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h3i/¨§t ³/m�xy¨§��¨§¥¦¨¦z}|7¨§��tZ�/uw�lm{u��^�&zZ¨§k&m{¨§�/�yv/�lmPtT��m��K��i/uw¥¦¥§ml�/�wmPt@zZ�
�3u�����t�zZi/m£tZmP��v/�Z¨¦z}|7¨§�y¬­��uwt zZ�~v/�\z~v��~m
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n_±¦n ����zZ¨§¶9u9z~¨¦�_�/t ±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤±©±¤±©±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤± �
n_± � »�u&t sN��v��~¨¸z~s¤��u��/t3¥§mPt(�ZsNt mNu�vyx�¡��½¢(�y�)±¤±©±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤± (
n_± � »�u&t sN��v��~¨¸z~s¤��u��/t3¥§mPt{���wk&k7v���¨º�lu9z~¨¦�_�/t�k*v�¥¦zZ¨§�2�w¨§�_z·±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤± nN�
n_± � � ¥§uw�½��v���u��/�^�_� z ±¤±©±¤±©±¤±©±¤±¤±p±¤±©±¤±©±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤± nN�
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��±¦n ÁÂ�Ez~�Z�y�yv/��zZ¨§�w��±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤±©±¤±©±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤± nN�
��± � ²T¥ºuwt~tZ¨¸°^�Pu9z~¨¦�_�"�ymNt(u����/�Z�y��i�mNt���mp�_mPt zZ¨§�w�½�ym���¥§s¤�ym¤�w�~�wv/�^m ±¤±¤±©±¤±©±¤±©±¤±¤±p±¤± nP�
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�/±¦n ÁÂ�Ez~�Z�y�yv/��zZ¨§�w��±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤±©±¤±©±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤± n%?
�/± � ����zZ¨§¶9u9z~¨¦�_�/t ±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤±©±¤±©±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤± n%?
�/± � ²T�_�EzZ��u�¨§�_z~mPt�m�z{��i/�w¨¦x#±¤±©±¤±©±¤±¤±p±¤±©±¤±©±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤±��w�
�/± � ¾£mPt~���~¨§�yzZ¨§�w�½�ym¤¥ºu%tZ�w¥§vyz~¨¦�_� ±©±¤±¤±p±¤±©±¤±©±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤±���n
�/± �^±¦n ÍpmPt zZ¨§�w�½�ymPt�k&mPk*���~mPt3�yv½�w�~�wv/�^mA@��l¥¦v^t}z~ml�~¨§t~u9z~¨¦�_�"�y|��/uwk%¨ºÄEv�m ±©±¤±¤±p±¤±��_�
�/± �^± � ¾{¨CB2v^t ¨§�w�a�ymNt��y�w���/slmPt�tZsP�lv��~¨§tZslmNt{±©±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤±��w�
�/± �^± � ÍpmPt zZ¨§�w��m�z{�y¨ºt}z~�Z¨§��vyz~¨¦�_�a�ymPt��l¥¦sNtÇ±©±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤±��w�
�/± �^± � ÁÂ��¨¸z~¨§uw¥¦¨ºt~u9zZ¨§�w�½�ym¤¿3¡{»�¡{¾£À ±¤±©±¤±©±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤±��_�
�/± �^± � ¡@�}�wv�z{��¯ v/��m¤���wv/¶wml¥§¥§mpmP�EzZ¨¦zZs ±©±¤±©±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤±��_�
�/± �^± D ¡(vyz~i�ml�EzZ¨¦°^�Pu9zZ¨§�w�½mlz{���w�Ez~�FE_¥¦m©��¯ uw�l�ljPtp±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤±��5D
�/± �^± � q�m�z~�~uw¨¸z(��¯ v���m¤mP�_z~¨¸z~s��yv½�w�~�wv��2m ±©±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤±��5(
�/± �^± ( q�ml���_v�¶wmP¥¦¥§mlk&mP�_z(�ymNt���¥§sPt ±p±¤±©±¤±©±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤±��5?

�/± � ²T�_�/��¥§v/tZ¨¦�_� ±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤±©±¤±©±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤± �_�
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�^±¦n ÁÂ�Ez~�Z�y�yv/��zZ¨§�w��±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤±©±¤±©±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤± �/n
�^± � ¡{����¥§¨§�Pu9z~¨¦�_�½�l¨¦�/¥¦m ±¤±©±¤±©±¤±©±¤±¤±p±¤±©±¤±©±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤± �/n
�^± � ÁÂk&��¥ºu��Ez�u9zZ¨§�w�½�ym�¿3¡{»�¡{¾£À!±©±¤±¤±p±¤±©±¤±©±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤± �E�
�^± �/±¦n ���Z�wzZ�y���_¥¦mp�~ml¥ºu9zZ¨¦¬@¹7¥I¯ uw�yi�sNt ¨§�w�½��¯ v��½k&mlk*�/�Zm¤u�v��w�~�wv/�^m ±¤±©±¤±©±¤±¤±p±¤± �_�
�^± �/± � ���Z�wzZ�y���_¥¦mp�~ml¥ºu9zZ¨¦¬@u�v½»¼mPu]¶_mp�¼¯ v��½k&mlk7���~m©��v��_�Z�_v��2m ±¤±©±¤±©±¤±©±¤±¤±p±¤± ���
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��±¦n�� ¶w�w¥§vyz~¨¦�_���ym¤¥ºu%¶�¨¦m���¯ v��½�w�~�wv/�^m©t sN��v��~¨ºt s�±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤± nN�
��± � h'u9xy�_���wk&¨§mp�ymNt(u��/���Z�y��i�mNt3�ym¤�wmNt}z~¨¦�_�"�ym��l¥¦s©±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤± nP�
��± � ¾£¨ºt}z~�Z¨§��vyz~¨¦�_�½��m¤¥§u&h3À ' ��u��^t�¾{À�� ±©±¤±©±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤± n%D
��± � ²T�_k&�/u���u�¨ºt �_���ymNt����~��zZ�y�l¥¦mNtT�/�ZsNt mP�_z~sPt ±¤±©±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤± n%(
�/±¦n À�x�mPk&��¥¦m��¼¯ sP¶]uw¥¦v^u9zZ¨§�w�½�ym��
	 ±¤±p±¤±©±¤±©±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤±��w�
�/± � ¾£¨ºt}z~�Z¨§��vyz~¨¦�_�½��m�h3À ' ±¤±©±¤±©±¤±¤±p±¤±©±¤±©±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤±����
�/± � ¡{vyzZi/ml�EzZ¨¦°^�lu�zZ¨§�w�½m�z{�l�w�EzZ� Ew¥§m©��¯ u_�l�ljPt���¯ v��½���wv/¶wmPuwv�k&mlk7���~m©uwv½�w�~�wv��2m´±¤±¤±p±¤±��E�
�/± � ¡{vyzZi/ml�EzZ¨¦°^�lu�zZ¨§�w�½m�z{�l�w�EzZ� Ew¥§m©��¯ u_�l�ljPt���¯ v��au��/�l¨¦mP�"k&mPk*���~m¤�yv½�w�~�wv��2mµ±©±¤±¤±p±¤±��E�
�^±¦n��_v(�_ml�2�]x���u��/t(v��"�~sPtZmPuwv�¡���¢(�y� ±¤±©±¤±©±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤± �E�
�^± ���_v(�_ml�2�]x���u��/t(v��"�~sPtZmPuwv"i�|����~¨§��m¤±p±¤±©±¤±©±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤± �_�
�^± � ¡{�~��i/¨¸z~mP�\z~v��~m©��m�
(m�zZ°/¥¦zZml��±¤±©±¤±¤±p±¤±©±¤±©±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤± �w�
�^± � » ¯ mlx�zZml�^t ¨§�w�½��¯ u�vyz~i�ml�EzZ¨¦°^�Pu9zZ¨§�w�½�ym�¿3¡{»�¡{¾£ÀK��u��^t3¥¦mNt3k%mNtZt~u��_mPt3��¡£¾ ��� ±p±¤± �E�
�^± � �$���9(X�#E�z~s©���wv�¶_mPuwv"k&mlk7���~m ±¤±¤±p±¤±©±¤±©±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤± �E�
�^± D �$���9(X�#E�z~s�
(ª¤v/���@u��~ml�Ez ±¤±©±¤±¤±p±¤±©±¤±©±¤±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤± � D
�^± � ���9|wml�/��m¤�yv½���wk7���Zm©�ym¤k&mlk7���~mPt�u,B>mP��zZsNt ±¤±©±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤± � (
�^± ( 
{�wk7���Zm¤��¯ �w�2sl��u9z~¨¦�_�/t3�ym���i�¨CB2�~mlk&mP�_z��%�ysN��i�¨CB2�~mlk&ml�Ez5±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤± � ?
��±¦n ¡{vyzZ�_k-u9zZm��¼¯ slz~u9z�t���¯ v���²T�w�EzZ� Ew¥§mlv����yv½�_�Z�_v��^mr±¤±©±¤±p±¤±©±¤±¤±©±¤±©±¤±©±¤±¤±p±¤±����
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¾pu��/t%��m��~uw���^�_� zN«¼���_v/t����~sPtZml�Ez~�w�/t¤v/��m����_v�¶wmP¥¦¥§mXu��/���Z�y��i�mX��m��wmNt}z~¨¦�_�µ�ym"�l¥¦s���v��w�~�wv��2mw«
�/u��/t�v��*mP��¶E¨§�~�w����mPk&ml�Ez'¡��7¢(�y��«]�2�wv��@�ymNt�uw����¥§¨§�Pu9zZ¨§�w�^t��ym3�y¨CB2v^t ¨§�w�%�ym ³^vyx�k*v�¥¦zZ¨§k&sP�y¨ºu��Ìt zZ�~mPu9®
k&¨§������«E�/u��/tT¥¦m©�lu_�y�~m(���~sP��¨ºt��ym£�l�wk&k*v��/¨§�Pu9zZ¨§�w�^tT�ym£�w�~�wv��2m�n£¶wml��tT��t sNÄEv�ml�EzZ¨§ml¥��Ì¹�zZ�_vyz�¨§�/t z~uw�_z
zN«9¨¦¥y|�upv��/m�mlz@v���m3t mPv�¥¦m�tZ�wv�����m�ÄEv�¨yslk&m�z@mlz�v/��m�¬­�w¨ºt@Ä_v	¯ mP¥¦¥§m z~ml�~k&¨¦��m_«9v���m�u�v�zZ�~m�tZ�wv�����mT���~ml�/�7¥¦m
�~ml¥ºu�¨ºt �\±�¡(v�¥¦¨§mlv½�ympzZ�~�wv�¶_ml��v���m©t �_¥¦v�zZ¨§�w���_sl��sP�Z¨ºÄEv�mp�^�_v���zZ�wv�zTz}|��2m©�¼¯ uw����¥§¨§�Pu9zZ¨§�w�^tl«����_v/t3u]¶w�w�^t
¶_�wv�¥§v����wv/t�¬­���Pu�¥§¨§tZml�£t v��(�lm¤k&����jl¥§m*�ym����_k&k*v���¨º�lu�zZ¨§�w�/t���m��w�~�wv��2m¤ÄEv�¨	mNt}z�z~�ZjNt��ZsP�/u��^�yv��/u��/t
ÁÂ�Ez~ml�~��m�zN«ym�z(ÄEv�m©��¥¦v^t ¨§mlv���t�u��/��¥¦¨º�lu�zZ¨§�w�/t�vyz~¨¦¥§¨ºt mP�_zN«/���_k&k%m©�/uw�3m�xymlk&��¥§m¤�ymPt�uwv/�y¨§� �]¶�¨º�ysl�%���_�y¬­s�®
�~ml�^��mPtP«9�ymPt@��¨ B>v/tZ¨¦�_�&��� ��«9�_v%��uw�/t@�ymNt@���w�Ez~m�x�zZmNt�k&�_¨¦�/t�¥§v/�y¨ºÄEv�mPt�mlz���¥§v/t'z~u_�\zZ¨ºÄEv�mPtP«����_k&k%m3¥§mPt
�l�wk&k*v/��¨§�Pu9z~¨¦�_�/t@ml�Ez~�Zm{��mPt��_�Z�_v��2mPt��ym{¬­�w����mNt��ym{tZsP�lv��Z¨¦zZs£��¨§¶E¨§¥§mPt��_v-k&¨¦¥§¨¸z�u�¨§�ZmNt�¶_�wv�¥ºu��Ez tP¯ sN��i/u��y®
�_ml�{��mPt£¨¦�y¬­�_�Zk-u�zZ¨§�w�/t£���w��°^�yml�Ez~¨¦mP¥¦¥§mPtP± 
{�wv/t(zZ��u]¶]uw¨¦¥§¥§�w�/t(tZv��©��m¤z}|��2m7��¯ u��/��¥¦¨º�lu�zZ¨§�w�/t£��¨§��¥§mPt{�/u��/t
¥§m¤�lu_�y�Zm¤�yv½���~���}mlz{�y¡"!'À�²�¡p�yh$#�±
²Tmlz zZm-uw�����~����i/m7mNt}z¤u����2ml¥§slm-¿3¡{»�¡{¾£À(±¼À�¥§¥§m&tZm%���Z�_�^�Et m&��¯ uwt~t v/�ZmP�£¥I¯ uwvyzZi/ml�EzZ¨¦°^�lu�zZ¨§�w��m�z¤¥¦m

�l�w�EzZ� Ew¥§m¤��¯ uw�l�ljPt��ymNt�k&mlk7���ZmNt(�yv½�w�~�wv/�^m_«�¥§u-�l�w�y°2�yml�EzZ¨ºu�¥§¨¦zZs¤�ymPt£�y�w�/��slmNtl«�z~�wvyz{mP�½���ZmP�/u��Ez(mP�
�l�wk&�yz~m-¥§u½�y|��/uwk%¨º��¨¦zZs-mlz*¥ºu"k&�_��¨¦¥§¨¦zZsX�ymNt¤��ª¤v/��t*��u��/t�v��·zZml¥ ml��¶�¨¦�~�w���/mlk&ml�EzP±¼»�u½�wmNt}z~¨¦�_�·�ym
�l¥¦s"��u��/t7¿3¡{»	¡£¾{À �y�w¨¦z%tZm-¬Ìuw¨¦�~m��ymXk-uw��¨¦jP�Zm"�y|��/u�k&¨ºÄ_v/mw«	mlÃX�luw�lmXm�z%��sP�lmPt~t ¨¦zZmP�*¥§mXk&¨¦�/¨¦k7v�k
��mX��v�¨ºtZt~u��^��mX�ymX�Pu�¥º��v�¥ zZ�wv�z*ml�µu9zZzZsP�Ev^u��Ez*¥§m-��i�sl�/�wk&jl��m&% 
('-& )0* &�	@« 	 s�z~uw�Ez�¥¦mX�/�wk*�/�ZmX�ym
k&mPk*���~mPt�u B2mN�\zZsNt3�/u���v/��m©�w�2sl��u9zZ¨§�w�½�ym¤�~ml���_v�¶wmP¥¦¥§mlk&mP�_z��ym��l¥¦s¤�ym¤�_�Z�_v��^m_±

1+*l1 � 
©�'�\$£�©�'��
����
» ¯ mNtZtZ�w�¤�ymNtpzZmP��i/���w¥§�w�_¨¦mNtpt~u��^tp°/¥�� B>�~m&uwv9�}�wv/�~��¯ i�v�¨@�ym-���_v�¶wmP¥¦¥§mPtp�2ml��t �2mP��zZ¨§¶wmPt¤�/u��/t©¥§mX�y��®

k-uw¨¦��mX��mPt¤z~sl¥§sP�l�wk&k*v��/¨§�Pu9zZ¨§�w�^tl±	» ¯ sP¶w�_¥¦vyz~¨¦�_���~sP�lml�EzZmX��mPt�k&�9|_ml�/t¤�ym"���wk&k7v���¨º�lu9z~¨¦�_�µtZuw�/t©°/¥
u&�2ml�~k&¨§t{¥¦m�zZ��u�¨¦zZmlk&mP�_zp�ym�¥I¯ ¨§�y¬­�w�~k-u9z~¨¦�_��¹%zZ��u]¶wml��t��ymNt(v���¨¦zZsNt{�ym7�lu�¥º��v/¥	�2�w�Zz~u��/¥¦mNt(ÄEv�¨	�_�_zp�ymPt
�Pu���uw��zZsl�~¨ºt}z~¨§ÄEv�mNt	�/uw� z~¨§�lv�¥§¨¦jP�ZmNt�mlz�uw�l�ljP�ymP�Ez@uwv7�~sPtZmPuwv7¹£zZ��u]¶wmP�~t�v���m3¨§�EzZml�Z¬Ìuw�lm���m(���wk&k7v���¨º�lu9z~¨¦�_�
t~u��^t3°/¥I±�²Tmlz£ml��¶�¨§�Z�_����mlk&mP�_z(�2ml�~k&m�z©u�vyx½v���¨¦zZsNt£�ym7�lu�¥º��v/¥	v���m*¬­�w�ZzZm�¥§¨§�^mP� z~s7�ym�k&�_��¨¦¥§¨¦zZs*mlz£��m
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�2�_tZm7uwv/��v/��m7�~mPt zZ�~¨º�\zZ¨§�w��t v��p¥ºu�¥§�y�lu�¥§¨ºtZu�zZ¨§�w���ymNtpv/tZuw�wmP�~tP±^»	mPt£ml��¶�¨¦�~�w���/mlk&ml�Ez~t£k&�w��¨§¥§mPt£� B>�ZmP�_z
v/��m3�w��u��/�ymT³/mlx�¨§��¨§¥¦¨¦zZs(�¼¯ mPk%�/¥¦�_¨b±�À �%�^u��ZzZ¨º��v�¥§¨¦mP�P«]¨§¥§t��2ml�~k&m�zZzZml�Ez�¥ºupk%¨ºtZm�mP�&�ZsNt mNu�v7��mPt@tZ¨¸z~mPt@�y�_�_z
¥§m¤���w��¥§uw�wm¤tZml��u�¨¦zTz~�Z�_�"�_��sl�~mlvyx�¹7�~sPuw¥¦¨ºtZml�N«E¶_�w¨§�Zmp¨§k%�2�_t~tZ¨¦��¥§mw±
»	mPt%�ZsNt mNu�vyx´k&�w��¨§¥§mPt&tZuw�/t*°/¥3�^mPv�¶wmP�_z���z~�Zm½��¥ºuwt~tZsPt�mP�Y�ymPvyxC�lu�zZsP�w�w�~¨§mPt4@�¥¦mNt%�ZsNt mNu�vyxµu]¶wmN�

¨§�y¬­��uwt zZ�~v/�\z~v��~m"ÄEv�¨�vyz~¨¦¥§¨§tZml�Ez-�wsP��sl��u�¥§mlk&mP�_z%¥¦m½k&�y�yjl¥§ma�ym�¥§u´���_k&k*v���¨º�lu�zZ¨§�w�C�lml¥§¥¦v/¥§uw¨¦�~mw«�m�z-¥§mPt
�~sPtZmPuwvyxKtZuw�/t"¨¦�y¬­��uwt zZ�~v/��zZv��~m��_v ¥§mPt��ZsNt mNu�vyxK¡��G¢(�y��±��{�<�~sPtZmPuwv ¡�� ¢{���·�2mlvyz��lzZ�~m·�ysl°/��¨
�l�wk&k&m£v/��mp�l�w¥§¥¦mN�\z~¨¦�_�"��¯ ml�EzZ¨¦zZsNt3k&�w��¨§¥¦mNt ¨§�EzZmP�~�l�w����mN�\z~slmPt��/uw�Tv/��mpzZmP��i/���w¥§�w�_¨¦mptZuw�/t�°^¥>¬­�w�~k&uw�Ez
v/�-�ZsNt mNu�v7zZmlk&�2�w��u�¨§�Zm(t~u��^t@¥b¯ u�¨º�ym(�ym(zZ�wv�zZm{u_�yk&¨¦��¨ºt zZ��u9zZ¨§�w�&�_vX�ym�zZ�_vyzTtZv����2�w�Zz@°�xymw±E»¼mPt���ª¤v/��t
�/u��/t	v����~sPtZmPu�v�¡��*¢(�y��tZ�w�Ez'�Pu���uw�\z~sl�~¨§tZsPt>�^u�����mPt¼¥§¨§ml�/t'tZuw�/t�°^¥b«]�ymPt��~mPt~t �_v��~�lmPt>¥§¨¦k&¨¦zZsPmPt�ml�¤z~ml�~k%m
��mT�/uw�/�ymT�/uwt~tZuw�EzZmw«N�ym(²T� �Cmlz���mTk&slk&�_¨¦�~mw±]¡(v/�lv���m�i�|E�2��z~i�jPtZm �	¯ mNt}z'¬Ìu�¨¦zZm���¨y���_�_z~�~uw¨¦�Ez~m�s�z�u���¥§¨¦m
tZv���¥ºu7z~u�¨§¥§¥¦m��ymNt3�ZsNt mNu�vyx�±/²Tmlv�xE®Â��¨��2mlv/¶wml�Ez{�y�_�/����z~�Zm¤�ym©z�u�¨§¥¦¥§mpzZ�~jPt3¶9u��~¨§uw��¥§mw±
»	mPt3�~sPtZmPu�v�x-¡��"¢(�y�©t �_�Ez3u_�\zZv/ml¥§¥¦mPk%mP�Ez�uwv"�lª¤v�����¯ v/��m¤uw�\z~¨¦¶�¨¦zZs©�ym©�ZmN��i�ml����i�mpt �_vyzZmP�Ev/mpÄEv�¨

¶�¨ºt m7¥¦mPv��©�^�_���ysP��¥§�w¨§mlk&ml�Ez©m�z©k%¨ºtZm7mP��ª¤v�¶��~mw±2��uw� z~¨§�lv�¥§¨¦jP�ZmPk%mP�EzP«2¥§u�t sN��v��~¨¦zZs7�/u��/tp¥§mPt£�ZsNt mNu�vyx
¡���¢(�y�¤�l�w�/t zZ¨¦zZv�m¤¥I¯ v��a�ymPt3���~¨§�/��¨§�/u�v�x��w�/t z~u_��¥§mPt3¹&v���¥§uw�Z�_m¤�ysl��¥§�w¨§mlk&mP�_z(�ym��lmPt3�~sPtZmPuwvyx�±

1+*�� � � �	�����"�'���'���"�����!�����!�����	���*�
	 + �5. 
-�

��sN��v��~¨ºt mP��v��½�ZsNt mNu�v"¡��½¢{���©�~ml¶�¨§ml�Ez(¹%¨¦�/t z~uwv��~ml��¥§mPt��y¨CB2sP�ZmP�Ez~t�tZml�~¶E¨º��mNt��ym�tZsP��v/�Z¨¦zZs¤u�v½tZml¨§�
��v��ZsNt mNu�v¼«	zZ�_vyz7mP�����~ml�/uw�_z%ml�C�l�wk&�yz~m�¥§mPt*��¨ B>sl�~ml�EzZmNt7�Pu���uw��zZsl�~¨ºt}z~¨§ÄEv�mNt���¯ v��µzZmP¥3�ZsNt mNu�v¼±	»	mPt
��s�°^t��ym¤¥ºu&t sN��v��~¨¦zZs¤��u��^t3¥¦mNt��ZsNt mNu�vyx�¡��½¢{���©tZ�w�Ez�¥¦mNt(tZv�¨¦¶9uw�_z�t4@

n�®-»�¯ vyzZ¨§¥§¨§t~u9z~¨¦�_�½��mPt3¥§¨¦mP�/t(t~u��/tT°/¥¼�~ml�^��v��½�~sPtZmPuwv"¡��½¢(�y�©��¥§v/t�¬Ìuw�l¨¦¥§mlk&mP�_z(mlxy�^�Et s¤¹&�ymPt�u�z ®
z~u_Ä_v/mPt�k&uw¥¦¨º��¨§mlv^t mNt¼�/u_tZtZ¨¦¶_mPt¼�l�wk&k&mT�ymNt	sN���_vyzZmNt	��¥ºu��^�ymPt zZ¨§��mPtP«N�wv*u_�\zZ¨§¶wmNt	�l�wk&k&m ¥§m �~ml��¶w�_¨
�wv-¥ºu¤�ys�¬­�_�Zk-u�zZ¨§�w�&�ymPt k%mNtZt~u��_mPtP±w²TmPt u�z z�uwÄEv�mPt�¶�¨§�w¥§ml�Ez u�¨§�/tZ¨�¥§m{t mP�Z¶�¨º��m���¯ u�vyz~i�ml�Ez~¨¸°^�Pu9z~¨¦�_�
�
� ¢�?5?��I±

�]®-»�¯ u��/tZml�^��mT�¼¯ ¨§�y¬­��uwt zZ�~v/�\z~v��Zm�°�xym sl¥§¨§k%¨§��m zZ�wv�zZm �2�_t~tZ¨¦��¨§¥§¨¸z~sT�ymT�^�_v�¶w�_¨¦��s�z~uw��¥§¨¦�'v���mT�Zsl¬­sl�~ml�/�lm
��mP�_z~�~uw¥¦¨ºtZslm�u�°/� �ym·���w�^��ml�Ez~�ZmP�X¥¦mNt"u_�l�ljPt�uwvK�~sPtZmPu�v mP�Kv��<tZmlv/¥£�2�w¨§�Ez"v���¨ºÄEv�m��Pu��/uw��¥§m
��¯ uw�yk&¨§��¨§t zZ�~ml�p¥§mPtp�y¨ B>sl�~ml�Ez�t£tZml�~¶�¨§�lmPt(¨§�/�y¨ºtZ�^mP�/tZuw��¥§mPtpu�v��2�w��¬­�w�/��zZ¨§�w����mPk&ml�Ezp�yv��ZsNt mNu�v¼±
¾{m&��mlz z~m7u��^t mP�/��m*�¼¯ ¨§�y¬­��uwt zZ�~v/�\z~v��Zm_«/¨§¥�ml���ysN���_v�¥¦m7Ä_v/m*¥§mPt£k%�y�yjP¥¦mNt£�l¥§u_tZtZ¨ºÄ_v/mPt{�lml�EzZ��u�¥§¨ºt sNt
�wv%i�¨§sl��u�����i�¨§ÄEv�mNt��¼¯ uwvyzZi�mP�EzZ¨¦°^�lu�zZ¨§�w�%�^mPv�¶wmP�_z��y¨¦ÃX��¨§¥¦mPk&ml�Ez tl¯ u��/��¥¦¨ºÄEv�ml�N±w²£¯ mNt}z@���wz~uwk%k&mP�_z
¥¦m��Puwt3�yv�k&����jl¥§m��ym¤���w��°^u��/�lmp��mPt3ÁÂ�y¬­��uwt zZ�~v/�\z~v��~mPt3¹X²T¥¦sNt3��v���¥§¨§ÄEv�mNt3�wv�� '©Á � ¢ !���� ?5?��I±
�@u���uw�y�]x�u�¥§mlk&mP�_zN«�¥ºu���¥§v��/u��Zz'��mPt't �_¥¦vyz~¨¦�_�/t¼mlxy¨§t z~uw�_z~mPt	�^�_v���¥ºu(tZsP�lv��Z¨ºt~u9zZ¨§�w����mPt¼�~sPtZmPuwvyx¤¡��
¢(�y��t v��/�^�Et mP�_z�¥I¯ mlx�¨ºt zZml�^��mT��m��l¥¦sNt	���~¨§¶wslmNt ����¥§sPt	��v���¥§¨§ÄEv�mNt'm�z@�y�w�/�T��¯ v���m�¨¦�y¬­��uwt zZ�~v/��zZv��~mT�ym
�wmNt}z~¨¦�_�X�ym{��¥§sw±E¢(�_�~t��/u��/tT��ml�Zz~uw¨¦�^t�tZ�lsl�/uw�Z¨§¨I«9z}|���¨§ÄEv�mPk&ml�Ez ¥§�w��tZÄEv�m�¥§m(�~sPtZmPu�v&¡��X¢{���(�¼¯ mNt}z
�/uwt ���w�/��mP��zZs{¹©¥I¯ ÁÂ�Ez~ml�~��m�zN«w¥§mPt@��ª¤v^��t��¼¯ �w�Ez��/u_t�uw�P��jNt�¹©v���m(¨§�y¬­��uwt zZ�~v/�\z~v��~m(�ym{tZsP��v/�Z¨¦zZs(�ym
��m z}|E�2mw±]»¼m��ysl¶_ml¥§�w���2mlk&mP�_z��ymTtZ�w¥§vyz~¨¦�_�/t¼��mT�ZmP�^�EtZuw�Ez	�/uwt'tZv��	v��/mTu�v�zZ�w�~¨¦zZsT��mT��mP� z~¨¸°2�lu9z~¨¦�_�
�wv&� '©Á'mPt z�v��-¶��~uw¨y¶wmP�Z�~�wv%tZ�l¨¦mP�_z~¨¸°2Ä_v/mw±����wv/�@|*�~mlk&sP�y¨§ml�N«9��¥§v/tZ¨¦mPv��~t@zZ��u]¶]uwvyx7�ym��~mP��i/ml����i�m
�^�_� z~ml�EzptZv��£¥b¯ slk7v�¥§u�zZ¨§�w����¯ v���tZml�~¶�¨§�lm��ym7�l�w�y°2u��/�lm�Ä_v/¨��2�wv��~��u�¨¦z@�}�wv�mP�{¥§m*� Ew¥§m*��¯ u�vyz~�w�~¨¸z~s
�ym���mP� z~¨¸°2�lu9z~¨¦�_���lml�EzZ��u�¥§¨ºt sPmw±
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�^uwt ��z~�Zm��lu��^u���¥§mPt%�ym½�ysP��i�¨CB>�ZmP�%¥§m"³/vyx�k*v/¥¸z~¨§�Puwt z%sPk%¨ºt%�/u��%¥ºu�tZ�wv�����m_±����_v��%�lml¥ºu�«
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 � �ÌtP¯ ¨¦¥��¼¯ mPt z(�/u_t3k%mPk*���~m¤�yv½�w�~�wv��2mH��±
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�~mP�lml¶9u��EzX��m½�/u_ÄEv�m�zN«@¥¦m��ysN��i�¨CB2�~mau]¶wmP� ��������� �/v�¨§t ��������� m�zX�_�yzZ¨§ml�Ez-¥§u´�l¥¦s��ym��i/¨ B>�ZmPk&ml�Ez(�yv�zZ��u9°^�©h3À ' �Ì��¬@��± ���\±
 
 GC
 
 SGM
1
 
 Membre du 
 SG
1
 


( KEK
i1
, KEK
i3
 )
 
( KEK
i2
, KEK
i3
 )
 
 ( KEK
i1
, KEK
i2
 )
 


TEK 
 


{TEK} 
KEKi2
 


{TEK} 
KEKi2
 


TEK 
 


{
{TEK} 
KEKi2
}
 KEKi3
 
 


{
{TEK} 
KEKi2
}
 KEKi1
 
 


� ��
 �>��± � � �����%* #%� �0�$* ���	( ��& ��
 � ��� ��
	(����	���
� ��i^uwÄEv�m�sl¶wjP��mlk&mP�_zX�ym �$�	�9(´�_v �ym ��&

 � &-u�v tZml¨§� ��¯ v�� t �_v/t ®I�_�Z�_v��^m_«�¥§m�	���
 ��~ml�/�wv�¶_ml¥§¥¦m�¥ºu���¥§s ����� ��� m�z¤u�¨§�/tZ¨'zZ�wv^t{¥§mPtpk&mlk7���ZmNt{�/m%tZml�~�w�Ez£�Pu��/uw��¥¦mNt£�¼¯ u_�l��sN�yml�uwvyx�¬­v�zZv��~mPt�h3À ' ÄEv�mXtP¯ ¨§¥ºt¤�w�yz~¨¦mP����mP�_z7¥§u½���_v�¶wmP¥¦¥§m ����� ��� ±'²Tml�2ml�/�/u��EzP«¼¥§m�tZmP�l�Zmlz¬­v�zZv��(mlz(�/uwt~tZsp�/m�t mP�Z�_�_z���¥§v/t(u_tZtZv��~sPtP±�À��am#B>m�zN«yzZ�_vyz{��ª¤v/��u]|_uw�Ez�ÄEv�¨¦z z~s¤¥¦m¤�_�Z�_v��2m
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��m���i�¨ B>�~mlk&ml�Ez(�ym���¥§sPt � '©À ' ��vyz~¨¦¥§¨§tZslmNtl±
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 � &l«]¥§u
'©À ' m�z@¥ºu£h3À '<t �_�Ez'�~ml���_v�¶wmP¥¦sNtl±]»	u£�wmNt}z~¨¦�_�7�yv%�w�~�wv/�^m3t mP¥¦�_�7¿3¡{¡£»�mPt z�¹£¥§u©��i/uw�Z�_m
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 Nombre de TEK
  
 Clusterisation
  
 Nombre de KEK
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 p
 

A M A M 
 
 p
 
 statique
  
 p
 

AKMP
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Chu et al.
  
 1
 
 pas de clusterisation
  
 1
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 1
 


BALADE
 
 1
 
 dynam
ique
 
 1 à p
 

 


� ��

�2��± � �  �	� � 
�# 
	���)��( ��&%�	��# �	* �7)���&0�	� # �0�)&0( * �0�

576 O"598



���������	� n%?

� �������	��

� �

��� � � � � � ������� � ��� � � � � � �

��*l1 � �7�	�'
-���������l
��
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�9®-»¼mNt@���w�Ez~�FE_¥¦mPv��~t	¥¦�y�Pu�vyx�«9t v/�^mP�Z¶�¨ºtZuw�_z'zZ�_v/t'¥¦mNt@t �_v/t ®I�_�Z�_v��^mNt	�yv%�w�~�wv/�^mTk*v�¥¦zZ¨º�lu_t}zN«9�^mPv�¶wmP�_z
uw�P��sP��ml�3¹�¥ºu7�l¥¦sp�ymp��i/¨ B>�ZmPk&ml�Ez��ym©�y�_����slmNtTh3À '&±�²£¯ mPt z3�^�_v����lm�zZzZmp�~uw¨§tZ�w��ÄEv¼¯ v������w�Ez~�FEw®
¥¦mPv��@¥§���Pu�¥y�y�_¨¸z@¨§k%�2sl��u9z~¨¦¶_mlk&ml�Ez ��z~�Zm3v��%k&mlk*�/�Zm3�yv%�w�~�wv��2mw±9¾£m��/¥¦v/tP«]zZ�_v/t�¥§mPt����_�_z~�FE_¥¦mPv���t
¥¦�y�Pu�vyxµt �_�Ez7�ymPt*��ª¤v/��t7¡���¢(�y�-mlz7���_���ymPt*�Z�_vyzZmPv���t����_k%k&m��/u��/t*¥¦m��luwt*�ymPt*�ZsNt mNu�vyx
°/¥ºu�¨§�ZmNtl«�m�z-¨§¥3�¼¯ mNt}z-�/u_t%�~uw¨§tZ�w���^u���¥§m�ÄEv¼¯ v��Y�/ª¤v/�Y¡��Y¢(�y�����w� uw�yi/sl�~ml�Ez&uwvC�_�Z�_v��^m�t m
���~�w�2�_tZmp¶_�w¥§�w�Ez~uw¨¦�~mp�^�_v��{uwt~tZv��ZmP�3¥¦m¤� Ew¥§m¤��¯ v/�����w�Ez~�FE_¥¦mPv��3¥¦�y�luw¥b±^�(�a���_�_z~�FE_¥¦mPv��3¥¦�y�Pu�¥	�y�_¨¸z
�w�yz~ml��¨§�©¥§u"�2ml�~k%¨ºt~t ¨§�w����m&tZ�w�����w�Ez~�FE_¥¦mPv��£¥§�y�luw¥��/uw�ZmP�Ezp�2�wv��£¬­�w�~k&ml�©m�z©�wsP�ZmP�ptZ�w�����Z�_���~m
t �_v/t ®I�_�Z�_v��^m_±/²£¯ mNt}z{�y�_�/�©¥§m����w�Ez~�FE_¥¦mPv��3¥¦�y�luw¥¼�/uw�ZmP�_z(ÄEv�¨¼¶_sl�~¨¸°^mp¥I¯ u�vyz~i�ml�EzZ¨º��¨¦zZs���v����w�Ez~�FEw®
¥¦mPv��(¥§�y�lu�¥�mP��ÄEv�mNt}z~¨¦�_�"mlz{t �_��uw���/uw� z~ml�/uw�/��m©u�v½�w�~�wv/�^mpk*v�¥¦zZ¨º�lu_t}zN±
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¿3¡{»�¡{¾£À mPt z3v/��m¤u�����i�¨¸z~mP��zZv��~m£�ym¤tZsP�lv��Z¨ºt~u9zZ¨§�w�"�ym¤�y¨ B>v/tZ¨¦�_�"k7v�¥¦zZ¨º�luwt z���u��/t3v/�"mP�E¶�¨§�Z�_����ml®

k&mP�_z*¡��´¢{���w±	¾pu��/t¤�lmXÄ_v/¨ t v/¨¸zN«¼���wv^t¤�ysP�l�Z¨§¶w�_�/t©¥¦mNt¤�y¨CB2sP�ZmP�_z~mPt¤�_�^sP�~u�zZ¨§�w�/t©�ym-�_mPt zZ¨§�w�·m�z*�ym
tZsP�lv��~¨¸z~s©ÄEv¼¯ ml¥§¥§mp�~sPuw¥¦¨ºtZmw±
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»	mPt�uw��zZmPv��~t3�/�Z¨§�/��¨§�/uwvyx"�ym¤¥I¯ uw�~��i/¨¸z~mP�\z~v��~mp¿3¡{»�¡{¾£ÀKt �_�EzL@

� ²T�w�EzZ� Ew¥§mlv/�{Íp¥¦�_�/u�¥ � ²3Í � @^¹&��i/u_Ä_v/m�t �_v��~�lmp��va�w�~�wv��2m©mPt z{uwt~t �y��¨§s©v��a���_�_z~�FE_¥¦mPv��3�w¥§�w�/uw¥b±¡(¨§�/tZ¨b«ymlz�u]¶_mP�{v���m©u�����i�¨¸z~mP��zZv��~m£�ym¤�y¨CB>v/t ¨§�w��t sNÄEv�ml�EzZ¨§ml¥§¥§m7np¶wmP�~tT�¼«�¹7v���¨§�/t z~u��Ez(�y�_����sp¨¦¥
m�xy¨ºt}z~m¤v��at mPv�¥�²3ÍÇuwv�tZml¨§�a�yv��w�~�wv��2mw±
²Tm�zZzZm�mP�_z~¨¸z~s�mPt z{�~mPtZ�^�_�/t~u���¥§m¤�ym¤¥§uX�wsl�/sl��u9zZ¨§�w�½�ym¤¥ºu-��¥§s*�ym*��i/¨ B>�ZmPk&ml�Ez+�Ìh3À ' ��«^�yv���i/¨¸¬ ®
¬­�ZmPk&ml�Ez{�ymPt����w����sPmPt3mlz{�ym©¥§u&�y¨ºt}z~�Z¨§��vyz~¨¦�_�a�ymPt��y�_����sPmPt���i�¨CB2�~slmNt�¹7zZ�wv^t3¥¦mNt3k%mPk*���~mPt���v
�w�~�wv��2mw±2»	u"��¥§s7�ym%��i�¨ B>�~mlk&ml�Ezp��v�zZ��u9°2��t mP�~u��y¨§t zZ�~¨§��v�slm%t sP�/u��~slk&mP�_z£¶E¨ºu-¥§mPtp���_�_z~�FE_¥¦mPv���t
¥¦�y�Pu�vyx�±y»¼m*²3Í u_tZtZv��~mpuwv/tZtZ¨2¥¦m©�~ml���_v�¶wmP¥¦¥§mlk&ml�Ez3�ym©¥§u%��¥§s¤�ymp��i/¨ B>�ZmPk&ml�Ez(�ym{z~�~u�°^���Ìh3À ' �
¹&��i/uwÄEv�m©v���¨¦zZs���m��y�w���/slmPtP«�tZml¥§�w��¥§u&tZslk-u��EzZ¨ºÄEv�m¤�yv�³/vyx�±
h	�_v/t@¥§mPtT���w�Ez~�FE_¥¦mPv��~t��Ì�w¥§�w�/uw¥�m�z ¥§�y�luwvyx3���ys�z~¨¦mP����ml�Ez ¥§mPt k��lk&mPt@¥§¨ºt}z~mPt ¡{²�»½mlzTq(» �Ì¥¦¨ºt zZm{�ym
���_�_z~�FE_¥¦m¤��¯ uw�P��jNt3m�z{¥§¨§t zZm���mPt�k&mlk7���~mPt��/uw��¨ºt\��±2²TmPt�¥§¨ºt}z~mPt(tZml�~�w�Ez�vyzZ¨§¥§¨§tZsPt�¥§�w��t��yva���_�EzZ� Ew¥§m
��¯ uw�l�ljPt£��¯ v/�a���wv�¶_mPuwv�k&mPk*���~m*u�v½�_�Z�_v��^m_±^»�u&�wsl�/sl��u9zZ¨§�w�½mlz{¥§u����wi/sl�~ml�/�lm��ymPt(�lmPt{¥¦¨ºt}z~mPt
�¼¯ ml�EzZ�~m��/u_t{��uw�/t(¥§m7�Puw�y�~m��ym7�lm���u����2�w�ZzP±/�{�����~���}mlz{ml���l�wv���tP«/u�v�tZml¨§���ym�¥I¯ sPÄEv�¨§�^m%��¡�®
¾67 
{À(«�z~�~uw¨¸z~m¤�ym���m©���~�w��¥§jlk&m_±

� ²T�w�EzZ� Ew¥§mlv/�¼»¼�y�luw¥ �I²�»1� @�zZ�_vyz	��ª¤v^�£k&�_��¨¦¥§m@k&mlk7���Zm���v¤�w�~�wv��2mw«�¬­�_�Zk-u��Ez	u]¶_mP��t mNt�k&mlk7���ZmNt
¥¦�y�Pu�vyxCv/� tZ�wv^t}® �w�~�wv��2m��_v �l¥¦v^t}z~ml�X�y�_¨¸z-�wsP��sl�~ml�&mlz��y¨§t zZ�~¨§��v�ml�&v��/m���¥§s½¹´tZmPt-�y¨CB>sl�~ml�Ez~t
k&mlk*�/�ZmNt{¥§�y�lu�v�x>±¼²Tm�zZzZm&��¥§s7mNt}z©u����2ml¥§slm-²3��Í @���¥§s%�yv·t �_v/t ®I�_�Z�_v��^m_±2²Ti/u_Ä_v/m&²�» �ys�z~¨¦mP�_z
tZu�¥¦¨ºt}z~m"�ym�k%mPk*���~mPt*¥¦�y�Pu�vyx �Ì»	� »1��±�ÁÂ¥3�y�w¨¦z7u_��i�mlk&¨§��ml�7¥§u��l¥¦s"�ym"��i�¨CB>�ZmPk%mP�Ez7�ymXz~�~u�°^��«
ml��¶w�9|_slmp�/u��3¥ºu-t �_v�����mw«y¹7zZ�_v/t�¥§mPt3k&mlk7���~mPt��ym¤��mlz z~m¤¥¦¨ºt}z~mw±
�(� t ¨§k&��¥¦m"k&mlk*�/�Zm��yvC�_�wv��2m��ysN��¨º�ym���m��/u_tZtZml�%¹�¥I¯ slz~u9zX²�» tZ¨T¥§m"z~u�v�xµ��m"�y|��/uwk%¨º��¨¦zZs
¥¦�y�Pu�¥§m �Ì���wk7���~m��ym �$�	�9(µmlzX�ym �/&

 � &&�/uw�&v���¨¦zZs��ym�zZmPk&�/t\�%mlz-¥¦m½���_k*���~m���mak%mPk*���~mPt¥¦�y�Pu�vyx"��sl�/u_tZtZml�Ez�v��a��mP� z�u�¨§��tZmlv�¨§¥I±
»¼mNt����w����sPmPt3ÄEv¼¯ v��a²�»·uw��zZ¨¦¬��y�_¨¸z3zZ��u��^t k&m�zZzZ�~m£¹%t mNt�k%mPk*���~mPtT¥§���Pu�vyx�tZ�w�Ez3¥§u7��¥§s¤�ymp��i/¨¸¬ ®
¬­�ZmPk&ml�Ez3��vXzZ��u9°2��«Eslk&¨§tZm{�^u���¥§u7t �_v��~�lm{�yv�³/vyx�±y»¼m(³^vyx���i�¨CB2�~s{slz~u��Ez3�y¨ B>v/tZsptZsl�^u��~slk&ml�EzP±
���wv��3�ysP�l¨§��ml�3�ym£tZ�w�Xslz~u�zP«y��i/uwÄEv�m{k%mPk*���~m£��s�zZ¨§ml�Ez3v���m{¬­�w�/��zZ¨§�w����¯ sl¶9uw¥¦v/u�zZ¨§�w� � ¿(² !����_u��I«
¨¦k&��¥ºu��Ez�u��Ez(¥b¯ u�¥§�w�_�Z¨¦zZi/k%m%nw±

� Ë982Æ%
,$ÌÈ;:'� � !��_�/�\z~¨¦�_����¯ sl¶9uw¥¦v/u�zZ¨§�w�
$9< �Ìk-�\¬�=<��n©�_��k%�>=G�/� �TÈ;:  "
� �9t���¨¦z~��iXz~�X�ymP� �]�~mP�£���~���lmPt~t
? ��@ z~�Zv�m �

 �ËÌ�  
? ��@ ¬Ìuw¥§tZm �

 " & $A<
� ��u]¶wmN�3k&��¬ @_¬­�~sPÄEv�mP�/��mp�ym©�y|��/u�k&¨º��¨¦zZs*«y��n @EtZmlv�¨§¥��ym£¬­�ZsNÄ_v/ml�/�lm£�ymp�y|��/u�k&¨º��¨¦zZsw«�k&� @����wk7���~m
� ���ympk%mPk*���~mPt3¥§�y�luwvyx�m�z{�^��@�t mPv�¨§¥	�ym©���wk7���~m©��m¤k%mPk*���~mPt�¥§�y�lu�v�x
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²Tm�zZzZm�¬­�_�/�\z~¨¦�_�&�¼¯ sP¶]uw¥¦v^u9zZ¨§�w�&��m��/�ZmP�/�&ml�-���_k&�yzZm(ÄEv�m�¥ºup¬­�ZsNÄEv�ml�/�lm(��¯ uw�yi�sNt ¨§�w�-uwv%�_�Z�_v��2m
m�z�¥¦m����_k*���~mT�ym�k&mlk7���ZmNt	¥§�y�luwvyx�±N�{��m3s�zZv^�ymTmP�7�l�wv���t	�l�w�/tZ¨§t zZm�¹£uwk&sl¥§¨¦�_�ZmP����mlz z~m ¬­�_�/�\z~¨¦�_�
��¯ sl¶9u�¥§v/u9z~¨¦�_�"mP�½¨¦�EzZ�~�y�yv�¨ºtZuw�Ez3¥§mp¬Ìuw��zZmlv/�{�ym©k&�w��¨§¥¦¨¦zZs_±
���wv��a�_�yzZmP��¨¦�a¥ºu ¶9u�¥§mlv�� �
	@«�v�� ²�»!���wk&�yz~mµt mNt½k%mPk*���~mPt�¥§�y�lu�v�x �/uwt~tZ¨¸¬Ìtau]¶_mP��¥¦mPv��~t
k&mlk*�/�ZmNtX°/¥ºtP«�mlz½tZmPt"k&mlk7���ZmNt�¥§�y�luwvyxKuw�\z~¨¸¬Ìt½t~u��/t"¥§mlv���t�k&mPk*���~mPt�°/¥ºtl±3»¼m´tZ��i/slk-uC�ym
¥§u !'¨§�wv��~m©��±§np¨§¥§¥¦v/t zZ�~m¤v���m�xymlk&��¥§m��ym��Pu�¥º��v�¥¼�ym �
	@±
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Clusters

mn = 4

mn = 2mn = 5

mn = 1 mn = 2

Global Controller

Local Controller

Group Member
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ÁÂ¥�mPt z�¹{����z~ml��Ä_v	¯ v��*k%mPk*���~m3�y�w¨¦z'�ymPk-u��/�ymP��¥I¯ u�vyz~�w�~¨§t~u9z~¨¦�_��u�v����~jPt��ym3t �_�%²�»��^u��~ml�Ez	�2�wv��
�^�_v�¶w�_¨¦�{�/uwt~t mP�{¹-¥I¯ slz~u�z¤²�»�±2»¼m%²�»C�/u��~ml�Ez{uwvyzZi�mP�EzZ¨¦°/m*¥§m�k&mlk7���Zm*ml��ÄEv�mNt}z~¨¦�_�¼«^tP¯ u_tZtZv��~m
ÄEv¼¯ ¨§¥	mNt}z(�/¨¦mP��v/�ak%mPk*���~m¤�yva�w�~�wv/�^m �­�2�wv/�{uwt~t v/�ZmP��¥ºu-���_�y°^�ymP�EzZ¨ºu�¥§¨¸z~s��ym¤¥§u-h3À ' ��m�z{mP�
�lu_t7�ym½tZv/�l�ljPtP«�¥I¯ uwvyzZ�_�Z¨ºtZm�¹-�}�_¨¦�/���Zm"¥¦m��w�~�wv��2m"��mPt%���w�Ez~�FE_¥¦mPv��~t�¥¦�y�luwvyxµm�z&¥¦v/¨�mP��¶w�w¨§mX¥§mPt
¥¦¨ºt zZmPt{¡{²�»�mlz{q(»�±

� �amlk7���~m©��v��_�Z�_v��2m �IÍ©� � @�mNt}z(v/��k&mPk*���~m¤�ym©¥§u&¥§¨§t zZm¤¡{²�» �b¡��l��mNtZt{²T�_�EzZ�~�w¥�»¼¨ºt}z.�\±
��������� � ��� �*� � ������	�� ���"������	�� � ��')��� ��� �,	��

»�uptZ�wv/�~�lmT��i�¨CB2�~m�¥¦mNt@�y�w���/slmPt�u]¶_mP�Tv���m���¥§s�h3À ' �Ìh���u9ÃX� À �/���~|��yzZ¨§�w� '©ml| �\±9» ¯ uw¥¦�_�w�~¨¸z~i�k&m��ym
�l�Z|��yz�u��_mpÄEv¼¯ �w��¶9u%u_�y�w��zZml��mNt}z(¡{ÀT� � !/mP���/nw«/��' � � ? ? � �Ì¡{vyzZi/ml�EzZ¨º�lu�zZmP��À��^���~|E��zZ¨§�w���y��i�mPk%mA�\±
»�u-t �_v��~�lm¤uw��i�mPk%¨§��m¤¥§mPt(���w����sPmPt(tZsP�lv��~¨§tZslmNtT¶�¨ºu&¥b¯ u��~���~m©k*v�¥¦zZ¨º�lu_t}z{�ym7�y¨ B>v/tZ¨¦�_�a�ym��y�w�/��slmNtl±

»	mPt��~sP��mP�yzZmPv���tTu]|Eu��Ez �~m���v"¥§u%��¥§s©�ymp��i/¨ B>�ZmPk&ml�Ez3h3À ' �/uw�T¥§m©���Z�y�lmPt~t v/tT�ym¤�y¨ºt}z~�Z¨§��vyz~¨¦�_�"�ym©��¥§sPt�Ì���~sPtZml�EzZs¤��¨¦®Â�ymPt~t �_v/t �\«��^�_v��~�Z�_�_z(�ysN��i�¨CB2�~ml�3¥§m©³/vyx�±
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²T�_k%k&m©���~sPtZml�EzZs¤�l¨¸®Â�ymPt~tZv/tl«�¥ºu&t �_v��~�lmp�l�wk&k&ml�/�lm©�/u�����i�¨CB2�~ml�3¥§mPt��y�_����sPmPt�u]¶wmN�{¥ºu&��¥§s¤h3À '
�/v�¨§t3¥§mPt(ml��¶w�_¨¦m©¹7zZ�wv^t�¥¦mNt3k&mlk*�/�ZmNt��yv½�w�~�wv��2mptZv�¨§¶9u��Ez(¥b¯ u��~���~mp��m��y¨ B>v/tZ¨¦�_����m��y�w���/slmPtP±

� ¥I¯ ¨§��¨¦zZ¨ºu�¥§¨§t~u9z~¨¦�_�a�ym¤¥b¯ u��/��¥¦¨º�lu�zZ¨§�w�¼«�z~�wv/t3¥§mPt(k%mPk*���~mPt���v��_�Z�_v��2mp�~m��l�w¨§¶wmP�_z��ym¤¥ºu%�/u��Zz(�ym¤¥§u
tZ�wv/�~�lm�¥ºu©��¥§s(�ym{tZmPt~t ¨§�w�%ÄEv¼¯ �_�&¶]u¤uw���2ml¥§ml�#" 	��%$ �b��¥§s{�yv-tZ�wv/t ®I�_�Z�_v��2m����\«���v/¨§t���|E�^u�k&¨§ÄEv�mPk&ml�EzP«
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��mPt����_v�¶wmNu�vyx7tZ�wv^t}® �w�~�wv��2mPt�¶w�_�Ez@tZm����~slmP�P±_²Ti/u_ÄEv�m�t �_v/t}® �w�~�wv/�^mT¨/u�v���upv��-���_�_z~�FE_¥¦mPv��'¥¦�y�luw¥ "�� �mlz(�/u��Zz~uw�wmP�~u*v���m¤��¥§s��ym�tZ�wv/t ®I�_�Z�_v��2m " 	�� � ±���wv/�£mP�E¶_�9|wmP��¥§u"��¥§s7h3À '4¹-zZ�wv^t{¥§mPt£k&mlk*�/�ZmNt£�yv��w�~�wv��2mw«^¥§u"t �_v��~�lm*��i�¨CB2�~m7�lm�zZzZm7�l¥¦s%u]¶wmN�
" 	��%$¤m�z�¥b¯ ml��¶_�w¨§m©¹7z~�wv/t3¥§mPt3k&mlk7���~mPt��ym¤tZ�w�½t �_v/t}® �w�~�wv/�^m_±_��v/¨§t�mP¥¦¥§m¤ml��¶_�w¨§mp�lm�z z~m¤��¥§s�h3À 'Çuwv
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��������� �
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v���m�tZ�wv/�~�lm½ÄEv�¨£�y¨ B>v/tZmav�� ³/vyx �a� �´¶9uµ��i/uw���wmP�-¥§uµh3À ' ¹µ��i/u_Ä_v/m"z~¨¸z~�Zm���� ��«�u�¥§�w��t
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�yvX�#EwzZs�����u9z~¨§ÄEv�m(��m(¥b¯ u��/��¥¦¨º�lu�zZ¨§�w�¼±�²£¯ mNt}z��2�wv��T��m�zZzZm(��u�¨ºtZ�w�&Ä_v/m(���wv^t@¥b¯ u]¶w�_�/t�uw�y�_�yzZs(�/u��/t
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»	u&tZ�wv�����m �I²3Í ���_sl��jP�Zm©v��/m¤���wv�¶_ml¥§¥¦m©h3À ' m�z(¥ºu&�y¨§t zZ�~¨§��v�m�¹7zZ�_v/t3¥¦mNt�k&mlk7���ZmNt�¥¦�y�luwvyx"�ym�tZ�w�
tZ�wv/t ®I�_�Z�_v��2mw«���i�¨ B>�~slm¤u]¶wmN�{¥ºu-��¥§s©¥¦�y�luw¥¦m¤�yvatZ�wv/t ® �w�~�wv��2mA@
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�¼¯ uwvyzZi�mP�EzZ¨¦°^�lu�zZ¨§�w��mlz©�¼¯ u��}�wvyz¤��¯ v����/�wv�¶_mPu�v�k%mPk*���~m7uwv��_�Z�_v��^m_«��ym7�~m�z~�~uw¨¸z©��¯ v���k&mPk*���~m%��v
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	$*�� + � �����l�T�©�'��
�� �T�������
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�Puwt zP«y¨§�EzZsl��uw��zZ¨§¶wmNt mlz{�����w�2sl��u9z~¨¦¶_mPtP«^n©¶wmP�~t��½t sNÄEv�ml�EzZ¨§ml¥I±^²Tm¤���_�_z~m�x�zZm¤�l�w�/tZ¨§t zZm¤¹%u]¶w�_¨¦�3��¥§v/tZ¨¦mPv��~t
tZ�wv/�~�lmPtP«Euwv"tZml¨§�"��¯ v����w�~�wv��2m{k7v�¥¸z~¨§�Puwt zP«yÄEv�¨>���~ml����mP�Ez3¥§mp�ZmP¥§uw¨§t�t sNÄEv�ml�EzZ¨§ml¥§¥§mlk&ml�Ez3�^�_v����y¨ B>v/tZml�
v/�µ³/vyxµ�ym"���w����sPmPtP±�¡{¨¦�/tZ¨I«'¹�v���¨§�/t}z�u��Ez7�y�_����sPmw«	v/��m�mlz7v���m�t mPv�¥§m�t �_v�����mXsPk%mlz%uwv�t mP¨¦�C��v
�_�Z�_v��2mw±
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�2�wv/¶w�w�^t{��¨¦zZmP�L@����_�y¬­sl�~ml�^��mPt{k*v�¥¦zZ¨§k&sP�y¨ºu&�Ìu�v^�y¨¦� �&¶�¨º�ysl� �%z�u���¥§mPuwv���¥ºu��/�7�/u��Zz~uw�wsA�\«/�~mPt~tZ�wv�����mNt
tZ|��/��i��~�w��¨ºtZslmPt �I��Í©¿3¿ �/uw� z�u��_sPt �\«�sP�y¨¦zZ¨§�w����m©°^��i�¨§ml�(�/uw� z�u��_sw«yml�^t mP¨¦�_��mlk&ml�Ez{¹-�y¨ºt z~u��^��mw«�zZ��u�¨¦zZm�®
k&mP�_zT�/u���u�¥§¥¦jP¥¦m(��¨§t zZ�~¨¦�/v�sw«2±¦±§±_¾pu��^t ��mpÄEv�¨^tZv�¨¦zP«E���wv/tT�ys�z�u�¨§¥¦¥§�w�^t@¥b¯ u��/��¥¦¨º�lu�zZ¨§�w�X�l¨¦��¥§m{�ymp¿3¡{»	¡£¾{À
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��� �&mPt z(u�¨§�/t ¨��y¨§t zZ�~¨§��v�slm¤¹7zZ�_v/t�¥§mPt3��ª¤v^��tl±/��¥¦v^t ¨§mlv���t3��ª¤v/�/t(�yv½�ZsNt mNu�v"�^mPv�¶wmP�_z@�}�_v�ml��¥§m¤� Ew¥§m
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z~v��~m7¬­�_�/�\z~¨¦�_����mP¥¦¥§mX�y�w�Ez¤���_v/t¤�y¨ºt �2�_tZ�w�/t¤uwv·tZml¨§�µ�ym&����z~�Zm&sNÄ_v/¨¦�2m-mPt z*tZ��i/slk-u9z~¨§tZslm&¹�¥§u�°/�_v��~m
�^± ��±�»	u¤tZ�wv�����m��yv&�_�Z�_v��^m��2mlv�z ��z~�Zm(��uw�/t�¥§m(�ZsNt mNu�v&¡��&¢(�y� �b�>n{�wvX��� �'�_v-��u��/t�¥§m(�~sPtZmPuwv*°/¥ºu�¨§�~m�I�y� ��±
���wv/��¥I¯ ¨¦k&��¥ºu��Ez~u�zZ¨§�w��m�z�¥§mPtTzZmNt}z�t��ymp¿3¡£»	¡{¾£À(«��/�wv/t�u]¶_�w�/tT��i��w¨ºt ¨��ym©k&m�zZzZ�~m©ml���/¥§u_��m¤��mlz zZm

uw����¥§¨§�Pu9z~¨¦�_�a�}v(�wmP�^�]x�±'���wv��&��mP¥§u/«�v��Yk&����v�¥¦m7�}v(�_ml�2�]x´mNt}z&�~sPu�¥§¨ºt s_±	ÁÂ¥�tl¯ u��_¨¸z&��¯ v���m½u�����¥§¨º�lu9z~¨¦�_�
��m��y¨CB2v^t ¨§�w� ��mPt"k%�_�~�lmPuwvyx ��� ��mP�Kk*v�¥¦zZ¨º�lu_t}z��TmP¥¦¥§m��2�_t~tZjP�ymaz~�Z�_¨§t����_k&�^�EtZuw�_z�t4@�v/��m��^u��ZzZ¨§m
²T¥§¨§ml�Ez-�^mP�Zk&m�zZz~uw�_z-¥ºu·�ZsN��ml��zZ¨§�w� �yvC³^vyxYk7v�¥¸z~¨§�Puwt z-m�zXt �_� ��sP���y��uw�wm�ml� vyzZ¨§¥§¨§t~u��EzXv�� ¥¦mN�\z~mlv��
��� �¤���_k%k&m3xyk&k-t@�wv ��¨§�/u�k&� ��v��/m(�/u��ZzZ¨§m(��ml�~¶wmPv��@�~mPtZ�^�_�/tZuw��¥§m3��m�¥§u¤�y¨CB>v/t ¨§�w�-�ymNt@k&�w����mNu�vyx
��� ���^�_v���v��´�w�~�wv/��k*v/¥¸z~¨§�Puwt z©mlz�v���m-�/uw� z~¨¦m-��uw�/u��_ml�¤ÄEv�¨�tP¯ uw����v�¨§m-t v�����mPt¤¨§�EzZml�Z¬Ìuw�lmPtp�2�wv��
�l�wk&k*v/��¨§ÄEv�mP��u]¶wmP�p��¯ u�vyz~�ZmNt3k&����v�¥¦mNt����_k%k&m¤��mP¥¦v/¨	�ym©¥§u&tZsP�lv��Z¨¦zZs �b¿�¡£»	¡£¾{À ���^�_v����ZsN��v��2ml�~ml�
¥ºup��¥§s3�l�wv���u��Ez~m��yv%�w�~�wv/�^m�¥¦�_�~t���¯ v���m(tZmPt~tZ¨¦�_��k*v�¥¦zZ¨º�lu_t}zN±9���wv���u_tZtZv��~ml�'v���m����_�Z�~mP��zZ¨§�w�*�ymNt��^mP� z~mPt
��mT�/u_ÄEv�m�z�tl«N���wv^t	vyz~¨¦¥§¨ºt �_�/t'¥§u(zZmP��i/��¨§ÄEv�m !'À�² �<!��w���3u����©À��Z�~�w�@²T�w�~�ZmN�\z~¨¦�_� � � q�¨��+?E� �I±9¾£mPt't mP�Z¶�¨º��mPt
��m&�l�w�EzZ� Ew¥§m&�ym&³/vyx�tZ�w�Ez�u�v^tZtZ¨@k&¨§t©mP����¥ºuw�lm&�w� �w��m&u�v�x����~��zZ�y�l�w¥§mPt©q�h3� �bq�mPuw¥¸®IzZ¨§k&m-h	��u��/t ¬­ml�
� �Z�wzZ�y���_¥ � � �/² ! � ? D �¼m�z{q�h{²T� �Ìq�mNu�¥¦®bz~¨¦k&m�h��~uw�/t ¬­ml�{²T�w�EzZ�~�w¥�� �Z�wzZ�y���_¥ � � �/² ! � ? D �I±
	$*�� � 
 ���l���7���©����
*�#����� + � + � �

»	m�k&�y�yv�¥§m"¿3¡{»�¡{¾£À ¹��~sPuw¥¦¨ºtZml�*tZv��2ml�~¶E¨ºtZmXm�z-t sN��v��~¨ºt m-z~�wvyz~mPt*¥¦mNt7�y¨CB>v/t ¨§�w�^t*k7v�¥¸z~¨§�Puwt z%�ym
¥I¯ u�����¥§¨º�lu9z~¨¦�_�*�}v%�wml�2�]x&�Ì¶w�_¨¦��tZmP�\z~¨¦�_�½�/± � �\±�»	m¤k&����v�¥¦m7¿�¡£»	¡£¾{À mNt}z{�l�w�/t zZ¨¦zZv�s���m��ymlvyx½���_k%�2��®

576 O"598



���������	� �_�

RENATER


Gateway G1


Gateway G2
 NANCY


Starsbourg

S1


S2


S3


M


M


M


M


M
 M

M


M


M


M


� ��
 �^�^± � � � � ��& �
��� ��
	(�� �$( # �0�0&

�� � � �)#%����&

t~u��Ez�t4@9v��X�l�wk&�^�EtZuw�Ez@��v&� E�z~s(��¥§¨¦mP�_z ÄEv�¨^�wjP�Zm3¥§m(���wk&�2�w�ZzZmPk%mP�Ez@�¼¯ v��-�/ª¤v/�£�}�w¨§�w�/uw�_z�¥§m��w�~�wv/�^m �
mlz�v��´���wk&�2�_t~u��Ez��yvµ�#EwzZs-t mP�Z¶_mlv��¤ÄEv�¨@�_jl�~m%¥§m-���_k%�2�w�ZzZmPk&ml�Ez��ymPt�tZ�wv/�~�lmPtpm�z*�ymNt¤���_�_z~�FE_¥¦mPv���t
��m{�w�~�wv/�^m_±w»�¯ ¨¦k&��¥ºu��Ez�u9zZ¨§�w�X��m£¿3¡{»�¡{¾£ÀCmPt zT�~sPuw¥¦¨ºtZslm(tZ�wv/tT»¼¨§�Ev�x%¶_ml��t ¨§�w�-��uw�/�y��u �wm�?/± ��
(�9|_uwv
��± �^± x�±y»¼m¤�/�Z�wzZ�y���_¥¦m©�ym¤�~�wvyz�u��wmpk*v/¥¸z~¨§�Puwt z3v�zZ¨§¥¦¨ºt s¤mNt}z{��¡ �p¾ � ¶0D/±

���A�6��� � ���!
 ��' ��(�	 ��	�( .0
�������( 1�.3� �����/����� � 1A��� � 	����*��	 .3�� !���"��#$	

»	�w��t��ym�¥I¯ u_�yi�sPtZ¨§�w�*¹£v��*�_�Z�_v��2m k*v/¥¸z~¨§�Puwt zP«]v���m3u����/¥¦¨º�lu�zZ¨§�w��k7v�¥¸z~¨§�Puwt z�tZ�w¥§¥§¨§�l¨¸z~mTv��/m��ymPk-u��/�ym
�¼¯ u_�yi�sPtZ¨§�w�CmP� tZ�2sP��¨¦°^uw�_z-¥I¯ u_�y�~mPt~t m��ym½�w�~�wv��2m�uwvYk&�y�yv�¥§ma�ym½�wmNt}z~¨¦�_�Y�ymNt7�_�Z�_v��2mPt%k*v�¥¦zZ¨º�lu_t}z
¨§k&��¥§slk&ml�EzZs��/u��/t3¥§m©���9|_uwv�»	¨¦��vyx�±
²Tm�k%�y�yv/¥¦m·ml��¶w�_¨¦m�v��Kk&mPt~tZuw�wm�� ��� ,�� � mP� vyz~¨¦¥§¨ºtZuw�_z�¥¦m����~��zZ�y�l�w¥§m �	�!� �!��uw�/t"¥¦m·�luwt�¼¯ v��/m&u_�y�~mPt~t m&�ym-�w�~�wv/�^m%ÁÂ��¶��½�wv·¶E¨ºu�¥¦m&���~��z~�y���w¥§m �M�L� �2�wv��¤v��/m&u_�y�~mPt~t m&�ym-�w�~�wv/�^m%ÁÂ��¶ D�±

²TmP�^mP�/��uw�_zN« ¥§m����~��z~�y���w¥§m �;� ,A��
 �¼¯ vyzZ¨§¥¦¨ºtZm��/u_t���mNtX���~��z~�y���w¥§mPtX�^�_v���m B2mN�\zZv/ml��¥ºu��ymPk-u��/�ym
�¼¯ u_�yi�sPtZ¨§�w��k&uw¨§t��w¯ mNt}z�¥§m¤k&mPt~tZuw�wm��
�����CÄEv�¨��2ml�~k&m�z{�ym©¬Ìuw¨¦�~m¤��mlz zZm���mlk-u��/��mw±
���wv/�{uwt~t v/�ZmP��¥I¯ u�vyz~i�ml�EzZ¨¦°^�Pu9zZ¨§�w�a�ymNt���ª¤v/�/tl«y���Et(�y�_����slmNt(��¯ u�vyz~i�ml�Ez~¨¸°^�Pu9z~¨¦�_��tZ�w�Ez(ml�^�lu��^t vy®

¥§slmNt��y¨§�ZmN�\zZmPk&ml�Ez(��u��/t(¥¦m©k&mPt~tZuw�wm��
�����3±
¡(°/�*��¯ ¨¦�Ez~ml����ml��zZml��¥¦mNt¼k&mPt~t~u��wmNt¼��¯ uw�yi/sPtZ¨¦�_��u�vyxp�w�~�wv��2mPtP«P¿3¡{»�¡{¾£À�vyz~¨¦¥§¨§tZm ¥I¯ ¨¦�EzZmP� ¬Ìu_��m��/m�z °^¥¸®

z~ml� � ' � � � � ±E²Tm�zZzZm�¨§�EzZml�Z¬Ìuw�lm�� B>�Zm��ymNt � � � �	�?�­�2�w¨§�_z�t ��¯ uw�P���y��i/uw�wmH����¯ ¨¦�Ez~ml����ml��zZ¨§�w�-�ym�k&mPt~tZuw�wmNt
��ml��v�¨ºtT¥b¯ mPtZ�/uw�lm{���9|Eu�v&¶wmP�~t ¥b¯ mPtZ�/u_��m{v�zZ¨§¥¦¨ºtZu�zZmPv�� � �-zZ�_v��Z�/m{���wzZ�~m£�ysPk%�_���ympt sN��v��~¨¸z~s£¿3¡{»�¡{¾£À(«
ÄEv�¨ �ZmN�y¨¦�~¨§�wm&¥¦mNt¤�/u_Ä_v/m�z~t©¶_ml��t©v������y�ymX��s�°/��¨ �/u���¥I¯ vyzZ¨§¥¦¨ºt~u9zZmPv����2�wv�� ��zZ�~m&m�x�u�k&¨§��sw«�t v��/���Z¨§k&sw«

O�O�P,Q



�w� �������4���	��
	�
�
����
��A���4��
�����
����������! "�$#%���%�'&)(�*+&)*-,+�"./&0�%*1��#

¨§�w�/�w�~sw«2k%�y�y¨¦°/s&�wv�k&¨§t©mP�·u�z zZmP�EzZm&�/u��©v��·�yslk&�_��vyz~¨¦¥§¨ºtZu�zZmlv/�P± 
(mlz °/¥¦zZmP�¤mPt z�u�¨§�/t ¨�vyz~¨¦¥§¨ºt s&�2�wv��
¨º�ymP�_z~¨¸°^ml��¥§mPt�sP¶wjl�/mlk&ml�Ez~t3ÄEv�¨	��sP��¥§ml�^��i�ml�Ez�¥¦mNt(uw��zZ¨§�w�/t3u_tZtZ�y��¨§slmPt3uwv��/�Z�wzZ�y���_¥¦m©��¡ �p¾ �7±
» ¯ u]¶9u��Ez�u��wm��ym���mlz zZm(tZ�w¥§vyz~¨¦�_�*mPt z�ÄEv¼¯ mP¥¦¥§m�mPt z@�^�_� z�u���¥§m�m�z�¬Ìuw�l¨¦¥§m�¹£¨§�/t z~uw¥¦¥§ml��m�z��/m��/sP��mNtZtZ¨¦zZm3�/uwt

��mPt@k&�y�y¨¦°^�lu�zZ¨§�w�/t��/u��/t ¥¦m����9|Eu�v&»¼¨§��vyx�±wÀ��-m B2mlzP«E¨¦�/t z~uw¥¦¥§ml� v��-k&����v�¥¦m(�/u��/t ¥¦m����9|Eu�v-»¼¨§��vyx7mNt}z
�/¥¦v/t ¬Ìuw�l¨¦¥§m£ÄEv�mp�ym{¥§m{k&�y�y¨¦°/ml�N±EÀ�����¥§v/tP«_v/�Xk&����v�¥¦mp�2mlvyz ��zZ�~m{¨§�/t z~uw¥¦¥§s{mlz��ysNt ¨§�/t z~u�¥§¥§s(¬Ìuw�l¨¦¥§mlk&mP�_z
mlz{¹7zZ�wv�z(k%�_k&ml�EzP±
» ¯ uw�~��i�¨¦zZmN�\z~v��Zm 
(mlz °/¥¦zZmP����s�°/��¨¦z@� ����� ��t?�<!�¨§�wv/�Zm��/± � ��± 
{�wv/t�zZ�~�wv/¶w�w�^t	�ymPvyx � � � �lt����~¨¦�/�l¨¦�^u�vyx

ÄEv�¨2t �_�Ez 
"! ��ÁÂ� �(» �¤²�¡£» ��Á 
 mlz 
"! ��ÁÂ� �(» �¤²�¡{» ���p�{h©«w�lmPt ����� ��t zZ��u�¨¦zZmP�_zT¥¦mNt��/u_Ä_v/m�z~t�ml�y®
z~�~uw�Ez�m�z@tZ�w�Zz~u��Ez���mPt'���~���lmPt~t v^t¼vyz~¨¦¥§¨§t~u9z~mlv���tP±]¾7¯ u�vyz~�ZmNt������ ��t@�l�wk&k&m 
"! ��ÁÂ� ���Tq�À �(q �p�{h3Á 
pÍ
mlz 
 ! ��ÁÂ� ��� �©�yh �(q �p�{h3Á 
pÍ zZ��u�¨¦zZmP�_zp¥¦mNt{�^uwÄEv�m�z�t{mP��¶w�9|wsNt�m�zp�Zm ��v/tp��¯ u�vyz~�ZmNt{k-u_��i�¨¦�/mPt{tZv��
¥§m��~sPtZmPuwv¼±T»	m��ysPk&�w� ¿3¡{»�¡{¾£À vyz~¨¦¥§¨ºt m�¥¦m´�ymlv�x �/�ZmPk%¨§jl�~mPt � � � �lt � 
"! ��ÁÂ� �(» �¤²�¡{» ��Á 
�m�z

 ! ��ÁÂ� �(» �¤²�¡£» ���p�{h �T�2�wv���¨§�EzZmP�~�lml�yz~ml��¥§mPt3k&mPt~tZuw�wmNt���v½��slk&�w�½��¡ �p¾ �7±

� ��

�2�/± � � ��# )
���9* & )0* �$# & ��&�� &)* � � * &0#
¾£mPt�zZ��u]¶]uwvyx��_�Ez*s�z~s-¬Ìu�¨¦z~t*�^�_v��7tZsP�lv��Z¨ºtZml�¤¥§mX���~��zZ�y�l�w¥§mX��¡ �p¾ �*± �
� u��/�E� �3tZm-�/uwtZm�tZv���¥§mPt

tZ¨§�w�/u�zZv��~mPt���v�k&sl�~¨§ÄEv�mNt3u]¶wmP�p�ymNt���¥§sPt3���~¨¦¶_slmNt���mPt3slk&mlz zZmPv���t3�^�_v��(uwt~t v/�ZmP��¥I¯ u�vyz~i�ml�EzZ¨¦°^�Pu9zZ¨§�w��m�z
¥I¯ ¨¦�EzZsP�w�~¨¸z~s¤�ymPt3k&mPt~t~u��wmNt3��¡ �p¾ �*±
²TmP�^mP�/��u��EzN«@����z~�Zmau��/���Z�y��i�m½tZm"�/u_t matZv��&¥¦mNt�²�¿�Á}¾£t-ÄEv�¨(tZml�~�w�Ez&�~u��}�wvyz~sPt%�ZmNt �2mP��zZ¨§¶wmPk%mP�Ez

�/u��/t�¥§mPt3k&mPt~tZuw�wmNtT��¡ �p¾�� � �����µm�z �;�  � �2�wv���u_tZtZv��~ml��v��at mP�Z¶�¨º��m£�¼¯ uwvyzZi�mP�EzZ¨¦°^�lu�zZ¨§�w�½�ymPt�/ª¤v/��t3�/uw� z~¨§�l¨¦�/uw�Ez�¹%¥ºu&���w�^t}z~�Zv/��zZ¨§�w�½�ym¤¥I¯ uw�Z���~mpk*v�¥¦zZ¨º�lu_t}zN±
²TmNtp���w����sPmPtp��¯ u�vyz~i�ml�EzZ¨¦°^�Pu9zZ¨§�w�·t mP�Z�_�Ez£u9�}�_vyzZsPmPtpt �_v/t(¬­�_�Zk&m&��¯ v���m%m�x�zZmP�/t ¨§�w� �C!'¨¦�_v��~m7�^± � �

�/u��/t3¥§mPt3k&mPt~t~u��wmNt3�ym���¡ �p¾ �7±

576 O"598



���������	� �E�

²Tmlz zZm¤mlx�zZml�^t ¨§�w�½���_k%�2�w�ZzZm©�-��i/uwk%�^t4@
� h |��2mA@ �lm½��i^u�k&� tZ�2sP��¨¦°/ma¥§m�z}|E�2m���¯ u�vyz~i�ml�Ez~¨¸°^�Pu9z~¨¦�_� ¹·m#B>mP��zZv�mP�P± 
(�wv^t-u]¶w�w�^t7�ysl°/��¨£�z}|��^mNt£��¯ u�v�zZi�mP�_z~¨¸°2�lu9z~¨¦�_��ÄEv�¨�tZ�w�Ez{¥§mPt£t v�¨§¶9u��Ez~tL@^uwvyzZi�mP�EzZ¨¦°^�lu�zZ¨§�w����¯ v������_v�¶wmNu�v½k&mlk7���Zm
m�z{uwvyzZi�mP�EzZ¨¦°^�lu�zZ¨§�w�½��¯ v/�½uw�/��¨§ml�½k&mlk7���~mw±

� »¼mP����z~i @/��¯ mPt z�¥§u7z~uw¨¦¥§¥§m��ym��y�w�/��slmNt���¯ uwvyzZi/ml�EzZ¨¦°^�lu�zZ¨§�w�
� �av�¥¦zZ¨º�lu_t}z£Íp�~�wv��½¡����y�~mPt~t4@��w¯ mNt}z�¥I¯ u_�y�~mPt~t m©�yv½�w�~�wv��2m©k*v�¥¦zZ¨º�lu_t}z(¹£�}�w¨§�/�y�~m
� ¡(vyz~i�ml�Ez~¨§�Pu9zZ¨§�w�´¾pu9z~u�@�²Tm&��i^u�k&���l�w�EzZ¨§ml�Ez¤¥¦mNt©�y�w���/slmPt©��¯ u�v�zZi�mP�_z~¨¸°2�lu9z~¨¦�_�¼±¼¾pu��/t©¥§m-�luwt��¯ v���m¤u�vyz~i�ml�Ez~¨¸°^�Pu9z~¨¦�_�"��¯ v��½���wv/¶wmPuwvXk&mlk7���Zm_«y��m¤��i/u�k&�����w�Ez~¨¦mP�_z3¥§m¤²�¿�Á}¾ �yv����wv/¶wmPuwv
k&mlk*�/�Zm_±^ÁÂ¥'���w�Ez~¨¦mP�_zpv��½zZ¨º� �wmlzp��¯ u�v�zZi�mP�_z~¨¸°2�lu9z~¨¦�_����¯ v���u��^��¨§ml��k&mlk7���~m*�yv��_�Z�_v��^m��/u��/t
¥¦m��Puwt���¯ v���m�uwvyzZi/ml�EzZ¨¦°^�lu�zZ¨§�w�½��¯ v��au��/�l¨¦mP�"k&mlk7���~mw±

� ��
 �^�^± � � � � &���*1&)( �%���	( � � 
��$*9��&0( * � � ) 
�* ����( ��&	���������	� ��
�( � ��&0� ��&0� �)
 ��&0� �;��� , 

¾pu��/t	¥§u�tZv�¨¦zZm_«����wv^t����~sPtZml�EzZ�_�/t>¥¦mNt�s�z�u��2mPt��/sP��mNtZt~u�¨§�~mPt>�2�wv��	uwvyzZi/ml�EzZ¨¦°/ml�	v��©���wv�¶_mPuwvpk&mPk*���~m

�¼¯ v��½�_�Z�_v��^mpk*v/¥¸z~¨§�Puwt z(m�z(¥§mPt3��ª¤v/�/t3¨¦�EzZmP�Zk&sN�y¨§uw¨¦�~mPt��/uw� z~¨§�l¨¦�^u��Ez~t�¹&tZ�w�½uw�yi�sNt ¨§�w�	±
»�u*°^�wv��~m©�/± �*k&�_�_z~�Zm©¥§m¤���wk&�2�w�ZzZmPk%mP�Ez��¼¯ v��½���_v�¶wmNu�v���ª¤v/��ÄEv�¨¼¶wmPvyz��}�w¨§�/�y�~m¤¥¦m©�_�Z�_v��^m_±

Jukebox


MAODV


BAALADE


Kernel Level


Applicative Level


IGMP /

MLD


Join (*, G)


1


2


3
 Report


NetLink

Report


RREQ


IP Output


4
5
6


Netfilter


RREQ


RREQ + Authentification


�	��

�2�/± � � �����9(&)��	* � ( �	� � &

	� ��&0� �0# &

O�O�P,Q



� D �������4���	��
	�
�
����
��A���4��
�����
����������! "�$#%���%�'&)(�*+&)*-,+�"./&0�%*1��#

� nH�"»�¯ u����/¥¦¨º�lu�zZ¨§�w���_v(�wmP�^�]x{mP��¶w�w¨§m@v��¤k&mPt~t~u��wm��$���9(+� � «NÍ �>�2�wv��/�}�w¨§�/�y�~m�¥§m��w�~�wv��2m��ym ��¨ B>v/tZ¨¦�_�
k*v�¥¦zZ¨º�lu_t}z{��mPt�zZ¨¦zZ�~mPt{�a� ��±

�I� �"»¼m&k&�y�yv�¥§m-Á Í©�a� �9��»	¾4��uw�/t©¥§m%�/�9|_u�v��wsP��jl�~m7v/��k&mPt~t~u��wm ����� , � � �^�_v����ymlk-uw�/�yml�¥b¯ uw��i�sPtZ¨¦�_��¹&�lm¤�w�~�wv��2m£k7v�¥¦zZ¨º�luwt zP±
�Ì�9® ����»¼m©�yslk&�_����¡ �p¾ �G¨¦�Ez~ml����ml��zZm{¥§m������ ,�� � �yml�/v�¨§t�¥§m£k&�y�yv�¥§m 
(m�z~¥¦¨§�(�>«��wsP��jl�~m(m�z3ml��¶_�w¨§mv��Xk&mPt~t~u��wm � ������u]¶_mP�3¥§m�³^uw� �����9(*k&¨ºt ¹-n��2�wv���t �2sP�l¨¸°^ml�TÄEv¼¯ ¨§¥^tP¯ uw�w¨¦zT��¯ v���m{�ysN���_v�¶wmP� z~m

�ym¤�~�wvyz~mpk7v�¥¦zZ¨º�luwt zP±
�I� �"¡(���~jPtT�~sP��mP�yzZ¨§�w�X��mPtTk%mNtZt~u��_mPt � �����·�ymNt ��ª¤v^��t�k&mlk7���~mPt ��v��w�~�wv/�^m��_vX�^�EtZtZsP�/u��Ez v���m
�Z�_vyzZma¶_ml��t&��ma�w�~�wv/�^m_«@¥¦m��ysPk&�w� ��¡ �p¾ ����i��_¨§tZ¨¦z-tZ�w� ��ª¤v^�C�/uw�ZmP�EzXm�zX¥§v�¨(ml��¶_�w¨§m�v/�
k&mPt~tZuw�wm �M�  � ±� D �"»¼m-�ysPk%�_��¿3¡{»�¡{¾£À<¨§�EzZmP�~�lml�yz~m7¥§m&k%mNtZt~u��_m �;�  � m�z¤��u9�}�_vyzZm7¥¦mNtp���w����sPmPt©��¯ u�vyz~i�ml�Ez~¨¸®°^�lu�zZ¨§�w�·�yv�k&mlk7���Zm_±¼��mlv�¥�¥§m*k&mPt~t~u��wm �;�  � u]¶_mP�¤¥§m7³^u�� �����9("k&¨ºt£¹�n7tZml��u-¨§�EzZml����mP�yzZs�/u��(¿3¡£»	¡{¾£À(±
¾pu��/t%��m"Ä_v/¨�tZv�¨¦zP«	�/�wv/t7�ysP�l�Z¨§¶w�_�/t¤¥§m"���_k&�^�_� z~mlk&ml�Ez7�ymNt���ª¤v^��t��/uw�ZmP�Ez~t*ÄEv�¨T�Zm ���_¨¦¶_ml�Ez�¥§u

��mlk-u��/��m©��m �����9(X�yv½���wv/¶wmPuwv���ª¤v^�&�<!'¨¦�_v��Zm©�^± D��\±

MAODV


BAALADE


MFC


Kernel Level


Applicative Level


IP Input


IP Output


MACT


RREQ


1


2


RREP


1'


Netfilter


1'


2'


2'


� ��
 �2�^± D � �$�	�9(&)���* � � � ����� 
�# &)(�*

� nH�"»¼m¤��ª¤v^���/uw�ZmP�Ez3�~m��l�w¨¦z�v��½k%mNtZt~u��_m � �����C��¯ v��½��ª¤v/�"¶w�_v�¥ºu��Ez��}�w¨§�/�y�~mp¥§m©�w�~�wv��2mw±
�}n_¯ �"»¼m£��ª¤v/�-�/uw�ZmP�EzT�~m����_¨¸zTv���k&mPt~t~u��wm �;�  � u�v�zZi�mP�_z~¨¸°^s£���~�9¶wmP�/u��Ez ��¯ v��X�/ª¤v/�X¥§v�¨>���w��°/� ®k-u��Ez ÄEv¼¯ ¨§¥ymPt z�t �_�%tZ�w�%��ª¤v/�7�/uw�ZmP�_z���uw�/t�¥I¯ uw�Z���~m�k*v�¥¦zZ¨º�lu_t}zN±�»¼m3k&mPt~tZuw�wm��M�  � ���w�Ez~¨¦mP�_z¥¦m7²�¿�Á}¾ ��v��/�wv�¶_mPu�v"k&mlk*�/�Zm¤�ym¤�_�Z�_v��^mpm�z(¥§m©³^uw� �$���9(%mNt}z(k&¨ºt(u�nw±
�I� ����¨¼¥§m¤��ª¤v/���/uw�ZmP�_z��¼¯ mPt z(�/u_t�v��½k&mlk*�/�Zm¤�yv½�w�~�wv/�^m©�wv½��m��l�w���^u��ºz3�^uwt��ym¤�~�wvyz~m©¶wml��t���m
�w�~�wv��2mw«y¨§¥	u_��i�mlk&¨§��m©¥¦m©k&mPt~tZuw�wm��
�����3«�tZ¨¦�/�w��¨¦¥¼�~sl�2�w�^�"u]¶_mP�pv���k%mNtZt~u��_m �
������±

576 O"598



���������	� ���

�b��¯ � � ¥ºu��~sP�lml�yz~¨¦�_����¯ v��Ck&mPt~t~u��wmX��¡{²�h©«'¥§m��/ª¤v/�µ�/uw�ZmP�_z%u9z z�uw��i�m"¥¦m"���wv/¶wmPuwvµk&mlk*�/�Zm�¹
¥b¯ u��~���~m3k*v�¥¦zZ¨º�lu_t}zT��v%�_�Z�_v��2m�m�z�¨§¥^u9�}�_vyzZm�v/��m�ml�EzZ�~slm(�/u��/t@¥ºu � .  �� � � � * �C)

��%*/./��#�� 
	# ���9( �
 
 )
� &��"u9°/� �ym�¥§v�¨�uw��i/mlk&¨¦�/ml�*¥§m"³/vyxµk*v�¥¦zZ¨º�lu_t}zN±@�(��m½���_��¨¦m��ym"�lm�k&mPt~t~u��wm"t mP�~u�¨¦�EzZmP� ®
��mP�yzZsPm��/uw�*¥§m"�ysPk%�_��¿3¡{»	¡£¾{À ÄEv�¨TmNtZt~u]|wmP�~u½��¯ u�v�zZi�mP�_z~¨¸°^ml�*mlz%�ym����_�_z~�FE_¥¦mP��¥I¯ u_�l��jNt*�ym
��m7k%mPk*���~mw«/¥¦�y�luw¥¦mPk&ml�Ez£tZ¨	¥§m*��ª¤v/�½mNt}z£v������_�EzZ� Ew¥§mlv��(¥§�y�luw¥b«/tZ¨§���w�a¨§¥'�l�w�Ez~u_�\z~ml��u%tZ�w��²�»
ml��¥¦v�¨��ymPk&uw�/��uw�_z©�ym7�l�w�EzZ� Ew¥§ml�{¥b¯ uw�P��jPt£�yv��/�wv�¶_mPu�vak&mPk*���~mw±^À����Puwt{��m7�~slv/t~tZ¨¸z~m*�ym7�lmPt
�ymlv�x½�_�^sP�~u�zZ¨§�w�/tP«/¥§m7��slk&�w��¿3¡£»	¡{¾£À mP��¶w�w¨§m�v���k%mNtZt~u��_m¤v���¨º�lu_t}z©u�v����_v�¶wmNu�v½k&mlk7���Zm
���_�_z~ml�/uw�Ez{¥§u-�l¥¦s7�yva�w�~�wv��2mw±^À����lu_t{��¯ sP��i/mP��«/¥¦m*��slk&�w��¿3¡{»�¡{¾£À tZv������~¨¦k&m�¥I¯ ml�EzZ�~slm*��v
k&mlk*�/�Zm¤��uw�/t�¥ºu � .  '±

���A�6��� � ���!
 ��' ��(�	 ��	�( .0
���� .3� � 	,.+2"	 � 19�*� ��	�������	 ���� !� ����#$	

¾pu��/t©�lm7�lu_tl«2���_v/t{�/�wv/t£¨¦�Ez~sl�~mPt~t �_�/t{uwvyxak%mPk*���~mPt{¬­mlv/¨¦¥§¥¦mNt©�ym7¥I¯ u��~���Zm*k*v�¥¦zZ¨º�lu_t}zN±��ymlv�¥ºt£�lmPt
�/ª¤v/��t��2mlv�¶_ml�Ez�Ä_v/¨¸zZzZml� ¥b¯ u��~���~m�t~u��/t�u]¶_�w¨§�'�ym�¥I¯ ¨¦k&�/u_�\z�t v/�@¥b¯ uw��i�mPk&¨¦��mPk&ml�Ez��yv%zZ��u9°^��t v/�@¥b¯ u��~���~m
k7v�¥¦zZ¨º�luwt zP±
»	�w��tZÄEv�m©v��a��ª¤v^�aÄ_v/¨¸zZzZm�v��a�_�Z�_v��2mw«�¨§¥	mP�E¶_�w¨§m©v��ak&mPt~tZuw�wm �;�  � u]¶_mP�p¥¦m�³^u�� �Yk&¨§t£¹½nw±¾pu��^t���m��lu_tl«�¥§m��yslk&�_�½¿3¡£»	¡{¾£À ¨¦�Ez~ml����ml��zZm���m©k&mPt~t~u��wm©tZv���¥¦m¤�/ª¤v/���^u��~ml�EzP±
»	mPt��y¨CB2sP�ZmP�Ez~t3k&mPt~tZuw�wmNt���mp�_mPt zZ¨§�w�½�ymPt��l¥¦sNt�h3À ' mlz " 	�� � «^u����~jPt�v�� ��& 
 � &l«/tZ�w�Ez��ys�z�u�¨§¥¦¥§sPt�/u��/t3¥§m���i/u��/¨¸z~�Zm©��±

	$*
	 � �l
������©���l
��"�
¾pu��/t©�lm�z z~m7tZmP��zZ¨§�w�¼«2���wv^t£�l�wk&�/u��~�w�^t{�ymNt£uw�����~����i/mPt{��m7�_mPt zZ¨§�w���ym&��¥§sPt��­Á��p»��£��®�¡ '¤�a�

®�uw�����~����i/m£��mP�EzZ��u�¥§¨§tZslmA� u]¶_mP�(�/��zZ�~mp���Z�wzZ�y���_¥¦mp¿3¡{»	¡£¾{À{±/»¼mNtTk&slzZ�~¨§ÄEv�mNt���m©�l�wk&�/uw�~uw¨§tZ�w�/tTt �_�Ez
¥§m����_k*���~m(��¯ �w�2sl��u9zZ¨§�w�^t@�ym{��i�¨CB2�~mlk&mP�_z �£�Zsl®ImP�/��i�¨CB2�~mlk&ml�Ez�ÄEv�m(�~sPuw¥¦¨ºt mP�Ez�¥§mPt �y¨ B>sl�~ml�Ez�t�²�»½�2�wv��
�~�wv�zZml��¥§m£³^vyx�k*v/¥¸z~¨§�Puwt z3¹7zZ�_v/t�¥¦mNt�k%mPk*���~mPt3�yv��w�~�wv/�^m_«Emlz�¥¦m©���_k*���~m£�ym©k&mlk7���~mPt3u,B>mP��zZs©�/u��
v/��sP¶wjP��mlk&ml�Ez � �$���9(-�wv �/&

 � &\��u9°/�½��¯ sl¶9u�¥§v�mP��¥¦m¤��i/sl���_k%jP��m�� % 
:'-& ))*1& (���±

�£�X�l�w�/tZ¨§��jl�~m3��mPt�tZmPt~t ¨§�w�^t@�ym(�w�~�wv/�^m3k*v/¥¸z~¨§�Puwt z �ZsPml¥§¥¦mNt � ¡£¡�? D�� «w�luw�~u_�\zZsP�Z¨ºtZslmPt'�/uw��v���m{¨¦�EzZmP� ®
uw�Z�~¨§¶wslm��ym3k&mlk*�/�ZmNt'ÄEv�¨^t v�¨¦z@v���m3¥§�w¨y�2�w¨ºtZtZ�w��¨§jl�/m��ym��^u���u�k&j�z~�Zm��¼«�mlz@v���m(�yv��~slm3��¯ u����^u��ZzZml�^u��/�lm
uwv"�_�Z�_v��2m©ÄEv�¨¼tZv�¨¦z(v���m¤¥§�w¨�mlx��2�w�/ml�EzZ¨§ml¥§¥¦m���mp�^u���u�k&j�z~�Zm
	@±
���wv/���wsP��sl�~ml�©¥§mPt©z~mlk&�/t���¯ uw��i�sPtZ¨¦�_��mlz*�ym��ysP�/u��Zz��yv´�w�~�wv��2m&�^�_v��*��i/u_ÄEv�m&k%mPk*���~mw«��/�wv/t

v�zZ¨§¥¦¨ºt �_�/t£v����wsP��sl��u9z~mlv��£�ym*���_k*���~mPt£u�¥§sPu�zZ�w¨§�~mPtP«����wv^t{�_�yzZmP���w�/t£u�¨§�/tZ¨'�ymPvyx�t v/¨¸z~mPtp�ym*���_k*���~mPt
uw¥¦sNu9z~�w¨§�ZmNt���
 � � 
 ��������� � 
 ����mlz���� � � � � ������� � �'����±»	mPt3z~mlk&�/t(��¯ uw��i�sPtZ¨¦�_��uwv"�_�Z�_v��2m©ÄEv¼¯ �w�����wzZm����� t mP�Z�_�Ez�uw¥¦�_�~t3�Pu�¥º��v�¥§sPt��ym¤¥ºu7¬Ìu �l�w�½t v�¨§¶9u��EzZm� À@z~¨§�w��� @

� � � 	�� � � ����� � 	 # 
 � �
���� �!��� �#" � � � ��@u��~ml¨§¥§¥¦mPk%mP�EzP«¼¥§mPtpz~mlk&�/t��ymX��sl�/uw� z�	 �� �ymNt��y¨CB2sP�ZmP�Ez~t©k&mlk7���ZmNt¤�yv´�w�~�wv��2m-t mP�Z�_�Ez¤�Pu�¥º��v�¥§sPt��m-¥§u½¬Ìu ���_�´tZv�¨§¶9u��EzZm �Ì�w�´��mX���~ml�^���^uwt¤mP�����wk&�yz~mX¥§mX�luwt*�ymX¥ºu½�ZsP¶w�y�lu�zZ¨§�w����mPt�k&mPk*���~mPt���v

�_�Z�_v��2mH� @
	 � � 	$� 	
� �����%� 	�# � � �

O�O�P,Q



� ( �������4���	��
	�
�
����
��A���4��
�����
����������! "�$#%���%�'&)(�*+&)*-,+�"./&0�%*1��#

	 �� � ���� � 	 �
»�u�°^�wv��~m&�/± �-k&�w�Ez~�Zm&¥ºu"k&�9|_ml����m&�yv´���_k*���~m%��m-k%mPk*���~mPt©u B2mN�\zZsNt©�^�_v��¤¥I¯ uw�����~����i/m%�lml�y®

z~�~uw¥¦¨ºtZslmw«�Á��p»	�p�>«'¡�'¤�a� mlz&¿3¡{»�¡{¾£À(±@»¼m"���wk7���Zm�k%�9|_ml���ym"k&mlk*�/�ZmNt*u,B>mP��zZsNt*�2�wv��%���wzZ�~m
uw�����~�y��i�mX¿3¡{»	¡£¾{ÀÇmPt z7�y�w�^�-����u9zZ¨ºÄEv�mlk&mP�_z�sP�_uw¥ ¹���mP¥¦v/¨T�ym�¡�'¤�a��«'t~u�v�¬3�2�wv/�*�ymPt*¨¦�^t}z�u��Ez~t
�/¨¦mP���ysl°/��¨ºt �Ì�w�_��« D_�w��«'nwnP�_��±§±¦±�v/��¨¸z~sPt©�ym%zZmPk&�/t\�pÄEv�¨@���_�Z�~ml�2�w�^�yml�Ezpuwv��~ml�/�wv�¶_ml¥§¥¦mPk%mP�Ezp�ym%¥§u
�l¥¦s£�ym£��i�¨CB>�ZmPk%mP�Ez��yv-³^vyxXh3À '&± � ��mNt�¨§�/t}z�u��Ez~tP«E¥¦m(�~ml�/�wv�¶_ml¥§¥¦mPk%mP�EzT�ym{¥ºu��l¥¦sph3À ' u,B>mP��zZm�z~�wv/t
¥§mPt©k&mPk*���~mPt©�yv·�w�~�wv��2m%m�z*���_�Z�~mPtZ�2�w�/�����w�/�&¹�v���m-u��/���Z�y��i�m&��mP�EzZ��u�¥§¨§tZslm_±2»	m%�~ml�/�wv�¶_ml¥§¥¦mPk%mP�Ez
��mp¥ºu-��¥§s¤h3À ' mPt z�¹&¥ºu&��i/u��~�wm©�ym©¥ºu%tZ�wv/�~�lmw«ym�z{tZml¥§�w��¥I¯ v��/¨¸z~s��ymPt��y�_����sPmPt3slk&¨ºt mNtl±

0

20

40

60

80

100

120

0 500 1000 1500 2000 2500

M
oy

en
ne

 d
u 

no
m

br
e 

de
 m

em
br

es
 a

ffe
ct

es

Temps

Approche Centralisee
IOLUS

BAALADE
AKMP

� ��

�2�/± � � ���
��&)(�(�& ��� ( ��� �)# & ��& �'&)� �)# &0� 
:'-& ))* �0�
»�u¤°/�_v��Zm£�/± (�k&�w�Ez~�Zm£¥¦m£���wk7���Zmp��¯ �w�2sl��u9zZ¨§�w�^t �ym©��i�¨CB2�~mlk&ml�Ez����ysN��i�¨CB2�~mlk&ml�Ez3�ymPt��y�w�/��slmNtl«

�2�wv/�¼¥b¯ u��/���Z�y��i�m@�lml�EzZ��u�¥§¨§tZslm_«�Á��p»	�p�>«l¿3¡{»�¡{¾£À�m�z'¡ '¤�a��±]²TmN��¨E���w�~�~mPtZ�^�_�/�£���w�/�@uwvp�/�wk*�/�Zm��ym
tZ�wv^t}® �w�~�wv��2mPt'�_v&�l¥¦v^t}z~ml��t@m�xy¨ºt}z�u��Ez u�v-tZml¨§�X�yv-�w�~�wv��2m3k*v�¥¦zZ¨º�lu_t}zN±w���wv/��¥b¯ u��/���Z�y��i�m3Á��p»��£�>«��/�wv/t
u]¶_�w�/t@��i/�w¨ºt ¨/��m(t v��>�y¨§¶�¨§tZml�T¥¦m��_�Z�_v��^m�mP�anP�¤tZ�wv/t ® �w�~�wv��2mPt���m£Ä_v/¨/���_�Z�~mPtZ�^�_�/�%¹-nP�©�_�^sP�~u�zZ¨§�w�/t@�ym
��sP��i�¨CB2�~mlk&mP�_z �X�Zs%ml�/��i/¨ B>�ZmPk&ml�Ez©��v�³/v�x>±>���wv/�p¥I¯ u������~�y��i�m7�lml�EzZ��u�¥§¨ºt sPm*m�z�¿3¡{»�¡{¾£À(«¼u�v^��v���m
�_�^sP�~u�zZ¨§�w�µtZv�����¥§slk&ml�Ez�u�¨§�Zm���m"��i�¨CB2�~mlk&mP�_z �½�ysN��i�¨ B>�~mlk&ml�Ez7mNt}z%�ZmNÄEv�¨§tZmX�2�wv��7¥¦mNt7���w����sPmPtP«	¥§mPt
���w����sPmPt�tZ�w�Ez{��i�¨CB2�~slmNt3�/u��{¥§u-tZ�wv�����mpm�zp�ysP��i�¨CB>�ZsNt3�/u��(¥§mPt(�ZsN��ml��zZmlv/�~tP«�u]¶wmN�£¥ºu%k��lk&m*��¥§s�h3À '&±
���_v��£¡�'¤�a��«2¥§m*�/�wk*�/�Zm*�¼¯ �_�^sP�~u�zZ¨§�w�/t£�ym7��i�¨CB>�ZmPk%mP�Ez �-�ysN��i�¨CB2�~mlk&ml�Ez©�ysl�2ml�/���yv����_k*���~m*�ym
tZ�wv^t}® �w�~�wv��2mPt����~slmNt3�y|��/u�k&¨ºÄ_v/mlk&ml�Ez{tZml¥§�w��¥§u&�y|��/uwk%¨º��¨¦zZs���mp¥I¯ uw�yi�sNt ¨§�w�½u�v��w�~�wv/�^m_±
»	mPt(�~sPtZv�¥¦z~u�z~t����~sPtZml�Ez~sPt(�l�w�y°/�~k&ml�Ez{u�¨§�/tZ¨�ÄEv�m�¿3¡{»�¡{¾£ÀKsl¥§¨§k%¨§��m7¥¦m*tZv����#E_vyz{� ��u�v�x"�w�2sl��u9®

z~¨¦�_�/t@�ym(��i�¨CB>�ZmPk%mP�Ez �{��sP��i�¨CB2�~mlk&mP�_zN«wu�v-�l���yz���¯ v���m{u B2mN�\z�u9zZ¨§�w�&���_k&��¥¦jlzZm(�ym3z~�wv/t�¥§mPt�k%mPk*���~mPt
��va�w�~�wv��2m©¥¦�_�~t��yva�~ml�/�wv�¶_ml¥§¥¦mPk%mP�Ez���m�¥§u-h3À ' �bh	��u9°2�©À��/���~|��yzZ¨§�w�!'©mP| �3tZml¥§�w�½¥ºu&�^�_¥¦¨¦zZ¨ºÄEv�m*�ym
tZsP�lv��~¨¸z~s©u_��u���zZslm©�/uw��¥§u&tZ�wv�����mpml�a�l�wv���t3�ym��y¨CB2v/tZ¨§�w�¼±

576 O"598



���������	� � ?

0

2

4

6

8

10

0 500 1000 1500 2000 2500

N
om

br
e 

d’
op

er
at

io
ns

 d
e 

ch
iff

re
m

en
t /

 d
ec

hi
ffr

em
en

t

Temps

IOLUS
Approche Centralisee

BAALADE
AKMP

� ��

�2�/± ( � � �	� �0# & � � � � �)# 
�* ����( � ��& )
��� ' # &0��&0( * � � � )
��� ' # &)��&0( *

O�O�P,Q



�E� �������4���	��
	�
�
����
��A���4��
�����
����������! "�$#%���%�'&)(�*+&)*-,+�"./&0�%*1��#

576 O"598



���������	� �^n

� �������	��

� �

� � � � � �!� ��� �

��sN��v��~¨ºt mP�'�ymNt��l�wk&k*v/��¨§�Pu9z~¨¦�_�/t���m �w�~�wv/�^mNt���uw�/t�v��*mP�E¶�¨§�Z�_����mPk%mP�Ez�¡��*¢{���TmPt z�v/�*¶wsP�Z¨¦z~uw��¥§m
��s�°	±>h	�_vyzp�¼¯ uw�^�_�~��«^¥¦mNt£uw����¥§¨§�Pu9z~¨¦�_�/t(k7v�¥¸z~¨§�Puwt zp�l�wk&k&m*¥§mPt{�l�w�y¬­sP�ZmP�/��mNt(¶�¨§� z~v�ml¥§¥¦mNt£tZv��£ÁÂ�_z~ml�~��m�z
mlz�¥¦mXzZsl¥§s�® ml�^t mP¨¦�_��mlk&ml�Ez¤���~sPtZml�EzZmP�Ez���¥¦v^t��ym-¶�v�¥§��sl��u���¨§¥§¨¸z~s-ml�·zZmP�Zk&mX�ym�tZsP�lv��~¨¸z~s&ÄEv�m�¥¦mNt����_k7®
k7v���¨º�lu�zZ¨§�w�/t��2�w¨§�_z(¹%�2�w¨§�_z�mlz3�/sP��mNtZtZ¨¦zZml�Ez��ymPt��l�Z¨¦zZjP�ZmNt3�ym©�^mP� ¬­�_�Zk-u��^��mPt3tZ�^sN��¨¦°^ÄEv�mPt3ÄEv/uw�_z(¹7¥§u
z~�w¥§sl��u��/�lm£uwvyx-�^mP� z~mPt3�ym¤�y�w�/��slmNtl«�u�v�¬Ìu�¨§��¥¦m©tZv��~�l���yz3ml�����_k%k7v���¨º�lu�zZ¨§�w�¼«�u�v"�/uwt~tZuw�wmp¹�¥I¯ sN��i�ml¥§¥¦m
��mp¥ºu%z~uw¨¦¥§¥§m©��v��_�Z�_v��2mw«§±¦±§±
»	mPtp�ZsNt mNu�vyx�¡���¢(�y�7tZ�w�Ez¤u�v/t~tZ¨	z~�ZjNtptZml�^t ¨§��¥§mPtpml��zZml�~k&m%��m%tZsP�lv��Z¨¦zZs_«�¹"�Pu�v/tZm7�ym%¥§mlv���t©�lu9®

��uw��zZsP�Z¨ºt}z~¨§ÄEv�mNt �Ìu��^t mP�/��m¤��¯ ¨¦��¬­�~u_t}z~�Zv/��zZv��~mw«�z~�w�2�w¥§�w�_¨¦m©�y|��/u�k&¨ºÄEv�mw«��^u��/�ym©�/u_tZt~u��Ez~mp¥§¨§k%¨¦zZsPmw«�¥§¨§ml�/t
t~u��^t�°/¥b«§±§±¦±J�\±
¾pu��/t-�lm"��u��/�^�_� zN«'�/�wv/t%���_v/t-t �_k&k%mNt7¬­���Pu�¥§¨§tZsPt%tZv��-¥¦m½tZml�~¶E¨º��m½�ym½�wmNt}z~¨¦�_�Y�ym½��¥§s½�^�_v��&¥§u

tZsP�lv��~¨§t~u9z~¨¦�_���ymPt��l�wk&k*v/��¨§�Pu9z~¨¦�_�/tT��mp�_�Z�_v��2mPt3��u��^tT¥§m¤���_�_z~m�x�zZmp���~sP�l¨§t3�ym¤�y¨CB2v^t ¨§�w�·n£¶_ml��t��"mP�
tZsPÄEv�mP�EzZ¨§ml¥I± 
(�_v/t(u]¶w�_�/t3���~sPtZml�EzZs¤�/��zZ�~m¤���_v�¶wmP¥¦¥§m¤u������~�y��i�mw«^u����2ml¥§slm�¿3¡{»�¡{¾£À(±>¿�¡£»	¡£¾{À ¬Ìuw¨¸z
�^u��ZzZ¨§mX�ymX¥I¯ uw�����~����i/m-iE|����~¨º�ymw«¼mP���y¨§¶E¨ºt~u��Ez*�y|��/u�k&¨ºÄEv�mlk&ml�Ez*¥§mX�_�Z�_v��^m-k7v�¥¦zZ¨º�luwt z*mP����¥§v/t}z~ml��tl«
z~�wvyz'ml�7sl¥§¨¦k&¨§�/u��Ez�¥§m3t v��������yz'�	�*u�vyx¤�_�^sP�~u�zZ¨§�w�/t��ym���i/¨ B>�ZmPk&ml�Ez �(�ysP��i�¨CB>�ZmPk%mP�Ez�m�z�ml�7u9z z~sl��v/uw�_z
¥§m©���~�w��¥§jlk&m % 
('-& )0* &�(^±
¡���zZv�mP¥¦¥§mlk&ml�EzN«�¿3¡£»	¡{¾£À mPt zTml�����_v��~tT��¯ ¨¦k&��¥ºu��Ez~u�zZ¨§�w�Xmlz3��m(zZmNt}z�tl± 
{�wv/tT���~sl¶w�9|_�w�/t@�/u��/tT¥§u

tZv�¨¦zZm��ym3z~�~u]¶9u�¨§¥§¥¦mP��tZv��@¥I¯ �_�yzZ¨§k&¨§t~u9z~¨¦�_�%��m�¥§u£¬­�w�^�\zZ¨§�w�&��¯ sl¶9u�¥§v/u�zZ¨§�w�%vyzZ¨§¥¦¨ºtZslm��2�wv��@¥ºu©��¥§v/t}z~ml�~¨§t~u9z~¨¦�_�
��|E�^u�k&¨§ÄEv�m¤�yv½�_�Z�_v��^mpml�½¥§v�¨¼¨§�EzZsl�_�~uw�Ez�¥§m©¬Ìuw��zZmlv/�(�ym¤k&�w��¨§¥¦¨¦zZs_±

{�wv/t¤�/�ZsP¶w�9|w�_�/t£sl�_uw¥¦mPk&ml�Ez©�¼¯ u_��u��yz~ml�¤¥ºu½k&¨§tZm&ml�´ª¤v�¶��Zm-�ymX¿3¡£»	¡{¾£À ��u��^t¤¥¦m-�Puw�y�~m-�ymPt

�~sPtZmPuwvyxXi�|����Z¨º�ymNtl±

O�O�P,Q



��� �������4���	��
	�
�
����
��A���4��
�����
����������! "�$#%���%�'&)(�*+&)*-,+�"./&0�%*1��#

576 O"598



���������	� �E�

� ����� ��� � � � ��� ���

� ¡{¡ ?5D�� '&±T¡(¥§k&ml�~��z~i uw�/� �µ±T¡{k&k&uw�P± ²T�w¥§¥¦mN�\zZ¨§����uw�/� k%�y�ymP¥¦¥§¨§���µzZi/m-�}�w¨§�y® ¥¦mNu]¶wm��^mPi/u9®
¶E¨§�wv/�*��¬�k7v�¥¸z~¨§�Puwt z*�w�~�wv/�·k&mPk*�2ml��t�¨§�´zZi�m"k*�2�w��m_±�ÁÂ� � ��& � �	� � �	�
�9�$� ��( ��� � �
� &0# �0��#%�'
�(	)
& � ���
* #%� �)�$*1&
�  �	� � �$* �9( �w«^��|���uw�lv/t m�
�77«¼n%?5?5D/±

� ¿3¿(²��_� � ¢�±�¿�m�zZz~u�i^u��N«�¡*±@¿T�_v/u��>��uw¥¦¥ºu�i¼«�u��^��77±T²Ti^u�¥§¥§uw¥b±�¡{� u_��u��yz~¨¦¶_m	�_ml|µk-u��/uw�wmPk%mP�Ez
���Z�wzZ�y���_¥ ¬­�_�-t mN��v��~m�k7v�¥¸z~¨§�Puwt zP±µÁÂ��% %	*7� �0(�* &0#%(�
	* ���	( 
��� ��( �0&)# &0(5)
&��	(  �	� � �$* &)#
 ��� � �$(��C)

�* ����( � 
	(�� � &0* � �	# �	�-�	   ��«3!'¥¦�_�Z¨º��u&�£��¡�« �p��zZ�w�2ml�{�w�w�E�y±

� ¿(² !����_u����µ± ��±'¿��wv^uwt~t ¨º��u�«	Á\±�²Ti��~¨§tZk&ml�EzP«'u��/� �7±L!�mNt}z~�w�N±½¡{��À���i^u��/�lmP��¢{|E�/�Z¨º� '©ml|´��u9®
�/u��_mlk&ml�Ez-���~��zZ�y�l�w¥�¬­�w�X��mN��v��~ma�av�¥¦zZ¨º�luwt z-¨¦� ¡�� ¢(�y� 
(m�z����w���ytl±YÁÂ� 
*±��a¨¦zZ�~�wv¼«
'&± '£�w�EzZ�9¶9uwtZ¨§¥¦¨ºtl«	Í%± 
�±�q��_v/t �9u_tl«¼Á\±�ÁÂ¥¦¨ºuw��¨§tP«�uw�/�µ»�±'�aml��u �_�_tP«�mP�y¨¦zZ�_�~tP« � &)* � �	# ���9( �
������� � � ���9# � �%( *1&)#%( 
�* ����( 
 � � . � � �  	� � &)* � ��# �	�9( �  ��( �0&)# &)(	)
&�«�¶w�_¥¦v/k%m��_�������w¬
�/& ))* �$# & � �	* &%���9(  ��� ���$*1&)#��5))��&0(5) & � �� �2«_�/uw�wmNt����_� � �]�E��«�¡�zZi�mP�/tP«�Íp�~mlmN��mw«���u]|?9®�nl�-���w�w�/±������~¨§���wmP�P±

� ¿(² !����w� � �µ± ��±�¿��_v/uwt~t ¨º��u/«�Á\±�²Ti��~¨ºt k&ml�EzN«Euw�/�	�7±�!/mPt zZ�_�P±��aslzZi��y�ymNtT��¯ ¡(v�zZi�mP�_z~¨¸°2�lu9z~¨¦�_�X�2�wv��
¥¦mNt*²T�wk&k*v��/¨§�Pu9zZ¨§�w�^t£�ym-Íp�~�wv��2mA@�h�u�xy�w���_k%¨§m*mlz�
 ¶]uw¥¦v^u9zZ¨§�w�´��uw�/t{v/��À���¶�¨§�Z�_����m�®
k%mP�EzT¡��-¢(�y��±2ÁÂ�X¡�±E¿��wv/uw�2��uw¥¦¥ºu�i-uw�/�&¡�±E�yml����i��wv��/¨b«�mN�y¨¦zZ�w��tP«$� � � � �����
� ��� � ))�$#%�9* �
&0*���#\) �$�9*1& ))* �$# &0� � �%�)&

	� ��� � �$�9# �  ��( �0&)# &0(5)
& �	( � & )0�$#%�9* � 
�( � � &0* � �	# �M��# ) �$�9*1& ) 

* �$# &l«y�/uw�wmPt©n%?E� � ��� (�«E»	u&»¼�_�/�ymw«^²T�wzZm¤��¯ ¡ �Pv��P« !���u��/�lmw« �_v���m��ynl®Â�_�7�w�w���^±

� ¿(² ' ?5D�� �µ±�¿�ml¥§¥ºu��~mw«	q¤±�²�u���mlz zZ¨I«�uw�/�´¢�± '©�~u��3� �P|#�>± '©mP|E¨§���ai/u_t i·¬­v��^�\zZ¨§�w�^t©¬­�w��k&mNtZt~u��_m
u�vyz~i�ml�EzZ¨º�lu�zZ¨§�w�¼± � � �  �#�� � * �+� �	*1&0�\«>�3�}nA�\«�n+? ?5D/±

� ²�¿3¿3����� 77±^²Ti/uw¥¦¥ºu�¥I«y¢�±y¿�m�z z�u�i/uw�P«yuw�/��¡*±�¿��_v/u��>��u�¥§¥ºu�i¼±��y¡ '¤� @y¡ �y�Pu�¥ºu���¥§m£uw�/��¡���uw�yzZ¨§¶wm
'©ml|¤��u��^u��wmPk&ml�Ez	¡(���/�Z�Euw��i©¬­�w�'�av�¥¦zZ¨º�lu_t}z�²T�wk&k*v��/¨§�Pu9zZ¨§�w�^tl±�ÁÂ� �  �� ��� �  ,!� �
 ��� ���$*1&)#  �	� � �$(��C)

	* ���	(��
��& � ��&���� 
 � � �$�'&�� � � (��$� � &)# � «/¡{���~¨¦¥��w�w�w�/±

� ²�²3�y�_��� Í%±�²Ti^uw���y�_v/��«'Á\±@²Ti/�Z¨ºt k&mP�_zN«�uw�/��¡�±��y��i^u,B�±�¿3uwuw¥5@'�ysP��v/�Z¨ºtZu�zZ¨§�w���ymNt*�l�wk&k*v��/¨¸®
�lu9z~¨¦�_�/t��ym-�_�Z�_v��2mPt©�y|��/u�k&¨ºÄEv�mPtP±XÁÂ� � � & �!# �H) &
&
�	�9( �	� � �'*9��&���*9�  � � �����0��& ."# 
�( 
) � � ���	( & �%�$# � � �0( � �0( ��&0#%��& ��&0� �!# ��*1�H)
� ��&0�  /.�� � � ������� «�h��wv/¥¦�_v/t m_«^!���u��/�lmw« �p��zZ�w�2ml�
���w�_��±

� ² � 
 � �E� �½¢�±^²Ti�v¼«y»�± � ¨ºu��/«�'&± 
{uwi��~t zZmN��zP«y¢*± � u��/�/«yu��/�"q¤± �Eu�¨§�¼±	¡ ��mP�lv��~m£�av�¥¦zZ¨º�lu_t}z����~��®
zZ�y���_¥���¨¸z~i-²T�_�E|��~¨¦�_iEz	���~��zZmN�\z~¨¦�_�¼±���� �  ,!� �  ��� ���$*1�  �	� � �$( � �-& � �§«]�E� �I� � @ �E� �Dw��«/�w�w�E�y±

� ¾p��� ?5?�� »�±>¾{�_�/�ym�z~¨b«��>±>�av(��i�mP�Ì�}mPmw«^uw�/��¡*±>�yuwk-u�¥I±{��mP�lv��Zm*�w��ml®bz~��® k&uw��|X�w�~�wv��a�l�wk&k*v��/¨¸®
�lu9z~¨¦�_��tZ¨§���X�yv/uw¥�ml�/�l�Z|��yz~¨¦�_�¼±�ÁÂ�  ��� ���$*1�! �	�&
 � �$( � � ��� %�� � � � � � �9«¼n%?5?5?/±

O�O�P,Q



�_� �������4���	��
	�
�
����
��A���4��
�����
����������! "�$#%���%�'&)(�*+&)*-,+�"./&0�%*1��#

� À !�» � ? ?���²£±�À�¥§¥¦¨ºt �_�¼«�¿p± !���u��Ez��_«y¿£±�»�u�k&�/tZ�w�¼«yq¤±�q(¨¦¶_mPt zP«�¿p±�h3i��wk-u_tl«yu��^�"h©± 7p¥¦�_��ml�¼±@q !�²
� D5?_��®T�y� '©Á�²TmP� z~¨¸°2�lu9z~m¤h3i�ml�_�Z|>«/��mP�yzZmPk*�2ml�¤n+? ?5?/±

� À@z~¨§�w��� ¢�±NÀ@zZ¨§sl¶9u��EzN±wiEz z~�4@ � �9�l|E�2ml���l�_¨§��mw± �yml¶_ml¥§�w���2m��_± �l�wk �~� u]¶9u �9�~uw�/�y�_k �9�Zuw�/�y��k½± �2��¬}«\���_���^±
� !�mN����n�� !�mP��ml��u�¥¼ÁÂ�y¬­�_�Zk-u�zZ¨§�w�½���~���lmPt~t ¨§�����Ez�u��/�/u���� !'ÁÂ�T��±3���2mP�l¨¸°2�lu9z~¨¦�_�½¬­�w��z~i�m*¡��y¶9uw�/��mN�

À��/���~|��yzZ¨§�w���Ez�u��/�/u���� �b¡(ÀT� ��« 
{�9¶wmlk7�^mP�(���w�/nw±
� ¢"!'�T� ?5?�� q¤±^¢{�wv/tZ¥¦mP|w« � ±	!��_�~��« � ±/���w¥��>«^u��^��¾7±2�y�w¥§�/±Tq"!'²<�9�E�5?7® ÁÂ�EzZml�~��mlz �*± ��� ?7� v���¥§¨§�

'©ml|XÁÂ�y¬­��uwt zZ�~v/��zZv��~m*²Tml�ZzZ¨¦°^�lu�zZm¤u��/�a²�q(»´���~��°^¥¦m_« �_uw�Ev^u��~|an+?5? ?�±
� ' � � � � �/± '¤u_�y¥§mP�ltZ¨��2«�¢*± � ml¥§m�z~mw« �^±w�a�_�Z�~¨ºtl«9�µ±E¿T�_v/��i�mP�P«9u��^�%q�±_q�v/t~tZml¥§¥b±2h3i�m���m�zZ°/¥¦zZml� �]¨§�y®

z~u��/¥¦mNt����~���}mP��z�i_zZzZ�4@ � �
�����¤± �/m�z °^¥¸z~ml�N± �_�Z�^±
� »¼mP�_�_��� �*±@»¼mP�w��u��/��±aq(uw���2�w�Zz7�ym"¾£À ¡*«'À�z~u��/¥¦¨ºtZtZmlk&mP�_z%�ym�¥ºu�²T�w��°^u��/�lmXm�z&q�sPtZmPuwvyxµ¡��

¢(�y�¤®3»¼m7ÍpmP�Zk&m7��m%²T�w�y°2u��/�lmw«/ÀT¾{ÁZÁ �>«�»	u��2�w��u9z~�w¨§�Zm*²TÁ}h3Á\«^Á 
{q�Á}¡ ¡{q�ÀT��« �_v�¨§¥¦¥§m�z
���w�_��±

� »¼mP�/�_��� �/±�»¼mP��mlvyz~�Zm_±¼¡(vyz~i�ml�Ez~¨¸°^�Pu9z~¨¦�_����u��^t ¥§mPt �ZsNt mNu�vyx-uw�&i��y� @E���~�w��¥§slk-u�zZ¨ºÄ_v/m(m�z�s�z~u�z��ym
¥b¯ u��ZzP±@ÁÂ� � � � � ����� � «2h	mP¥¦mN���_k4�@u��~¨§tP« �wv/¥¦|"�w�w�E�y±

� » �E� � �_��� ¡�±9»	uw�wv�¨¦zZ¨I«P��± �Euw�lÄEv�mlzP«P�'±9�a¨§��mlzP«9»�± �{¨§ml���/��zP«9h©±�²T¥§uwv/tZml�¼«]u��/�%²£±N¡��]�}¨§i¼±y�av�¥¦zZ¨º�lu_t}z
�w�yz~¨¦k&¨��lmP��¥§¨¦�%�"t z~u9z~m©�Z�_vyzZ¨§���/±@q�mNt mNu�����i"q�mP�^�_� z(�y����nw«EÁ 
{q�Á}¡*« !�mP���~v/u��~|����_�w��±

� ��²��E� � Í%±��a�w�EzZmP��ml�_�Z�7u��/�"²£±/²�u_t}z~ml¥§¥¦v/�P��¨ºu�±���z~u9z~¨§t zZ¨º�luw¥¦¥§|X�(�/¨§ÄEv�m©u��/�½²T�Z|��yz~�w�_�~uw��i�¨º�lu�¥§¥§|
�@ml�~¨¸°^uw��¥§m%Á}��ml�EzZ¨¦°/ml��t©u��/�·¡����y�~mPt~tZmPtP±�ÁÂ� �%��,  � &0* � �	# ��
	(�� �����%* #%� �0�$* &
� � ���%* &0�
��& )0�$#%�9* �'� �	� �����%�9�$� � � � � � �9« !�ml�/�Zv/uw�Z|��w�w�E�y±

� �a¨¦z ?�� � �>±��a¨¸zZzZ��u�±£ÁÂ�w¥§v/t @>¡ ¬­��u�k&m �T�_����¬­�w�©tZ�Pu�¥ºu���¥§m*tZmP��v/�Zm�k7v�¥¦zZ¨º�luwt zZ¨§���^±{ÁÂ� �$�	�  , � �a«
�/u��_mPt(�_�_� � � (5(/«/n%?5?E�y±

� q�¨��+?�� � »�±wq�¨����P�/±^À B2mN�\z~¨¦¶_m�ml��uwtZv��Zm3���y�ymNt'¬­�w�@�~ml¥§¨§uw��¥§m3�l�wk&��vyz~ml� �l�wk&k*v/��¨§�Pu9z~¨¦�_�*���~��z~���l�w¥ºtl±
�  ��  ��� ���$*1&)#� �	� � �$( �C) 
�* ����( ��& � ��&��@«2�_� �I� �#@ ��� � � D�«�¡(���~¨§¥@n+?5?���±

� q�� �_��� À(±*q��9|_ml�´u��/�!²£±¤��ml���E¨§�/tP± ��v�¥¸z~¨§�Puwt z�¡��Çi��y� �£�y®Â¾{mPk-u��/� ¾{¨ºt}z�u��/�lm �@mP�\z~�w��Ì��¡ �p¾ � �3�~�wvyz~¨¦���^«�ÁÂÀ h?!CÁÂ�Ez~ml�~��m�z(¾£�~u�¬ z+@/�y��u9¬ zZ®I¨§m�zZ¬ ®Ik-uw��m�zZ®Ik-u��y�y¶E®Â�w�/± zZxEzN«��w�w�_��±
� �/² ! � ?5D�� ¢�±��y��i�v�¥ �P�Z¨§����m_«^�>±�²�uwtZ��ml�N«�q¤± !/�ZmN�yml�~¨º� �2«�uw�/� �*± �_u_���_�/t �_�¼± q !�²Çn+(5( ?7®Tq�h3��@2¡

h	��u��/tZ�2�w�Zz3� �Z�wzZ�y���_¥^¬­�_�(q�mPuw¥¸®Âh3¨§k%m¤¡{����¥§¨§�Pu9zZ¨§�w�^tl« �Eu���v/uw�Z|½n%?5?5D/±
� ��' � � ? ?��¤¿£±��y��i��/ml¨§ml�N« �/± '©ml¥ºt mP|w«/¾7± � i�¨¸z~¨¦�/�/«^¾7± � uw�w��mP�P«2²£±2¢{uw¥¦¥I«^uw�/� 
�±5!�mP�Z�_v/t �_�¼±��'mP� ®

¬­�w�~k&uw�/��m%��¬TzZi�m-¡{ÀT�µ²�u��/�y¨º��u�zZm-¡(¥§�w�_�Z¨¦zZi�k-tp¨§� �Eu]¶9u�±�ÁÂ� � ( �;��� � )
�	( �0&0# &0(5) &l«
q��wk&mw«/Á z~u�¥§|>«yk-u�����i�n%?5?5?/±

� �y»1!'²��w��� ¢�±/�yuw¥¦¥ºu]|w«y¡�±y»�u�i�k-uw��¨b«%�7± !�mNt}z~�w�N«�uw�/�XÁ\±^²Ti/�Z¨ºt k&mP�_zN±	À@x�z~ml�/tZ¨¦�_����m£¥I¯ uw�~��i/¨¸z~mP�\z~v��~m
uw�\z~¨¦¶_m*u�k-uwk �2�wv��£¥¦m7t v��/�^�_� z£��mPt{tZml�~¶�¨§�lmPt(��m*t sN��v��~¨¦zZs�k7v�¥¸z~¨§�Puwt zP±�ÁÂ� ����� � � ����� �
 ��� �����0��& . # 
�(	)
� ��� ��( & �%�$# ��
 �+&0�
* ���	( ��&
� �0�)& 
�� �'&0* ��&0�-� &0# � �C)
&%�\« !�mP���Zv^u��~|%���_�w�/±

� � ml¨º��n � 
�± � mP¨¦¥§ml�N±	��À ���%�p��� @y¡ t~�luw¥§uw��¥¦m{k*v�¥¦zZ¨§��¥§m£mP�/���~|��yzZ¨§�w�Xt~��i�mlk&m�¬­�_�T�_��m�®IzZ�w®Ik-uw�E|
k*v�¥¦zZ¨¦® �Puwt zP±�ÁÂ� �%(�� # �7)
&
&
�	�9( �	� � � *7� & % � *7� �F�A� � �%(�* &)#%( 
	* ���	(�
 ��� � � �	 L� �!( *1&)# 
� #%���)&%��� & )0�$#%�9* ��� ��# ��� � � � ���
 
	� �)#%����� &%� ��
��
�)����� �$( &������ �A�A�  ��� ���$*1&)#'���H)0��&)* �
�!# &0� �
� ����� � ��
�� �9* ���
�+ 
 � � ��«>�w�w��n_±

� � uw�/�_��� �µ± Í%± � uw�/u9z�u�±¼��mP�lv��~m{uw�&i��y�{�w�y®Â�ymlk-uw�/�-�y¨ºt}z�u��/�lm(¶wmN�\zZ�_���~�wvyz~¨¦���^±L�  �� ���	�!� , 

� � �L� ��� �0� ��&  ��� ���$* �9( � 
�( �  ��� � �$(��C)

	* ���	(�� �-& � ��&��@« D @¦nN�5D � nP����« �_v�¥§¥¦|½���w�E�y±

� � ¢ ?5?�� »�± � i/�wv�uw�/� �/±¼¢£uwuwtP±-��mP�lv��Z¨§���½uw��i��y�%��m�z����w���ytl±'�F�A�A� � &)* � ��# �9«@nN�3�7D�� @ �9� � �w�/«n+?5? ?�±

576 O"598



���������	� ���

� ��� ��� �

Membre

(ayant des

membres

locaux)


Demande de Join ou de Leave activée

fi = True


Autorisation de joindre le groupe des CL

-----------------------------


- Recevoir la clé du groupe des CL : CCL

- Génération et distribtion de la clé de sous groupe, à tous les


membres locaux

- Envoi de l'ancienne clé du sous groupe au CL parent


Demande de Join ou de Leave activée

fi = False


MFC <> vide

-----------------------------


Demande de Join ou de Leave activée

fi = false


-----------------------------

Attente d'une nouvelle


clé de sous groupe


Demande de Join ou de Leave activée

fi = True


-----------------------------

-Génération et distribtion de la clé de sous


groupe, à tous les membres locaux

-Distribution de la TEK envoyée par la source à


tous les membres locaux


CL


CG

(Source
 de

données)


Diffusion d'un flux multicast

-----------------------------


- Distribuer la TEK aux membres de son sous

groupe


- Distribuer la TEK au groupe des CL

-Renouveller la TEK


Diffusion du flux multicast terminée

fi = False


MFC <> vide

-----------------------------


Demander la diffusion d'un flux

multicast


-----------------------------


Demander la diffusion d'un flux

multicast


-----------------------------


Diffusion du flux multicast terminée

fi = True


MFC <> vide

-----------------------------


Demande de Leave activée

fi = false


MFC = vide

-----------------------------


Idle State

(feuille de


l'arbre)


Demande de Join activée

-----------------------------


- Authentification et contrôle d'accès du

nouveau membre


- Ajouter une entrée pour le nouveau membre

à la MFC


Demande de Join reçue

-----------------------------


- Répondre le nouveau membre (chemin vers

l'arbre multicast)


Demander la diffusion d'un flux

multicast


-----------------------------


Diffusion du flux multicast terminée

fi = False


MFC = vide

-----------------------------
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