���}FY�¦§nwdFmj}F��v|cwaBxS« ��}|a!gbmjd|z;gj��n�}©xS« cwzLz�WLaJXZ`kXZnw��mbYPx3��mjYLz�gBX�ce��aBdF}F����d|YkXZYk},g
�s��c\xFYLa���cemj��ce�F��YLaVx3`�z���cemj`kYLaVcw��}|ab�®�,d®« dF}FY�vF����Y�v?nwd|m5x3YLaVm{ce��a!n�}|aVx3Y�v?nwmbgjce�|�����±gj`w 

T(nwd3g¢}� �d¡x�zkcwv|ce�|��YVx3Y°gbm{ce��gbYLm�xFYLa�� � ���4� � �M:

J�D�I��x3��a!v?n�abY°x®« dF}|Y°X�c�z{UF��}|Yr�s��m!gjdFYk����YV�,dF�Fx3`LX�dF��gb��vF��Y�f3YV��Y�a�v|cw�,dFYkgja
u '5pIl Y�gZY�f3`Lzkd3gbY.��Y�z�n3x3Y ���J�FG�GV�	�;  >I« cedFgbUFYL}�gj�±£?zkc�gj��n�}¤Y�gZ��c�z�n�}3£¡x3YL}�gj��cw����gb`�a!n�},gPcwaja!d|mb`LYLa�v|c�a�d|}­z�mjhsv3gjcw�wY¨x3Y�a
z{U|cwXZv|a�}|nw}�XPd3gjcw�F��Y�aPx®« dF}Þv|cw�,dFYkg\u 'JpIl z�nwd|vF��` ���%« dFgb������abcegb��nw}Þx®« dF}ªa!h3a!gbWLX\Y.x3Y�zk��Yk¦'a�v|dF�F�����,dFY�a 2�vFmb���w`LYLaL �>	YLa
¦§n�}|z;gj��n�}|a�xS« ced3gjnwmj��ajc�gj��n�}.abnw},g���XZvF��ce},gb`LYLaVv|cwm5x3YLa5����aigjYLa�x3Y�zknw},gbm�Dw��Y7xS« c�zkzkWLa°v|cem5cw�wYL}�g�  ¯ YLaV����a!gbY�a�x3`�£¡}F��ajabYk},g5v¡n�dFm
z{U|c��,dFY�zk����Yk},g�z�n�}F}sd®����Y�a�¦§n�}|z;gj��n�}|aZx3Y�XZcw}F��vFdF��c�gb��nw}ªx3YG�!� M v?n�aja!���F��YLaZce��}|ab�V�,dFY���c©����a!gbY�x3Y�aPn��3oiY�g{aZx3YGz�Yk����Y�¥Dz��
c�zkz�Y�abab���F��Y�aVv|cemV��Y�z�����YL},g5Y�g�v¡n�dFmJz{U|c��,dFYBn��3oiY�g��F��YLaVnwv?`km{c�gj��n�}|a°vFmj`Lz���abYLa�cedFgbnwmj��a!`LYLaL 
>1« cwvFvFmjnsz{U|Y � � ���4� � � "6���D� �BYLa!gr�%« dF}FYBxFYLarvFmbYLXZ��WLmbY�aIcevFv|mbn3z{UFY�a1cwz�gb���wY�aIvFdF�|����`kY�ak stJ`�x3��`kY ����c�a!dFv?Ykmj�s��ab��nw}�Yk����YJYLa!g

v|cwm!gj��zkdF����WLmbYLX\YL},gI��},gb`LmbY�abajce},gjY5zkcem1Yk����Y¢oid¡a!��gb��£|Y�gjnegjcw��YLXZYk},g1�%« d3gj������abcegb��nw}¨x3Y5�%« cwz;gj�±¦Sv?nwdFm°x3YLaI¦§nw}|z�gb��nw}|a1x3YJabdFv¡YLmb�s��a!��nw}
YkgZx3`LXZnw},gbmjY¨�%« cwvFv¡n�m!gZxS« dF}���ce}F�,ce�wY.x3Y�vFmjnw��mjcwXZXZcegb��nw}¤x3Y.v|cw�,dFYkgja\x3`Lx3��` �©��c�¦§nw}|z�gb��nw}��s��a!`LYw��z�nw}¡z�YkvFg\�,dF�Va!YLmjc
mjYkvFmj��aJvF��d|aBgjcwmjx©xFce}|aB��YLaBmb`�a!Y�ced3fGcwz�gb��¦'aB�s��c¨��YLaB��cw}F��cw�wY�aJabv¡`�z���£¡�,dFYLayx3YZx3nwX�ce��}FY�aJv?nwdFm7x3Y�a5¦§n�}|z;gj��n�}|a7ced3gjmbY�aJ�,dFY
��c�abdFv¡YLmb�s��a!��nw}	  ¯ Ykv?Yk}|xFcw},gL�1�%« cevFvFmjn3z{UFY�vFmjnegbnwgihsv|ce��YGx3`k��Yk��nwvFv?`kY�abnwd �²mjY�xS« d|} z�Ykmbgjcw��} }Fn�X��FmjY�x3YG����XZ��gbY�ak  �D�JYLa!g
}FnwgjcwX\XZYL}�g���XZv¡n,abab���|��Y\v¡n�dFm�z�YL����YLa!¥¾zk��xFY\��ce��aja!YLmyx3Y�ay`�gjcegja7xFcw}|aydF}�}! �d|x�v?nwdFm�x3Y�ay¦§nw}|z�gb��nw}|aB¦§d3gjdFmjYLay��},gjYkm{x3��ajce},g
cw��}|ab�|x3Y�a1z{U|c	
�}|YLa¢x3Y�gjmjcw�±gjYkXZYk},g{aI�,dF�Fv?YkdF��Yk},grabY�mb`L�w`k��Ykm¢��},gb`LmbY�abajce},gbY�a�Yk}Z�wY�aigj��n�}® �>(c�a!Y�z�nw}¡x3Y�YLa!gI��c7����X\��gbYJ¦§nwmbgbY5abdFm
��c¨g{ce������YZx3YPv|mbn��wm{ceXZXZYLa K'�F��YL}N�,dFY\z�YL��c�ce��gy`kgb`\dF}©v|mb`k¥%mjYL�,dF��aJxFcw}|aB�*« cevFv|mbn3z{UFY6O;�²����XZ�±g{ce},g7��Y�a5¦§n�}|z;gj��n�}|a7x3`kv?nwmbgb`LYLa
��x3YLaJgbm{ce��gbYLXZYk},gjaymjYLa!gbmjYk��}�g{ak I,���}|cw��YLXZYk},gL�?gbmjWLayv?YkdNxS« Ykf3v¡`Lmb��XZYk},gjcegb��nw}|aBY�g�ced|zkdF}©mj`LabdF��gjcegyz{UF� �?mj`PabdFm7�%« cwvFv¡n�m!g7x3Y
zkY7gih,v?Y�x3Y�x3`L��`L��cegb��nw}�}®« c\`kgb`�mjYkv?nwmbgb`w�FzkY��,dF�®YLa!g�gbmjWLa�xFnwXZX�ce�wY�ce�F��YyY�gJmjYk��mbYkgjce�|��Y7zkcwmVzkY7gihsv¡Y�x3Y�mj`LabdF��gjcegja�ced|mjcw�±g
v?Ykd3gb¥ UkgbmjY�vFdGx3`kXZn�}�gjmbYLm�x3Y�X�ce}F��WkmjY7��}|xF��ajz�d3g{ce�F��Y7�*« ��}�gj`km�U�gJx3Y7�%« cwvFvFmjn3z{UFYw 
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��� �}� "6�H�T����� � q3� �°���3�¡uP>®p �w�w���(mjYk��mbn�dFv¡Y7�%« YL}|abYkX��|��Y�xFYLaJc�z;gj���s��gb`LaBx3Y��%« d|}F����Ykm{a!��gb`�xFY�l�Yk}F}|ab������ce}|��Y�cwd3gbn�dFmJx3Y�a

mj`LabYLcwd3f.cwz�gb��¦'ak  >®YLa�gbm{c=�=cwd3f¨XZYk}F`�a5xFcw}|a5z�Y�v|mbnwoiY�g��s��abYk},g���x3`k£|}F��m5dF}FY�cwmjz{UF��gbY�z;gjdFmbY7UFn�XZnw�wWL}FYy��}|zk��d¡ce},gJx3� �?`LmbYL}�g{a
v|cwmjc�x3���wXZYLa�gjYk��a1�,dFY���YJ}� �d¡x�cwz;gj�±¦i����YJv|cw�,dFYkgrcwz�gb��¦Scw��}¡a!�|�,dFYJ��c�ab`LzkdFmj��ajc�gj��n�}\xS« dF}¨mj`LabYLcwd�cwz;gj�±¦i  >®Y�aIcwabv¡Y�z;g{aI��ce}F�,ce�wY
x3Y�v|mbn��wm{ceXZX�c�gb��nw}.x3Y�mb`�a!Y�ced�cwz;gj�±¦¢abnw},g�`k��cw��YLXZYk},gVcwdGz  �dFm�x3Y�aVgbm{c=��ced3f�x3Y ��� �}� "6�H�T�����k 
>1« cwmjz{UF��gbY�z;gjdFmbYJ�w`k}|`km{ce��YJxS« dF}¨}� �d|x � � �}� "1�-�T�����yY�aig�x3n�}F}F`kYyxFce}¡a1��c�£|��dFmjY�[L�|  ¯ YL����Y�¥Dz��?YLa!gr�|c�a!`LYJabdFm°�Pz�n�d|z{UFYLaL 

>(c7vFmbYLXZ��WLmbY�mjYkvFmj`LabYk},gjY°d|}\}|����YLced�x3Y5abh3aigjWkXZY5xS« Y�f3vF��nw��gjcegb��nw}ZY�g1xS« Yk}s�s��mbn�}F}FYkXZYL}�g1x®« Ykfs`�z�d3gj��n�}�x3Y��|cwabYw �>	c�abYLz�n�}|x3Y
n �?mjYPd|}FY\¦'cwz������±gj`\xS« Yk}|mb��z{UF��ababYkXZYk},g�x3d�abh3aigjWkXZYZxS« Ykf3vF��n��±g{c�gj��n�}©v|cwm7xFYLayY�fsgbYL}|ab��n�}|aBc�z;gj����YLa�KÅ¦§n�}|z;gj��n�}|ayn �²YkmbgbYLa7cwd3f
v|c��,dFY�g{a�cwz�gb��¦'a�a!d|m�dF}¤}� �d|x O;  >(c�gbmjnw��a!��WkXZY�z�n�d|z{UFY�mjYkvFmj`LabYk},gbYZ��c�¦§nw}|z�gb��nw}¤x3YZgjmjcw�±gjYkXZYk},g�x3Y¨v¡cw�,dFY�g{a�cwz�gb��¦�zknwX\¥
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v?nwmbgjcw}�gyz{U|cwzkdF}�x3d©zknsxFY�Y�f3`Lzkd3gb`Pa!dFmyz{U|cw�,dFY�}� �d|x�gbm{c=�wYLmjab`w  >1« cwmjz{U|�±gjYLz;gjdFmjY � � �}� "1�-�T�����PmjYkv?n�abY�abdFmB��v|mb��}|z���v|cwd3f
zknwXZv¡n,abcw},gjaL  ¯ YLa�z�n�XZv¡n,abcw}�g{aVa!n�}�g �FuC> �Dp '��FlT>(u ' YkgBq3u 'Jp5 

OS + Runtime CAML

Loader

Paquets

Actifs PLAN

IP, EthernetIP, Ethernet

Actives
Extensions

Intèrpréteur PLAN Switchlet

Extensions

Paquets
Actifs

Infrastructure

�	�	?�@	[�� A � . ��� "6�>�}� � "3� 
3��� � � �}� "1�-�T�����

F�� , �I# 	 9T$ H I
uP> �Dp ' � uC>	p �w��cs�(uC>	p¬�w�e���Vz�n�}|aigj�±gjdFY¨�%« d|}�x3YLa7¦§n�}|x3YLX\YL},gja�xFd¤vFmbnwoiY�g ��� �}� "6�H�T������ �uC> �Dp '�Ykfsv|��n�mbY��%« cwmjz{U|�±¥

gjYLz;gjdFmjY¨xS« d|}N}! �d|x�cwz;gj�±¦�z�n�XZv¡n�m!g{ce},g"�.��c�¦§nw��a�x3Y�a�Y�fsgbYL}|ab��n�}|a�cwz�gb���wYLa�z{U¡cemj�w`kY�aJv¡cem��%« n�v¡`LmjcegbYkd|m�x3d�mb`�a!Y�cedNY�g�dF}
abdFvFv?nwmbgBv?nwdFmyx3YLaBv|c���d|Y�gjaBcwz�gb��¦'aBzknwXZv¡n�m!g{ce},gBz{U|c�z�dF}G��YPzkn3x3Y�cwajabnszk��` ����YLdFmBgbm{ce��gbYkXZYL}�g�  >	Y���ce}F�,ce�wY�xFY�vFmjnw��mjcwXP¥
X�c�gj��n�}�x3Y�a1Ykf,gjYk}|ab��nw}|arce��}|a!�²�,dFYBxFYLarv|cw�,dFYkgja°cwz;gj�±¦'arYLa!g + ¯ uB� > K
� �	�
� "D� ����� � ��� �^���6OI`kgbYL}|x3d�c=��YLz5x3Y�a1v|mb��XZ�±gj����YLa
x3Y�X�cw}F��v|dF��cegb��nw}�x3Y�v|c���d|Y�gja�c�z;gj�±¦'a K*cwzLz�WLaL�sYk}s�wn��*�3mj`LzkYkv3gj��n�} O;  >1« cwmjz{U|�±gjYLz;gjdFmjYyxS« dF}�}� �d|x�mjYkv?n�abY�a!dFm5�\}F���wY�ced3f �

A¬dF}Ga!h3a!gbWLX\Y�xS« Y�f3vF��nw��gjcegb��nw}�aig{ce}|x|cem{x KI>	��}sd3fJOVzknwXZv¡n�m!g{ce},g�dF}���},gjYkmjvFmb`kgbYLdFmC+ ¯ uJ� >2R
A¬dF}FY���},gbYLm!¦'c�z�Y�x3Y�}� �d|x�n �²m{ce},gJdF}�c�zkz�W�a5cedGmj`LabYLcwd�Y�gBcwd�a!h3a!gbWkXZY�x®« Ykfsv|��n��±g{c�gb��nw}�cw��}¡a!����d	« dF}�zknwXZv?n�ajce},gJx3Y
z{U|cemj�wYLXZYk},gVxFY7zkn3x3Y�v¡YLmbXZYkg!gjcw},gJx3Y�z{U|cemj�wYLm°x3Y�a�Y�fsgjYk}|ab��n�}|a�cwz�gb���wY�a�R

A x3YLaV�����Fmjcw��mj��YLaVx3Y�mjnwd3gj��}FY�aVd3gb����YLaL 
¯ Ykg!gbY�cwmjz{UF��gbY�z;gjdFmbY7x3Y�}� �d¡x�v?YkmjXZY�g��*« Y�f3v?`kmj��XZYL}�g{c�gj��n�}�xS« dF}FY�cwvFvFmjnsz{U|YB}� �d¡x.c�z;gb��¦¢ced¨gjmjc=��Ykm{arxFd�z{U¡cemj�wYkXZYL}�g

xS« Y�fsgjYk}|ab��n�}|a°cwz;gj����YLaL  ¯ Y�a°Y�fsgbYL}|a!��nw}¡a1}FY7abnw},grv|c�a1XZn��F����YLarY�gVn �²mjYk},gVxFYLa°a!YLmb�s��z�YLa°cedFfZv¡cw�,dFY�g{arc�z;gj�±¦'aV�,dF�?gbm{ce}|ab��gbYk},g
abdFmJ��Y�mj`LabYLcwd® J>I« cem{z{UF��gbY�z;gbd|mbY�xS« uC> �Dp '~v?YkmjXZY�gy`k��cw��YLXZYk},g5�*« Y�f3v?`kmj��XZYL}�g{c�gj��n�}�xS« d|}FY�cev|vFmbn3z{UFY�v¡cw�,dFY�gycwz;gj�±¦i�¡�s��c���Y
abdFvFv?nwmbgVx®« YL},��nw�?Y�g�x3YJmj`LzkYkv3gj��n�}.x3YBv|cw�,dFYkgjaVcwz�gb��¦'arx|ce}|a°dF}�¦§nwmjXZceg°u '5pIl K§��nw��m°abYLz�gb��nw} @�O; 3>I« ��},gj`km�U�g°x®« uP> �Dp ' YLa!g
xS« n �²mj��m5xFcw}|a°dF}�Yk}s�s��mjnw}|}FYkXZYk},g�aig{ce}|x|cem{xS�,gbnwdFgbYLaV��YLa°¦§n�}|z;gj��n�}|a�x3Y7�|c�a!Y�xS« dF}�}� �d|x�mbY��,dF��abYLa°v?nwdFmV��YLa°¦§n�}|z;gj��n�}|a�x3Y
}F���wY�ced�a!d|vFvF��`kXZYk},gjcw��mjYw 
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lT>(u ' K � � "6���3�C���FG ��
J�
� ��/	��� ��"3� ����� C �3�=�T�������(O � uC>®p �s��z�� + � ¯ �w�3� + � ¯ ���e���rzknw}|a!gb��gbd|Y¨dF}FY¨cwvFvFmjnsz{U|YZzknwX\¥

vF��`kXZYL}�g{ce��mbY�x®« uP> �Dp ' x3d�v?nw��}�gyx3Y��sdFY���ce}F�,ce�wY�x3Y�vFmbn��wm{ceXZX�c�gj��n�}�x3Y�mb`�a!Y�ced�cwz;gj�±¦¢YkgBak« cev|vFdF��Y�a!d|m5�*« cem{z{UF��gbY�z;gbd|mbY
xS« uC> �Dp ' v¡n�dFm7��c.z�n�}|aigjmbd¡z;gb��nw}�xS« d|}�}� �d¡x�cwz�gb��¦i SpI}©Y �?YkgL�SlT>(u ' }®« Ykf3vF��n��±gjYPv¡cwaBdF}���ce}|��ce��Y�x3Y\vFmjnw�wm{ceXZX�c�gj��n�}
��`k}F`Lmb���,dFY7XZcw��a�xF`�£|}F��gJabnw}�vFmbn�vFmjYB��ce}F�,ce��YB��}|abvF��mj`�x3d���cw}F��cw�wYB¦§nw}|z�gb��nw}F}|Yk�6� "6� �
� �/� L Ykg ¯ uJ� >1 
>	YP��ce}F�,ce��YPx3Y\vFmjnw�wm{ceXZX�c�gj��n�}�x3Y\v|cw�,dFYkgja7x3Y\lT>	u ' YLa!gydF}N��ce}F�,ce�wY�¦§nw}|z�gb��nw}F}FYL�¢a!��XZvF��YZ�|c�a!`\a!d|my��Y��3¥Dzkcw��zkdF�

gihsv?`�c=h�ce},g�dF}�U|cwd3g5}F���wYLcwd�x®« cw�|aigjmjc�z;gj��n�}® 3>	c�z�n�XZX�dF}F��zkcegb��nw}�Yk},gbmjY7}� �d|xFaJcwz;gj�±¦'a�abY7gbm{cwxFdF�±gJx|ce}|aVdF}�vFmjnw��mjcwXZX\Y
v|cwm7dF}FY\`k��ce��d|c�gj��n�}©x3YP¦§nw}|z�gb��nw} �.x3��a!gjce}¡z�Y\Y�g�x3nw}F}|YP����YLd��.��c��w`L}F`km{c�gj��n�}�Y�g7�*« Yk}s��nw��x3YPv¡cw�,dFY�g{a7cwz;gj�±¦'a7cwdGgbm{c=�wYLmja
x3dªmj`LabYLced	 4>1« ��},gb`km�U�gZvFmj��}¡z���v|ce�Vx3YGx3��a!v?n�abYkmZxS« dF}­��ce}|��ce��Y¨mjYLa!gbmjYk��}�g\mb`�a!��x3Y�xFce}¡aP��YLaP����XZ��gbYLa��,dFY��%« n�}Þv?Ykd3g�vF��cwzkYkm
abdFmPzkYk��dF��¥¾zk�rc�£¡}Þx3Y¨X�c�
�gbmj��a!YLm���YLa�c�z;gj��n�}|a�mj`Lcw����abcw�F��YLa7v|cwm���YLa�v¡cw�,dFY�g{a�xFcw}|a���YLa�}� �d|xFaL  ¯ Yk��cGv¡YLmbXZYkg�}Fneg{ceXZXZYk},g
x3Y\mjYLa!gbmjYk��}|x3mjY���c�ab`Lz�d|mb��gb`PvF��c�z�`LY\abdFmy��YZz�n3x3Y\xFce}|ay��YLaBv|cw�,dFYkgjaL StJY\vF��d|ak�SzkYk��c¨v?YkmjX\Ykg7xFY�¦§n�dFmb}|��mydF}NYk}|abYkXP�F��Y\x3Y
vFmj��X\��gb���wY�a�x3`LxF��`LYLa �\�%« `L�=cw��d¡c�gb��nw}��Zx3��aig{ce}|zkYyYkgJced.gbm{ce��gbYLX\YL},gJx3YLaVv|c��,dFY�g{a�xFce}|aV��Y���ce}F�,ce�wY� 
W3WLà10324265�798484A3I1KiEGFH;=<��3BO<?K-;R@4B
W T à10324265�79848�:4:4:�;JI4L�;=<��3YO<?K �DK-;}>6Y��M8DL4I?0M>iEO>QP3B3>15QA3LD<�2DA1B �M8 ���40QANEO>
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>	YV¦§nwmjXZceg1x3YLaIv|cw�,dFYkgjaIc�z;gb��¦'aIx3Y�lQ>	u ' YLa!gI�|cwab`5abdFm¢��c7}|negb��nw}�x3Y "1�3
3GI"6� �\P ������g!gj`km{ce��YkXZYk},gI�?nwd3grxFY5z�n3x3Yw &*5}ZgbYL�
v|c��,dFY�gJzknwXZv¡n�m!gjY���Y�zkn3x3Y �ZY�f3`�z�d3gjYkm5abdFm5��Y�}� �d|xGx3��aig{ce},gL�|��Y�}Fn�X xFY���cZvFmjYkXZ��WkmjY7¦§nw}|z�gb��nw}Gx3Y�zkY�z�n3x3Y"�Z��}s�wn3�,dFYkm
cw��}|ab�(�,dFY���YLa5v|cem{ceXZW�gjmbY�aVY �²YLz�gb��¦'aJx3Y�zkY�gbgbY�¦§n�}|z;gj��n�} K'�,dF�(abnw},g5YL}.¦'cw�±gB��Y�aJx3n�}F}F`kY�a�d3gj����YLaJ�w`kU|��zkdF��`LYLa�abdFm5��Y�mj`LabYLced�O; 
¯ Y7¦§n�mbX�c�g�Y�aig�������d|a!gbmj`�xFce}|aV��cP£|�wd|mbYZ[
A¡ 

Paramètres
effectifs

source PLAN

fun ping(src:
fun ack() ...

Idf fonction 
d’évaluation

code
Point

d’
entrée

Destination
Limites

de
ressources

Fonction
de

routage

Source
du

paquet

Handler
d’erreur

Chunk

ping defaultRoute

Idf fonction 
de routage

�	�	?!@([
A A/���N�J�M:

J�3� � ���BC

*J}©XZ`LzLce}F��a!XZY�xFYP����XZ��gjcegb��nw}©x3Y�aJmjYLajabnwdFm{z�Y�a��|cwab`PabdFmydF}©zknwXZv3gbYLdFmyYLa!gB`k�,ce��YkXZYk},g7x3��abv?nw}F���F��Yw V>®Y�mjnwdFgjce��Y�YLa!g
�|c�a!`VabdFm�dF}FYV`k��ce��d|cegb��nw}�v|cwm�v|cw�,dFYkgL =pI}\Y �²Y�gL�=gjnwd3g¢v|c��,dFY�g¢cwz�gb��¦?z�n�XZv¡n�m!gjY1�%« ��x3Yk},gj�±£¡zLc�gj��n�}Px3YV��c5¦§n�}|z;gj��n�}Px3YVmjnwd3g{ce�wY
��cevFv|�����,dFYkm�abdFm�z�Yk��dF��¥¾zk�* Sp1}NzLcwa7xS« YkmjmbYLdFmL�?dF}NXZ`Lzkcw}F��a!XZYZx3Y\gbm{ce��gbYkXZYL}�g7v?Ykd3g�U�gjmbYZcev|v¡YL��`�x3YLvFdF��a7}®« ��XZv¡n�m!gjY\�,dFYL�
}� �d¡x�abdFm1��cPabnwd|mjzkYJx3d¨v|c��,dFY�g�  >(c�¦§nw}¡z;gb��nw}.��XZvF��ce},g{ce},g°zkYJXZ`LzLce}F��a!XZYyz�nw}¡aigj�±gjdFYJ�%« d|}.x3Y�a1v|cwmjcwXZW�gbmjYLarxS« dF}¨v|c���d|Y�g
lT>(u '� 
>1« `L�=cw��d¡c�gb��nw} ��x3��aig{ce}|zkY K'Yk}s�wn��5x3YGv|c���d|Y�g�OPY�aig¨mj`Lcw����a!`LY.v¡cemZgbn�d3g¨}� �d|x­��nwm{a�x3Y��*« `k��ce��d|cegb��nw} xS« d|}FY�¦§nw}|z�gb��nw}

xS« cev|v¡YL� ��x3��a!gjcw}|z�Y K�� �����	�  !��� O�n�dNx®« cwvFv¡YL� ��dF}��wn���ab��}<K��"�3=���
������� !� O�  >I« cev|v¡YL�¢mb`�z�dFm{a!��¦°xFYZ¦§nw}|z�gb��nw}|a�cwd3gbmjYLa7�,dFY
zkYk����Y�a�xS« `k��ce��d|c�gj��n�} ��x3��a!gjce}¡z�YZYLa!g���},gjYkm{x3�±g�x|ce}|a7lT>(u '�ce£|}¤x3Y���cwmjcw}�gj��my��c�gjYkmjXZ��}|cw��abnw}�x3Y��%« `L��ce��d|c�gj��n�}NxFcw}|a7dF}
}� �d¡xS J>	cP£|��dFmjY\[6@�������d|a!gbmjY���YLaVv|cwmjcwX\WkgbmjYLaVx3Y�a�cevFv?Yk��a5xS« `k��ce��d|cegb��nw}��\xF��a!gjcw}|z�Y� 

OnRemote(Quoi?,Où?,Combien?,Comment?)

OnNeighbor(Quoi?,Où,Combien?);

� �	?�@([(@ A/� �	� � ���������D� ���	� E��	�����D�}�J� E���� E�. � ����� 
J�'� �I�)GB1�EF� �4� �FG "�� E��)G � � ��� C

>(c�¦§n�}|z;gj��n�}�x®« `L�=cw��d¡c�gb��nw}���x3��aig{ce}|zkY�� �����	�  !���Pz�n�X\v?nwmbgbY��,d|cegbmjYyv¡cem{ceXZW�gjmbY�ar�,dF�	abnw},g���Y�}FnwX xFY���cP¦§nw}¡z;gb��nw} �
��}s�wn3�,dFYkm¢YkgI��Y�a¢v|cem{ceXZWkgbmjYLa�Y �²YLz�gb��¦'aCK *Bd|nw� O;�e�%« ��x3YL}�gj�±£?zkc�gjYkdFmIxFd�}� �d|xZa!d|m¢��Y���d|Yk�Fn�}ZxFYkX�ce}|xFY��*« `k��ce��d|cegb��nw} K + $ O��e��Y�a
mjYLaja!n�dFm{z�YLa¢c�ababn3z���`kY�a K ¯ nwXP�F��Yk} O¢cw��}¡a!�|�,dFYJ��Y�XZ`LzLce}F��abX\YBx3Y5z{UFYkXZ��}�mbYkgbYL},d�v?nwd|mIh\cw����Ykm K ¯ nwXZXZYk},g�O� #'Jnegjnw}|aI�,dFYJ��c
¦§n�}|z;gj��n�}�}®« YLa!grv|c�a1`L��ce��dF`kYyxFce}|a1��Y�a1}! �d|xFar��},gbYLmbXZ`�x3��cw��mjYLar�,dF�Sa!n�}�grv|cem{z�n�dFmbd¡aIv?nwdFmVce�?nwd3gj��m ����c�zk���F��Yw 3>(c7¦§nw}|z�gb��nw}
�"�3=���
������� !��}FY�}F`�z�Y�abab�±gjYZv|cwa�x3Y�v¡cem{ceXZW�gjmbYZ��}|x3����d¡ce},g�dF}FYZ¦§nw}¡z;gb��nw}¤x3Y�mjnwdFgjce��Yw�²��Y�}� �d|x�cwx3mjYLajab`\abY�mbYkgbmjnwdF��cw}�g
n��F������cegbn���mjYkXZYk},gVa!dFm���Y7X�UkXZY7�Fmb��}.�,dFY7��Y7}� �d|x�a!n�dFmjzkYw 3*5}|Yy������d|a!gbm{c�gj��n�}.x3Y�zkYLa�cev|v¡YL��a°YLa!g5x3nw}|}F`kY�xFcw}|a°�*« Y�f3YkXZvF��Y
x3d '(
����¨x3`�g{ce������`�xFce}¡aV��cZabYLz;gj��n�}�abdF����ce},gbY� 

¯ Y¤��ce}F�,ce��Y©YLa!g�v|cwm!¦'cw�±gjYkXZYk},g�cwxFcwv3gb` �ª��c a!v?`Lzk�±£¡zLc�gj��n�} xFYNv?Y�gj�±g{a�vFmjnw��mjcwXZX\Y�a.xF`�£|}F��a�zknwXZXZY�x3YLa�XZ��z�mjne¥
vFmjnegjn3z�nw��YLa���}¡a!`Lmb`�a.xFcw}|a�xFYLa�v|cw�,dFYkgjaL °tBYkdFf ��XZvF��ce},gjcegb��nw}|a�x3Y©lQ>	u ' abnw},g�cwd�oinwd|mjxS« UsdF�BxF��abv¡n�}F���F��Y�ak  >1« dF}|Y©YLa!g
mj`Lcw����a!`LY7Yk} + ¯ uJ� >1�F��cZabYLzknw}|x3Y7Y�aigV¦§nwd|mb}F��Y7Yk} �,c=�=c| 

lT>(u 'JY�g � + � ¯ �w�w���rYLa!g�dF}¤mj`LabYLcwdNxS« Y�f3v?`kmj��XZYL}�g{c�gj��n�}NzknwdFvF��ce},g���YLa�cwvFv?nwmbgja�xS« uC> �Dp '�YkgPx3Y�lT>(u '� 4>®Y�a�mbn�d3¥
gjYkdFm{a�lT>(u '5Ykg.n �?mjYk},g�dF}¬Yk}s�s��mbn�}F}FYkXZYL}�g¨xS« Y�f3`�z�d3gj��n�}ªv?nwd|m�x3YLa¨v|cw�,dFYkgja�lT>(u ' Ykg���YLa¨abYkmj�s��zkYLaZn �²Ykmbgja¨v|cem¨zkY�g
YL},�s��mbn�}F}FYL}�gZxS« Y�f3`Lzkd3gb��nw}Þabnw},g�YkfsgbYk}¡a!���F��YLaP�wm��wz�Y.cedÞzknw}|zkYkv3gZx3Y ��� �}� "6� � �3��n�dÞxS« Y�fsgbYL}|ab��n�}|aPc�z;gj����YLa�xF`�£|}F��YLaZxFcw}|a
uP> �Dp '� V>	YLaJv|cw�,dFYkgja5lQ>	u ' a!n�},gJ`�gjYk}|x3d¡aJc=�wY�z�x3YkdFfGz{U¡ceXZv|a5abdFvFvF��`kXZYL}�g{ce��mbY�aJxFcw}|a5lQ>	u 'JY�g�  ¯ Y�aJz{U|cwX\v¡aJabnw},g �
dF}¤��x3YL}�gj�±£?zkc�gjYkdFm�xFY¨a!Y�abab��n�}�Ykg�dF}¤��x3Yk},gb��£¡zLc�gbYLdFm�x3Y��|dFf²  �D��a�v?YkmjXZY�gbgbYk},gPx®« c�ababn3z���Ykm��²x®« dF}|Y�v|cembg�dF}FY¨cwvFvF����zLc�gb��nw}
�.dF}Nv|cw�,dFYkg(K'z{U¡ceXZv�abYLaja!��nw}�O�Y�g��®xS« ced3gjmbYPv|cembgyd|} �|dFf²  >1« c�x3mbY�abajce��Y�xFcw}|aylT>	u '5Y�g�mjYkv?n�abYPabdFm�x3YLa7c�x3mbY�ababYLayx3Y�A��
�F��gjaL J>(c\zknw}3£¡�wdFm{c�gj��n�}�x3Y7mbn�d3gjcw�wYyYLa!g�XZcw��},gjYk}sdFY7v|cemVdF}�vFmjnegjn3z�nw��Y7x3Y7mbn�d3gjcw�wYBcwvFvF����zLc�gj�±¦¢z�YL}�gjmjcw����ab`Bn�mb�,ce}F��abcw},g1��Y�a
}� �d¡xFa�Yk}�dF}FY�U|��`Lmjcwmjz{UF��Y7z�nwXZvFmjYk}¡ce},g°d|}�X�c	
�gjmbY7Y�g �.YLajz���c=�wYLa � � +�+ �s��c �¾ 
W;é�à10324265�79848�:4:4:�;JID<1L�; �45D> � ��;}>6Y��M8��3L?:G<?2MI?04:MK6B3>M8�5DK15M>6BML6815MF6K �QI?0�� �QI	�QL
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>(cJ£¡�wdFmjY7[L�7z�n�X\v?nwmbgbYV�%« Ykf3YkXZvF��Y5x3d � ��G �\z�n3x3`5x|ce}|a���Y���cw}F��cw�wY°lT>	u '�  ¯ Yk����Yk¥¾zk�3YLa!g1x3`�£|}|��Y�v|cwmIx3YkdFf�¦§nw}¡z;gb��nw}¡a	�
dF}|Y1¦§n�}|z;gj��n�}�'(
�� �yY�g�dF}FYr¦§nw}¡z;gb��nw} ��� �² (>	cJ¦§nw}|z�gb��nw} '(
����yx3`k£|}F��g¢��YVz�n�mbv|a(x3d�gjmjcw�±gjYkXZYk},g� �+B}�h�mbYkgbmjnwdF��YI��cBx3YkX�cw}|x3Y
xS« `k��cw��d|cegb��nw}���x3��aig{ce}|zkY �"�����	�� �����d3gb������ab`kY�v?nwdFm�Ykfs`�z�d3gjYkm '(
����¨a!dFm���cZz����F��Y�Y�g ��� �¨a!dFm���cZa!n�dFm{z�Y�x3Ykv|dF��aV��c�z����F��Yw 
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�	�	?!@�[���A ��� � ��G � �
G � ���BC �$�P���"!�#��%$

>(c�abv¡`�z���£¡zkcegb��nw}�zknwXZvF��W�gbYyx3d���ce}|��ce��Y5lT>(u ' YLa!g°x3n�}F}F`LYBxFcw}|a � ��u�� �,� �% 3q3c\a!v?`Lzk�±£¡zLc�gj��n�}�¦§nwmjXZYk����Yya!n�d|aI¦§n�mbXZY
x3Y\X�cwz{UF��}FYZce�|a!gbm{ce��gbYPY�g�x3Y\mbWL�w��YLayx3YPmj`k`�z�mj�±gjdFmjY�x3YLaBgihsv?YLayYLa!g7xFnw}F}F`LY\x|ce}|a � ��u � ���e�®� ��u�� �w��c �% Su(�wY�z��%« YL}s�,��¥
mjnw}F}|YkXZYk},g�x3Y�vFmjnw��mjcwXZXZcegb��nw}®�Sx3� �²`kmjYk},gja7gjd3gbn�mb��Yk��a7Y�gP�wdF��x3YLa�xFY¨vFmjnw�wm{ceXZX�c�gj��n�}©abnw},g�¦§nwdFmj}F��ak  ¯ Y�a��wd|��x3Y�a�abnw},g �
dF}�gbd3gjnwmj��YL�rabdFm��%« YL},�s��mbn�}F}FYLX\YL},g�Y�g���Y¨��ce}F�,ce��Y � ��u�� �,� �%�(��Y¨X�cw},d|Yk�rxFY¨vFmjnw�wm{ceXZX�c�gj��n�} � � +�+~�,�=���¾�	��Y�X�cw},d|Yk�
x3Y�vFmjnw��mjcwXZXZcegb��nw}�x3Y�abYkmj�,��z�Y�aPc�z;gj�±¦'a�x3`LvF��n�hw`La\abdFmZ��Y�aP}! �d|xFa � + � ¯ �s��c �5YkgZ��Y�XZcw}sdFYk��xS« d3gb������ajc�gj��n�}­x3dªmbn�d3gbYLdFm
lT>(u ' � + � ¯ �s�=��� K'��zk�(xFcw}|a5ajcZ�wYLmjab��n�} �,c=��c�O� J>®Y�a�X�UkXZYLa5xFnszkdFXZYk},gjaJY�f3��aigjYk},gJv?nwdFm5�%« ��XZvF��ce},gjcegb��nw} + ¯ uJ� >¤v¡n�dFm
��cw�,dFYL����Y7��Y�a��wYLmjab��n�}|a°x3Y�lT>	u '~abnw},g�vF��d¡aVmb`�z�Yk},gjYLaL 

F�� , ��F . 	 ILH
>(c�ab`LzkdFmb��ajc�gb��nw}�x®« dF}ª}� �d|x­ce��}|ab�V�,dFYGx3Y�a\v|cw�,dFYkgjaPY�g�Y�fsgbYL}|ab��n�}|aZcwz;gj����YLaPYLa!g\��Y�mb`�a!dF��gjcegZxFYLaPgbm{c=��ced3f¤XZYk}F`�a

xFcw}|a1q3u '5p K��V� "

3��� ��"D� ������C �D�v�T����� �	G���� ���FG ���
G���� uC>®p¬���wz�� + � ¯ ���wc3��uC>®p ���wc �1O;  �iz��%�edF}�XZ`LzLce}F��a!XZY�YL}Zzknwd|z{U|YLa
Y�aig�x3`k£|}F�% Q>	YG}F����YLcwd­��YGvF��d|a��|c�aZ��}|zk��dFg���c�zknwd|z{UFYGv|U,h3ab���,dFYGx3d mjnwd3gjYkdFm¨c�z;gj�±¦�ce��}|ab�J�,dFYG��c�zknwd|z{UFY�xFY�a!h3a!gbWkXZY
xS« Y�f3vF��nw��gjcegb��nw}®  ¯ YI}F���wY�ced�c�v?nwdFm(nw�3oiY�z;gb��¦Fx3YI�,cem{ce},gb��m®�,dFYI��Y1a!h3a!gbWLX\Y1YLa!g(z{U|cemj�w`¢xFcw}|a®d|}�`�gjceg(z�n�mbmjYLz�gL 
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ajc7�wY�aigj��n�}\x3Y�a¢vFmjnegjnszknw��YLa¢cwdZabYk��}�x3YLaI}� �d|xFa¢YkgI��Y5abdFvFv?nwmbg1x3YJzLcwz{UFY�x3Y5xFnw}F}F`LYLa¢n �?YLm!g1cwd3f\zLcev|abdF��YLa¢xFcw}|a¢dF}Z}� �d¡xS 
>	Y�vFmbYLXZ��YLm�mbYL}|x��*« cem{z{UF��gbYLz�gbdFmjY\gbn���`Lmjcw}�gjY�ced3fNv|ce}F}|YLa�Ykg�mbn��Fd|a!gbYZ�s��a!¥ �e¥%�s��a7x3d¤v|cwajajce�wY ���%« `�z{UFYk����YZYL}¤X\Ykg!g{ce},g�Yk}
vF��cwzkY�dF}©X\`�zkcw}F��abXZY�x3Y\z{U|cemj�wYLX\YL},g��¨��c¨x3YkX�cw}|x3YPxFYkvFdF��aB��YP}� �d|x�vFmj`Lzk`Lx3YL}�g� �>	nwm{ab�,d®« dF}FY�zLcev|abdF��YPcwmbmj����Y�a!d|mJdF}
}� �d¡x¨Y�gVx3YkX�cw}|x3Yy�*« Y�f3`Lzkd3gb��nw}.xS« d|}�vFmjnegjnszknw��YJ�,dF�?}®« Y�aigVv|c�aIvFmj`LabYk},gL�,��YB}� �d¡x¨cwz�gb��¦(x3YkX�cw}|x3Y ���*« `kXZYkg!gbYLdFmVx3YyzkY�gbgbY
zLcev|abdF��Y7xFY���dF�®gbm{ce}|abXZY�g!gjmbY7��Y�z�n3x3Y�cwajabnszk��`�  ¯ YLz��S�,cem{ce},gb��g�v|cemVmj`LzkdFmbmjYk}¡z�Yw�s��Y�x3`kv|��n���YLX\YL},gVY �?Y�z;gj�±¦i 
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¯ YZa!h3a!gbWLX\Y\YLa!g7gbn���`Lmjcw}�g7ced3f�v¡ce}F}FY�a7zkcem7ab�¢dF}�mjnwdFgbYkd|mB}®« YLa!g�vF��d|aynwv?`km{c�gb��nw}|}FYk�%�²��Y\mbn�d3gjcw�wY\x3hs}|ceXZ����d|YP��cF�Sab�
v?n�aja!���F��Yw�FmjYLxF��mj����Ykm���YLa �¡d3fS ¡T(nwd|a���YLa5mbn�d3gbYLdFmja�abdFm5��Y�}Fn�dF�wY�cedGz{UFYkXZ��}��wnw},g5v?nwdF��nw��m5z{U|cemj�wYLm�ced�¦§dFmJYkg��ZXZYLabdFmbY���Y
zknsxFY7xFYLaVvFmjnegjnszknw��YLaVcwajabnszk��`�a �ZzkYLa��|d3fS  �D�SY�aigJzk��cw��m��,d®« dF}FY�zkcwv|a!d|��Y7}FY7v?Ykd3g5v|c�aVz{U|ce}F��Ykm�x3Y7vFmjnegjnszknw��YBYL}�zknwdFm{aVx3Y
mjnwd3gjY5a!��}Fn�}ZzkY�XZ`Lzkcw}F��a!XZY�}®« YLa!gIvF��d|aI��ce����x3Yw �>	Y�v|cwajajce�wY �y�%« `�z{UFYk����Y�Y�aigr`k��cw��YLXZYk},gIx-�¨cedZXZ`LzLce}F��a!XZY�x3YJz{U¡cemj�wYkXZYL}�g
x3YyvFmjnegjnszknw��Y�����c�x3YLX�ce}|x3Y� 3t�« dF}FYyv|cembgrabYkdF��ar��Y�a1}� �d¡xFar�,dF�²n�}�g°�¡Y�a!n���}.xS« d|}�vFmjnegjnszknw��Yw����Yyz{U|cemj�wYL}�g� wtP« cwd3gbmjYBv¡cembgL�
��Y�z{U|cemj�wYLXZYk},gVabYy¦'ce��gJa!h3a!gb`LXZcegb���,dFYkXZYk},g5ced�vF��d|a�vFmjWLaL���f5 � 5¡xFYkvFdF��a���Y�}� �d|x�cwz�gb��¦�vFmj`Lzk`Lx3YL},gL 
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¯ Y�XZ`LzLce}F��abX\Y¨xFY¨x3`kvF��nw��YkXZYL}�g\x3Y¨z�n3x3Y ����cGx3YkX�cw}|x3Y�YLa!g�������d|a!gbmj`¨xFce}¡a���c�£¡�wdFmjY�[L��a!d|m�dF}¤mj`LabYLced�z�n�XZv¡n,a!`
x3Y.z���}|��}� �d¡xFa�cwz�gb��¦'ak 4>®Y¨ajz{UF`kX�cGzknwXZv¡n�m!gjYZdF}¤vFmjnegbn3zknw��YZ�,dF�rYLa!g�x3`io �©x3`kvF��n�hw`�abdFm���Y¨z{UFYkXZ��}�xS« dF} �|d3f K 
 � � ����O
cw��}|ab�I�,d®« dF}�v|mbnwgbn3z�n���Y\Yk}�z�n�dFmja7x3Y�x3`LvF��nw��YkXZYk},g�a!d|myd|}Ncwd3gbmjY�z{UFYkXZ��}<K 
 ���3� � ����O� IqsdFm�z�Y�x3YLmb}F��Ykm�zLcwaL�SdF}FY�zkcwv|a!d|��Y
x3Y¨xFnw}F}F`LYLayv?nwdFm�dF}N}Fn�dF�wY�ced©v|mbnwgbn3z�n���Y\`�g{ce},g�cemjmb���w`LYPcedN}� �d|x��F�®zkYk��dF��¥¾zk�Ix3YkX�ce}¡x3Y�cedN}� �d|x�vFmb`�z�`�x3Yk},g K 
 O7x3Y
��dF�¢gjmjcw}|a!XZYkg!gbmjYZ��Y�a�zkcwv|abdF��Y�a�x3Y¨z�n3x3YZv?nwdFmPz�Y�vFmjnegjnszknw��Yw �*5}|YZ¦§nw��a�z�YZvFmjnegjnszknw��Y�x3`kvF��n�hw`ZabdFm���Y�}� �d|xS�S��cGzkcwv|a!d|��Y
x3Y�x3n�}F}F`kY�aZce��}|a!���,dFY�gbnwdFgbYLa\��YLaZzkcwv|abdF��Y�aPabdF����ce},gbY�aPv?nwd|mbmjnw},g UkgbmjY�gjmjcw�±gj`kYLaPY�gZgjmjcw}|a!XZ��a!Y�aPcwd�}� �d|x­a!d|����ce},g��,dF�
x3YLX�ce}|x3YLmjc\��Y�z{U|cemj�wYLX\YL},gVx3d�vFmjnegjn3z�nw��Y7cwaja!n3z���`7Y�gJcw��}|ab�®x3Y�abdF�±gjYVoid|aj��d	« �\��c�z����F��Y� 
>	YJa!Y�z�n�}|xZcevFv?nwmbgrxS« u 'BT5q\YLa!g°abnw}\¦§nw}|z�gb��nw}F}|YkXZYk},grx3YJ}� �d|x��,dF�|XZ`L��cw}F�wY5�%« cevFvFmjn3z{UFYVv|cw�,dFYkgrcwz�gb��¦TK§��YLa1v|cw�,dFYkgja

gjmjcw}|a!v?nwmbgbYL},gy��Y�z�n3x3Y��,dF�Ix3nw��g���YLdFm�U�gjmbYZcev|vF�����,dF`(OBYkg��*« cevFv|mbn3z{UFYP}� �d|xNcwz;gj�±¦�K§��YZ}� �d|x�v¡YLd3g�cwzLz�dFYL��������m�x3Y�a�z�n3x3YLaL�
��YLa�Y�f3`Lzkd3gbYLm�Y�g\��Y�a�X�ce��},gbYL}F��m\ced�x3YL� �©x3Y¨��c�x3dFmj`kY�xFY¨�s��Y�xS« d|}¤v|cw�,dFYkg�O; ¢qs�°z�nw}¡z�YkvFgbdFYL����YkXZYk},g��(��YLaPx3nw}F}|`kYLa�Y�g���Y
zknsxFY�gjmjcw}|a!��gbYL},gBxFce}¡aJ��YPX�ULX\Y �|d3fS�Su 'BT5qG}FY\}F`LzkYLaja!��gbYPv|cwaB�,dFY�gjnwd3gjYPzLcev|abdF��YPx3Y\x3nw}F}|`kYLaB��}|z���d3g7��YZz�n3x3Y\��d|�(��c
v?YkmjXZY�g!gjmbYPa!n�}.gjmjcw�±gjYkXZYk},gBx|ce}|a�d|}G}� �d|xS �>®Y�XZ`LzLce}F��abX\Y�xFY�zkc�z{UFY�x3Y�z�n3x3Y�¦§nwdFmj}F�(x|ce}|a���Y�}� �d¡x.v?YkmjXZY�gBx®« `L�,��gbYLm
zkY�gJYkf3zkWLaJYk}GX�ce��},gbYk}¡ce},gJx3YLaBz�n3x3Y�a5a!d|mJx3YLaBx3dFmj`kY�a5cwxFcwv3gb`LYLa5cwd3f �|d3f K'cedGXZn���}|a5��c¨xFdFmb`LY�xS« dF}FY�abYLaja!��nw}�XZn�hwYL}F}FY
v?nwdFmVdF}.vFmjnegbn3zknw��YBx3n�}F}F`(O�  ¯ YLz��?YLa!gVv|cembgb��z�dF����WkmjYkXZYk},gr��},gb`LmbY�abajce},grv?nwd|m°x3Y�a �|d3f¨��X\v?nwmbgjcw},gja°a!dFm°��YLaj��d|Yk��a1gjnwd3gjYLar��Y�a
zLcev|abdF��YLa�x3n�����Yk},g5a!dF�|��m���Y�X�UkXZYygbm{ce��gbYkXZYL}�gJx|ce}|aV��YLaV}� �d¡xFa K§YkfS Fx3YLa �¡d3f.�GlIp B�O; 
>	Y�x3Ykmj}F��YkmP��},gb`Lm�UkgPx3Y¨�%« cevFvFmjn3z{UFY¨u 'BT5q¤z�n�}|z�YLmb}|Y¨��c�v?n�ajab���F�����±gj`�n �²YkmbgbY ��x3YLaPzkcwv|a!d|��Y�a�x3Y.xF`kv?n�abYkm�x3Y�a�`kgjc�g{a

xFcw}|argbn�d3g°}! �d|x¨gjmjc=��Ykm{a!`��e`�g{c�g{a°c�zkzkYLaja!���F��YLarv|cem°��Y�aVzkcev¡a!dF��YLa°x3Y7X�UkXZYBgih,v?Y7��d|�¡gjmjcw}|ab�±gjYkmjnw},grdF��gb`Lmb��Ykd|mbYLX\YL},g°v|cwmr��Y
}� �d¡xS 
>	Y�vFmb��}|zk��v|cw�®��}|z�n�},��`k}F��Yk},g5xS« u 'BT5q�mb`�a!��x3Yw�¡z�nwXZXZY�v?nwdFmJxFY�}FnwXP�FmbYLd|abYLa�cev|vFmbn3z{UFY�a�x3Y�mj`LabYLced�cwz�gb��¦i�¡xFcw}|a��%« cw�3¥

abYk}|zkY.xS« dF}�XZn3x3WL��Y.�w��nw�|cw�rx3Y.�wYLa!gb��nw}¤Ykg\xS« c�gbgbmj���|d3gb��nw}ÞxFY�mjYLaja!n�dFmjzkYLa7v?nwdFmZx3Y�a�vFmjnegjnszknw��YLaPced¤}F���wY�ced�x3d�mj`LabYLcwd®�
X�ce��aP`k��cw��YLXZYk},g�ced�}|����YLced�x®« dF}Þ}� �d|xS  *5}FY.����XZ�±gjY�`L��ce��YkXZYL}�gPvFmb`�a!YL},gbY ��zkY�oin�dFmPzknw}|zkYkmj}FY¨��c�a!`�z�dFmj��gb`�x3d­z�n3x3Y
Ykg7x3Y�aJd¡abcw�wYkm{aJ�,dF��mjYkv?n�abY�dF}F���,dFYkXZYL}�g�abdFmB��c�ab���w}|cegbdFmjY�x3Y\��c�XZ`�gbU|nsxFY\xS« `k��cw��d|cegb��nw}©x®« dF}�vFmjnegbn3zknw��Yw  ¯ YLv¡YL}|xFcw}�g��
�%« ��},gb`L�wm{c�gb��nw}.x3YLa°mj`LabdF�±g{c�g{a1��ababd|a°x3YLargjmjc=��cedFf�abdFm°��Y�aVa!h3a!gbWkXZY�arxS« Y�f3vF��nw��gjcegb��nw}�x3YB}! �d|x�gjYk��a°�,dFY�q3zknwd3gVv¡YLmbXZYkg!gbmjnw},g
x3Y�mjYkXZ`�x3��YLm �Zz�Y�gbgbY�����XZ��gjcegb��nw}® 

'Jnegbn�}|a5�,d®« ����Y�f3��aigjY�dF}GXZ`LzLce}F��abX\Y�x®« Ykf,gjYk}|ab��nw}�x3Y�}! �d|x�v¡YLmbXZYkg!gjcw},g �ZdF}©c�x3XZ��}|��a!gbm{c�gjYkdFmJx®« `kgbYk}¡x3mbY���Y�a�¦§nw}¡z;¥
gj��n�}F}|ce����gb`La1x3YJz�YL��d|�±¥Dz��Fv?nwd|m¢n �²mb��m1x3Y�aIa!YLmb�s��z�Y�a¢c=�=cw}|z�`�a�ced3f\d|abcw�wYLmja¢ajce}|a¢�,dFY5zkYkd3fs¥Dz��|cw��YL},g �yxF`kvF��n�hwYLmIx3d¨z�n3x3Y5xFcw}|a
��YLa�x3� �²`kmjYk},gjaV}� �d¡xFa�x3d�mb`�a!Y�ced®  ¯ Y7XZ`LzLce}F��a!XZY7YLa!g5aig{c�gj���,dFY7Y�g5��YLaVYkfsgbYk}¡a!��nw}|aVabnw},g5z{U|cemj�w`LYLar��n�mjaVx3d���ce}|zkYkXZYk},g5x3d
}� �d¡x�x|ce}|aV��c\�wYkm{ab��n�}.cwz�gbdFYL����Yw 
>	Yyv|mbnwgbnegihsv?Yyu 'JT5q�c\`�gj`yYL},gb��WkmjYkXZYk},g�mb`�ce����ab`yYk}���c=��cF  �D�²¦§n�}|z;gj��n�}F}FY�ced�oin�dFm{xS« UsdF�®cwd�xFYLaja!d|aVxS« *JtBl��|��XZvF��cw},gbY

dF}GXZ`�zkce}|��abXZY7xFY�mbn�d3gjcw�wY7x3hs}|ceXZ���,dFY�Y�gBxFY�}FnwXP�FmbYLd|abYLa�cev|vF����zkcegb��nw}|aVYkg5vFmjnegbn3zknw��YLaVnw},g�`�gj`�Y�f3v?`kmj��XZYL}�gj`La�abdFmJzkY�g
YL},�s��mbn�}F}FYLX\YL},gL 

*J}FY.mj`Lcw����ajc�gb��nw}�c©`k�,ce��YkXZYk},g�v?nwmbgb`�a!d|mP�%« ��},gb`L�wm{c�gb��nw}�x®« �DlI�3��Y�gZxS« u 'JT5q²  ¯ Y�gbm{c=��ce��� � � *J^ �s� ��vFmbn�v¡n,a!Y�dF}FY
mj`Lcw����abcegb��nw}ZxS« dF}Z}� �d|xZcwz�gb��¦²YL} ��c=��cyn �²mjcw},g�d|}ZabdFvFv?nwmbgIv?nwdFmI��YVgbm{ce��gbYLXZYk},g1x3Y�v|c���d|Y�gja �DlI�3�ya!gjcw}|xFcwmjxFa¢cw��}¡a!�|�,d®« dF}
abdFvFv?nwmbg5v¡n�dFmJu 'JT5q²�¡��Y�a5zkcwv|a!d|��Y�a�`�g{ce},g5Yk}|zLcev|abdF��`kY�a�xFce}|aJx3YLaVgjmjcwXZYLa �DlI�3��a!gjcw}|xFcem{xFaV�s��cP�%« d3gb������ajc�gb��nw}�x®« n�v3gb��nw}|aL 
�B��ajce},g���x3`LX\n�},gbmjYkm��%« ��},gb`km�U�gyxS« d|}FY�cevFv|mbn3z{UFY�c�z;gb���wY7v?nwdFm5gbYLa!gbYLm5Y�gyx3`kvF��n�hwYLm�x3Y�}Fn�dF�wYL����YLa°¦§n�}|z;gj��n�}F}|ce����gb`LaJxS« �Dl1�s�|�
zkY�}� �d|xN}FY�zknw}|ab��a!gbYZv|c�a�Yk}���c�mb`�ce����ajc�gj��n�}�xS« dF}¤YL},�s��mbn�}F}FYLX\YL},g�x®« Ykfs`�z�d3gj��n�}¤x3��mjYLz�gbYLX\YL},g�a!dFm�d|}FY�abnwd|z{UFYZ}|cegb���wY
xS« �DlI�3�ZX�ce��aVvF��d3g�Dwg5Yk}�dF}FY�mj`Lcw����abcegb��nw}¨��},gb`L�wmj`kY�xFce}¡aV�*« YLabv|cwzkY7d3gb������ajc�gbYLdFm� 

F�� - � , 9  2 ' & =
>(cG£|��dFmbY��3[�zknw},gb��Yk},g\dF}­abnwd|aPYk}¡a!YLX��F��Y.x3dªz�n3x3Y�x3Y���c�zLcev|abdF��Y¨vF��}F��gbYk����Y.�,dFY.¦§nwdFmj}F��Y.xFcw}|a���c©xF��a!gbmj���|d3gb��nw}

u 'JT5q² �>	cZvFmj��}¡z���v|ce��Y7X\`kgbUFn3x3YPx3Y���c�zLcev|abdF��Y7YLa!g5��cZXZ`�gjUFn3x3Y ��
����"� �����P�,dF�	YLa!gBcevFv?Yk��`kY"�Zz{U|c��,dFY7}� �d|x�gbm{c=�wYLmjab`w 
tyce}|a���Y�zkc�a(x3d\vF��}F�|�ez{U¡cw�,dFY°`k��ce��d|c�gj��n�}PxFcw}|a�dF}\}� �d|x\z�nwXZXZYk}¡z�Y°v|cem�gbY�aigjYkm¢ab�3��cyzkcwv|a!d|��Y°YLa!gIcemjmb���w`LY �BxFYLa!gb��}|c�gj��n�}® 
qs�rz�Yk��c�YLa!g���Y¨zLcwaL�S��c���ce��Ykd|m ' 
����GYLa!g�v?n�ab�±gj��n�}F}F`kY ���smjcw�¢Y�g�xFcw}|a7��Y¨a!Y�z�nw}¡x�gjYLa!gL�®��c�zkcev¡a!dF��YZYLa!g�mbYL}s�wn�hw`LY���Ykm{a7��c
abnwdFm{z�Y� eqs�Fz�YV}®« YLa!g¢v|cwa���YVzLcwaL��ce��nwm{a	��YVv|cw�,dFYkg�zknw},gb��}sdFY �BabYrv|mbn�v|ce��Ykm��wYkm{a(��c7x3Y�aigj��}|cegb��nw}/K§XZ`�gjUFn3x3Y �� "�������� !�>=� ���� O� 
ß(ß ÐLW;é�èXW
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   ethIn -> split.ethIn;
   ethIn -> ethOut;

inport void ethIn(Eth m)

   split.arpOut -> printARP.in1;
   }
}

   split.ipOut -> printIP.in1;

connect {

IPPrinter printIP;
ARPPrinter printARP;
EthSplitter split;

outport void ethOut(Eth,m)

Box ethPrinter{
ethPrinter

split

printIP

printARP
in1

in1

ipOut

arpOut

ethIn

EthOut
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}F���wY�ced�mj`LabYLced�Y�gJxFY7¦§nwdFmj}F��m5dF}�Yk}s�s��mjnw}|}FYkXZYk},g5x3Y�v|mbn=f3h3a°vFmbn��wm{ceXZX�ce�F��Yw  ¯ YLv¡YL}|xFce},g5YL}�����X\��gjcw},gJ�*« cev|vFmbn3z{UFY�cwd3f
vFmjnegjn3z�nw��YLa�cwvFvF����zLc�gj�±¦'aL�®nw}���ce��ababY¨x3Y¨z
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abYkmj�s��zkY�x3nw}|}F`w  ¯ Y�v?nw��}�gB}®« Y�aigyv|cwaBce�?nwm{x3`�xFcw}|a5��c¨vFmjnwv?n�ab��gb��nw}���}|�±gj��cw��Y��¡X�ce��a5d|}FY�z�n�},gbmj���FdFgb��nw}Gmj`Lz�YL},gbY � ��uJ^ �����
v?nwmbgbY�abdFm¨�%« dFgb������abcegb��nw}¬x3Y���cNgbY�z{UF}Fn���n��w��Y �y� >)���Gv?nwd|m¨�w`LUF��zkdF��Ykm���YLa���}3¦§nwmjX�c�gj��n�}|a¨x3Y�z{U|cwmb��YkXZYk},g¨x3YGvFmjn=f3hs��YkgL�
��YLa�ab`L�,dFYk}¡z�YLa�xS« Yk}|z{U¡c�
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}FnwgjcwX\XZYL}�g5dFgb������a!`�v?nwd|mV¦§nwdFmj}F��m �Pd|}�v|mbn=f3hs��YkgVxFY�mbn�d3gjcw�wY7x3YLaVv?nw���±gj���,dFY�a5abv¡`�z���£¡�,dFYLa�x3YLX�ce}|x3`LYLaVv|cwm5x3YLaVd¡abcw�wYkm{aL 
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>	YLa�zknwXZv?n�ajce},gja�xFY��|c�a!Y�xFY��%« cwmjz{UF��gbY�z;gjdFmbY K'�wn���m�£|�wdFmjY.�w��O�abnw},g���YLaPa!YLmb��YkdFm{a�xS« ce��Yk},gjaL�	��YLaPce�wYL},gja�xFY�a!YLmb�s��z�Y

cw��}|ab�®�,dFY���YLaVvFmjnegjnszknw��YLaVx3Y�zknw},gbm�Dw��YBYkgJx3Y�abnw������z���gjcegb��nw}® 
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>	YLaVa!YLmb��YkdFm{a1x®« cw�wYk},g{a°abnw}�cevFv?Yk��`La ��"3� ����� � ����� �3�T������  �D��a°n �²mbYL},g°�%« YL}s�,��mjnw}F}FYLXZYk},gVx®« Ykfs`�z�d3gj��n�}.cw��}|ab�S�,dFYB�%« u5l �

xS« cwzLz�W�aBcwd3f�mjYLajabnwdFm{z�Y�a�v¡n�dFmy��Y�aBcw�wYk},g{aJx3Y\a!YLmb�s��z�YLaL  *J}�cw�wYk},gBxFYPabYkmj�,��z�Y���XZvF��ce},gbYP��c���n��w���,dFY�x3YZa!YLmb�s��z�Y�  ¯ Yk����Y�¥Dz��
v?Ykd3gPU�gbmjY7��XZvF��ce},gj`kY7v|cem�v|��d|ab��YkdFm{a�ce��Yk},gja�x3��a!gbmj���Fd|`La�abdFm���Y7mj`LabYLcwd® 

*J} zk����Yk},g.xFYkX�ce}|xFYw�I�s��c�d|} zkce}¡ce��X�d|�±gj��zLcwa!g¨Y�g�YL}ªdFgb������abcw},g¨dF}¬vFmjnegbn3zknw��Y�abv¡`�z���£¡�,dFY©cwvFv¡YL��`�uyq ¯ l K4��"D� �����
� �	�!���#"�� � �FG � ����� � ���G� ��"����IO;� �5�%« cem{z{UF�±gjYLz�gbdFmjY1x3Y°a!YLmb�s��z�YI�%« ��}|a!gjcw}|z���c�gj��n�}�xS« dF}�ce��Yk},g(x3YVabYkmj�,��z�Y�a K 
 O;  ¯ Ykg!gjYrcem{z{UF��gbY�z;gbd|mbY
��}|a!gjce}¡z���YBdF}�ce��Yk},g1Yk}�¦§nw}|z�gb��nw}�x3YyabYLa°x3��a!v?nw}|���F�����±gj`LaVcwz�gbdFYL����YLa K§v|cwm!g{ce��YJx3Y7z{U|cemj�wY6O�Y�g�x3d¨gihsv?YyxFYyabYkmj�s��zkYJx3YkX�cw}|x3`
K'�,��c\dF}���x3YL},gb��£¡zkcegbYkd|mVxFY7zkn3x3Y(O°abdFm��*« dF}�x3Y�a!Y�aVa!YLmb��YkdFm{ak >*5}|YB¦§n���aV�%« ce�wYL},g°��}|a!gjce����`w�s���	X\Ykg�Yk}�vF��c�z�Yy��Y�abYkmj�s��zkY�K �|d3fS�
zknw}F}FYkf3��n�}®�,gbm{ce��gbYkXZYL}�g�OIYkg°n �?mjYJd|}FY7��},gbYLm!¦'c�z�Yyx3Yyzknw},gbm�Dw��YBcwd�z�����Yk},g°v?nwd|m°��YL�,dFYL�²���?gbm{c=��ce������Y K � O� J>I« ��X\v|��cw}�g{c�gj��n�}�x3Y
zkY�g!gjY�cem{z{UF��gbYLz�gbdFmjY�c\`�gb`7mj`Lcw����a!`LY7Yk}�T ¯ >I 
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������� � � 
8����� �*!#!������ U#���
�D�¢Ykfs��a!gbY¨x3YZ}Fn�X��FmjYkd|abYLa7cwd3gbmjYLa7cev|vFmbn3z{UFY�ayvFmbn�v¡n,a!`LYLayv?nwdFm���YLa7mj`LabYLcwd3f©cwz�gb��¦'a�X�ce��ayxFnw},g���Y�aygbm{c=��ced3f©abnw},g�Y�fs¥

gjm�ULX\YLXZYk},gJmj`Lz�YL},gja�YkgB�,dF�	}FYPa!n�}�gBv|cwa5cwd�oinwd|mjxS« UsdF�	cwd|abab�	cw�¡n�d3gb��aJ�,dFY���YLa5vFmbn�v¡n,a!��gb��nw}¡a�vFmj`LabYk},gb`LYLaVvFmj`Lzk`Lx3YLX\XZYL}�g� 
¯ Ykg!gbY\a!Y�z;gj��n�}�c�v¡n�dFmJn��3oiYLz�gb��¦1x3Y���YLaJvFmb`�a!YL},gbYkmB�Fmj��WL�wYkXZYL}�g�  ¯ Yk����YLaJxFnw},gJ��YLaB`k�wn���dFgb��nw}|a5cw�¡n�d3gb��mjnw},g��¨x3Y�aBcwmjz{UF��gbY�z;¥
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</rule>
<ftp://ftp.loria.fr/pub/loria/resedas/httpReqInstall.class>
<nfl/http-request>
<rule>

Noeud NFL

XFL

   | entity-header 
  (request-header

    ...)*
>

<!ATTLIST request-type

 request-id INTEGER #REQUIRED>

...

  (request-type)?

<!ELEMENT request-type>

<!ELEMENT httpRequest

   method (GET | POST | ...)

<!ATTLIST httpRequest

Code

Java

Serveur
de 

Code

Processeurs
de flux

Analyse & Classification

<httpRequest request-id="123" ...
Paquet NFL

FTD
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abnwd|a!¥�o!cwz�YL},gJY�g7Yk}©zLcwayx3Y�XZn3x3��£¡zkcegb��nw}©xFY\zkYk��dF�±¥Dz���xS« U�gjmbYPmjcwvF��xFYkXZYk},gyc�xFcevFgb`w V>®Y�aBajz{UF`LXZc�aJxS« cwxFmbY�abajce��Y�a!dFv|v¡n�m!gj`La
abnw},g �DlI� A¡� �DlI�3�GYkg\��u ¯  4>®Y�a�cwxFmbY�ababYLa�abnwd|mjzkY�Y�g\xFYLa!gb��}|c�gj��n�}�xS« d|}�v|cw�,dFYkg\c�z;gb��¦5a!n�},gPx3`�£¡}F��Y�aPx|ce}|a�dF}FY�n�v3gb��nw}
u '5pIl �,dF�	zknwXZv?nwmbgbY7�*« ��x3Yk},gb��£¡zLc�gb��nw}�x3dGajz{UF`kX�c\Y�g5�%« c�x3mjYLaja!Y7z�n�mbmjYLabv¡n�}|xFcw}�gjYw 

tBY1}Fn�X��FmjYkd¡a!Y�a®��X\v|��`LX\YL},gjc�gj��n�}|a�x3YrzknsxFYLz1u '5pIl�xFcw}|a	x3� �²`kmjYk},gja(��cw}F��cw�wY�a®x3Y°vFmbn��wm{ceXZX�c�gj��n�}yabnw},g�cwd�oinwd|mjxS« UsdF�
x3��abv¡n�}F���|��Y�a(abdFm��D}�gjYkmj}FY�g�Y�g¢x3Y1}|nwX��|mbYLd3fyv|mbnwoiY�gja(nw},g	mjY�gjYk}sd�zkYI¦§nwmjX�c�g�x3Y1v|c��,dFY�g�v¡n�dFm(�%« `Lz{U|cw}F�wY1xFY°x3n�}F}F`LYLa	c�z;gj����YLa
YL}�gjmbY7��YLa�}! �d|xFa�x3d�mj`LabYLced	 
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- �I#	� , . 	 � �
q3uJl1,T�1��K � � �C��� �+��"3� ���6� � � "6���3� � �������'� O�x3`k£|}F��g¢dF}�¦§n�mbX�c�g¢ce��gbYLmb}¡c�gb��¦ �Bu '5p1lNv?nwd|m��%« Yk}|zLcev|abdF��c�gb��nw}Px3YVv|cw�,dFYkgja

c�z;gb��¦'aL  ¯ Yy¦§nwmjXZceg�YLa!g5d3gb������ab`�xFce}|aV��Y�mj`LabYLced�xS« Y�f3v¡`Lmb��XZYk},gjcegb��nw}�u 'L+�'

48 bits3 bit12 bits

CAT HIDredun.

0 32

V

Données utiles

Sélecteur sur 63 bits

063

�	�	?!@²�,� A ��� � ��������� � � �
>	Y�¦§n�mbX�c�g�x3YPgbYL��a7v|c��,dFY�g{aBY�aig�x3n�}F}F`ZxFce}|ay��c¨£¡�wdFmjY\�,�3 Sqsnw}�z�n�},gbYk}sd�Y�aig�mjYk��c�gj����YkXZYk},gyab��X\v|��Y �²dF}�z{U|cwX\vNx3Y

��Ykm{a!��nw} K*cwz;gjdFYk����YkXZYk},g\� O;��dF}ÞYL},g�U�gjY.x3Y��w���F�±g{a�mjYkv|mb`�a!YL}�g{ce},g�dF}Þ��cw�¡YL�°xS« ��x3Yk},gb��£¡zLc�gb��nw} K'ab`k��YLz�gbYkd|m�O�Y�gPd|}­z{U|cwX\v
x3Y�x3n�}F}F`LYLa7z�n�X\v?nwmbgjcw},gB�%« ��}3¦§nwmjX�c�gj��n�}�cwz�gb���wY\d3gb����Yw  >®YZab`k��YLz;gjYkdFm7Y�aig�d3gj������ab`Zv¡n�dFmy¦'ce��mbYZx3d©gjce��a����±g{z{UF��}|��xFcw}|ay��Y�a
mjnwd3gjYkdFm{aL FT	mjnw��a°X\`�zkcw}F��abXZYLa�xS« ce����nszLc�gj��n�}�x3Y�ab`k��YLz�gbYkd|mja�abnw},g�v¡YLmbXZ��a	�

A ce����n3zLc�gb��nw}.aig{c�gb���,dFY �3x3Y�aV�=cw��YLdFm{arx3Y�ab`k��YLz�gbYkd|mja°a!n�},gVc�ababn3z���`kYLa �\z{U|cw�,dFYBgihsv¡Y7xS« Yk}s�s��mjnw}F}|YkXZYk},g�xS« Ykf3`Lz�dFgb��nw} ���
K�� 5 � 5eu 'JT5qS�=q ����gjz{U �VcemjYw�k��YLaja!YL}F�wYLm�O� kT	n�d|a®��YLa	}� �d|xFa(cwz�gb��¦'a®nw},g	d|}FY1z�n�}F}|cw��ajabcw}|z�YIa!gjcegb���,dFY1x3Y1zkYLa(a!`L��Y�z;gbYLdFm{a�R

A ce����n3zLc�gb��nw}¨xFh,}¡ceXZ���,dFYJv|cemr��YBmb`�z�YkvFgbYkd|m ��ab��X\����ce��mbY����*« cev|vFmbn3z{UFY5x®« � � �4� �}� "1�3��G �w�s�*« ce����n3zLc�gb��nw}¨x®« dF}.a!`L��Y�z;gbYLdFmrabY
¦'ce��g5v|cem���Y�x3YLa!gb��}|cegjce��mjY7abdFm5x3YLX�ce}|x3Y�x3Y��%« `kXZY�gbgbYkd|m�R

A ce����n3zLc�gb��nw}¨xFh,}¡ceXZ���,dFYBv|cem°�%« `LX\Ykg!gjYkdFm �,�%« `kXZY�gbgbYkd|m°z{UFn���ab��grdF}�a!`L��Y�z;gbYLdFm°v¡n�dFm°abnw} �|d3f¨cwz�gb��¦(abcw}|a°z�nsnwm{x3��}|c�gj��n�}
c=�wY�zJ��Y�mb`�z�YLv3gbYLdFmL 
>	Y5a!`L��Y�z;gbYLdFm¢YLa!g1z�n�XZv¡n,a!`�xS« dF}FY���ce��Ykd|mIa!dFmTA��y�F��gjaI�,dF�|xF`�£|}F��gI��Y5a!`L��Y�z;gbYLdFmI��dF��¥%X�UkXZY K + �it � � �FG E ���
� � E��
G�� � HQ�
��O��

���F��gja��,dF�¢YL}¤x3`�£|}|��aja!YL},g7��c�z���cwaja!Y K'� �®aig{c�gb���,dFYw�¢[ �Smb`�z�YkvFgbYkd|mL�	���²`LX\Ykg!gjYkdFm�OyY�g�dF}�z�n3x3Y¨zknwmjmbY�z;gjYkdFm7xS« YkmjmbYLdFmja7abdFm
[=���|�±g{a�v¡YLmbXZYkg!gjcw},g�x3Y�z�nwmjmj����Ykmroid|ab�,d®« ���.�F��gja�xS« YkmjmjYkdFm{a7xFce}|a7��Y¨ab`k��YLz;gjYkdFm�  >I« cwxFmbY�abajce��YPx3Y�a7XZc�z{UF��}FYLa�abnwdFm{z�Y�ayY�g
x3Y�aigj��}¡c�gb��nw}�Y�aigrmb`�ce����ab`5xFce}¡aI��YLa1xFnw}F}F`LYLa¢dFgb����Y�ak  >	cyg{ce������Y5X�c�f3��XZcw��Y5x®« dF}�v|cw�,dFYkg°q3u5l ,�Y�aig°x3`�gjYkmjX\��}F`LY5v|cemr��cyg{ce������Y
X�c�f3��X�ce��Y7xFYLa5x3n�}F}F`LYLaVd3gj����YLa�x3d�vFmjnegjn3z�nw��Y7a!n�d|ai¥�o!cwzkYk},gL  ¯ Y7mj`LabYLcwd.Y�aig5cedeoinwdFm{xS« U,d|�SY�fsgbm�UkXZYkXZYL}�g�v?Ykd�d3gj������ab`w 

- �I#	� 8 - &  !�� 2 ���s�� & µ �3µ '*´ & 	 . I � #
�@�=< � � � ���

u '5pIl YkgPq3u5l1, }FY¨x3`k£|}F��ababYk},g��,dFY���YLa�YL}�g�U�gjYLa�x3Y�a�v|cw�,dFYkgja�c�z;gb��¦'aL  >®Y�z�n3xFcw�wYZY�g���c�mbYLvFmj`LabYk},gjcegb��nw}�xFd�zknwmjv|a
x3Y�a1v¡cw�,dFY�g{arc�z;gj�±¦'arYLa!gr��ce��abab`kY ����cPx3��abzkmb`kgb��nw}¨x3Yyz{U|cw�,dFYJcwvFvFmjn3z{UFYw  ¯ YBz�n�}|a!gjc�gVc�z�n�}|x3dF��gr��YLa°cedFgbYkd|mjarx3Y � 4 � >��w���	�
vFmjnwv?n�abYkm¢�%« d3gb������ajc�gb��nw}¨x®« uyq '� �[5v?nwdFmImjYkv|mb`�a!YL}�gjYkmIx3Y�a¢vFmjnw��mjcwX\XZY�a�c�z;gj�±¦'aL  ¯ Ykg!gbYJvFmbn�v¡n,a!��gb��nw}ZabY5�|cwabY�a!d|m1��c7}Fneg{c�gb��nw}
x3Y.��ce��YkdFm{a�uBq '� �[¨Y�g�v|mbn�v¡n,a!Y¨�,dFY�gjnwd3g\Yk}s�s��mjnw}|}FYkXZYk},g�c�z;gb��¦V¦§nwdFmj}F��ababY�dF}�gjmjc�x3d|z;gjYkdFm\x3Y�abYLa�v|mbn��wm{ceXZXZYLa�cwz�gb��¦'a
��Ykm{ard|}FY�}Fneg{c�gj��n�}�x3Y7��ce��Ykd|m5uBq '� �[��Fv¡YLmbXZYkg!gjcw},gJce��}|a!�®cwd.}|n,YLd|x�cwz;gj�±¦¢xS« cwaja!d|mbYLmr��Y�z�n3xFcw�wY 2ex3`Lzkn3xFce��YJx3dGz�n�mbv|aVx3Y�a
v|c��,dFY�g{a�cwz;gj�±¦'a K§�wn���m°£|��dFmjY7���Zz��3oin���},g�O� 
>1« ��},gb`km�U�gVvFmj��}¡z���v|ce�®xS« dF}FYygjYk����Y�z�n�}3£|��dFmjcegb��nw}¨Y�aigV��cPv?n�ajab���F�����±gj`7xFYyab`kv|cwmbYLmr�%« Yk}|zknsx|ce�wYF2�x3`�z�n3xFcw�wYJx3Y�aVYk}s�s��mjnw}|}FY�¥

XZYk},g5xS« Y�f3`Lzkd3gb��nw}�Y�g5x3Y7mj`Lcw����a!YLm°zkY�gbgbY7¦§nw}¡z;gb��nw}�x3��mbY�z;gbYLXZYk},g5xFce}|a°��Y7}FnsYkd|x�cwz�gb��¦�abdFvFv?nwmbgjce},g5x3Y7X�d|�±gj��vF��YLaVYL}s�,��mjnw}3¥
}FYLXZYk},gjaL�Fz�Y�z��SxFce}¡ard|}.�FdFg�x®« Y67�zLcwzk�±gj`BYkg�x®« ��},gbYkmjnwv?`km{ce�|�����±gj`JYL}�gjmbYyYk}s�s��mbn�}F}FYkXZYL}�g{arx®« Ykfs`�z�d3gj��n�}®  ¯ Y�g5cemj�wd|X\YL},grYLa!g
v|cwm!¦'cw�±gjYkXZYk},gVx3��ajz�dFgjce�|��Y� �pI}.Y �²Y�g��sx®« dF}|YBv|cwm!g°��Y�a1��}|x3��zkcegb��nw}|a°xS« YO7¨zkc�z���gb`B}FYyabnw},grcwvFvFdFh�`kY�arxS« ced¡z�dF}FYBXZYLabdFmbYBY�g��,ab�
���®Y�f3��aigjYycwd�oinwd|mjxS« UsdF�®x3Y�a°zkn3x3YLz7uBq '� �[yY �?Y�z;gj����YkXZYk},g�YO7¨zkc�z�Y�ak�s��Yyv|mbn3z�Y�ababd|aVx3Y7X�cevFv|��}F��x3Yygjnwd3g�vFmjnw��mjcwX\XZYycwz;gj�±¦
x W�à10324265�798481B � �6545 �
;=<i@O<f; � �G< �60�;JI?0Q8��4L6K153@D8DL1K15M@OP���;��-;[0D2?EGF
x ë=à��sÈ�Í XLËeÈ¢Ú9yNÊ{Ó*Ó%Ï`^;Ð=Î¢Ë�Ê{É®Ô U Ø�Ù(Ø�Ù	ØGËeÌ;Ö=É*É*Ê{Ï Í �DÍ*É*ÈIÖ�Í*ÏÑÔÑÏÑÓ%Î�Ò�Ê{Ð=Ó	Õ!È¢ç�Ö�Íbà
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Programme
actif

Environnement
d’execution

Paquet actif
en notation
de valeur
ASN.1

codec/assure par le noeud

BER/PER/CER

�	�	?!@?��� A�� ��C 5 
 �3�Q���	�L�����
����
��/� "D� � /��

��Ykm{aBd|}FYZ}Fneg{c�gb��nw}�x3YZ��ce��YkdFm�uyq '� �[ZvFmjYk}|xNz�YLm!g{ce��}FYkXZYk},g�ced3g{ce},g�x3Y\gbYLX\v¡a���d|Y\��YZX�cevFvF��}F���wYLmjaydF}|Y\mjYkv|mb`�a!YL}�g{c�¥
gj��n�}���},gbYLmb}FY7vFmjnwv|mbY �\�*« cev|vFmbn3z{UFY��3xS« n�$�dF}FY�v?YkmbgbY�x3Y7gbYLXZv|a�vFmjnw�|cw�F��Yw  >®Y�abYLzknw}|x.v¡n���},g5Y�aig5YL}|z�n�mbYyvF��d|a�U|c�abcwmjx3YLd3f
zLcem5¦§n�dFmj}F��mBdF}G¦§n�mbX�c�g7x3Y�mjYkvFmj`LabYk},g{c�gb��nw}GzknwXZX�dF}©Yk},gbmjY�Yk}s�s��mbn�}F}FYkXZYL}�g{aJxS« Y�f3`�z�d3gj��n�}GYLa!gyz�YLm!gjYLaJdF}�v|c�aJ��Ykm{a��*« ��}3¥
gjYkmjnwv?`km{ce�F������gb`��	X�ce��a���YLa\u5l �ia�n �?YLm!gjYLa�v¡cwa�xF���²`kmjYk},gbY�a�p1p cedFfNvFmjnw��mjcwXZX\Y�a�cwz�gb��¦'a�}®« `�g{ce},g�v|c�a���YLa�X�UkXZYLaL��zkY�gbgbY
��},gbYkmjnwv?`km{ce�|�����±gj`7�,��ab`kY7}FY�v?Ykd3g UkgbmjYymj`Lcw����ab`kYw 

¯ YLv¡YL}|xFce},g���zkY�g!gjY1vFmjnwv?n�ab��gb��nw}�cF��a!YL��n�}�}Fn�d|a®dF}���},gb`Lm�Ukg(X�c�oiYLdFm(xF���²`kmjYk},g-���r��d|��Y�aig�z�Yk��dF�sx3Y1v?nwd|�wnw��m��Lajce}|a(z{U|ce}F��Ykm
��YLa²gjmjc�x3d|z�gbYkd|mja®xFYLaSYL},�s��mbn�}F}FYLX\YL},gjaSxS« Y�f3`Lzkd3gb��nw}	�kz{UFnw��ab��mSYL}�gjmbY¢v|��d|ab��YkdFm{aSmjWk�w��YLaSx®« YL}|z�n3xFcw�wY KIM°p1^ ��� � l1p1^ �1� � ¯ p1^ � L6O
YL}.¦§n�}|z;gj��n�}�xFd�zknw},gbYkfsgbY7Y�gJx3Y�a��?YLabnw��}|ak 

- � , �I# 	 �(µ
�� s� �  2����,�  & µ��3µ(''´ & �
>	YLa�gbmjnw��a¨mjYkvFmj`LabYk},gjcegb��nw}|a¨vFmb`�a!YL},gb`kY�a.zk�±¥Dx3Y�ababd|a�abY©��YkdF��Yk},g��w`k}|`kmj���,dFY�a¨Y�g���}¡x3`kv?Yk}|x|ce},gbY�a�xFY�gbn�d3gbYNcevFv|mbn3z{UFY

x3Y©mb`�a!Y�ced cwz;gj�±¦i °u�z;gjdFYk����YLXZYk},gL�°z{U|cw�,dFYGcev|vFmbn3z{UFYGx3Y©mb`�a!Y�ced cwz;gj�±¦�x3��abv¡n,a!YGx3Y©ajc�vFmjnwvFmjY�mbYLvFmj`LabYk},gjcegb��nw} x3YLa�v¡c�¥
�,dFYkgjaL  ¯ U|cw�,dFY�mjYkvFmj`LabYk},gjcegb��nw}�Y�aig�xF`�gjcw������`kYGxFce}¡aP��YLaZv|mb`�a!YL}�g{c�gj��n�}|aZx3YLa�cwvFvFmjnsz{U|YLaL  ¯ YLv¡YL}|xFcw}�g¨zkYkmbgjce��}|a\vFmjneoiYkgja
n�}�gB`k��cw��YLXZYk},gJcwx3n�v3gb`�ak�¡nwd�x3Y�aJc�xFcev3g{c�gj��n�}|aVnw},gJ`kgb`�¦'cw�±gjYLaJv¡n�dFmJabdFvFv?nwmbgbYkmB�*« dF}�x3Y�a�¦§n�mbX�c�g{a5��`k}F`Lmb���,dFYLaVvFmj`LabYk},gj`La
vFmj`Lzk`Lx3YLXZX\YL},gL�F}FnwgjcwX\XZYL}�g5u '5pIl� 

�@��� � �1� U#��
8��� 
������ �#� 	#�@���#�
tyce}|a5��cZz�n�},gb��},d|�±gj`�x3Y���c�xF`�£|}F��gb��nw}GxS« dF}GvFmjnegjn3z�nw��Y�xS« Yk}|zLcev|abdF��c�gb��nw}	�3��Y�aVgbm{c=��ced3f�x3YPaig{ce}|xFcwmjxF��ajc�gj��n�}�nw},g�v?nwmbgb`

abdFm7�*« cem{z{UF��gbY�z;gbd|mbY�x®« dF}N}� �d|x�cwz�gb��¦i �� 4 B\ |�w���Ix3`k£|}F��gyd|}FY�cem{z{UF�±gjYLz�gbdFmjY�a!gjce}¡xFcem{x�abdFmB��cw�,dFYL����YZa!YP�|cwabYk},g7vF��d¡a!��YkdFm{a
mj`LabYLcwd3f�xS« Y�f3v¡`Lmb��XZYk},gjcegb��nw}.gbYL��a5�,dFY���Y�uCM°nw}|Yw 
>	YLa.vFmb��}|zk��v|cwd3f z�n�X\v?n�ajce},g{a�xS« dF} }! �d|x cwz�gb��¦Pabnw},g.������d|a!gbmj`La�xFce}¡a���c¤£|��dFmjY���A¡ Q>	Y�z�n�XZv¡n,abcw}�g�x3Y©�¡cwabY©YLa!g

�%« YL}s�,��mjnw}F}FYLXZYk},g(xS« Y�f3`Lzkd3gb��nw} K'pIpQO� )*5}�YL},�s��mbn�}F}FYLX\YL},g	xS« Ykf3`Lz�dFgb��nw}�Y�aig	d|}FY1X�cwz{U|��}FY1�,��mbgbdFYL����Y1zkcwv|ce�|��Y1x®« ��},gbYkmjvFmj`�gjYkm
dF}�gihsv?Y7xFYyv¡cw�,dFY�g{a�cwz�gb��¦'ak�3Ykf² Fu 'JT5q²� � � �}� "1�-�T�����k� � �����
�
G � �	�PXZcw��a�cwd|aja!� �DlI�3�\nwd �DlI� A���d|�®a!n�}�g��sd|a�zknwXZXZYyx3Y�a
pIpra�xFce}|aVzkY�g!gjYycwmjz{U|�±gjYLz;gjdFmjYw  ¯ Y�g!gjY7XZc�z{UF��}FYJn �?mjYyxFYLaVu5l �iaVabv¡`�z���£¡�,dFYLaVcwd3f�z�n3x3Y�a1YL}�gjmjcw},gjar�,��c\x3YLa°v|c���d|Y�gja°cwz�gb��¦'a
cw��}|ab�	�,d®« dF}GXZnegjYkdFmJx®« Ykfs`�z�d3gj��n�}�v¡n�dFmJz�Y�a5z�n3x3Y�ak  *5}GpIp¬v?Ykd3gPU�gbmjY�zknw}|ab��xF`kmj`7zknwXZXZY�dF}�Yk}|abYkXP�F��Y�x3Y������Fm{ce��mj��Y�aVY�g
x3Y�abYkmj�s��zkYLaV�,dF�®v?YkdF��Yk},g U�gjmbY���}s�wn3�,dF`La°v|cwm�dF}FY�nwd�vF��d|ab��YLdFmja�cwvFvF����zLc�gj��n�}|aVcwz;gj����YLaL 
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x3Y�v?YkmjXZY�gbgbmjY ��vF��d|ab��YLdFm{aBp1p1a�x3YZgjnwdFmj}FYkm7YL}�v|cwmjcw����Wk��Y\Y�g�x3YZ�w`LmbYLm7�*« cwzLz�WLa7cwd3f©mjYLaja!n�dFmjzkYLayx3dN}� �d|xS  >	Y¨a!h3a!gbWkXZY
xS« Y�f3vF��nw��gjcegb��nw}©xFd©}� �d|x�mb`�ce����abY��%« ��a!n���cegb��nw}�YkgB��c�ab`LzkdFmb��ajc�gb��nw}�xFYLaBmbY�ababnwdFm{z�Y�a K'xF��aj�,dFYw�²XZ`kXZnw��mjY��s����Yw� ¯ l1*��²�|cw}|x3Y
v|c�abajce},gjY(O;  �D�F��YLa�cw����nwdFYVYkg���YLa�mj`kv¡cembgb��g�YL}�gjmbYV��YLa�pIpraIa!d|m���cy�|cwabYVx3YVmbY���dJU�gbY�a�`kXZ��a!Y�a(v¡cem¢��YLa�pIp1aL el�nwdFm¢�%« ce����n3zkcegb��nw}PY�g
��cBab`LzkdFmj��ajc�gj��n�}�x3dP}! �d|xS�=��YVabhsa!gbWLXZYrxS« Y�f3vF��nw��gjcegb��nw}PaL« cevFvFd|��Y°a!dFm�dF}\z�n�X\v?n�ajce},g�x3Yr��YLa!gb��nw}�xFYrv?nw���±gj���,dFYVxS« ce����n3zLc�gb��nw}
YkgVx3Y7ab`Lz�d|mb��gb`��wvF����nwgb`yv|cem°dF}¨p1p­v|cwm!gj��zkdF����YLmr�,d®« YLa!g°�%« p1p­x3Y7a!d|v¡YLmb�s��a!��nw}®  >	cPx3Ykmj}F��WkmjYJ�wYLmjab��nw}¨x3YB��cPa!v?`Lzk�±£¡zLc�gj��n�}�x3Y
�%« cwmjz{U|�±gjYLz;gjdFmjY�x3Y�}� �d|x���},gbWL�wmjY�`k��cw��YLXZYk},g5��YPz�nw}¡z�YkvFgJxS« cwvFvF����zLc�gj��n�}�cwz;gj����Yw  ¯ Y�a5cev|vF����zkcegb��nw}|aJa!Y�ab��gbdFYL}�gyced�x3Y�ababd|a
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x4x à4VSÊ{Ó*ÏÑÕ¢ä¡Ð=ÕiÌkÒ=ÏÑÐ ^5ß®Ö=ÔÑÈiÓ
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u�z�gbdFYL����YkXZYk},gBxFYLa�Y �?n�m!g{a���XZv?nwmbgjcw}�g{a5abnw},g5v¡n�m!gj`La5abdFm5�%« ��},gbYLm!¦'c�z�Y�x3Y�vFmbn��wm{ceXZX�c�gj��n�}.�,dFY�x3n��±g5n �?mj��m5��YPa!h3a!gbWkXZY
xS« Y�f3vF��nw��gjcegb��nw}Gx3Y�}� �d¡xS �*5}|Y�a!v?`Lzk�±£¡zLc�gj��n�}�v|mb`L����XZ��}|cw��mjY!��PyYLa!gJx3��a!v?nw}|���F��Yw |pI����Y�x3`k£|}F��g5��Y�a5x3� �?`LmbYL},gbYLaJce�|a!gbm{cwz�gb��nw}|a
xS« dF}G}� �d¡xGcwz;gj�±¦�Y�gya!v?`Lzk�±£|Y���Y�a5aigjmbd¡z;gbd|mbY�a�Y�g�¦§n�}|z;gj��n�}|a5v?nwdFmJ��cZX�ce}|��vFd|��cegb��nw}Gx3Y �|dFf.Y�gyx3Y�mjYLaja!n�dFmjzkYLa°v|cwm�dF}GpIp
xFcw}|aV��Y�a!h3a!gbWkXZY�xS« Y�f3vF��nw��gjcegb��nw}�x3Y�}� �d|xS 
>1« cw�|aigjmjc�z;gj��n�}©x3YZ�|cwabY\v¡n�dFm7�*« ce����n3zLc�gb��nw}�Y�g���c.zknwXZv3gjcw�F������gb`�x3Y�aBmjYLajabnwdFm{z�Y�aBxFcw}|ay��Y�abh3aigjWkXZY\x®« Ykfsv|��n��±g{c�gb��nw}Nx3Y
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m{c�gbgjcwz{U|`kYLa�xFYLa�mjYLaja!n�dFm{z�YLaLK ¯ l1*��|gbUFmjYLc�xFak�|X\`LXZnw��mbY6O°Y�gJx3n�}�gB��cZ}|cegbdFmjY�x3YLa5v|cw�,dFYkgjaVgjmjcw}|a!XZ��a�YLa!gJabv¡`�z���£|`kY�v|cwm5dF}
XZ`LzLce}F��abX\Y¨xFY�£|��gbmjY�v¡n�m!g{ce},g�a!dFm��*« Yk}|zLcev|abdF��c�gj��n�}�xFYLa�v|c��,dFY�g{a K§Ykf² (u '5p1l a!d|m �Dl a!dFmPu¢T���Yk}�Yk},gbmj`kY�YkgPu 'JpIl
abdFm *BtJl abdFm �Dl~abdFm�pIgbUFYLmb}FYkg�Yk}�abnwmbgb��Y(O�  �D�1Ykf3��a!gbY¨x3Y�a�zLce}|cwd3f©dF}F�rY�g��|�±¥Dx3��mbY�z;gb��nw}|}FYk��a�ce��}|ab�1�,dFY¨x3Y�a�zkcw}|cedFf�x3Y
�J�6���!CN�}�3����
��O�Z�,dF�S}FY7¦§n�},g��,dFY�mjY�gjmjcw}|abX\Ykg!gjmbYyYk}Gabnwmbgb��Yyx3Y�a�v|c���d|Y�gjaVYL}�Yk},gbmj`kY� 
>(cZ£|�wd|mbY�� @Zmj`LabdFXZY���Y�aJx3� �²`kmjYk},gjayz�n�X\v?n�ajce},g{a5x3d©abh3aigjWkXZYPxS« Y�f3vF��nw��gjcegb��nw}�x3YP}� �d|xS �>®Y�aJmjYLaja!n�dFm{z�YLa�xFd�}� �d|x

K ¯ l1*��FXZ`LX\n���mjY(O1a!n�},gVcw����nwdF`LYLa°ced3f��¡d3f��,dF�®a!n�},grX�ce}F��vFdF��`LaVx3��mjYLz;gjYkXZYk},gVv|cemV�%« YL}s�,��mjnw}F}FYLXZYk},g°xS« Y�f3`�z�d3gj��n�}.�,dF�²��Y�a
c\x3YkX�cw}|x3`LaL ,pI}���`k}F`Lmjcw�¡dF}�a!YLdF� �|d3f¨YLa!g�c�g!gjmb���FdF`Bv|cem°pIpªX�ce��arzkYk��dF�±¥Dz��?v?Ykd3g5z�n�},gbYk}|��mVx3YLa°abnwd|a!¥ �¡d3f�v¡n�dFm°xF`k��`k�wd|Ykm
�Z�%« +7q���Y�x3`kXPdF�±gj��v|��Ykf3cw�wY7x3YLa5v|cw�,dFYkgja�cwajabnszk��`�ak 

tBYLa1��},gbYLm!¦'c�z�Y�a¢x3Y5vFmjnw��mjcwX\X�cegb��nw}�v?nwd|m1x3YLa1x3���²`kmjYk},gjYLa¢mjYLaja!n�dFm{z�YLa¢abnw},gIYL}ZzknwdFm{aIxS« `�g{ce�F����ababYkXZYk},g� el�nwdFmI��YLa �|d3fS�
x3Y�a�¦§n�}|z;gj��n�}|a5x3Y�zkmb`�c�gb��nw}�YkgJx3Y�x3Y�aigjmbd|z�gb��nw}Gabnw},g5n �²YkmbgbY�ak Fl�n�dFm���Y�aJzLce}|cwd3fS�3���(Yk}�YLa!gBx3Y�X�UkXZY��|vF��d|a5d|}FY7¦§nw}|z�gb��nw}
xS« Yk}s��nw�®x3Y�v|c��,dFY�g{ak  �D�SYkfs��a!gbY�`k�,ce��YkXZYk},g�x3YLa�¦§nw}|z�gb��nw}|aVv?nwdFm���c\X�ce}F��vFdF��c�gj��n�}�xFYBgjUFmjYLcwx|aVY�g5�%« c�zkz�W�a �\��c\XZ`kXZnw��mjYw 

tBYLarvFmjYkXZ��YLmja1vFmjnegbnwgihsv¡Y�aIx3YJ}! �d|x¨cwz�gb��¦ � ��� EG�T�����7x3nw},g°�*« cem{z{UF��gbYLz�gbdFmjY5��},gbYkmj}FY5Y�aig°vFmjnsz{U|YJx3YBzkY�gbgbYBabv?`Lz���£¡zLc�gb��nw}
abnw},g5cwz�gbdFYL����YkXZYk},gVYk}�z�n�dFmjaVx3Y�x3`L�wYL��n�vFv¡YLXZYk},g � ¯ uB^ ���3� >®p1p �����¾ �*5}FY�mj`Lcw����abcegb��nw}�x®« dF}.gbYL�S}� �d|xS�Fx|ce}|aV��Y7vFmbnwoiY�g
¯ u '5p1aPx3Y ByYkn�mb����c�T	Y�z{U�Y�aig�`L��cw��YLX\YL},gyYL}�zknwdFm{a7Y�g���c�vF��dFv|cembg�x3Y�abhsa!gbWLXZYLa�xS« Y�f3vF��nw��gjcegb��nw}¤x3YZ}� �d|xFa�cwz;gj�±¦'a�aL« h
zknw}3¦§n�mbXZYk},g� 
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x3`L��`L��cegb��nw}®�emj`k��n3zkc�gj��n�} O; �>	Y5aig{ce}|x|cem{xP��x3YL}�gj�±£¡Y5`k�,ce��YkXZYk},gIx3Y5X�ce}|��WLmbY�vFmj`Lzk��abY���YLa¢n�v¡`Lmjcegb��nw}|a�Y �?Y�z;gbd|`kYLa1v|cem1dF}�z�n3x3Y
c�z;gb��¦¢��d|�®mbY��,dF��WLmbYL},g°dF}|Y�c�g!gjYk},gb��nw}�v|cwm!gj��zkdF����WkmjY�x3d�v¡n���},g5x3Y��sdFY�x3Y7��cZa!`�z�dFmj�±gj`w  ¯ Y�aVnwv?`km{c�gj��n�}|aVa!n�}�g �

A¬�*« cwzLz�W�a�x3YkvFd|��aVdF}�v|c��,dFY�gJc�z;gb��¦�cwd3f¨¦§n�}|z;gj��n�}|a5x3Yygbm{ce��gbYLXZYk},g5Y�g5x3Y�/	���4�T��� E)��G ��x3d�}� �d|x.nwdGx3Y7�%« p1p�R
A cwzLz�WLaVx3YLvFdF��a�dF}�v|c���d|Y�g5cwz�gb��¦ �Zx3dGz�n3x3Y�mj`Lab��xFce},g�a!dFm�d|}�}! �d|x�nwd.gb`k��`Lz{U¡cemj�wYLcw�F��Y ��x3��aig{ce}|zkY K§dF}GabYkmj�,��z�Y6O_R
A cwzLz�WLa��ZdF}�v|c��,dFY�g5x3YLvFdF��a�dF}�z�n3x3Y�cwz�gb��¦�R
A cwzLz�WLaVx3YLvFdF��a�dF}Gz�n3x3Y�c�z;gb��¦ �Pd|}�cwd3gbmjY�z�n3x3Y�c�z;gb��¦�R
A cwzLz�WLaVcwd3f.mjYLaja!n�dFm{z�YLa°x3d�}� �d|x.v?nwdFm�XZn3x3��£¡zkcegb��nw}®�|xFYLa!gbmjd|z;gj��n�}®�3d3gb������ajc�gj��n�}SR
A¬Yk}FmjYk����a!gbmjYkXZYL}�g�xS« dF}Gz�n3x3Y�c�z;gb��¦�zknwXZXZY�a!YLmb�s��z�Yy�w`L}F`km{ce�²v?nwdFmVgjnwd|a���YLa�zkn3x3YLa�c�z;gb��¦'a�R
A cwzLz�WLa��ZdF}�v|c��,dFY�g�nwd��\dF}Gz�n3x3Y�c�z;gb��¦�xFYkvFdF��a�dF}�pIp¬n�d.�%« +7q�x3d�}� �d¡x�R
A cwzLz�WLaVcwd3f.mjYLaja!n�dFm{z�YLa°x3d�}� �d|x.Y�g 2=n�d.`kgjce�|����ababYkXZYL}�g5xS« dF}Gzkcw}|ce�®xFY�z�nwXZXPdF}F��zkc�gj��n�}.x3YLvFdF��a�dF}�pIp5 
>1« YL}|a!YLX��F��YJx3Y7z�Y�aIn�v¡`Lmjcegb��nw}|arx3nw���wYL}�gQU�gbmjYBabnwd|X\��abYLa ��x3YLa°z�n�}�gjmjcw��},gjYLaIx3Yya!`�z�dFmj��gb`5¦§n�m!gjYLaL �>	YBx3n3z�d|X\YL},g1¦§nwd|mb}F��g

`L��ce��YkXZYL}�grdF}FY7x3`�£|}|�±gj��n�}�x3YLa°x3� �?`LmbYL},gjaI��},gbYLmb��Yk}|cw}�g{ak����YLdFm{aIm�Dw��YLaIYkgr��YkdFm{a°x3mbn��±g{a1xFcw}|ar�*« cwx3XZ��}F��aigjmjcegb��nw}¨xS« dF}¨}� �d¡xS 
¯ Y�a5��}�gjYkmj�wYL�=cw},gja5abnw},gJ�%« c�x3XZ��}|��a!gbm{c�gjYkdFmya!h3a!gbWkXZY��|�%« c�x3XZ��}F��a!gbm{c�gbYLdFm5mj`LabYLcwd®�F�%« c�x3XZ��}F��a!gbm{c�gbYLdFmBx®« pIpJ�?��Y�x3`L�wYL��n�vFv¡YLdFm
x3Y�abYkmj�s��zkYLa°Y�g5�%« cwx3XZ��}F��a!gbm{c�gjYkdFm5xFY7ab`LzkdFmj�±gj`w 
* z{U|c���d|Yym�Dw��Y�a!n�},g�ceg!gjmb���FdF`LYLa�x3Y�a°¦§nw}|z�gb��nw}|a�x3Y�ab`LzkdFmj�±gj`w 
>(cJ£¡�wdFmjY��w�y������d|aigjmbYV��YLaIxF���²`kmjYk},gja1z�nwXZv?n�ajce},gja�x3Y��%« cem{z{UF�±gjYLz�gbdFmjY°xFY5a!`�z�dFmj�±gj`VvFmbn�v¡n,a!`LY�xFce}|a���Y5a!gjce}¡xFcem{xS  ¯ Yk����Y�¥Dz��

Y�aig�c�ababY
�\�w`L}F`kmj���,dFY\v?nwdFm�v?nwdF��nw��m�ak« cwxFcwv3gbYLm �.�%« Yk}|abYkXP�F��Y�x3Y�aygihsv¡Y�a�xS« p1p5  ¯ U|c��,dFYP}! �d|x�cwz;gj�±¦°��},gjWk�wmjY\dF}FY��|c�a!Y
x3YZx3n�}F}F`kY�aBxFY�v?nw���±gj���,dFY�a�K � �����#" � E��G� �����6�
�6Oyx3`LzknwdFv|��`LY�Yk}©gbmjnw��a5YL}�gj�±gj`LaL �*5}FY\Yk},gb��gb`PYLa!g7xF`Lx3��`kY\ced�}� �d¡x©xFcw}|aBabnw}
YL}|a!YLX��F��Yw�|dF}FY�YLa!g���}¡aig{ce}|zk��`LY�v|cem�pIp¬Ykg5dF}FY�YL}�gj�±gj`�a!v?`Lzk�±£?��d|YyYkf3��a!gbY�v|cwm5uJu� J>®Y�aV��x3YL},gb��£¡zkcegb��nw}|a5xFYLaVv|cwm!gj��zk��v|cw},gja
abnw},gr`L��cw��YLX\YL},g°a!gbn3z �w`LYLaIxFcw}|ardF}FYy�|cwabY K "	��� E�� G � �I���IO;  ¯ Yk����Yk¥¾zk�¡Y�aigV��},��n3��d|`kY5��nwm{a1x3Yy��c�vFU|c�a!YBx3YB��`kmj�±£?zkc�gj��n�}¨xS« ced3gjne¥
mj��ajc�gj��n�}.v?nwd|m5dF}�z�n3x3Y�c�z;gj�±¦i ?T	n�d3gbY�x3YLX�ce}|x3Y�x®« c�zkz�W�a�ced3f�mbY�ababnwd|mjzkYLaLK§�����|mjcw��mj��Y�ak�3��},gbYLm!¦'c�z�YLaL�® L k �Or¦'cw�±gB�*« nw�3oiYkgJxS« dF}FY
��},gbYkmjmjnw��cegb��nw}�x3Y7��c\�|c�a!Y�x3Y�v?nw���±gj���,dFY�a �Pgbn�d|aV��Y�aV}F���wYLcwd3f K +7q²�FpIp5�¡uJuPO� 

pI}©vF��d¡aJx3Y��%« cem{z{UF�±gjYLz�gbdFmjYw�F��Y�a!gjcw}|xFcem{x�vFmjnwv?n�abY�dF}FY�abv¡`�z���£¡zkcegb��nw}�xS« ��}�gjYkmb¦'cwzkYLa5x3Y�¦§nw}|z�gb��nw}|aBxS« c�zkzkWLa�mjYk��c�gj����YLa �
��c�a!`�z�dFmj��gb`w  ¯ Y�a°¦§nw}|z�gb��nw}|a�zknwXZvFmjYk}F}|Yk},g �

A x3YLaV��},gbYLm!¦'c�z�YLa�xFY�vFmbnw£|��ce�wYyx3Y�zkcw}|cedFf�Y�gJx3Y �|dFf.v?nwdFm�dF}�}� �d¡x.Ykg�dF}�pIp R
A¬��Y�v?n�ab��gb��nw}F}FYLXZYk},g5x3Y�v¡n�����gb���,dFYLa�x®« cw����n3zkc�gj��n�}�xFYymjYLajabnwdFm{z�Y�a�R
A x3YLaV��},gbYLm!¦'c�z�YLa�x®« cwd3gbn�mb��abcegb��nw} K§�w`Lmb��£¡zLc�gb��nw}	�szLce��z�dF�®xFY�a!���w}|cegbdFmjYw�3mj`k��n3zkc�gj��n�} OQR
A x3YLa�abYkmj�s��zkYLa�x3YGzkmbhsv3gjnw�wm{cev|UF��Y K'ab���w}|cegbdFmjYLaZt7q3u��°^Jq3u��1�w`kmj��£¡zkcegb��nw}­xFY�a!���w}|cegbdFmjYw�¢U¡cwz{U|cw�wY.�©t @F�rq + u5¥j[��
z�mjhsv3gjcw�wY 2ex3`Lzkmbhsv3gjmjcw�wYJ^Bq3u��|tBprq O�R
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A x3YLaBa!YLmb�s��z�Y�a�x3Y�X�ce}F��vFdF��c�gj��n�}�x3Y�zk��Yk¦'a K'zkmb`�c�gj��n�}®�FYk}|mbYL�w��aigjmbYLX\YL},gL�Fz�n�}s�wYkm{ab��n�}�x3Y�¦§nwmjXZcegL�F��cw����xFc�gj��n�}®�Fmj`k��nszLc�¥
gb��nw}®�	 k k �O; 
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¯ n�X\XZY���YLa�mj`LabYLcwd3f�c�z;gb��¦'a�v?YkmjXZY�gbgbYk},gPxFY¨x3`kvF��n�hwYLm�x3hs}|ceXZ���,dFYkXZYk},g�x3Y�}FnwdF��YLcwd3f�abYkmj�,��z�Y�a�xFce}¡a���Y�mb`�a!Y�ced®�S���

Y�aigZ}|c�gjdFmjYk�V��d|Y.z�YLd3fs¥¾zk�°abY�U|YkdFmbgbYL}�gZced3f¤X�UkXZY�a�vFmjnw�|��WLX\Y�aP�,dFY�z�YLd3f¤mbYL}|z�n�}�gjmb`�a�xFcw}|aP��Y.mb`�a!Y�ced¤��}�gjYk�������wYL},gL  >	c
zknwXZv¡n,a!��gb��nw}�x3YLa°abYkmj�,��z�Y�a1YL}�Y�aigV��cPv|cwm!¦'cw�±gjYJ������d|a!gbm{c�gb��nw}	 ,tyce}|aVzkY�gVnw�3oiY�z;gb��¦i�3dF}.�wmjnwdFv?YBx3YBgbm{c=��ce���?aL« YLa!gVzkmb`L`BxFcw}|a°��c
zknwXZX�dF}¡ced3gj`Jmj`LabYLcedFfZc�z;gb��¦'aIYkgVc�vFmbn�v¡n,a!`JdF}FYyvFmbYLXZ��WLmbYJzknw},gbmj���Fd3gb��nw} � B7^ + �����%  ¯ YJxFnszkdFXZYk},g°£Ff3YJvFmj��}¡z���v|ce��YkXZYk},g
��c\gbYLmbXZ��}Fnw��nw����Y K§XZ`kgbUFn3x3Y�x3YPz�nwXZv?n�ab�±gj��n�}®�FabYkmj�,��z�Y��Fz�n�X\v?n�ajce},g5x3Y��|c�a!Y6O;�FYkg5mbY�aigjmbYL��},g��%« `kgbd|x3Y �P��c�z�n�XZv¡n,a!��gb��nw}�ced
abYk��}�xS« dF}�dF}F���,dFYIYL},�s��mbn�}F}FYLX\YL},g	xS« Ykf3`Lz�dFgb��nw}® (*Bd|Yk����d|YLa®Ykf3YkXZvF��YLa®x3Yra!YLmb�s��z�YLa	z�nwXZv?n�ab�±gjYLa K§¦§nwm��°cwmjxF��}F��zknw}|x3��gb��nw}|}FYk�%�
£|��gbm{ce��Yw��v|cwaja!YLmbYL����YLa¢xFY�gbm{ce}|ajz�n3xFcw�wY6O�a!n�}�g¢¦§n�dFmj}F��a1Y�g1��YLarzkcwmjc�z;gb`Lmb��a!gb����d|YLa¢c�gbgbYL}|x3dFY�a1xS« dF}FYBX\`kgbUFn3x3Yyx3YJzknwXZv¡n,a!��gb��nw}
abnw},g5x3`�£¡}F��Y�ak 

¯ ��}|��ceg!gjmb���Fd3g{a�a!n�}�g5��x3YL}�gj�±£¡`La�z�n�XZX\Y���XZv¡n�m!g{ce},gja�x|ce}|a°gjnwd3gjY�X\`kgbUFn3x3Y�xFY�z�nwXZv?n�ab�±gj��n�} K'dF}FY�XZ`�gjUFn3x3Y�Y�aig��sdFY
��z��¢z�n�XZX\YPdF}©��ce}|��ce��Y�c=h�cw},gJdF}FYZa!hs},gjcef3Y�Y�g7dF}FY\a!`LX�ce},gb���,dFY��F��Yk}Nx3`�£¡}F��Y�a�O�  ¯ YLa7c�gbgbmj���FdFgjaya!n�}�g7¸  �·w´ & µ
� �?¸  &� 
�����S�  & ·  K'zLcev|c�z���gb`Zx3YZx3`Lzkmb��mbYP��c.UF��`km{cem{z{UF��Y�Y�g7�%« YL}|z{U|c�
Å}FYLX\YL},g7x3Y�a7a!YLmb�s��z�YLayx3Y\�|cwabY�v?nwd|myd|}NabYkmj�s��zkYPz�n�XZv¡n,a!`6O;�
¸  Þ·w´ & µ
� �?¸  &(� 2 � �=µ��J=  & � ' & H¾´%��� �3µ(''´ & �\YL}�gjmbY�abYkmj�s��zkYLa K§v¡cembgjce��YZv|cem�v|cwmjcwXZW�gbmjYLaL�²nw�3oiYkgja�v¡cembgjce��`LaL�²UF`kmj�±g{ce��Yw�
 L k �O��I¸  ·w´ & µ
� �?¸  &� ¸ � ¸I' � ''��´ & & " & �|� ' �S��  & µ
�� �  � E '*·  s� K'��}¡aig{ce}|zk��cegb��nw}­xFYLaZx3� �?`LmbYL}�g{aZz�nwXZv?n�ajce},gja ����c
zkmb`�c�gb��nw}	�r��}|a!gjce}¡z���c�gb��nw} ���%« Ykfs`�z�d3gj��n�} xFcw}|a.��Y�a.}! �d|xFa�O;�V¸  s� ���,µ 5�´ &  s� & � ' & E?´®· �3µ(''´ & K'��n�mja�x3YN�*« cemjmj����`kY©xS« dF}
v|c��,dFY�g��wa!v?nw},g{ce}F`LYw� �y��c7x3YLX�ce}|x3Y5x®« dF}Zd|ajce��Ykm�O®Ykg1¸ ���=� 2 � �=µ ''µ ''´ & &  s�LH¾´ & ·eµ(''´ &�& �F¸ '§µL�s�LK§mj`kv¡cembgb��gb��nw}Zx3Y���cy��nw�����,dFY
x3Y�abYkmj�s��zkYBYL},gbmjYy��Y�z�n3x3Y�xFcw}|a5x3Y�aVv|cw�,dFYkgja�c�z;gb��¦'a�YkgV��YLaJa!YLmb�s��z�YLaVx3Y��¡cwabY7abdFm���YLaV}� �d¡xFaVv|cem�Ykf3YkXZvF��Y(O; 

tP« cwd3gbmjYLarvFmjnw�F��WkXZY�a1n�dF�wYLm!g{a¢gbYL��aV�,dFYy��Y7x3`LvF��n���YLXZYk},g°x3Y7abYkmj�,��z�Y�a1abdFm°��Y�ar}! �d|xFa K���� ��GV�!�Q�)GJ����GV�(O��3��c\x3`�z�nwd|�wYkmbgbY
x3Y�abYkmj�s��zkYLarY�gJzknwXZv¡n,abcw},gjaVx3��a!v?nw}F���F��YLaL�3��Yygjmjcw�±gjYkXZYk},g5x3YLaVYLmbmjYkd|mjaL����cZa!`�z�dFmj��gb`7Y�g���c\abdFv?Ykmj�s��ab��n�}.abnw},g�v¡n,a!`�aVxFce}|aV��Y
x3n3zkdFXZYk},gJx3Y7gbm{c=��ce���Sabcw}|a°¦§nwdFmj}F��m5x3Y�a!n���dFgb��nw}�cwz;gjdFYk����Yw 

tyce}|aJ��Y\x3nwX�cw��}FYPx3Y���c¨z�n�XZv¡n,a!��gb��nw}�x3Y\a!YLmb�s��z�Y�a5cwz�gb��¦'ak�?dF}GvFmjneoiYkgBa!v?`Lzk�±£?��d|Y�YLa!gBYL}�z�n�dFmja � ByYkn�mb����c�T(YLz{U	  ¯ Y
vFmjneoiYkg�YLa!g���},gb��gbd|��` ���%� C � K � �)G � �
� �$�!GIE�� �J�
GIE��
G���� "D� ���6� C �D�v�T������� G � � ���FGJ� �
G���O�  >®YZvFmj��}¡z���v¡Y¨x3YZ�|c�a!Y�x3Y¨zkY�gbgbY
cwvFvFmjnsz{U|Y�YLa!gZ��cNx3��a!v?nw}F���F������gb`�x3Y�vFmjnegbn3zknw��YLaPnwdÞabYkmj�s��zkYLa �Ggbmjnwd¡ak  ¯ YLa\abYkmj�,��z�Y�aPabnw},gZx3YLaZabYkmj�,��z�Y�a���`k}F`Lmb���,dFYLaP�,dF�
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v?YkdF��Yk},gNU�gbmjYJc�xFcev3gj`La ��x3� �²`kmjYk},gja1v¡n���},gja°vFmj`Lzk��arx3YJ��Ykd|mrYkfs`�z�d3gj��n�}¨v|cwmrcwajabnszk��cegb��nw}¨x3Y �����G� � ��x®« cwd3gbmjYLa1vFmbn��wm{ceXZXZYLa
¦§n�dFmb}|��a�v¡cem5�%« d¡abcw�wYkm� 3l¢cem5Ykf3YkXZvF��Yw�|n�}�v¡YLd3gyx3`k£|}F��m5dF}�abYkmj�s��zkY��w`k}|`kmj���,dFY�x3Y�£¡�±gjmjcw�wY�x3Y�v|c��,dFY�g{a�Y�gJXZYkg!gbmjY�dF} �����'�
abdFmy��YPgbm{ce��gbYLX\YL},gyx3Y\v|cw�,dFYkgjaJ£|��gbmj`Layce��}|a!���,d®« dF} �����'�BabdFmB��Y�gjmjcw�±gjYkXZYk},g�x3Y�v¡cw�,dFY�g{aB�,dF��}®« nw},gyv|cwaBv|cwajab`LaB��Y�£|�±gjmbY� 
uJ��}|ab�SdF}�d|ajce�wYLmrv?YkdFgJcwaja!n3z���Ykmrv|cemVYkfsYLXZvF��Y7dF}�abYkmj�,��z�YyxS« Yk}FmjYk����a!gbmjYkXZYk},g�ced ��� �G�Vx3YJgjmjcw�±gjYkXZYk},g5x3Y�arv¡cw�,dFY�g{a°£|��gbmj`La
Ykg5dF}Ga!YLmb�s��z�Y�x3Y E�������� ��G ��x3Y�aVv|cw�,dFYkgja��,dF�®}®« nw},g5v|c�aVv|cwajab`B��Y7£|��gbmjYw 
>	Y7abYkmj�s��zkYJ��`k}F`Lmb���,dFYyxF`�£|}F��g���Y�ab`L�,dFYL}|z�YLX\YL},g�xFYLaVa!YLmb�s��z�Y�a°abdFvFv|��`LX\YL},gjce��mjYLa K'c �²YLz�gb`�a �\xFYLaP�����G� �(O;  >(cZa!`L��Y�z;gb��nw}

x3Y�a������G� �ZabY\¦'ce��g�v|cem7��YZv|cw�,dFYkg7YL},gbm{ce},gL�Sabnw��g7YL}©¦§n�dFmj}F��ajajce},gy��Y¨z�n3x3YZx3Y¨zkYLa �����G� �;�	a!n��±g�YL}Nx3n�}F}|cw}�g�x3Y�a7mb`k¦§`kmjYk}|zkYLa
cwd3fZabYkmj�s��zkYLa ����}s�wn3�,dFYLmI��n�mjarx3d�x3`�z���Yk}|z{U|YkXZYk},grxS« dF} �����'�* :*5}¨XZn3x3WL��YJ¦§nwmjX\YL�¡x3YBz�YJXZ`�zkce}|��abXZYJx3YJzknwXZv¡n,a!��gb��nw}�v¡cem
cw����n3zkc�gj��n�}�xFY �����'�I��Y�aigJx3`k£|}F�®YL}5* '��iT � x|ce}|a � M + u �w��c �% 

�@��� � ��� ��&(�
>(c�a!gjce}¡xFcem{x3��abcegb��nw}�cwd3gbn�dFm°xFYLa°mb`�a!Y�ced3f�cwz�gb��¦'aVcPx3`L�Fd3gj`BYL}�oidF��}©[��w�s�s su5d�oin�dFmjx®« UsdF�²Yk����YycPce�?nwd3gj� �P��cPx3`k£|}F��gb��nw}

xS« dF}Þ¦§nwmjXZceg\x3Y.v|cw�,dFYkgja\z�n�X\XPdF}�mjYLabv¡Y�z;gj`�v|cwm���c�vF��dFv|cwm!gZx3YLa\z�n�}|z�YLv3gbYLdFmja\xS« pIp YkgP¦§n�mbXZY.��c©�|cwabY�x3Y��*« ���P�FGV�
c�z;gbd|Yk�% J>I« cem{z{UF��gbYLz�gbdFmjY7x3Y�}� �d|x�abYkmbgV`L��cw��YLX\YL},gVx3Y�mj`�¦§`LmbYL}|z�Y�cwd3f.x3`L�wYk��nwv|v¡YLdFmjaVx3Y�abh3aigjWkXZYLa�x®« Ykfsv|��n��±g{c�gb��nw}�x3`�x3��`�a
cwd3f�mj`LabYLcwd3f�c�z;gj�±¦'aL ?tBY�vF��d|aL�¡YL����Y�c�v?YkmjXZ��aBx3YPzk��cwmb��£|YLm5��c�gbYkmjXZ��}|nw��nw�w��Y�x3Y�aJz�n�XZv¡n,abcw}�g{a5xFcw}|a5dF}©mb`�a!Y�cedGcwz�gb��¦i �>	YLa
gjmjc=��cedFf\abdFmI��c�a!`�z�dFmj��gb`�Y�gr��c�zknwXZv¡n,a!��gb��nw}�x3YBa!YLmb�s��z�YLaIvFmbn��wmjYLaja!YL},g���Yk},gbYLXZYk},g1X�ce��a1x3YL�smjcw��YL}�gIcw�¡n�d3gb��m �ygjYkmjX\Y �7dF}FY
x3`k£|}F��gb��nw}�}Fn�mbX�ce����a!`LYyzknwXZvFmjYk}|cw}�g��3v¡n�dFm���cPv¡cembgb��Y7ab`LzkdFmj�±gj`w�3��YLa���},gbYkmb¦'cwzkYLaVxS« dF} +7q�x3Y7}� �d|xS 
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>	YLay}Fnwd|�wYk����YLaycevFvF����zkc�gj��n�}|ay��d|��`LXZYkmj�wYk},g ���%« U|YkdFmjYPc�z;gbd|Yk����Y\}F`LzkYLaja!��gbYL},gy�%« Ykf3vF��n��±g{c�gj��n�}©x3YLa7zLcem{cwz;gj`kmj��a!gb���,dFYLaBx3Y

}Fn�dF�wY�ced3fªa!YLmb�s��z�YLa��,dF�J}FY©abnw},g¨v|cwaZv|mb`�a!YL}�g{a�Yk}ªg{ce},g��,dFY�gbYL��a.xFce}|a¨��Y�a�mb`�a!Y�ced3fÞc�z;gjdFYk��ak  ¯ nwXZXZYG���yc¤x3`io ��`kgb`
XZYk},gj��n�}F}F`�xFce}¡a7��Y�a�a!Y�z;gb��nw}¡a7vFmb`�z�`�x3Yk},gbY�ak�²��Y¨z�n�}�gjm�D���Y\x3hs}|ceXZ���,dFYZmbYL}|x3dNv¡n,abab���|��YZv|cwm��*« ��},gjmbn3x3d|z�gb��nw}�x3YLa7mj`LabYLcwd3f
c�z;gb��¦'a�v?YkmjX\Ykg1x3Y�z�n�}3¦§YLz�gb��nw}F}FYLm�Y�gIxS« cwxFcwv3gbYLm�xFYLa¢abYkmj�,��z�Y�a�v|cem�m{cevFv?nwmbg �y�%« `kgjceg¢zknwdFm{ce},g¢x3d\mb`�a!Y�ced®  ¯ YLa�abYkmj�s��zkYLa � �SabdFm
XZYLabdFmjY � �²nw},g���Yyv¡nwgbYL}�gj��YL�®xS« ceXZ`k����n�mbYLmr��YLa°v?Ykmb¦§nwmjX�ce}|zkYLar�,d|YLa°v|cemVdF}|Y7cwvFvF����zLc�gj��n�}®�3z�Y7��d|�S}®« Y�aigVv|c�ar��Y�zkc�a°x|ce}|a°dF}
mj`LabYLcwd�z���cwajab���,dFY\}®« n �²mjcw}�g��,d®« dF}FY�abnw��d3gb��nw}�x3YZ�¡n�d3g!¥¾Yk}F¥%�?nwd3g�  >®Y��FdFg�xFY¨z�Y�gbgbY�abYLz;gj��n�}�Y�aig�x3YZvFmj`LabYk},gjYkm�x3� �?`LmbYL}�g{a
YkfsYLXZvF��Y�a�XZY�gbgjcw}�gPYk}�c=��ce},g��%« c=��ce},g{ce�wYZYkg��*« YO7¨zLcwz���gb`.x3YLa�mb`�a!Y�ced3f�c�z;gj�±¦'aL �>	YLa�Y �?n�m!g{a�Yk}|��ce��`La7v?nwdFmPceXZ`k����n�mbYLm���Y�a
v?Ykmb¦§nwmjX�ce}|zkYLayced�XZn�hwYL}©x3Y�aJmj`LabYLcwd3f�c�z;gj�±¦'a7z�n�dF�smbYL},gBdF}���cwmb��Y�a!v?YLz�gbmjYPxS« cev|vF����zkcegb��nw}|aL V>	c¨X�ceoinwmj�±gj`Px3Y�aBYkf3YkXZvF��YLa
xS« cev|vF����zkcegb��nw}|aInwd�x3Y5vFmjnegjn3z�nw��YLa��,dFY5}|nwd|a¢v|mb`�a!YL}�gjnw}|a�Ykgr�,dF�3gj��mjYk},gIv|cwm!gj��Y5x3Y�a¢��}3¦§mjc�aigjmbd¡z;gbd|mbY�a¢vFmjnw�wm{ceXZX�ce�|��Y�a	Ykgrx3Y
��c\X\n��F������gb`�x3Y�zkn3x3YLaVvFmjn��s��YL}F}FYL}�g�x3dGx3n�XZcw��}|Y7xFYLa�cev|vF����zkcegb��nw}|a�xF�±gjYLa � ��XPdF��gb��X\`�x3��c � �Snwd	�sgbnwdFgJx3d�X\n���}¡ak�3v?YkdF��Yk},g
UkgbmjY�YkXZvF��n�hw`La°v?nwdFm5cwXZ`k����n�mbYLmVzkYLa�x3YLmb}|��WLmbY�ak 
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Unit é de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
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