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S_*XCÇCp*¬<eÈ'JN3�*)CÉ$I*Ê(	KË3�#A1I3W5'*E(NJ	KrJNC­#AHÌ$I*Ê$I#2H4H'Y¬*)C

ÍÏÎ!Ð¤ÑÓÒÕÔ Öm×)×)ØIÙ Ø%Ú{ÐÛØ�ÐÛÔ ÖmÒ=Ü/ÝrÑ¸Ð�Ö Þ§Ú ßàØáÔ Ñ Ô Ö Ñ§Ö ×)Þ§Ú â d â qIo/o �¬d��
n ��^/j â d��äã qIo/o d�å%` qIo �Ræ��)ç���`kè4^Vd¢�Pæ?jm�Xh�ékh%uAéêd?t�d o bÉ��b@h/u�é�`kd¢�W��ë

Í ì²íàî=Ø/Ý¤ï²Ö ×)Ö Þ§Ú ßàí ðñÞ§Úàò2Ð�Ö Þ§ÚàÚàØIÙ Ø%Ú{Ð â dvékhgé�`�hA`�� qIo â d
â qIo/o �Xd¢�Xz �6dré qIo ~
Í éêd Ù Þ²ßÕØÌâ dób�j h o ��t�`��e�¢` qIo n �­ç o ã?�/j qIo d q ^Gh)�­ç o ã?�/j qIo dX��z
Í ékh ÚàÑ¸Ð�íôÝrØõßÕØõÔ}öBÜ%ò?÷àÑ§Úàø§Ø n ^ o ` â `ùj d¬ãWbW` qIo/o d?éúz{uA` â `ùjmd¬ã�bW` qIo/o dré

û éýüþhaécbedrj o h¬b q ^,�¢`ùt,^/écb@h o �)�¢z
Í éêd b�çMæ�d â dËé�`�hA`�� qIo n æ q ` o b û æ q ` o b�z{t,^/écbW`úæ q ` o b@�
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S_*XCÇCp*¬<eÈ'JN3�*)CÉ$'*E(	KË3�#A1I3W5'*E(NJ	KrJNC­#AHÌ$'*E$I#2HIHIY¬*)C �����

Í � ��� o `�bW` q4o â dËékh��}b�j�^Vã�b�^/jmdó�}ç o b@h�å/`kè4^Vd â d¢��tPd¢�e�6h � d¢� s h�é�` â d¢� z
Í � ��� o `�bW` q4o â dEékh tRh o `	�rjmd â ü�d o ãr�2h�
 o drj �rt�`��p��` q4o �Dd�b!jm�¬ãXdVæ¬bW` qIo � z

�6dré qIo ^ o ærj q b q ã q éêdT�XæA�Xã¤`��iè4^Vd2z orq j�tRh�é�`��6� q ^ orqIo ë
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S_*XCD>����Ó*XCÇ$'*EC >�K�>�J	#AH

� h o ��éêd¢�!ã¤`ùjmãr^a`�b}� â d â qIo/o �Xd¢�Tjmdré�`�h o b â d�������� � z â h o �TéêdÊã)h â jmd
â ü�^ o d Ô ÖmÑ§Ö ×)Þ§Ú Ù íàÔ¿Ð�Ömî Þ§ÖmÚ{Ð z `ùéId¢�}b `ùtvæ q jNb�h o b è4^'ü�^ o d â d¢�
�}b@h¬bW` qIo � � q `�bÉ��d?^/éêdRh�^)b q j�`����Xd û �?tPdWb�b�jmd,éêd�� ã q t,tRh o â d¢� â d
ã qIo b�j��Iéêd ~4ãAü�d¢�­b!ékh ×�Ð�Ñ¸Ð¤Ö Þ§Ú îàÝrÖ�Ù Ñ§ÖmÝ¤Ø ë
� d¢�!h�^)b�jmd¢� �}b@h¬bW` qIo � �6dRã qIo bed o bed o b â d jm�2æ qIo â jmd û ã¬d��
ã q t,tRh o â d¢� z§tRhA`�� o dxæ�dr^ s d o b�ærjmd o â jmd,éúüú` o `�bW`khXbW` s d â d
b�j h o ��tPd�b�b�jmdG~;ã¬dT� q4o b ÔmØM× ×�Ð�Ñ¸Ð¤Ö Þ§Úà× ×)Ø%òaÞ§ÚàßàÑ§ÖmÝ¤ØM× ë
� d¢��é�`�hA`�� qIo � � q4o b â `�bed�� ÚàÞ§Ú Ü�� íàÖ Ô ÖmÒàÝrÜ%ØM× �­íàÚ ÒÕÑ§Ô Ñ§Úàò�ØMß�� ë
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S§*XCÉ> ���Ó*)C $'*EC}>@K�>�J	#AH ����� �I<WJNFxK?J	<@*��,C­*)3�#2H4$'K?J	<�*

� h o ��éêd ãXh)� â d¢� Ô Ö Ñ§Ö ×)Þ§Úà× î=Þ§Ö Ú{Ð�� î=Þ§Ö Ú{Ð z¸ãXd b�çMæ�d â d
� qIo ãWbW` qIo/o d?t�d o bÇhË�Wb@�xæ?hrj � q `���jmd¬ã qIo â ^a`cbTæ q ^/j â d¢��j h�`�� qIo �
â ü�^ o ` � q j�t�`�be�Az qIo hvhaé q j��!h�� hA`ùjmd û â d¢��é�`�hA`�� qIo � 	�

��������	�

�����
��
�� �����������! �"��$#&% ë
' o æ?h?j�éêd â d Ô Ö Ñ§Ö ×)Þ§Ú Ü�� íàÖ Ô ÖmÒàÝrÜ%Ø � ÒÕÑ§Ô Ñ§ÚàòaØ%ß�� é q j���è4^VdAzM��^/j éêd��
é�`�h�`�� qIo �Ræ q ` o b û æ q ` o b�z qIo jmd o â �}ç/tP��b�j�`kè4^Vd éêd � qIo ãWb�` qIo/o d?tPd o b
â d¢� �}b@h¬bW` qIo � æ?j�`ùtRhA`ùjmdPd�bD��dXã qIo â hA`ùjmd ë
�Õ�2hrè4^Vdó�}b@h¬bW` qIo æ q �p� � â dRh�é q j���éêd�� � q4o ã�bW` qIo �Pæ?j�`ùtRhA`ùjmd¢�äd�b
��d¬ã qIo â hA`ùjmd¢� ë
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S§*)C �I<�#%3�Y)$I1'<6*XCÇ$'*E3�#AFGF,1IHIJN3�K�>�JB#AH 8¸ORQTS 0

) ` � � � d s dré � h¬b@h � ` o+* � qIo b�j q é
� d¢�Rærj q ã¬� â ^/jmd¢� â dRã q t,t,^ o `kãXh¬bW` qIo � qIo b â d¢��é q2� `kãr`êd?é�� â d o ` s dXha^
�4z¸ãr�2h?j � �Xd¢� â dËéúüþhrã?�Vdrt�` o drt�d o b[�6h o � drj�jmd?^/j â d¢�Ru�é q ã¢�
â üú` o � q j�tÊh¬bW` q4o ��^/j ^ o d q ^Ìæ�éþ^¤��`êd?^/j��Té�`�hA`�� qIo �Ræ��)ç¤�¢`kè4^Vd���ë
l�é'd�å%`��}bed â dr^¬å � h�t�`ùéþéêd¢� â dGærj q ã¬� â ^/jmd¢� ~
Í éêd�� ærj q ãX� â ^/jmd¢� q j�`kd o be�Xd¢�äãXh?j hrã�b �rjmd¢� ã q t,tPd-, ì/.

n10 ` o h?jNçG]/ç o ã?�/j qIorq ^¤�T� q t,t,^ o `êã)h�bW` qIo �Dd�b
Í éêd�� ærj q ãX� â ^/jmd¢� q j�`kd o be�Xd¢�PuA`�b}� ã q t,tPd 24365 .

n ) ` � � � d s d?é � h¬b@h � ` o+* � q t,t,^ o `kãXh¬bW` q4o �
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S{JNFGJú>@*)CD$'*)C �I<�#%3�Y)$I1'<�*)C #V<WJ	*XHA>@YX*XCÉ3�Kr<�K?3�>�&¬<�*)C

Í b�j h o ��t�`��p�¢` qIo â dÊãXh?j hrã�b �rjmd¢�Xz
Í ^)bW`ùé�`��6hXbW` q4o â ü�^ o h�éýæ��2h/u�dWb â dób�j h o ��t�`��e�¢` qIo â �Wbed?j�t�` o � n â �2u�^)b�z
� o z¸d�beãX�

Í b�j h o ��t�`��p�¢` qIo û éúüþh�écbed?j o h¬b
n
⇒

ã qIo � ^¤�¢` qIo d o b�j d â qIo/o �Xd¢�ädWbähaéýæ��Vh%uAd�b@�
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S_K �4<�#%3�YX$41'<�*EORQóS 0

Í �§éþéêdÊd¢�­b ` o �XæA`ùjm�¬d â dËékh9æ?j q ã¬� â ^/j d�] � � � n ^)bW`ùé�`��6�¬dGæ?hrj[l 0��
â h o � � qIo h?jmã?��`�bedXãWb�^/jmdP]�� � � ë �§éþéêdÊd¢�­b orq j�tRh�é�`��6�¬dvl�] ' ������	ië

Í � h æ?j q ã¬� â ^/j d ) � � � h)�p��^/jmd�ékh Ð)ÝrÑ§Úà×¤Ù Ö ×)×)Ö Þ§Ú ßàØá×)íàÖ¿Ð�Ø%×
ß[ö	Ü%Ô Ü'Ù Ø%Ú{Ð�× ÒÕÖ ÚàÑ§ÖmÝ¤ØM× zid�b orqIo â dRã)hrj h?ãWb �rj d���ë

Í � d b�j h o � � drjNb â dËéúüú` o � q j�tRh¬b�` qIo �)ü�d$�²dXãWb�^Vd �Wh o � ha^Vãr^ o d
` o bed?jñærjm��b@h¬bW` qIo â dT� qIo ã qIo bed o ^ z;ã¬dRè4^a`4h��p��^/jmd,^ o d
Ð�Ý¤Ñ§Úà×XîÕÑÓÝrØ%ÚàòaØ Ð�Þ¸Ð�Ñ_ÔmØ æ?h?j j h/æ/æ q j
bÇh�^¬ågã q â d¢�
� s d o b�^Vdréþéêd?tPd o b ^)bW`ùé�`����¢�¤ë
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S_K �4<�#%3�YX$41'<�*EORQóS 0

Í �§éþéêdÊã q ^ s jmd îÕÔ íà×)ÖmØMíôÝ¤× Ù Þ²ßàØM×gßàØõð�Þ§ÚÕòVÐ¤ÖmÞ§ÚÕÚàØ'Ù ØMÚ{Ð ~
æ q ` o b û æ q ` o b q ^9t,^/écbW`úæ q ` o b�z û éúüþhaé¯b@drj o h¬b q ^ � ^/éþé�� â ^Mæ�é�d6å¸ë
Í ÎTÚ Ù Þ²ßàØõ× � Ù ÜaÐ)Ý¤Ö �²íàØ �}ÒÕÑ§Ô Ñ§ÚàòaØ%ß����

éúü��rtPd�b�bedr^/j d�bóéêdvjm�¬ãXdVæ¬bed?^ajàh � `��p�6d o b d�å�hrã�bedrtPd o b â dËékh
t��rtPd � h�� qIo z;d o æ?hrj h�éþé �réêd�ë
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S_K �4<�#%3�YX$41'<�*EORQóS 0

ÍÏÎTÚ Ù Þ²ßÕØ ÚàÞ§Ú × � Ù Ü�Ð)ÝrÖ � íàØ �}íàÚ ÒÕÑ§Ô Ñ§ÚàòaØ%ß����
Í éúü �rtRdWb�bedr^/j d�b éêd,jm�¬ãXdVæ¬bed?^aj � qIo ãWbW` qIo/o d o b â h o � ^ o d ÝrØ%Ô Ñ¸Ð¤ÖmÞ§Ú

Ù Ñ	� Ð�Ý¤Ø	
4Ø%×)ò�Ô ÑIï§Ø ë
Í ékh é�`kh�`�� qIo d¢�­bäh�é q j��!�Wb@h/u�é�`kdRd o b¢jmd íÕÚ îàÝ¤Ö�Ù Ñ§ÖmÝ¤Ø Ø�Ð9íÕÚ Þ§í

îÕÔ íà×)Ö Ø%íôÝr×9×)Ø%òaÞ§ÚàßàÑ§ÖmÝ¤ØM× ë
Í éêd |}dr^ â dRã q t,tÊh o â d¢� â dËékh��}b@h¬bW` qIo æ?j�`ùtRhA`ùjmdPd��}b�æ�éþ^¤��j�`kã?�Vd

è4^VdËéêd |}dr^ â d¢��jm�Væ qIo ��d�� â d¢� �}b@hXbW` qIo � ��d¬ã qIo â hA`ùjmd¢��ë
Í ékh �}b@h¬bW` qIo æ?j�`ùtRhA`ùjmdPd��}bójmd��¬æ q4o �6h/uAéêd â dËéúüþhrã�bW` s hXbW` q4o dWb â dvékh

â �¢�WhrãWb�` s h¬b�` qIo â dËékhgé�`�hA`�� qIo z;d�bäh�^¤�e�¢` â d�� j dVærj�`��6d¢�äd o ã)h)�
â üþh orq tRh�é�`kd¢��ë
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" #%$'*XCä$'*��¿#2H43�>�J	#AHIH'*)Fx*)H2>ä$'*)CÇC >�K)>6J	#2H4C

Í�� Þ ßàØ ßàØõÝ¤Ü/î Þ§Úà×)ØõÚàÞÓÝ?Ù Ñ_Ô U���� " 8 � #V<WFxK?( � *)C �Ó#AHIC­*
" #%$'*r\
ãXdËt q â d o dT�)üþh/æ/æ�é�`êè4^VdPè4^'üþh�^¬å é�`�hA`�� qIo � orqIo �¬è4^a`ùé�`úurjm�Xd¢� ë
� o dT�­b@h¬bW` qIo ��dXã qIo â hA`ùjmd o dGæAd?^)b �?tPdWb�b�j dPè4^?dT��`Id?é�éêdEhË��be�
` o)s `�be�¬d û éêd � hA`ùjmdxæ?h?j ékhE�­b@h¬bW` qIo ærj�`þtÊhA`ùjmd�ë
� hÊ�­b@h¬bW` qIo ��dXã qIo â hA`ùjmd â q `cb ha^¤�p�¢`¸` o â `kè4^Vdrj ékh�� o â dT�6h
b�j h o ��t�`��p�¢` qIo h � o â dvjmd o â j d,é�dÊã qIo b�j��Iéêd û ékh��}b@hXbW` q4o ærj�`ùtRhA`ùjmdaë
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" #%$I*XCä$'*��¿#2H43�>�J	#AHIH'*)Fx*XHA>ä$'*)CÇC >@K�>�J	#AHIC
	 ��� " �����

� o d �}b@h¬bW` qIo æ�dr^)b �Wb�jmd â �¬ã qIo/o dXãWbe�¬d�é q2� `kè4^VdrtPd o b â dËékh é�`�hA`�� qIo
d o �Wb@h o bót�`��6dPd o t q â d
� 3 � � � ÞÓÝ?Ù Ñ§Ô 3 Ö ×)ò�Þ§ÚàÚàØMòVÐ¤Ø%ß
� Þ²ßàØ � æ?hrj ékhvã q t,tRh o â d 3�� ì . � 3 Öm×)òaÞ§ÚàÚàØMòVÐ � ë
� o � o z¸dréþéêdGæAd?^Xb ��b�jmd t�`���dRd o Ù Þ ßàØ ß[öBÖ ÚàÖ¿Ð¤Ö Ñ§ÔmÖ ×)Ñ¸Ð�Ö Þ_Ú � � � �
æ?hrj ékhvã q t,tRh o â d ì � � �6ì²Ø�Ð � ÚàÖ¿Ð¤ÖmÑ§Ô ×�Ð¤Ö Þ_Ú � Þ²ßàØ � ë
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" #%$'*XCä$'*��¿#2H43�>�J	#AHIH'*)Fx*)H2>ä$'*)CÇC >�K)>6J	#2H4C

Í�� Þ ßàØ ßàØõÝ¤Ü/î Þ§Úà×)Ø�� × � ÚÕòr÷ôÝ¤Þ§ÚàØ ����� � �
� × � Úàò?÷ôÝ¤Þ§ÚàÞ§íà×�� Ø%×Xî=Þ§Úà×)Ø � Þ²ßàØ �
� dvt q â d �Xüþh/æ/æ�é�`kè4^Vdó��^/jNb q ^)bäh�^¬å��	�	
��
����������������������������� ë
^ o d �­b@h¬bW` qIo ��dXã qIo â hA`ùjmd�d��}bót�`���d â h o � ã¬dËt q â d æ?h?j ékh
ã q t,tRh o â d ì���� � ��ì Ø�Ð�� × � Úàò?÷ôÝ¤Þ§ÚàÞ§íÕ×��ÌØ%×Xî=Þ§ÚÕ×XØ
� Þ ßàØ � ë
ì²íàÝÌíàÚàØõÔ Ö Ñ§Ö ×)Þ§Ú ÚàÞ§Ú Ü�� íàÖ Ô ÖmÒàÝrÜ%Ø z ^ o dT�}b@h¬bW` qIo �6d¬ã qIo â hA`þj d
d o t q â d � � � æAd?^)bÇ�rtPd�b�b�jmd û b q ^)bTt q tPd o b �6h o � h srq `ùjÕ��be�
� q éþé�`êãr`�be�xæ?h?j ékh��}b@h¬bW` qIo æ?j�`ùtRhA`ùjmd�ë
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" #%$'*XCä$'*��¿#2H43�>�J	#AHIH'*)Fx*)H2>ä$'*)CÇC >�K)>6J	#2H4C

Í�� Þ ßàØ ßàØõÝ¤Ü/î Þ§Úà×)Ø�� × � ÚÕòr÷ôÝ¤Þ§ÚàØ ����� � �"!#!#!
ì²íàÝÌíàÚàØõÔ Ö Ñ§Ö ×)Þ§Ú Ü�� íàÖ Ô ÖmÒàÝrÜ%Ø z é�d�� �­b@h¬bW` qIo � � qIo ã�bW` q4o/o d o b d o
t q â dRh��}ç o ãr�/j qIo dP�Xè4^a`þé�`úu?jm� � 0�� n�� �}ç o ã?�/j qIorq ^¤� 0 h�ékh o ã¬d â
�Ëq â dX�¬ë

�Õ�2hrãr^ o d â d¢� �}b@h¬bW` qIo �Ræ�dr^)bÇ�rtPd�b�b�jmd,ékh ã q t,tRh o â d ì$� , �
��ì²ØaÐ�� × � Úàòr÷ôÝrÞ§ÚàÞ§íà× , Ñ§Ô Ñ§ÚàòaØ%ß � Þ ßàØ � ë
� h o ��éêd¢� â dr^¬å ãXh�� n � � � z � � � � z é�d�� �­b@h¬bW` qIo �RæAd?^ s d o b ��b�jmd
t�`��6d¢�äd o t q â d � � � n�� �­ç o ã?�/j qIorq ^¤� � `���ã qIo/o d¬ã�bed â �Ëq â dX� æ?h?j
éêhvã q t,tRh o â d � l�]§�=ë
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L%#AHI3�>6J	#2H4CÉ$I*Ê(	K �4<�#%3�YX$41'<�*EORQTS 0

Í�� Ý¤Ñ§Úà×)ðñÜ/Ý¤Ø%ÝÌÔ ØM× ßàÞ§ÚàÚàÜMØ%× â ü�^ o u q ^)b û éúüþh�^)b�jmd â dËékh é�`�hA`�� qIo
n â dxæ?j q ãr�VdPd o ærj q ãr�Vd)�¢z

Í 3 Ü%Ô Ö�Ù Ö¿Ð¤Ø/Ý 
4Ö ßàØMÚ{Ð�Ö��ÕØ%Ý Ô ØM×GÐ)ÝrÑ{Ù ØM×
n � h o ` qIo �������������	�gq ^�

�;��ë

Í � ßÕØ%Ú{Ð�Ö��ÕØ%Ý ÔmÑ ×)Þ§íôÝ¤òaØáØ�Ð9Ô Ñ ßàØ%×�Ð¤Ö ÚàÑ¸Ð�Ö Þ§Ú ~§éêd¢� ã?�2h�tvæ)�
h â j d¢�p�6d

Í 3 Ü�Ð¤Ø%ò2Ð�Ø/ÝÌØ�ÐÛò�ÞÓÝ¤Ý¤Ö ø§Ø/Ý ÔmØM× Ø/Ý¤Ý¤Ø%íàÝ¤× æ?h?j jmdWb¢j h o ��t�`��p�¢` qIo z
� � ] z � d?tvæ q j�`��6h¬b@dr^/j � w z � q tvæ¬bed?^aj â dËj dWb�j h o ��tE`��p�¢` qIo ��� z

���������	�
���
��
	����� �@��� �������������B�
� �!� (

L%#AHI3�>�JN#2HIC $'*E(	K �4<�#%3�YX$41'<�*EORQóS 0 �����

Í .ËÞ§Ú{Ð)Ý	�§Ô Ø/ÝÌÔ Ñ Ô ÖmÑ§Ö ×)Þ§Ú n �}ç o ãr�/j qIo `��Wh¬bW` qIo h s dXãGf � � �¢z
Í ì²Ö ø§ÚàÑ§Ô Ø%ÝÌÔ}öBÜaÐ�Ñ¸Ð q æ��rj hXbW` q4oao d?é â dvéúü�^)bW`ùé�`��Wh¬bedr^/j

ã qIo b�j��Iéêd â d�� ^¬å æ?hrj b�j h�tPd â d���^Mæ�drj s `��¢` qIo ë
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-�>@<6143�>�1'<6*R$'*)CD>@<�K?Fx*)CÉORQTS 0

FANION 1 octet

ADRESSE

COMMANDE

Données

FCS

1 octet

1 octet

n octets

2 octets

���������
	���
�������������������� �!�"�$#�%�&!'

(*),+�).-0/1/2/1324052525 (7628:9<;<=?>A@B;<CED18GFH-EI

JLK0MONQPSR�MOTVU0MXWZY�[]\OU0MX[]M_^`T*Y�a"Tcb]M_^Xd�U0M_^fefgih7j�eikmlXjon�kmlXjqp

FANION 1 octet

ADRESSE

COMMANDE

Données

FCS

1 octet

1 octet

n octets

2 octets

PCI (2)

PDU (3)

PCI(2)

PCI(2) PCI(2)

PDU (3)

SDU(2)

�������srL	utO� �!�"�u#�%�&!'v�G�"wyx�z<
��������{w�
|x~}
�.��
��E
|��
�����wy���:}
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S§*)CD>����i*)C $I*P>@<�K?Fx*)CÉORQTS 0

Í Ð�Ý¤Ñ{Ù Ø � ~ n l o � q j�tÊh¬bW` qIo ���§� d��[b�j hatPd¢�äã q4o bW`êd o/o d o b éêd¢�
â qIo/o �Xd¢�äd o ærj q?s d o h o ãXd â dËékhvã q ^Vãr�Vd,jm�¢�6dXh�^'z

Í Ð�Ý¤Ñ{Ù Ø ì ~ n ]§^Mæ�drj s `���` qIo ���
`ùéaç hÊb�j q `��Éb�çMæ�d¢� â d b�j h�tRd ~ � � z � � � z � ��� n�q ^G] � ���r��z

Í Ð�Ý¤Ñ{Ù Ø�� ~ n � o/o ^/tvu�drjmd â z�� qIo9o ^/tPdrj q be�XdX���
`ùé%�)üþh � `�b â d��Db�j h�tPd�� â d � d¢�}b�` qIo ] � � � z � l�]§� z¸] � 0 � z � � z
� � � � � � � ��� z � �

���������	�
���
��
	����� �@��� �������������B�
� �Ç
	�

ORQóS 0 8¸3W5'K?F � 3�#2F FxK?HI$'*

ch. comm. Commandes Réponses

Information

RR

RNR

REJ

SARM

DISC

SABM

UA

CMDR/FRMR

DM

Format I

Format S

Format U

8 7 6 5 4 3 2 1

N(R)

N(R)

N(S)

N(R)

N(R)

P

P

P

F

F

F

P

P/F

P/F

P/F

0

0 0

0 0 0

00

0 0 0

0 0

0

0

0

0

0

0 0

0

0

0 0

0 0

1

11

1 1

1 1 1 1

1 1

1 1 1 1

1 1

1 1 1

1 1 1 1

1

1 1

1

1

�	��

������������� ����������� �"!#��$%�&�'��(*)+��,�-�(/.0,�,1��2*� � 3+(/.'24!65870� �
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� $I<�*XCeC­*XCÇ$I*XCD>@<6KrFG*XC

' o â `��­bW` o¤� ^VdR�,b�ç%æ�d¢� â d b�j h�tPd¢�E~ òaÞ{Ù Ù Ñ§ÚàßàØ d�b ÝrÜ/î=Þ§Úà×)Ø
h s d¬ãËéêd��!h â jmd��p��d¢����� q ^����Ï��d?é qIo ékh��}b@h¬bW` qIo è4^a`{ærjmd o â
éýü�` o `�bW`�h¬bW` s daë
� �?be� ����� � ~ h â j d¢�p�6dP�'w
� �?be� � ����d)h�^ ~ h â jmd��p�6dP�	�

� q t,tRh o â dPdWbój �Væ qIo ��dvæ q jNbed o bóékh t��rtPdRh â jmd¢�e��d�ë

���������	�
���
��
	����� �@��� �������������B�
� �Ç




� $'<�*)CpC­K�
2*E$'*)CD>@<�K?Fx*)C

RESEAU

réponse

commande @01

@01

@03

@03 commande

réponse

ETCD
01 03

�	��

�
����� �'58����� ����� ����2��1� ���	��(+)*��2������

�������
����� �"!#�$�%���'&)(
&)�*!�+-,.�
/�021
/ �$��3�3 1�4 �5�
�"!6���'78��3 1-9 � �:�<;=3>�?!@7A�

�$;=3�� 1-B , B:9 7DCE�*FG� 1 �<3?, 1 �IH
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�à>@KrZ4(NJNCpC­*)Fx*)H2>Ç$'*E3�#AHIH'*��'J	#2H *�>ä<61��M>61'<�*E$'*E3�#2H4H'*��'J	#AH
' o ^)bW`ùé�`���d ^ o |}d?^ â dRã q t,tRh o â d¢�ój �Væ qIo ��d¢� ë
Í ì � � � ��ì²ØaÐ � ÞÓÝ?Ù Ñ§Ô �ÌØM×Xî=Þ§Úà×)Ø � Þ²ßàØ � z�� ¥W���à¥��	��¥
��¥
�Õ�¬����¥W�
����� � �¬£����c��� ¥
�à¥W�e������¨���¥��} ¤����¥����c ¤� ¥W���à ���¥D��� �  �����¥É�� ����Õ���ª¥

Í ì$� � � ��ì²ØaÐ�� × � Úàò?÷ôÝ¤Þ§ÚàÞ§íà×�� Ø%×Xî=Þ§Úà×)Ø � Þ²ßàØ � z
� ¥W���à¥�����¥���¥
�Õ������¥W������� � �¬£����c� � ¥
�à¥W�e������¨���¥��} �����¥��¬�c ¤� ¥W���ô  ��¥ ��� �  ¤��� ¥
�6�"!¬���6���ú ���¥$#%�
��¥­�m�&�ª¥'�à ���¥ S � :

Í ì$� , � ��ì²ØaÐ�� × � Úàòr÷ôÝrÞ§ÚàÞ§íà× , Ñ§Ô Ñ§Úàò�ØMß � Þ²ßàØ � z�� ¥W���à¥ �
��¥(��¥��Õ�¬����¥)����� � �¬£����c� � ¥
�à¥W�e������¨���¥(�} �����¥��¬�c ¤� ¥W���à  ��¥D�*� �  ¤��� ¥
�6�"!¬���6���ú ���¥��,+¤¨¢�-����£W�*�$# �
��¥­�m�.�ª¥)�ô  ��¥ S � :&/10 ë

� d¢�Db�j q `��!ã q t,tRh o â d¢�D� qIo bährãXè4^a`�b�be�¬d���æ?h?j ékhgj �Væ qIo ��d � � ë
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� �Ç
�


�à>@KrZ4(NJNCpC­*)Fx*)H2>Ç$'*E3�#AHIH'*��'J	#2H *�>ä<61��M>61'<�*E$'*E3�#2H4H'*��'J	#AH

RESEAUETCD

SARM

UA

SARM

UA

ReseauETCD

UA

SABM

LAP-B
LAP

2436587�9
:(;=<?>=@=ACBED?D?FHGIFKJL<NMHF
O"P�J=JQF"R=B P�J�FKJ�S1TVU�PXW�S1TVU
Y[Z
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� Þ§Ô Ô æ q ^/j ^ o dRã q t,tRh o â d �
�6drjNb û � q éþé�`kã¤`�bedrj=^ o dËj �Væ qIo ��d�`ùt,tP� â `�h¬bed�ë

� Ö ÚàÑ§Ô æ q ^/j ^ o dËjm�Væ qIo ��d �
�6drjNb û ` o â `kè4^Vd?j ékh jm�Væ qIo ��dPdWbTékh�� o â dvjm�Væ qIo ��daë

� o t q â d-5 � � ��ì$� � � �ËØ�Ð 5 � ��� , ��ì�� , � � z
^ o d b¢j h�tPd â dÊã q t,tRh o â dP�rt�`���d â q `�b ��b�jmdÊhrãXèI^a`�b�be�Xd2z
�¢` orqIo dréþéêdRd��}bójm�X�rt�`���dRh s d¬ãËéêdGuA`�bRf û w/ë
� üþhrãXèI^a`�bedrtPd o b[��d � hA`�b�æ?h?j ^ o d b�j h�tPd â dT��^Mæ�drj s `��¢` qIo h s d¬ãËéêdGuA`�b
� û w/ë

���������	�
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	����� �@��� �������������B�
� �Ç
 (

� �M*)F �4(	*)CD$I*��4K¤<6KrFG&�>�<�*XC 1%>�JN(NJ	C­Y)CD$'K?HIC��P7��

�äw ~/bedrtvæ)� â üþh¬b�bed o bedPd o tó� â ü�^ o hrã¬è4^a`�b�bed?tPd o bÇh s h o b â d
jm�¬�?tPdWb�b�jmd,^ o dób�j h�tPd�ë
�Õ� ~ orq tvu?jmd â dËjm�X�rt�`��e�¢` qIo h�^)b q j�`��6�¬d���ë
� òr÷àÑ � íÕØáð�Þ§Ö × �²í[öBíàÚàØ Ð)ÝrÑ{Ù ØõØ%×�Ð ÝrÜ%Ü'Ù Ö ×)ØõÑ'ï_Ø%ò �	� � �
ò¸öBØM×�Ð � íÕØ ÔmØ Ð�Ö�Ù Ø%Ý � � ×aöBØ%×�Ð Ü%òaÞ§íàÔ Ü ×)Ñ§Úà×xÑ_ò � íÕÖ�ÐXÐ�ØIÙ Ø%Ú{Ð
ßàØõÔ}öBÜ �²íàÖmî=Ø'Ù Ø%Ú{ÐÛßàÖ ×�Ð�Ñ§Ú{Ð !
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S_*XCÇ3�#AF �M>�*X1'<WC � U -I\ *�> � U � \

l�é�� � qIo b ×)íôÝ � ÒÕÖ¿Ð�×9Ø�ÐÛò�Þ{Ù î Ð�ØMÚ{ÐÌÙ Þ ßàíàÔ Þ � ë
� dWb�bed s h�éêd?^/j æ�dr^)b �Wb�jmd â h o �äãXdrjNb@hA` o ã)h)��jm� â ^a`�bed q ^x��bed o â ^Vd
n |�^¤��è4^'ü û t q â ^/é q w)������ë
� d¢�Db�j h�tPd�� â üú` o � q j�tRh¬bW` qIo �¬ã?�2h o¤� �¬d¢�Çd o b�j d,éêd�� �}b@hXbW` qIo �
ã qIo bW`kd o/o d o b ^ o9o ^/tP�?j q â d����¬è4^Vd o ã¬d û éúü��?t�`��p�¢` qIo ~ � �6ì � ë
� ü�d¢�­b éêh s h�éêd?^/j â ü�^ o ã q tvæ¬bedr^/j � �rjm�xæ?h?j ékh9æ?j q ãX� â ^/jmd û
éýüþ�rt�`��p��` q4o ë
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S_*XCÇ3�#AF �M>�*X1'<WC � U -I\ *�> � U � \

� ^xã �?be� â ^9jm�Xã¬d2æ¬bedr^/j�zi`ùé � h�^)bD�Xüþh��p��^/jmdrj è4^VdËéêd����Xè4^Vd o ã¬drt�d o b
â d¢�Db�j h�tPd��ój d �r^Vd��Çd��}bÇã q j�jmdXãWbXë
fih?j â � � ha^)bÉ`ùé;æAd?^)b�çËh srq `ùj î=Ø%ÝXÐ�Ø ßÕØÛÐ)ÝrÑ{Ù Ø Þ§í ßàíôîÕÔ Ö ò�Ñ¸Ð¤Ö Þ§Ú ë
� o ã q tvæ¬bed?^/j d¢�­b â qIo ã � �rjm� û éêh jm�Xã¬d2æ¬bW` q4o ~ � � � � ë
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S_*XCÇ3�#AF �M>�*X1'<WC � U -I\ *�> � U � \

� h s h�éêdr^/j â ^xã q tvæ¬bedr^/j � � � � æ�drj�tPdWb â üú` o â `kè4^Vd?j û ékhE�­b@h¬bW` qIo
d o jm�¬ãXdVæ¬bW` qIo è4^Vd b q ^)bed¢��éêd��Db�j h�tRd¢� â qIo bóékh s h�éêdr^/j â d � n ];�Çd��}b
` o � �rj�`kd?^/jmd û ãXd � n � � qIo bÇ��be�xuA`kd o jmd �r^Vd�� ë
�ÓéþéêdË` o â `kè4^VdÊh�^¤�p��`'è4^VdËéêh ærj q ã?�2hA` o d!b�j h�tPdRhXb�bed o â ^Vd â d s j hA`�b
h srq `ùj=éêd o ^/tP�?j q � n � � ë
� ü�d¢�­b éêh æ?j q ãX� â ^/jmd â ü Ñ§ò �²íàÖ¿Ð¬Ð�ØIÙ ØMÚ_ÐÛßàØõÝ¤Ü%òaØ/î Ð¤Ö Þ§Ú !
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.}(N(N1IC}>@<�K�>�JB#2H 8 � U -4\=*�> � U � \

ReseauETCD

I(N(r),N(s))

I(0,0)

I(0,1)

I(2,0)

Timer

2436587��
:(; O���>=J�� F M�� B J�� P
	 G >L<[BEPXJ��*>�
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MHF DVO"P�G��L< FKW�	�D��



���������	�
���
��
	����� �@��� �������������B�
� �����

S_*XCÇ3�#AF �M>�*X1'<WC � U -I\ *�> � U � \

� q j��6è4^Vd,éýü ÜIÙ ØaÐ¬Ð¤Ø%íôÝ jmd � q `�bó^ o d b�j h�tPdRã qIo bed o h o b ^ o9o ^atR�rj q
â dT���Xè4^Vd o ã¬d â ü Ñ§ò � íàÖ¿Ð¬Ð¤Ø'Ù Ø%Ú{Ð�� z{`ùé_æAd?^)b Ô ÖmÒ=Ü%Ý¤Ø/Ý Ô Ø%×
Ð�Ñ{Ù î Þ§Úà× ã qIo bed o h o b éêd¢�PtPd¢�p�Wh � d¢��ærjm�Xã¬� â d¤t,t�d o bÉ�?t�`��
npo ^/tP�rj q � â d����XèI^Vd o ã¬dE` o � �?j�`kdr^/j�� û�� � ë
� drékhE�¢` �4o `��idRè4^VdËéêdvjm�¬ãXdVæ¬bed?^ajàh9uA`kd o b�j h�`cbe�véêd¢�PtPd¢�p�Wh � d¢�ÇdWb
è4^Mü�`þé o ü�d��}bTæ�éþ^¤� o �Xã¬d��p�6hA`þj d â dËéêd�� � hrj â drjôd o îàÝ¤Ü/ï Ö ×XÖ Þ§Ú ßàØM×
Ý¤Ø�Ð�Ý¤Ñ§Úà×¤Ù Ö ×)×)Ö Þ§Úà× ë

���������	�
���
��
	����� �@��� �������������B�
� ���



Cp1��Ó*¬<@È'JNCpJ	#AHÌK�È�*X3v8 � � 	 � ��� 	 � ���

I(2,2)

ReseauETCD
I(0,0)

I(0,1)
Timer

RR(2)

I(2,0)

I(2,1)

RNR(2)

RR(2)

I(2,3)

REJ(2)

I(N(r),N(s))

RR(N(r))

�����o��� 		��
!�.���
��w�} 
|x ����� ��� � �!x~}G��w�} }�w 
�x��������������
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S_*XCD>�<�K?Fx*XC $'*Ê<�*��­*�>�C

�ÌÎ�� � �����	��

�����������
jmd�|}d�b â d b q ^)bed���éêd¢�Db�j h�tPd¢� û æ?hrjNbW`ùj â dËékhRb�j h�tPdPd?j�j qIo �¬daë
�ÓéþéêdGæ�drj�tPd�b â d â drtRh o â drj û éýüùh�^)b�jmdT�}b@h¬bW` qIo z â d
Ý¤Ø�Ð�Ý¤Ñ§Úà×¤Ù ØaÐ¬Ð�Ý¤Ø Ð�Þ§í Ð¤Ø%× ÔmØM×GÐ)ÝrÑ{Ù ØM×gßàÞ§Ú{Ð9Ô ØáÚ²í�Ù Ü%Ý¤Þ Ø%×�Ð
×Xíàî=Ü/ÝrÖmØMíôÝ Þ§í Ü%ø§Ñ§Ô � � � � � ë
^)bW`þé�`��6�Rd o t q â d � � f � 0 ë
ì$�ÌÎ�� � ��������

����������
����
]4d?^/éêdËékhÊb�j h�tPdPd?j�j qIo �Xd�d��}b â d?tRh o â �¬d n dWb â qIo ãËjm�X�rt�`���dX��z4ãXdréþéêd
è4^�`{æ q jNbedËéêd o ^/tP�rj q � n � �¬ë
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S§*E365IK?F � .­H �¿#2<6FxK�>�J	#AH

� h o �óéêd�� b�j h�tPd¢�Pl zÓ`þé'ã q4o b�`êd o b!^ o æ?hrè4^Vd�b n â qIo/o �¬d â ^ o ` s d)h�^ � �¬ë
� h o ��éêd¢� b�j h�tPd¢�ó� � � � � � � ��� z{`þéIã qIo bW`kd o b � q ã�bedWb}�T` o â `kè4^2h o b
é�d t q bW` � â ^9jmd�|}d�b ë
� drtRh?jmè4^Vd ~
� d â �¢�6�¬è4^Vd o ã¬drt�d o b â d � n ]¸��ærj q?srq è4^Vd ^ o � ��� ë
� d â �¢�6�¬è4^Vd o ã¬drt�d o b â d � n � ��æ?j q?srq è4^Vd ^ o � � ��� ë
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S_K 
2*XC}>�J	#AH $'*)C <�*�>�<�K?HICpF JNCpCeJB#AHIC

� h b�j h o ��t�`��e�¢` qIo â d¢�Db�j h�tPd��äd¢�­b[��^/j s d¤`ùéþéê�¬d æ?h?j éêd bedrtvæ q j�`��Wh¬bedr^/j
�äw dWb é�dÊã q tvæ¬bedr^/j â dËjmdWb�j h o ��t�`��p�¢` qIo ��� ë
� ü��rtP�Wb�bed?^aj â d��Db�j h�tPd��Pl jm�Væ��Wbedó� qIoËq æA�?j h¬bW` qIo ��`Óéêd¢�Éb�j h�tPd¢� o d
� qIo b�æ?h)�!hrãXè4^a`�be�¬d¢� h�^Ìu q ^)b â ü�^ o d!bedrtvæ q j�`��6h¬bW` qIo ë
' o h?j�tPdËé�dóbed?tvæ q j�`��6h¬bed?^aj â �¢� è4^'ü qIo d o)srq `kdvékhÊb�j h�tPd�ë
] q ^ s d o b ����� w�� neorq tvurjmd â dËjmd�b�j h o ��t�`��p�¢` qIo �äh�^)b q j�`����¬d��6��ë
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