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½IH¼· J�³cgLK�²-M>b1N&g »¶²/³+HOHPHOHPH6HOHPHOHPHOHPHPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH Q
½IH ½ R�²-M1S�T�e6S�b1M>»¶²UHPHOHPH6HOHPHOHPHOHPHPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH Q

½IH ½IH¼· VWK »¼³1N&»YX e6M>b@N ²-M1S�T�e HOHPHPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH Q
½IH ½IH ½ Z4ePN ²[M1S�T�eOM>»C\^]_K�e&³cg »¶e&´a`cbdVeRafhg1ijbdVeRaflkmHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH n
½IH ½IHpo Z4ePN ²[M1S�T�edX8S�KrqLsS³2gLt1u�q�ev`cZ=VeRwg)RaxyZzV"g {_a[f|k}H6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH n

½IH ½IHpoIH¼· R�²-M1S�T�ePZ=VeR�~c� �B�=�!1'�gst���!>'�I 2���B|/���
%D>'�B�+Y�� HPHOHPHOHPH6HOHPHOHPHOHPH n
½IH ½IHpoIH ½ R�²-M1S�T�e�Rax�ZzV�~ �
%D>T��p
J? 2�B�O�!> � �r� �!1'�gst���!>'�I 2���B|/��� H6HOHPHOHPHOHPH n
½IH ½IHpoIHpo R�²-M1S�T�e�{ia[f�~�� El%TV�1'EHj@�/���O�"� ]"%;��#&%TV��BEu���
%'�\�\*`�(�� 01;����%;����� HPH n

½IHpo �zK�S�³1qL�U»�q�q�»¶²/³9MNew´��pS�b1M>»¶²vq�b7KF´���J�³cg�e_K ³�e&g�HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH · ¿
½IHpoIH¼· acb7X7X7K�e�q�q »¶²/³@MNeOq »¼´¶e&³1N e�HPHPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH · ¿
½IHpoIH ½ V"SF�cb�e&g »�q�S�g »¶²/³9MNe_´��pS�b1M>»¶²U³2b7��]_K »�q�] e�HPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH · ¿
½IHpoIHpo �zK�S�³1qL�U»�q�q�»¶²/³@MNe�q�MN²/³N³1] e�q�HOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH · ¿
½IHpoIH � �r]�N e_XNg »¶²/³µe&g�M7]�N ²[M1S�T�e�HPHPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ·
·

½IH � �W�FS�´¼b8S�g »¶²/³�MNeP�cb�e&´��2b�e�q�N ²[MNe�N�qF³�²FKL�vS�´¼»�q�]�q HPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ·
·
½IH �1H¼· Z4ePN ²[MNe�N6{ H¢¡S·
·�HPHOHPHOHPHPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ·
·
½IH �1H ½ Z4e�q�N ²[MNe�N�qj{ H¢¡/½%nUe&gw{;H¢¡/½%oIH¼·�H6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ·
·
½IH �1Hpo Z4ePN ²F�;X7K�²F�U»�q(g�S�»¼´¼´¶e'£�M7]&´¤S�»¥£�M7]_¦N»¼g9HPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH · ½

½IHp§ R�²/³1N&´¼b1q »¶²/³¨HPHOHPHOHPH6HOHPHOHPHOHPHPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ·�o
© ªP���8«�0(,->¬/I�'&¥­z!$2.<;�"290(/|����/1�=<®>¬&(<�<'&(�)�¯/1!=��&(�D<'!$�E0BAC�_����2-���$2:� �-°

oIH¼· J�³cgLK�²-M>b1N&g »¶²/³+HOHPHOHPH6HOHPHOHPHOHPHPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ·_�
oIH ½ Z4e�qrN ²/³cgLK�S�»¼³2g�e�qdMNewg�e_�;X1qih>´¶eOM7]&´¤S�»*e&g ´¤S}T
»YT
b�e�HOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ·_�

oIH ½IH¼· Z=S X7K�²F¦N´�]_�vS�g »��cb�e6M>b¨M7]&´¤S�»�HOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ·_�
oIH ½IH ½ Z=S T
»YT
b�eDHOHPH6HOHPHOHPHOHPHPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ·�±

oIHpo Z=S X$e_K g�ePMNedX8SF�2b�e&g�q HOHPHOHPHOHPHPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ·�±
oIH � RmS�K�SFN&g�]_K »�q g »��2b�e�qjT:]&³1]_K�S�´¶e�qrM>b9M7]&´¤S�»*e&g�MNe�q²X$e_K g�e�qEHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ·�±

oIH �1H¼· R�²FKLK�]&´¤S�g »¶²/³�e&³2gLK�e6M7]&´¤S�»*e&g�X$e_K g�e�qOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ·�±
oIH �1H ½ bw]_X$e&³1M1S�³1N e�g�e_�;X$²FK�e&´¼´¶e6MNe�q²X$e_K g�e�q HPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ·'¡

oIHp§ R�²/³1N&´¼b1q »¶²/³¨HPHOHPHOHPH6HOHPHOHPHOHPHPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ·'¡
° 56�������®³�0¥2@�$2�0¥/|����/1�$<'>¬&(<�<'&(���+/1!=��&(�¬<'!$�E0BAC������2.�F�=2.� �[G

�1H¼· J�³cgLK�²-M>b1N&g »¶²/³+HOHPHOHPH6HOHPHOHPHOHPHPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ·�Q
�1H ½ f9]�N�S�³N»�qL� e�qjMNePN ²/³2gLK�´/´¶e�MNew´¤S T
»YT
b�eµH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ·�Q
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�1Hpo f9]�N�S�³N»�qL� e�qjMNeOK�]�q�²/´¼bNg »¶²/³@MNe�q�X e_K g�e�q�HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ½
¿
�1HpoIH¼· a[N�t1]_�vSFqrMNe_´¤S��"xaR ` 5C%'���K1'�!>�pt�)�!%'�E�
%;�)���! 2���I%'� k}HPHPHOHPHOHPH6HOHPHOHPHOHPH ½>·
�1HpoIH ½ f9]�N�S�³N»�qL� e�qrMNePN ²/³2gLK�´/´¶e��}¦ ²/b1N&´¶e���e_KL��] e HPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ½
½

�1H � R�²/³1N&´¼b1q »¶²/³¨HPHOHPHOHPH6HOHPHOHPHOHPHPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ½%o
�  "!�#y,.�F&c>D2[����/I�'&¥���=< 41°

§IH¼· J�³cgLK�²-M>b1N&g »¶²/³+HOHPHOHPH6HOHPHOHPHOHPHPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ½��
§IH ½ x�³.�S»YK�²/³N³�e_� e&³2gOMNe�qFg�e�q g�q HOHPHOHPHPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ½��

§IH ½IH¼· Z4eOK�]�q�e�S�b%$d�'&jb HOHPHOHPHPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ½��
§IH ½IH ½ Z=S;N ²/³N³�e�(>»¶²/³@MNed¦ ²/bNg¾e&³ ¦ ²/bNg(g�e�q�g�] e HPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ½%§
§IH ½IHpo )¾bNg »¼´�qFbNg »¼´¼»�q�]�q�X$²/b7KF´¶e�qFg�e�q g�q H6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ½%§

§IHpo x*([X^]_K »Y� e&³2g�S�g »¶²/³1qwe&grS�³8S�´YsIq�ePMNe�q²K�]�q�bN´¼g�S�g�q�HPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ½%±
§IHpoIH¼· f�e�q b7K�eOM>b9M7]_¦N»¼grMNe�q�M>»C\ ]_K�e&³2g�qrN ²[MNe�N�qOHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ½%±
§IHpoIH ½ bw]_¦N»¼gjM � bN³�e�gLK�S�³1qL�U»�q�q »¶²/³9MNedXN´¼b1q »¶e&b7K�q'+�b,(¨S�b1M>»¶² HPHOHPHOHPH6HOHPHOHPHOHPH ½%Q
§IHpoIHpo bw]&´¤S�»�qrMNe�gLK�S�³1qL�U»�q�q »¶²/³�S�b1M>»¶²�q b7KF´¶edK�]�q�e�S�b¨t8S�bNgjM7]_¦N»¼g�HPHOHPH6HOHPHOHPHOHPH o>·

§IH � R�²/³1N&´¼b1q »¶²/³¨HPHOHPHOHPH6HOHPHOHPHOHPHPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH o%o
- 56���=#.0c!$<'&(�)�+2.�.#y2-�®</#�2.#%�'&10)2-< ©8°
2 3 �)��>¬/I���$2-<4#$/7­z!$2:��<6587Pª�9,5�7;56ª ©:�
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½IH¼· a[N�t1]_�vS;T:]&³1]_K�S�´"M � bN³�e�gLK�S�³1qL�U»�q�q�»¶²/³9S�b1M>»¶²�q b7KF´���J"³2g�e_K ³�e&ghHPHPHOHPHOHPH6HOHPHOHPHOHPH · ¿
oIH¼· bw]&´¤S�»$MNe�´���]_� e&g g�e&b7KXh7N ²[M1S�T�e_e&g²�U»�q�e_e&³ X8SF�cb�e&g�q�HPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ·�§
oIH ½ f�²[M7u&´¶ePMNe6{~»¼´Y¦$e_K g H6HOHPHOHPHOHPHPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ·'¡
�1H¼· a[N�t1]_�vS;T:]&³1]_K�S�´"M>b¨N ²/³2gLK�´/´¶e�MNe�´¤S}T
»YT
b�e HPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ·�n
�1H ½ bw]&´¤S�»$MNePN ²F�;X e&³1q�S�g »¶²/³@MNe�´¤S}T
»YT
b�e H6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ·�n
�1Hpo a[N�t1]_�vS�q�»Y�;XN´¶ePM>b¨��]�N�S�³N»�qL� ePMNe �"xaR=h HOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ½>·
�1H � a[N�t1]_�vS�MNe_gLK�S�³1qL�U»�q�q »¶²/³9S�b1M>»¶²ES���e�NPN ²/³cgLK�´/´¶e6M � e_KLK�e&b7KwSFM1S�XNg�S�g » ��HOHPH6HOHPHOHPHOHPH ½>·
�1Hp§ a[N�t1]_�vS�MNe_gLK�S�³1qL�U»�q�q »¶²/³@M � bN³�ePK�S � S�´¶ePS�b1M>»¶²®e&³ X7K�]�q�e&³1N ePMNeOX$e_K g�eµHPH6HOHPHOHPHOHPH ½
½
§IH¼· �r]�q�e�S�b $d�'&wb g�e�q�g�] HOHPHOHPHOHPHPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ½��
§IH ½ R�²/³N³�e�(S»¶²/³�g�e�q g�] e h7qLsS³1N�t7K�²/³N»�q�S�g »¶²/³�MNe�q²t�²FK ´¶²FT�e�qrMNe�qrMNe&b,(��vSFN�tN»¼³�e�q HOHPHOHPHOHPH ½%§
§IHpo bw]_¦N»¼gjM � bN³�e�gLK�S�³1qL�U»�q�q »¶²/³�S�b1M>»¶²vS���e�N�M>»C\^]_K�e&³cg�qrN ²[MNe�N�q HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ½:¡
§IH � bw]_¦N»¼grX ²/b7K¾½ q ²/b7K�N e�qjS�b1M>»¶² HOHPHPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ½%Q
§IHp§ bw]_¦N»¼grX ²/b7Kj§ q ²/b7K�N e�qjS�b1M>»¶² HOHPHPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ½%n
§IHp± bw]_¦N»¼grX ²/b7Ki· ¿ q ²/b7K�N e�qjS�b1M>»¶² HPHPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH o
¿
§IH¢¡ bw]&´¤S�»=K�]�q�e�S�b@M � bN³%+�b,( M � bN³�e�gLK�S�³1qL�U»�q�q�»¶²/³@MNei½ q�²/b7K�N e�qrS�b1M>»¶² HPHOHPH6HOHPHOHPHOHPH o
½
i}H¼· ��²FKL�vS�gjMNe�´�� e&³cg��&g�e6���²V HOHPHOHPHPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH o%§
i}H ½ ��²FKL�vS�gjM � bN³¨X8SF�cb�e&gr���rRaV a[� HPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH o:¡
i}Hpo ��²FKL�vS�gjM � bN³¨X8SF�cb�e&gr���rRaV?�j� HPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH o:¡

§
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½IH¼· RmS�K�SFN&g�]_K »�q g »��2b�e�qwMNeO�cb�e&´��2b�e�qjN ²-MNe�N�qF³�²FKL�vS�´¼»�q�]�q HPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH · ½
½IH ½ �$S�»¼´¼´¶e6MNe�q e&³2g��&g�e�qwJ�Ve£��wbdVe£����²V?HPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ·�o
½IHpo R�²F�;X8S�K�S�»�q�²/³9MNe�qrX8S�K�S���u&gLK�e�qrMNe�q�N ²[MNe�N�q(³�²FKL�vS�´¼»�q�]�q H6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ·�o
§IH¼· R�²-MNe�N�q bNg »¼´¼»�q�]�q²X$²/b7K(´¶e�qFg�e�q g�qmHOHPHPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ½%±
§IH ½ bw]_¦N»¼grK�] e&´=MNe�q�N ²[MNe�N�qjS�b1M>»¶² HOHPHPHOH6HOHPHOHPHPHOHPHOH6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ½%±
§IHpo bw]_¦N»¼grX ²/b7K(bN³�e_gLK�S�³1qL�U»�q�q »¶²/³¨MNeOXN´¼b1q�»¶e&b7K�q'+�b,(¨S�b1M>»¶²�H6HOHPHPHOHPHOHPH6HOHPHOHPHOHPH ½%Q
§IH � x�\$e&gjM>b@M7]&´¤S�»=MNed¦$²/bNg e&³ ¦ ²/bNgjq b7KF´¤S �2b8S�´¼»¼g�]6MNe�´��pS�b1M>»¶²�HPHPHOHPHOHPH6HOHPHOHPHOHPH o
½

±
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Z4eaK�]�q�e�S�b;J"³2g�e_K ³�e&gySw]&g�]eN ²/³��&b �¾´�� ²FK »YT
»¼³�eaX ²/b7K gLK�S�³1qLX$²FK g�e_K ´¶e�q�MN²/³N³1] e�q�HFV�´¼b1q »¶e&b7K�q�X7K�²/g�²[N ²/´¶e�q
e&geS�X7XN´¼»�N�S�g »¶²/³1q ²/³2ga]&g�]rM7]_��e&´¶²FX7X^]�qeS���³�MNe�� e&g gLK�e e&³E]_�c»�MNe&³1N e ´¶e�qeS��%S�³2g�S�T�e�qmMNeF´�� »¼³cg�e_K�N ²/³N³�e�(S»¶²/³
M � bN³|T%K�S�³1M�³�²F�6¦7K�e;M � ²FK�M>»¼³8S�g�e&b7K�qOK�]_X8S�K g »�qOM1S�³1qdMNe�qOq »¼g�e�qwT:] ²FT%K�S�X7tN»��cb�e_� e&³2g6M>»�q g�S�³cg�q�H^Z4e�qOS�X��
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XN´¼b1q²X7K�]�N&»�q�e6M>b%� ²FKL�vS�gjMNe�q²X8SF�2b�e&g�qr�"�²V e&gr���rRaV�e�q g�MN²/³N³1] eie&³@i ³N³�e�(NeOi}H
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· e&g�{ H¢¡/½%nµ²/³cg7´¤S � �_� ePg�S�»¼´¼´¶e

MNewgLK�S�� eO�vS�»�qF´¶eOM7]_¦N»¼gjM>b�{ H¢¡/½%n7e�q g²¦$e�S�b1N ²/b7X¨� ²/»¼³1q�]&´¶e_�:]O�Sb�´¤S]g�e�N�tN³N»��cb�ePMNePN ²F�;X7K�e�q�q »¶²/³µe&g
´¤SU³8S�g b7K�e M>b�N ²-M1S�T�e}M>»C\^]_K�e&³cg »¶e&´�X7K�]�M>»�N&g » �@bNg »¼´¼»�q�]%H�Z4e�N ²[MNe�N}{;H¢¡/½%oIH¼·Xe�q gwN�S�K�SFN&g�]_K »�q�]}X8S�K bN³�gLK�u�q
¦8SFq}M7]_¦N»¼g6�vS�»�q�X8S�KXbN³�ey´¶²/³7T
b�e&b7K}MNeygLK�S�� e®e&g}M � bN³ Eu%D%$� z^1/m��!1T> XN´¼b1qi»Y�;X$²FK g�S�³2g�q �cb�evN e&b,(¬M>b
{ H¢¡/½%n7h%M>»Y�U»¼³cb�e_K@´¶e²M7]_¦N»¼g<³1]�N e�q�q�»¼g�emXN´¼b1qyM � »¼³,� ²FKL�vS�g »¶²/³�N ²/³2g�e&³cb�erM1S�³1q�´¤S~gLK�S�� e(e&gWXN´¼b1q�MNe g�e_�;X1q
MNeUgLK�S�»¼g�e_� e&³cg�` Eu%D%$� z^1/m��!1?> k�q b7KPN e&g g�e gLK�S�� evS���³¬MNe;X7K�]�M>»YK�eU´¤S�gLK�S�� e�q bN»Y�%S�³2g�e%H �¾³ El% %$� z 1'm��!1?>
e&³1N ²FK�e XN´¼b1qy»Y�;X ²FK g�S�³cgEN�S�K�SFN&g�]_K »�q�eµ´¶e N ²-M1S�T�e9{ia[f��Sb ´¤S|¦$²/b1N&´¶e¨MNe�X7K�]�M>»�N&g »¶²/³
�o´¶²/³7T'g�e_KL� e
bNg »¼´¼»�q�] e%H$Zy�pS��%S�³2g�S�T�e�M>b¬N ²[M1S�T�e�{_a[f	N ²/³1q »�q�g�eES�b ��S�»¼g��cbz� »¼´eSFq�q b7K�e bN³�ev�cb8S�´¼»¼g�] gLK�u�qPX7K�²[N�t�e�M>b
N ²[M1S�T�e�{ H¢¡S·
·6S���e�NPMNe�q�M7]_¦N»¼g�q�� ²/»¼³1qr]&´¶e_�:]�q�H
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bOS�³1qmN erN�t8S�XN»¼gLK�e�²/³�S6X7K�]�q�e&³2g�]w¦7K »�u_��e_� e&³2g ´¶e�qaX7K »¼³1N&»YX$e�qaM>b�N ²[M1S�T�e¾e&g ´¶e�qe��]�N�S�³N»�q�� e�qaMNe¾´¤S

gLK�S�³1qL�U»�q�q�»¶²/³�S�b1M>»¶²vq�b7K ´���J"³2g�e_K ³�e&g�H�x�³µbN³�e�q�e�N ²/³1MNePX8S�K g »¶e%g¦²/³�S;]&g�S�¦N´¼»¼g~bN³�e6]&g b1MNe�N ²F�;X8S�K�S�g »Y��e
MNeP�cb�e&´��2b�e�qrN ²-MNe�N�qF³�²FKL�vS�´¼»�q�]�q�H

J"´4e�q g"�]³�²/g�e_Kr�cb�e�´¤S7g�S�»¼´¼´¶e6MNe�q²X8SF�2b�e&g�qrT:]&³1]_K�]�q�X8S�K(´¶e�qrM>»C\^]_K�e&³cg�qjN ²[MNe�N�qrS�b1M>»¶²vM7]�N_K »¼g�qjM1S�³1q
N evN�t8S�XN»¼gLK�e�e�q g ��(Ne��Sb��cbz� »¼´�q]²/³2g ]&g�]EN ²/³��&b1q4��´�� ²FK »YT
»¼³�eEX$²/b7K}MNe�q�K�]�q�e�S�b,( �9N ²F�;�ibNg�S�g »¶²/³¯MNe
N&»YK�N&bN»¼g�q~²! 9´¶e�q�K�e�q�q ²/b7K�N e�qjq�²/³cgjM7]�M>»�] e�qjM>b7K�S�³2g~g�²/bNg�e_bN³�e6N ²F�;�XbN³N»�N�S�g »¶²/³zH^Z=S�N�SFMNe&³1N e6K�]_T
bN´¼»�u_K�e
MNedT:]&³1]_K�S�g »¶²/³9MNePX8SF�2b�e&g�q�MNe_g�S�»¼´¼´¶ePN ²/³1q g�S�³2g�e_³z� e�q g�X8SFq²¦N»¶e&³9S�X7X7K�²FX7K »�] e�S�b,(�K�]�q e�S�b,(%� N ²F�;�Xb��
g�S�g »¶²/³9MNe6X8SF�2b�e&g�q'gN»�H e%H�´���J"³2g�e_K ³�e&g�g�N�S�K�SFN&g�]_K »�q�]�qjX8S�KjMNe�q��%S�K »¤S�g »¶²/³1q¾»Y�;X7K�]_�c»�q »Y¦N´¶e�qwMNe�qjX8S�K�S���u&gLK�e�q
K�]�q�e�S�b9`(¦8S�³1MNerX8SFq�q�S�³cg�erM>»�qLX$²/³N»Y¦N´¶e%g�g�S�»¼´¼´¶e�MNe�q ��´¶e�q�M �pS�g g�e&³cg�ejMNe�q�K�²/bNg�e&b7K�q�k�g.N e��cbN»8N�S�b1q�erN e_K g�S�»¼³1q
X7K�²F¦N´�u_� e�q�X$²/b7K(´¤S]gLK�S�³1qL�U»�q�q »¶²/³9S�b1M>»¶²�q b7KF´���J"³2g�e_K ³�e&gw�2bz� ²/³@�FS;S�³8S�´YsIq�e_KrS�b@N�t8S�XN»¼gLK�e6q bN»Y�%S�³2g�H
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Z4e�K�]�q�e�S�b�J"³2g�e_K ³�e&g�g�³z� ²�\�K�S�³cg"�cbz� bN³6q�e_KL�S»�N e�� V��)�"�C�z%6%'�"��� N�S�K�SFN&g�]_K »�q�]yX8S�K$MNe�q=X e_K g�e�q$MNeyX8SF�cb�e&g�q

gLK�u�q��%S�K »¤S�¦N´¶e�qye&gU³�e¨T.S�K�S�³2g »�q�q�S�³cgEX8SFqEMNe�qU´¼»Y�U»¼g�S�g »¶²/³1q�MNe¨M7]&´¤S�»�q�g�S®\Re�N&g�e�´¤Sl�cb8S�´¼»¼g�]¨MNe�´¤S|��²/» (
gLK�S�³1qL�U»�q�edq b7KmN ewK�]�q�e�S�bzHIZ4e�qaX7K »¼³1N&»YX8S�b,(�M7]���S�bN´¼g�qmMNe~´¤S_gLK�S�³1qL�U»�q�q »¶²/³ MNe¾´��pS�b1M>»¶² q b7K²JBV+S�b,(I�cb�e&´�q
²/³@q�� »¼³cg�]_K�e�q�q�eOM1S�³1qjN eON�t8S�XN»¼gLK�e6q ²/³2gih

� Z*ewM7]&´¤S�»^MNew¦ ²/bNg e&³�¦ ²/bNgm�cbN»�MN²/»¼gmK�e�q g�e_K »¼³,� ]_K »¶e&b7K'�6�2¿
¿���qO` S�´¼´¶e_K(��K�e&g�²/b7K�k�g7X ²/b7Kmq�S�g »�q ��S�»YK�e
´¶e�qrN_K »¼g�u_K�e�qrM � »¼³2g�]_K�SFN&g »Y�S»¼g�]6M � bN³�e�N ²F�;�ibN³N»�N�S�g »¶²/³�g�]&´�]_X7t�²/³N»��2b�e $ 5w´¶e�±:¡�& $��aK�S:¡S·#&�H

� Z$SOT
»YT
b�er�cbN»8K�e_X7K�]�q e&³2g�e¾´¤SO�%S�K »¤S�g »¶²/³EM>bEM7]&´¤S�»�H[i¾bvN�SFq ²! ®´¶e�M7]&´¤S�»$e�q g�N ²/³1q g�S�³cg�g2´¤S6qLsc³1N�t7K�² �
³N»�q�S�g »¶²/³�M>b q�»YT
³8S�´�e&³2gLK�e ´���]_� e&g g�e&b7K@e&g�´¶eaK�]�N e_XNg�e&b7K@e�q g�X7K�]�q�e_KL�:] e%H%bOS�³1q ´¶e²N�SFqWN ²/³cgLK�S�»YK�e%g
´¶e�q
�%S�K »¤S�g »¶²/³1q�MNedM7]&´¤S�»�q�M7]&gLK bN»�q�e&³cg(´¤S�¦8SFq�edMNewg�e_�;X1q�M>b q »YT
³8S�´ K�e �&bzgN²F¦N´¼»YT�e�S�³2g ´¶ewMNe�q�g »¼³8S�g�S�»YK�e
�}�vS�»¼³cg�e&³N»YK bN³�eO��]_� ²/»YK�eig�S��;X ²/³9MNedK�e�qLsc³1N�t7K�²/³N»�q�S�g »¶²/³h`(¦NbI\Re_KrMNeOT
»YT
b�e'k�H

� Z*e�qEX$e_K g�e�q�MNe@X8SF�cb�e&g�qBheM1S�³1q ´¶e�q�� ²F� e&³cg�q MNe9N ²/³7T�e�q g »¶²/³ e�(>gLK��_� e%g�´¶eµg�S�b,( MNe@X$e_K g�e�q
M7]_X8SFq�q�S�³2g(bN³9N e_K g�S�»¼³@q�e&bN»¼´ K�e_� e&g¾e&³¨N�S�b1q e�´¤S �2b8S�´¼»¼g�]ie&g(´�� »¼³2g�]_T%K »¼g�]�MNew´¤S ��²/» (^H
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bOS�³1q;N e�X8S�K�S�T%K�S�X7t�e%g<²/³ e�(7S��U»¼³�eP´¶e�q;N�S�b1q�e�q;M>b+M7]&´¤S�»�H�Z4e M7]&´¤S�»²M7]_X$e&³1M+MNe®´¤S�g�e�N�tN³�²/´¶²FT
»¶e
MNe}N ²F�;X7K�e�q�q »¶²/³ h�´¶e�qdS�´YT�²FK »¼gLt7� e�qOMNe6N ²[M1S�T�e�`cN%H �LH$aSe�N&g »¶²/³o½IH ½:k��vS�³N»YXNbN´¶e&³2gPMNe�q¾gLK�S�� e�qwMNeig�S�»¼´¼´¶e
N ²F�;X7K »�q�e7e&³2gLK�e · ¿®e&gwo
¿v��q�g^S�b7T%� e&³2g�] e;M � bN³ � Eu%D%$� z^1/m��!1?> � �2bN»�N ²/³1q g »¼g b�eXbN³9X7K�]&gLK�S�»¼g�e_� e&³cg6q b7K
´¤S]gLK�S�� e6q�bN»Y�FS�³cg�e%H

x�³�g�]&´�]_X7t�²/³N»¶e6q b7KjJ�V"g �7´�� ²FX7X$²%q�]PM � bN³9K�]�q�e�S�b��;N ²F�;�XbNg�S�g »¶²/³�MNePN&»YK�N&bN»¼g�q'g�´¶ePq »YT
³8S�´*³�ePN ²F� �
� e&³1N e6� �&gLK�eUgLK�S�³1qLX$²FK g�];��e_K�q6q�S¨MNe�q g »¼³8S�g »¶²/³��cbz�pS�X7K�u�q_bN³¬M7]&´¤S�»eMNe;K�e_�;XN´¼»�q�q�S�T�eEM>bDX8SF�2b�e&g�H=Z4e
X8SF�cb�e&g�K�e_�;XN´¼»�g2e�q�g�]_�U»�q�q b7K@´¶e²K�]�q�e�S�bzg.N er�2bN»¦»¼³2gLK�²[M>bN»¼g@bN³EM7]&´¤S�»)MNe(gLK�S�³1qL�U»�q�q�»¶²/³vq b7X7XN´�]_� e&³2g�S�»YK�e
e&³7T�e&³1MIK�]dX8S�KF´¶e�q�³�²ce&b1M7qFe&gmK�²/bNg�e&b7K�q�M>b�K�]�q�e�S�bzH7Z*ewM7]&´¤S�» MNed¦$²/bNgFe&³�¦$²/bNgmX e&bNg �&gLK�edM7]�N ²F�;X$²%q�]
e&³9gLK�²/»�q�]&´�]_� e&³cg�qjN ²/³cgLK »Y¦NbNg�e&b7K�qXh>´���]_� e&g g�e&b7K�g
´¶eOK�]�q�e�S�bzg�e&gF´¶e6MNe�q g »¼³8S�g�S�»YK�e%H
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·%H�Z$S ³cb7��]_K »�q�S�g »¶²/³oe&g ´¶e6N ²[M1S�T�ePh8Z=Sy³2b7��]_K »�q�S�g »¶²/³oe�q gjT:]&³1]_K�S�gLK »�N e�MNe}M7]&´¤S�»�qjXN´¼b1q¾²/b9� ²/»¼³1q
»Y�;X$²FK g�S�³2g�qwq�e&´¶²/³�´¤S XNbN»�q�q�S�³1N ePMNe�q²�vSFN�tN»¼³�e�q�H8Z4eOq�»YT
³8S�´*e�q g�N ²[M7]_e&³¨VeRafhH

½IH�Z$S¬N ²F�;X7K�e�q�q�»¶²/³=heZ4e�M7]&´¤S�»wMNe�N ²F�;X7K�e�q�q »¶²/³ e�q g�N ²/³1q g »¼g b1]9MNe�gLK�²/»�qEX8S�K g »¶e�q�HmZ4e@M7]&´¤S�»OMNe
gLK�S�� e `f· ¿ ��o
¿O��q�k<e&g@´¶e � Eu%D%$� z^1/m��!1?> � ��²FKL�vS�³2g�´¶e ��M7]&´¤S�» S�´YT�²FK »¼gLt7�U»��cb�e � gIS�b,(7�cb�e&´�qeq��pSJd ²/bNg�e
´¶e_g�e_�;X1q�MNe�gLK�S�»¼g�e_� e&³2gwMNe�q�X7K�²[N e�q�q�e&b7K�q6` ��»YT
b7K�e6oIH¼·'k�H

oIH�Z$S��U»�q�eXe&³@X8SF�cb�e&g�qXh � ³�M7]&´¤S�»$MNe�X8SF�2b1]&g »�q�S�g »¶²/³Be�q g��U»�qjX8S�K ´��pS�X7XN´¼»�N�S�g »¶²/³|X$²/b7K¾e�\Re�N&g b�e_K
MNe�q]g!NFN�t�e�q7´¼»�] e�q��µ´¤S9N ²/³1q g »¼g bNg »¶²/³¯MNe�q}X8SF�2b�e&g�q `c]&g�S�¦N´¼»�q�q�e_� e&³cg;MNe�q]e&³���g��&g�e�q'HYHYH¢k�g »¼´�e�q g]»¼³��
� ]_K »¶e&b7K ��§���q $ acb1q ¿
¿�&�H Z4e7g�e_�;X1qOM>blK�e_�;XN´¼»�q�q�S�T�e;M � bN³lX8SF�2b�e&gPN ²/³1q g »¼g b1];M � bN³�e%g MNe&b,(o²/b
gLK�²/»�q~gLK�S�� e�qOq�e_K�SEMNe��2¿���§
¿v��q�g)N eXg�e_�;X1qON ²/³1q g »¼g b�e]bN³|M7]&´¤S�»�»¼³N»¼g »¤S�´Wq gLK »�N&g�e_� e&³cg�»¼³1N ²F� �
X7K�e�q�q »Y¦N´¶e%H7J�´$e�q g�S�´¶²FK�q g�e&³8S�³2gjMNewN ²/³1q�gLK bN»YK�eOMNe�qmX8SF�2b�e&g�q ³�eON ²/³cg�e&³8S�³2gr�cbz� bN³�eOq�e&bN´¶e~gLK�S�� e%g
�vS�»�q]´¤S �(K�]��cb�e&³1N e�M ��]_�U»�q�q »¶²/³ MNe�q�X8SF�cb�e&g�q q�e_K�S�»¼g7e�(SgLK��_� e_� e&³cg ]&´¶e_�:] e e&g M7]_X8SFq�q�e_K�S�»¼g]´¶e�q
X$²%q�q »Y¦N»¼´¼»¼g�]�qaMNe�q »¼³2g�e_K ��SFN e�q�K�]�q�e�S�b,( H.Z*e gLK�S �vNjM � e&³���g��&g�e�qeT:]&³1]_K�]~e&³y´��pS�¦1q e&³1N ejMNe g�e�N�tN³N»��cb�e�q
MNe6N ²F�;X7K�e�q�q »¶²/³@M � e&³���g��&g�e�q¾e&³7T�²FKLT�e_K�S�»¼g ´¶eOK�]�q�e�S�b�S���e�NPMNe�q %;|/���)m��!1?>/� H

�1H�Z$SPgLK�S�³1qL�U»�q�q »¶²/³�h^Z4e]g�e_�;X1qPM �pSFN�N�u�q6S�b|K�]�q�e�S�blX8S�Kw´�� »¼³cg�e_K � SFN e;X$e&bNgdK�e_X7K�]�q�e&³2g�e_K��2b�e&´��cb�e�q
M>» "'S�»¼³�e�qrMNej�U»¼´¼´¼»�q e�N ²/³1MNe�q�g7N ²FKLK�e�qLX$²/³1M1S�³2g"�X´¤S ��´¶edM �pS�g g�e&³2g�ePMNedq�²FK g »¶ewe&g�S�b g�e_�;X1q²M �pSFN�N�u�q
S�bµ´¼»¶e&³zH

1 octet 1 octet 1 octet1 octet

Signal analogique

 Look−ahead    Traitement

...

Trame 3

Trame 2 

Trame 1

Trame

Trame de compression

Echantillons de 125 microsecondes

Paquet

Numérisation

un nombre n d’échantillons

Délai algorithmique

Délai de compression

En−tête

� � ��� oIH¼·���bd]&´¤S�»zMNe�´���]_� e&g g�e&b7KXh7N ²[M1S�T�e_e&g²�U»�q�e_e&³ X8SF�cb�e&g�q
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Z4e6M7]&´¤S�»zK�]�q�e�S�bµe�q g�N ²/³1q�g »¼g b1]PMNe h
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� M7]&´¤S�»$MNedX7K�²FX8S�T.S�g »¶²/³
� M7]&´¤S�»$MNewgLK�S�³1qL�U»�q�q »¶²/³
� M7]&´¤S�»$M �pS�g g�e&³2g�e6MNe�q�X8SF�2b�e&g�qjM1S�³1qF´¶e�q ��´¶e�qrMNe�q�K�²/bNg�e&b7K�q�H

Z4ejM7]&´¤S�»)MNe²X7K�²FX8S�T.S�g »¶²/³ e�q g�N ²/³1q g�S�³cg�g2»¼´¦e�q g�MNe²XN´¼b1q�e&³�XN´¼b1q ��S�»Y¦N´¶e�T%K!NFN ewS�b,(U³�²/b7��e&´¼´¶e�q@g�e�N�tN³�²/´¶² �
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Intervalles de paquetisation

1

2 4

1  2 3 4 5

1 3 5

 5 432

21

1 2 3 4 5

3 4 5

Paquetisation

Traitement protocolaire

Echantillons 
de voix

destination

 et 

de la gigue
(a)

de la gigue
(b)

Restitution
(playback)

Periode d’activité de la source (talkspurt)

délai réseau

Arrivée à la 

Pas de contrôle 

Avec contrôle  
temps de contrôle

discontinuités
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n                  bi                   i
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gLK�S�³1qL�U»�q�q�»¶²/³9S�b1M>»¶²7gN»¼´�q�q�²/³cgrM>»�q�N&bNg�]�q�M1S�³1q ´¶e�q�MNe&b,(�X8S�K�S�T%K�S�X7t�e�qj�cbN»zq bN»Y��e&³2g�H

X >�[��VH8T � M�
SB)�J
0� @ �8T�	�JLG�
 G�JSJS@ M � MP@ FP[�� M
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���
����������������������������� #
V�´¼b1q�»¶e&b7K�qrK�]�q bN´¼g�S�g�q
$�i �a�~¿>·)& $��mVy��n%n &�²/³cgr� ²/³cgLK�]i´�� bNg »¼´¼»¼g�]�MNe�qjq�N�t1]_�vSFqjMNe6N ²/³2gLK�´/´¶e M � e_KLK�e&b7K

¦8SFq�]�qaq b7K�´¶e�q���]�N�S�³N»�qL� e�q²MNe¾´¤S ��xeR?X$²/b7KeM>»Y�U»¼³cb�e_KF´�� e�\$e&gmMNe ´¤SPX e_K g�ewMNejX8SF�2b�e&g�qmq b7K�´¤SP�cb8S�´¼»¼g�]
S�b1M>»¶²7H[R�er��]�N�S�³N»�qL� ewN ²/³1q »�q g�e"�_e&³.��²�s�e_K bN³�e »¼³,� ²FKL�vS�g »¶²/³�MNe²K�e�MN²/³1M1S�³1N edN ²/³/df²/»¼³cg�e_� e&³2g�S�b +�b,(
S�b1M>»¶²9²FK »YT
»¼³8S�´�g$N e��2bN»�S�b7T%� e&³cg�ey´¤S X7K�²F¦8S�¦N»¼´¼»¼g�]vMNe;K�]�q�²/b1MIK�e ´¤S�X e_K g�evMNe;N e_K g�S�»¼³1q6X8SF�cb�e&g�q�HzV�S�K
e�(Ne_�;XN´¶e ´¶e�q�X8SF�2b�e&g�q S�b1M>»¶²µ²FK »YT
»¼³8S�b,(�q ²/³2g�N ²[M7]�q]e&³�VeRaf e&gX´�� »¼³,� ²FKL�vS�g »¶²/³ MNe�K�e�MN²/³1M1S�³1N e e&³
ZzVeR ²/b'e&³D{ia[f�H Z=S ��»YT
b7K�e �1Hpo�M7]�N_K »¼g_bN³lq�N�t1]_�vS q »Y�;XN´¶e;MNe4��xeR�N ²/³1q »�q�g�S�³2g �®´�� e&³.��²/»¶eEM1S�³1q
N�t8SF�cb�e�X8SF�cb�e&g � M � bN³�e(»¼³,��²FKL�vS�g »¶²/³EMNe²K�e�MN²/³1M1S�³1N ewN ²/³�� e_K ³8S�³2g�´¶e²X8SF�cb�e&g �(z)(}A M �pS�bNgLK�e�q�q�N�t1]_�vSFq
X7K�²FX$²%q�e&³2g<´�� e&³-��²/»¶erM � bN³�e »¼³,��²FKL�vS�g »¶²/³EMNe�qWX8SF�cb�e&g�q �(z)( e&g �@z+* M1S�³1q�´¶e²¦NbNgyMNemK�e_��]�M>»¶e_K �~´¤SdX$e_K g�e
MNePMNe&b,(�X8SF�2b�e&g�qrq b1N�N e�q�q » � q�H

!"!"!"!"!!"!"!"!"!!"!"!"!"!!"!"!"!"!

#"#"#"##"#"#"##"#"#"##"#"#"#

1                           2                         3                        4

1                           2                         3                        4

Flux original

Flux avec information 
de redondance FEC

Perte de paquet 

1                     1     2                 2       3                3      4

1                     1     2                                            3      4

à la destination
Flux reconstruit 

��� ��� �1Hpo � a[N�t1]_�vS�q »Y�;XN´¶e6M>b¨��]�N�S�³N»�qL� ePMNe ��xeR h
�¾³¨X8SF�cb�e&g � N ²/³cg »¶e&³2g~bN³�ew»¼³,� ²FKL�vS�g »¶²/³�MNeOK�e�MN²/³1M1S�³1N e6M>b X8SF�cb�e&g �(z)(

f|S�»�q�´¶e²X7K�²F¦N´�u_� ejN%� e�q gy�2b�e(´�� »¼³,� ²FKL�vS�g »¶²/³�MNe'�"xaR+S�b7T%� e&³2g�edS�b1q�q »N´¤Sd¦8S�³1MNe�X8SFq�q�S�³2g�e(bNg »¼´¼»�q�] e
e&g6X8S�K}N ²/³1q�]��cb�e&³2g;S�b7T%� e&³2g�eP´¤S X7K�²F¦8S�¦N»¼´¼»¼g�]�MNe�X$e_K g�e%H$b � ²! �´¤S�³1]�N e�q�q »¼g�]EMNevN ²/b7XN´¶e_K]´¶evq�N�t1]_�vS
MNe8��xeR S���e�NwbN³¨q�N�t1]_�vS MNeON ²/³2gLK�´/´¶e6q��pS�X7XNb7s.S�³2grq�b7K�bN³�ew»¼³,��²FKL�vS�g »¶²/³ K�e�+8]&g�S�³2g¾´���]&g�S�g�M>b�K�]�q�e�S�b
N ²F�;� e�´¶eO� ²/³cgLK�e_´¤S���»YT
b7K�eO�1H �1H

  Internet

  FEC CodageSource

d’un feedback

compensation 
de la gigue

Restitution 
audio

  (RTCP)
Correction 

avec la FEC

compensation

Pertes dues au Pertes non

Reconstruction 
a partir des

(Interleaving)

Emission

Paquets de  redondance

Paquets avec perte

Réception
dépassement du délai

Réception

délai de  
Contrôle du

Délai de

paquets reçus
Décodage

résolues Signal corrigé

��� � � �1H � � a[N�t1]_�vS�MNe�gLK�S�³1qL�U»�q�q »¶²/³9S�b1M>»¶²vS���e�NPN ²/³2gLK�´/´¶e�M � e_KLK�e&b7KwSFM1S�XNg�S�g » �
� ²/´¶²/g e&g"S�´�H�� ²/³cgLK�e&³2g�e&³ $��mVy��n%n &-�cb�e<gLK�²/b7��e_K�´¤S²� e&»¼´¼´¶e&b7K »¼³,� ²FKL�vS�g »¶²/³ MNe ��xeRDq�²/b1q"N e_K g�S�»¼³�e�q

N ²/³2gLK�S�»¼³cg�e�q�K�]�q e�S�bye�q g bN³;X7K�²F¦N´�u_� erM � ²FXNg »Y�U»�q�S�g »¶²/³zgce&gWX7K�²FX ²%q e&³2g<bN³vS�´YT�²FK »¼gLt7� ej�2bN»7N ²F�6¦N»¼³�e ´¶e�q
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q�N�t1]_�vSFqaMNewN ²/³2gLK�´/´¶edMNewM7]_¦N»¼g�e&gaMNerK�e�MN²/³1M1S�³1N edM1S�³1q�´¶e�¦NbNgmM � ²FXNg »Y�U»�q�e_K ´¤SP�cb8S�´¼»¼g�]dS�b1M>»¶²6X$e_K �&b�e
�7´¤SvMNe�q g »¼³8S�g »¶²/³�e&³�q��pSFM1S�XNg�S�³2gOS�b,(¨N ²/³1M>»¼g »¶²/³1qrK�]�q�e�S�b�e�q g »Y��] e�q�� X8S�K g »YKjMNe�q ]2����>TV!1? � MNe����rRaV
`cN%H �LH"i¾³N³�e�(Ne�iOk�HyR�e&g�S�´YT�²FK »¼gLt7� e@SFM1S�XNg�S�g » �dSFq�q�b7K�e®bN³�e�T%K�S�³1MNe�X$e_K � ²FKL�vS�³1N e%g��vS�»�q7³�e�X$e_KL� e&g
X8SFqrMNePT.S�K�S�³2g »YK bN³�eP¦ ²/³N³�eP�cb8S�´¼»¼g�]PM1S�³1qjN e_K g�S�»¼³�e�qjN ²/³1M>»¼g »¶²/³1qjK�]�q�e�S�b¨�Sb¨�2bz� »¼´*bNg »¼´¼»�q�e�bN³¨� ²[M7u&´¶e
MNe � e_K ³�²/bN´¼´¼»zX$²/b7K�� ²[M7]&´¼»�q�e_K(´¶e�q²X$e_K g�e�q�g1N ed� ²[M7u&´¶e�³z� e�q g�X8SFqr¦N»¶e&³9SFM7]��cb8S�g�X ²/b7KF´¶e6q�e_KL�c»�N e � V��)�"�
�z%6%'�"��� MNey´���J"³2g�e_K ³�e&g;N�S�K�SFN&g�]_K »�q�]�X8S�K MNe�q�X$e_K g�e�q��FS�K »¤S�¦N´¶e�qUe&g MNe�q6X$e_K g�e�q}X ²/b7�%S�³2g;S���²/»YK7´¼»¶e&b e&³
K�S ��S�´¶e�q6` V�*`�0�"����Eu%/�0�D�)� k Z
�U&98)&(% � � ,>¤R§@£�ª ! °
ª .<° ,> *§�¨/­��*©�°�� KF �0-,N©�°�� °
­ ! ��°

bOS�³1q4´¶e�q$q�N�t1]_�vSFq"MNeyN ²/³cgLK�´/´¶e��m¦$²/b1N&´¶e*��e_KL��] e�iw� � ` 3g*`��%'�M1;���I �x��O9(�!1;�[x���N"*������ kR´¶eyK�]�N e_XNg�e&b7K
MNe_�vS�³1MNe �F´���]_� e&g g�e&b7K$MNeWK�e&gLK�S�³1qL� e&g gLK�e@´¶e�q X8SF�cb�e&g�qzX$e_K�M>b1q=M7]&g�e�N&g�]�qzX8S�K*´¶e�q4³2b7��]_K�²%q"MNeWq�]��cb�e&³1N e
�vS�³1�cb8S�³2g�q�HyR�e�q}��]�N�S�³N»�qL� e�q]³�evX$e&b7��e&³2g X8SFq �&gLK�e�S�X7XN´¼»��2b1]�q X$²/b7KX´¤SµgLK�S�³1qL�U»�q�q�»¶²/³hMNe®´¤S¨��²/» (
q b7K�´���J�³cg�e_K ³�e&gm�cbP´¶e�qa¦ e�q�²/»¼³1q�g�e_�;X1q(��K�] e&´ �cb�e ³1]�N e�q�q »¼g�e ´�� »¼³cg�e_K�SFN&g »Y�c»¼g�]OMNe~´��pS�X7XN´¼»�N�S�g »¶²/³zH7x�´¼´¶e�qmq�²/³cg
XN´¼b1q�»¼³cg�]_K�e�q�q�S�³2g�e�q�M1S�³1q�´¶e;N�SFqOM �pS�X7XN´¼»�N�S�g »¶²/³1q}N ²F�;� e7´��pS�b1M>»¶².£®�c»�M7] ² �y´¤S�MNe_�vS�³1MNe ³z�pS�s.S�³2g�X8SFq
MNewN ²/³2g�S�»¼³2g�e�q(g�e_�;X1q(��K�] e&´zq gLK »�N&g�e�q�H7R�e_X e&³1M1S�³cgF´���]_� e&g g�e&b7KmX e&bNgmN ²F�6¦N»¼³�e_KF´¶e�qmq�N�t1]_�vSFq²MNe"��xeR e&g
MNeOiw� � h>´¤S���xeR e�q gFbNg »¼´¼»�q�] eO�2b8S�³1M MNedT%K�S�³1MNe�q²X$e_K g�e�qrS�X7X8S�K�S�»�q�q e&³2g�gN´���iw� � e�q g�S�X7XN´¼»��2b1]OX$²/b7K
K�]�M>bN»YK�e�´¶e�g�S�b,( MNeOX$e_K g�e�e&g(´¼»Y�U»¼g�e_K(´¤S X7K�²FX8S�T.S�g »¶²/³�M � e_KLK�e&b7K��.H

x�³ $�bwZ5O n%o�&(bN³�e�³�²/b7��e&´¼´¶e9S�X7X7K�²-N�t�e X ²/b7KU´¤S�K�]�q ²/´¼bNg »¶²/³?MNe�q;X$e_K g�e�q�MNe�X8SF�2b�e&g�qES�b1M>»¶²Dq b7K
MNe�q�K�]�q�e�S�b,(¬t8S�bNg M7]_¦N»¼gUa ��iw� ��` j@Eu1? �W3g*`��%'�M1;���I Mx��O9(�!1;�gx���N"*������ kXe�q gX»¼³cgLK�²-M>bN»¼g�e%HyR�²F�;� eP´¶e
� ²/³2gLK�ey´¤S%��»YT
b7K�e��1Hp§ N evq�N�t1]_�vSµe�q gP¦8SFq�]�q�b7K_´¤S�K�e&gLK�S�³1qL�U»�q�q�»¶²/³¬MNe;X8SF�cb�e&g�qPX$e_K�M>b1qie&gPX$e_KL� e&g
M ��]&g�e&³1MIK�e7´¶e]g�e_�;X1qPMNe N ²/³2gLK�´/´¶e�MNe]´¤SET
»YT
b�e M � bN³�e K�S � S�´¶e MNe X8SF�cb�e&g�q�e&³DS�g g�e&³2g�e;MNe}K�e � e_��²/»YK_bN³
X8SF�cb�e&g�K�e&gLK�S�³1qL�U»�q�H

temps

temps

temps

temps

Intervalles de paquetisation

1  5 432

1

1 2 3 4 5

3 4 5

Paquetisation

Traitement protocolaire

Echantillons 
de voix

destination

 et 

Restitution
(playback)

Periode d’activité de la source (talkspurt)

délai réseau

Arrivée à la 

2

Perte

2

Retransmission

543temps de contrôle
(a)

de la gigue
Avec contrôle  

temps de contrôleAvec contrôle  (b)
de la gigue 

et retransmission

1

1 

 2 3 4 5

discontinuités

1  2 3 4 5temps de contrôle étendu(c) Retransmission
      et extension du temps de contrôle 

��� ��� �1Hp§ � a[N�t1]_�vS�MNe�gLK�S�³1q��U»�q�q »¶²/³@M � bN³�eOK�S ��S�´¶ePS�b1M>»¶² e&³¨X7K�]�q e&³1N ePMNeOX$e_K g�e
bOS�³1q ´¤S ��»YT
b7K�ew�1Hp§IgS´¶ewX8SF�2b�e&g(½]e�q gmN ²/³1q »�M7]_K�]dN ²F�;� edX e_K�M>bzgS´¶ewq�N�]&³8S�K »¶²¨` S:k�� ²/³2gLK�ew´¶ewN ²F� �

X$²FK g�e_� e&³2grMNe�q²X7K�²/g�²[N ²/´¶e�qrq�S�³1qmK�e&gLK�S�³1qL�U»�q�q »¶²/³zgN´¶edX8SF�cb�e&g²X$e_K�M>b�³z� e�q g²X8SFq d ²/b1] �]´¤S MNe�q g »¼³8S�g »¶²/³
N e;�cbN»�N�S�b1q e7bN³�e;M>»�q�N ²/³2g »¼³cbN»¼g�]EMNe;M>b7K�] e;]_T.S�´¶e�S�bog�e_�;X1qPMNe X8SF�cb�e&g »�q�S�g »¶²/³zHzbOS�³1q�´¶e�qOq�N�]&³8S�K »¶²%q
�  �[��VM�JS@�A�D [YTV@�D A "$# %�1 : #0& @ F "$# %�1!2�> JLGNBC@ M?FP@UTZY �\H�B8G�U �V@ F 
SH
	 �V@'A �VMKJS@�A�B8G�U �\@ FPA A ��
V9�G�HIFPA #
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`(¦)k~e&gv`cN'k�g$´¶e K�]�N e_XNg�e&b7K�MNe_�vS�³1MNe ´¤S�K�e&gLK�S�³1qL�U»�q�q »¶²/³DM>blX8SF�cb�e&gX½�M7]&g�e�N&g�] X$e_K�M>b �®´¤S�K�]�N e_XNg »¶²/³
M>b¬X8SF�cb�e&g}oIH$Z4evq�N�]&³8S�K »¶²�`(¦)kd� ²/³cgLK�ey´�� »¼³1N ²/³-�:]&³N»¤S�³2g�MNey´�� bNg »¼´¼»�q�S�g »¶²/³hM � bN³hq�N�t1]_�vS@MNevN ²/³cgLK�´/´¶e
²FK�M>»¼³8S�»YK�e}�2bN»�³�ePN ²FKLK »YT�e6X8SFq¾´¤S;M>»�q�N ²/³cg »¼³2bN»¼g�]7»¼³cgLK�²-M>bN»¼g�e%H�Z4e6q�N�]&³8S�K »¶²9`cN'km� ²/³cgLK�e]´��pS���]&´¼»¶²FK�S�g »¶²/³
»¼³2gLK�²[M>bN»¼g�ePX8S�K ´�� e�(Sg�e&³1q »¶²/³9M>b�g�e_�;X1qrMNeON ²/³2gLK�´/´¶e6¦8SFq�] ePq b7KFbN³�eie�q g »Y�vS�g »¶²/³@M>b@���²� M>b K�]�q�e�S�bzH
�¾³lX ²/»¼³cgi³1]_T.S�g » ��MNe�N e;q�N�t1]_�vS¨N%� e�q g��2bz� »¼´�S�b7T%� e&³cg�ey´¶e�M7]&´¤S�»eMNe;¦ ²/bNg_e&³¬¦ ²/bNg6MNe7g�²/b1qi´¶e�q

X8SF�cb�e&g�q�S�b1M>»¶²7g[N ew�cbN» ³1]�N e�q�q »¼g�e ´¤S}N ²/³1q »�M7]_K�S�g »¶²/³¨M � bN³ q�e&bN»¼´ MNewq b7X7X7K�e�q�q »¶²/³ MNe�qaK�e&gLK�S�³1qL�U»�q�q�»¶²/³1q�H


���
 ���

 � 	��������


)¾³DSEX7K�]�q�e&³2g�];S�bB³N»Y��e�S�bDMNe N e�N�t8S�XN»¼gLK�e�MNe&b,(@��]�N�S�³N»�qL� e�q6MNe�N ²/³cgLK�´/´¶e�MNei´¤SET
»YT
b�e%g$´¶e�X7K�e)�

�U»¶e_Kvq�N�t1]_�vSl¦8SFq�] q�b7KUbN³�e9e�q g »Y�vS�g »¶²/³ MIsS³8S��U»��cb�e¨M>b?M7]&´¤S�»rMNe¨N ²F�;X$e&³1q�S�g »¶²/³?MNe9´¤S�T
»YT
b�eµe&³
��²/³1N&g »¶²/³EM>bvM7]&´¤S�»)K�]�q�e�S�b�� e�q b7K�] ³1]�N e�q�q »¼g�e(´¶e��vS�»¼³2g »¶e&³2gmM � bN³�erq�sc³1N�t7K�²/³N»�q�S�g »¶²/³Pe&³cgLK�e(´¶e�q�t�²FK ´¶²FT�e�q
]_� e&g g�e&b7K�£®K�]�N e_XNg�e&b7K �2bN» bNg »¼´¼»�q�e�´¶e X7K�²/g�²[N ²/´¶e �w�²V$geN�t�²%q�e@�2bN»(³z� e�q�g�X8SFq g�²/b/d ²/b7K�qv]_�S»�MNe&³2g�e%HeZ4e
MNe&b,(>»�u_� ePq�N�t1]_�vS e�q g²XN´¼b1qrq »Y�;XN´¶eOMNePX ²/»¼³cg�MNeO�cb�ewgLK�S�»¼g�e_� e&³cg¾e&g��U»�q e�e&³9²ce&b7�[K�e�e&g(³�eOq b7X7X$²%q�e
X8SFq�´¤SPqLsS³1N�t7K�²/³N»�q�S�g »¶²/³ e&³cgLK�e~´���]_� e&g g�e&b7K e&g�´¶ejK�]�N e_XNg�e&b7K�H[bwe&b,(Eq�N�t1]_�vSFqmMNejN ²/³cgLK�´/´¶edM � e_KLK�e&b7K ²/³cg
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