
HAL Id: inria-00072936
https://inria.hal.science/inria-00072936

Submitted on 24 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

TUF: a Tag-based UDP Multicast Flow Control Protocol
Antoine Clerget

To cite this version:
Antoine Clerget. TUF: a Tag-based UDP Multicast Flow Control Protocol. RR-3728, INRIA. 1999.
�inria-00072936�

https://inria.hal.science/inria-00072936
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

ap por t  


de  r ech er ch e 


THÈME 1

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

�
UF: A Tag-based UDP Multicast Flow Control

Protocol

Antoine Clerget

N° 3728

July 1999





Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, B.P. 93, 06902 Sophia Antipolis Cedex (France)

Téléphone : 04 92 38 77 77 - International : +33 4 92 38 77 77 — Fax : 04 92 38 77 65 - International : +33 4 92 38 77 65

��������� 	�

������
������������ � � �"!$#&%'
��(!)�*�&+�, -.+�/�!10$+��
�20$+3!1+4%5+��

6 7(8:9<;=7?>A@CB=>EDGFH>I8

JLK�M&NPOPQ�RTS�UWVXOWY[Z]\^O`_aVXb]Vc_dM&NPOWV
egfXh[icO`_jS�h]k]O&h

SaYmlnlHh[fX_jk]OofXOGp"KnO&f"p"KnO2qHr$sutmv[wARyxmZ�z{b|QG}[}I}oR~vm�Cl�Ym�[OGV

���1�W�&���n�[�[��� hIq�VX��k]OWfdY[�nz�O|O`�<h[fX_dV�K�Y:�[O���h]p`Z�VXOWk�h[q�p&h[qn�IOWV�_X��h[q�p&h[qE_Xfdh[z�lnfdhm_Xh]p&h[z�V4��h[f�z�Ymfd�[O&�
Vdp&Y[z{O�N�Znz{_X��p&YIVc_3Ymlnlnz���p&Y�_d�{hIq�VW�H��Z]_���q|NPhIV�_�pWY[VXOWVW��_dKnOWVXO�p&h[q�VX��k]O&f�h[qnz�b�V���qn�Iz{O
f"Y�_dO�VXOWVdV���h[q�V&� �¡q
K�O`_XOWfXhI�[OWqnO&hIZ�V�O&qu�u�{fdh[qnNPOWqI_"V&�(�{_���V3�{qE_dO&fdOWV�_X��qn� _Xh�hm�<O&foOGY[p"K¢fXOGp`OW�{�IO&f3�£_"VoN4Y�\]��N�ZnN¤�=Y[�{f�fdYm_XO[�
fdO&�EYmf"k]z�OWVdV3hm��_XK�O^lnfdOWVXO&q�p&O¥hm�aVXz�h�¦'OWf
fXOGp`OW�{�IO&f"V3�{q§_dKnO �[fdh[Znl¨���¡q©_XKn��V�l�YmlHO&fG�$¦5O^l�fXhIl�hEV�O¥Y[q
Y[z£_dO&fdq�Y�_d�{�IOj_dhCz�Y:b[OWfXOGk4O&q�p`h]k]��qn�uª:_Xf"Ymq�VXNP��VdV���h[q¥Vdp"KnOWNCOGV&�?«C¬a­5�]h[Znf�J$Ym�[�®��YIV�OGk¥¬a¯�e*N�Znz{_X��p&YIVc_
­$z�h�¦�p&h[qE_Xfdh[z�l�fXh[_Xh]p`hIz°�LZ�VXOWV4�IO&fdb±VX�{NPlnz�O|fdh[Z]_dO&f4²�z{_XOWfdVW�5_XK�Ym_W�jYIV¥Sj³g¯�h[f^k]�{�(V�OWfX�<��YmfdO�qnhm_
Y:¦LYmfdO�hm�?_XKnO3_dfdY[q�VXl�hIf�_jz�Y:b[OWfW�nk]h4q�hm_aY[k�k ´�h�¦µV�_dYm_XOI�nqnh[fa�{qE_XOWq�VX�{�IO
p`h[NPlnZn_dY�_d�{hIq¨�'­$��z£_dO&fd�{q��4��V
knh[qnO3��YIV�OGk^hIq l�Y[p"¶[O&_¸·¡_"Ym�IVc¹º�up&h[NPlnZ]_dOWk�Y�_L_dKnO
V�hIZnf"p`O[�nY[q�k lnfdh��E��k]OGV¸�=Y[�{f���Ymq�k]¦���ku_dK�VXK�Y[fX��qn���
»¢Oo�HO&z��{OW�[O3_XK�Y�_j_dKn��VaVXp"KnOWNPO
p&Ymq�p`huO&\u��V�_j¦��£_dK|J � e1��Ymq�k�p&Y[q���O
Z�V�O&��Znz(��h[fafXOWz{��Ym�nz�O3N�Znz{_X��p&YIVc_
Y[lnlnz���pWY�_d�{hIq�V&�
¼�½E¾<¿dÀ�Á ��Â$�[�ÄÃ Znz{_X��p&YIVc_G�up&h[qn�IOWV�_X��h[q4p`hIqE_Xfdh[z®�[KnO&_XO&fdh[�IO&qnOW�£_cbI�[N4Y�\u�ÅNP�{qP�=Y[�{fdqnOWVdVW�Ifdh[Z]_dO&fÆ²�z£_dO&f"V&�
N�Znz{_X�{�®f"Y�_dO3VXOWVdVX�{hIq�V&�u�¡qE_XOWfXq�O`_W�n¬ ¯ e$�HJ1Y[�IV
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 ��� OWVa_Xf"Y:��YmZ]\|VXZnf�z{OPp`hIqI_df��Iz{O�k]OCp&h[qn�IOWV�_X��h[q�lHh[Znf3z�OWV O&qu�u�{fdh[q�qnO&NPO&qE_"VaN�Znz£_d�{lHh[��qE_dV
U&_XZ�kn�{OWqI_4lnfd��q�p`��l�Ymz�O&NPOWqI_4z�O�p&Y[VPk]OGV4V�OGVXVX��h[q�VCNPh[qnh[�ÅknU&�n�{_W��� fW�5knYmq�V�Z�q p&h[qE_XO&\u_XO���h[fX_XO&NPOWqI_
K�U`_XUWfXhI�[MWqnO[�Ih[q�VXh[Z�K�Ym�{_XOWfdY[�£_¸lHh[Z��[h[��f¸l�fXhIl�hEV�OWf���p"K�Y��EZnOafdUWp&O&l]_dO&Znf5Znq k]U&�n�{_�Y[knY[l]_XU���VdY�p&Y[l�Y��
p&�£_dU[�n��q�k]UWl�OWq�knY[NCNPOWqI_aknOoz�YClnfdUWVXO&q�p&Ook�� Y[Z]_XfdOWVLNPOWN��nfdOWV�knY[q�VLz�Oo�[fdh[ZnlHO[���jhIZ�VLlnfdh[lHhIVXh[q�V5��p`�
Z�qnO Y[z£_dO&fdq�Y�_d�{�IOaYmZ]\PNPUWpWYmqn��V�NPOGV'k]Oa_Xf"Ymq�VXNP��VdVX�{hIqCOWq^p`hIZ�p"KnOGV&�$«�¬ ­'�EZnq�lnfXh[_Xh]p`hIz{OjknO p`hIqE_Xf��[z�O
knO�p&h[qn�IOWV�_X��h[q*��Y[VXU�V�Z�f4z�� Z]_X��z���VdY�_d�{hIq*k]O�z�Ym�HO&z�VW�'qnUGp`OGVXVX�£_dO�z�� Y�ichIZ]_¥k]O�²�z{_XfdOWV¥VX�{NPlnz�OWV4k�Ymq�VPz�OWV
fdh[Zn_XO&Z�fdVW� � h[NPNPO l�hIZnf4Sj³g¯¤hIZ k]�{�<VXO&fd�<�'p&OWV�²�z{_XfdOWVCq�� �{qE_XOWfX�u��O&qnq�O&qE_4l�Y[VPYmZ qn���[OWY[Z©_dfdY[q�Vc�
lHh[fX_W�Eq�� Y�ichIZ]_XOWqI_Ll�YIV¸k�� U`_"Y�_Ll�Ymf'´�hm_LknYmq�V¸z�OWV'fXhIZ]_XOWZnf"V&�EO`_Lq�� O`�<OWpº_dZnO&qE_��EZnO k]OGV¸hIl�UWfdYm_X��h[q�Vg_XfdMWV
VX��NCl�z{OGV&� � O�²�z£_dfdY[�[O[����Y[VXU4V�Znfoz�Y ��Ymz�O&Znf
k�� ZnqnO4U&_X� �EZnO`_X_XO¥p`hIqE_XO&quZnO4knY[q�Voz�OPl�Y��EZnO&_
O`_
p&Y[z�p&Znz{U
l�Ymf3z�Y�VXh[Znf"p`OI�(l�OWfXNPO&_oknOCl�YmfX_dYm�IO&f�U!�EZn�{_dY[�nz{OWNPO&qE_oz�Y ��Y[q�k]OPl�Y[VdVdYmqE_XOI�"�jhIZ�V�l�OWq�VXh[q�V#�EZnO4p`O
l�fXh[_Xh]p`hIz{O�l�OWZ]_ap`hIK�Ym���£_dO&fjY:�[OGp J � e$�nO&_%$`_dfXO3Z]_d�{z���VXUolHh[Znf�z�OoN�Znz{_X��lHh[��qI_�²HYm�nz�O[�
&.Á �G� ¿ ��' 
 �3��Ã Znz{_X��l�hI�{qE_W�mp&h]knYm�IOgKn��O&f"Ymf"p"Kn�(�EZnOI�Gp&h[qE_Xf��[z�O¸k]O5p`hIqn�[OGVc_d�{hIq¨�WK�U`_XUWfXhI�[UWqnU&�{_XUI�GU��EZn�£_dU[�
²�z£_dfXOGV&�]lnfdhm_dh]p`h[z�OWVW�u�¡qE_XO&fdqnO&_W�nN�Znz£_d��knU&�n�{_W��¬ ¯ e
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» �{_XK©_XKnO�Y[k]�IO&qE_�h[�Lq�O&¦�N�Z�z£_d��pWY[V�_CVXO&fd�E��p`OGV&�?VXZ�p"K±Y[V�YmZ�kn�{h[�Åp&h[q]��OWfXOWq�p`��qn��h[f�V�h[� _c¦5Y[fXO¥k]��V�_Xfd�£�
��Z]_X��h[q¨�$p`hIqI_dfXhIz{z���qn�^_dKnO4�[fdO&OGk|h[�'N�Z�z£_d��pWY[V�_�Ymlnlnz���p&Y�_d�{hIq�V�K�Y[V3�HOWp&h[NPO¥p`fd�{_X��p&Ymz®�4JLKnOPN�Znz{_X��p&YIVc_
OWqu�E��fdh[qnNPO&qE_?fdY[��VXOWV?q�O&¦*��VdV�Z�OWV?��q�_dKnOjk]OW�[O&z�h[l�NCOWqE_?h[�<p&h[qn�IOWV�_X��h[qCp`h[qE_dfXhIzEl�fXh[_Xh]p`hIz�VW���¡qPZnqn��p&YIVc_
OWq�k�_dh^O&q�k|p`hIqn�[OGVc_d�{hIq|p`h[qE_dfXhIz�lnfdhm_dhup&h[z�V&�HY¥VXh[Znf"p`O�YIknYmln_dV �£_"Vaf"Y�_dO
�{q�fXOGV�lHh[q�VXOo_dh�p`hIqn�[OGVc_d�{hIq
VX���[q�Y[z�V�V�OWqI_C��Y[p"¶¢�ub¢_XKnO fXOGp`OW�{�IO&fG���¡q±z�Ymfd�[O¥N�Znz£_d��pWY[V�_�OWqE�u��fXhIqnNPO&qE_dVW�?V�hIZnfdp&OWV�NPY:b��HO^h��IO&fX�
¦�K�O&z�NCOGkC�Eb���O&OGk]��Y[p"¶���fXhIN Y[z{z]_dKnOjNPO&N���OWfdVghm�H_XKnOj�IfXhIZnl¨�10jO`_dO&fdh[�IO&qnOW�£_cb�Y[NPh[qn��_XK�OjfXOGp`OW�{�IO&f"V
��V�Ymz�VXhCYCN4Y�ichIf5��VdV�ZnOoY[q�k^¦���z�z(_XOWq�k�_Xh4YmlnlHOWY[fLNChIfXO ��fdO!�EZnO&qE_dz{b¥��q _XKnO3��Zn_XZnfdO[�]¦��{_XK _XK�OoO`\u_XOWqI_
h[�¨_XK�O��¡qE_dO&fdqnO`_�Ymq�k¥_XKnOoY[fXfd�{��Y[z�hm�$qnO&¦�_cbElHOWV5h[��z{��qn¶]V�Ymq�k^k]OW�E��p`OGV&�?�¡q Y�p&h[qE_XO&\E_Lhm�1Kn�{�IK^��Y[q�ku�
¦���ku_dK¨��k]OWz�Y:bI�nYmq�k�ic�£_X_XOWfj��Ymfd��Y[�n�{z��{_cb[�]�{_j��Vjkn�32¥p`Z�z£_�_dh¥V�OWq�k¥_dh4O&�IO&fdb4fXOGp`O&���[OWfL�£_"V#45�'�6+7
�8��'+��&��Ymq�k
_dh4Y:�[h[��k¥�HO&��qn�4z��{NP�{_XOGk��ub4_dKnOo¦5h[f"Vc_�fdOWp`OW�{�IO&fL��q^_dKnOo�[fdh[Znl��
¯ O`²�q��{qn�|_XKn��V ·�45�-�6+9
�8:�-+��Å¹¥��q©Y�KnO`_dO&fdh[�IO&qnOWh[Z�V3N�Znz£_d��pWY[V�_�O&qu�u��fXhIqnNPO&qE_
��V
qnhm_�V�_Xf"Ym���[KE_X��h[fX�

¦LYmf"k(��J�hAY[k]hIl]_�Y|p`hINPNChIq§�u�{OW¦�l�hI�{qE_�hIqA�=Y[�{fdqnOGVXVW�1¦5O¥N�Z�Vc_�²�fdV�_�k]O&²�qnO^Y�V�O&_�hm��Z�VXO&f"V
Ymq�k
fdOWVXh[Z�fdp&OWVW��Y[V3¦5O&z�z¸Y[V�Y�VXYm_X��Vc�=YIpº_X��h[q¢NPO`_dfX��pm���¡q�_XKnO¥q�O`_c¦5h[fd¶E��qn��p`hIqI_dO`\u_W�1_XK���VoNPO&_Xfd��p¥pWYmqA��h[f
O&\nYmNPlnz�O4��O¥fdOWVXlHh[q�VXOC_X��NCOI�?l�h�¦5O&f5;G�1_XKnfdh[Zn�IKnlnZ]_G��_dKnfdh[Zn�IKI_dlnZ]_
lHO&f�knh�¦�q�Vc_dfXOGYmN�fdOWp&O&���[OWf=<{Q�>®�
»¢Ojp&Y[q�_dKnO&qPOW�£_dKnO&fgk]O&²�qnOjY�·c�=Ym��fXqnOGVXV?��q�k]O&\E¹�< v?>®�I¦�Kn��p"K �EZ�Y[qE_X�{_dY�_d�{�IO&z�boNPOWY[VXZnfdOWV1_XK�O¸·cO��IZ�Ymz��£_cbI¹
h[�gfXOGV�hIZnf"p`O�Y[z{z�h]p&Y�_d�{hIq¨�Hh[f3k]O`²�q�O �EZ�Y[z{�{_dYm_X���[O�l�fXhIl�OWf�_d�{OGVaVXZ�p"K�Y[V N4Y�\u�ÅNC��q��=Y[�{fdqnOWVdV@< s->$hIf lnfdhm�
lHh[fX_X��h[q�Ymz<�=Ym��fdqnOWVdVA< ����B�>Å�¸»¢O
VdY:b4_XK�Ym_ YPfdOWVXh[Znf"p`O3Ymz�z{h]pWY�_X��h[q ��V 
���C ¿ 
�D,EGFÅ�HD � �£�?�{_a��V���OWY[VX���nz{O
Y[q�k4�{���{_5��V¸q�hm_Ll�hEVXVX�{��z{Oa_Xh���q�p&fXOGY[VXO�_XKnO3VdY�_X��V��=Y[pº_d�{hIq¥hm��Y�Z�VXO&f5¦��£_dKnh[Z]_�VX�{N�Znz£_"YmqnOWh[Z�VXz�bCpWYmZ�VX�{q��
YPk]OGp`fdOWYIV�O��{q _dKnO
VXYm_X��Vc�=YIpº_d�{hIq^hm�ÆYCNPh[fdO3p&h[q�V�_Xf"Ym��qnOGk¥Z�VXO&fG�
¯ ��Vdp`Z�VXVX�{hIq�V h[q��=Ym��fXqnOGVXV^��h[f�Znq���pWY[V�_�p&h[NPl�YmfdO|´�h�¦jV¥_dKnfXhIZn�[K�lnZ]_�h��[OWf�Y l�Y�_dK�h[f�h��IO&f�Y

p&h[NPNPh[q��Hhm_�_dz{OWqnOWp"¶¢z��{qn¶<�JI V
h[Zn_Xz��{qnOGk§��qG< K->®�?�{_���V�k]�L24p&Znz{_�_Xh�K�Y:�[OP_dKnO�VdYmNPO¥p`hIq�VXO&q�VXZ�VohIq
�=Y[�{fdqnOGVXV
��h[fCN�Znz{_X��p&YIVc_G��I N�Z�z£_d��pWY[V�_CVXOWVdV���h[q±pWYmq©K�Y:�[O¥��q�k]OWl�OWq�k]O&qE_4�Hhm_�_dz{OWqnOWp"¶�z��{q�¶uV�_dK�Y�_P�£_
VXK�Y[fXOGVa¦��{_XK�k]�{�HOWfXOWqI_oZnq���pWY[V�_�hIf�N�Znz{_X��p&Y[V�_3´�h�¦jVW��¯aO&²�qn��qn��Y¥�=Y[�{f
Y[z{z�h]p&Ym_X��h[q|lHh[z���p&b[�(_dKuZ�V�_XKnO
·XVdY�_X��V��=Y[pº_d�{hIqu¹4hm�aY�N�Znz£_d��pWY[V�_�´�h�¦o�?��V�q�hm_���qE_XZn�{_X���[OI�A¯ huOWVCY|N�Z�z£_d��pWY[V�_�V�OGVXVX��h[q©k]OGV�OWfX�IO¥NPh[fdO
��Ymq�k]¦���ku_dKA_dK�Ymq©Y�VX�{q��[z�O¥J � e2p`h[q�qnOWp`_X��h[q¢�£���{_�V�OWfX�IOWV3N�Z�z£_d�{lnz�O¥fdOWp&O&���[O&f"V�M Ã hIV�_�YmfX_X��p`z�OWV3hIq
N�Znz{_X��p&Y[V�_3�=Ym��fXq�OWVdV p&h[q�VX��knO&f�_XKnO4pWY[VXO�h[�5VX�{qn�Iz{O&�®f"Y�_dO�VXOWVdV���h[q�V�VXK�Y[fX��qn�^��Ymq�k]¦���ku_dK¢¦��{_XK¢Znqn��p&YIVc_
VXOWVdVX�{hIq�V&�nY[q�k ��h]p`Z�Vah[q _XK�O9�6*N�O�5+!��PQ$-&R45�'�6+!*S�!
�
º����Y[VXOWk h[q�_dKnO�knYm_dYPl�Ym_XK�_XhP_dKnO
¦5h[f"Vc_jfdOWp&O&���[OWf
��q¥_dKnO3�[fdh[Znl�< Kn��t]�uw'>®�gJLKnOWb¥k]hCqnhm_�p`hIq�V���k]OWf¸_dKnO@�6*��T��+!�O+������5�6U'��+V45�-�6+!*W�5
�
"�nY[NPh[qn��fXOGp`O&���[OWfdV¸hm�1Y
VdYmNPOoVXOWVdV���h[q¨�
�Å_jVXO&O&N4V5Knh�¦5O&�IO&f¸NPhIfXO q�Y�_dZnfdY[zH_XhPV�OWOa�=Y[�{fdqnOWVdV¸��fXhIN)Y�fdOWp&O&���[O&f5Vc_"Ymq�knl�hI�{qE_W�gJLK�O fdOWp&O&���[O&f�� V

VdY�_d��V��=Y[p`_X��h[qCp&YmqCV���NPlnz�b
��O�k]O&²�qnOGkCYIV1_XKnOL��Y[q�k]¦���ku_XKPfdOWp`OW�{�IOWk(���Å_¸k]huOWV$qnhm_gk]OWl�OWq�kCh[q�¦�KnO`_dKnO&f
�{_1fdOWp&O&���[OGV<�{q]��hIfXN4Ym_X��h[q3��fdh[N�Y�Znqn��p&YIVc_�hIf1Y�N�Znz{_X��p&Y[V�_¨´�h�¦o�1�¡q=< }->®�G_dKnO¸qnh[_X��h[qoh[�u�Iz{hI��Ymz[NPYm\u�®NP��q
�=Y[�{fdqnOGVXV���Vjk]O&²�qnOGk ��fXhIN _dKn��Val�OWfdVXlHOWpº_d�{�IO=XY�:
���+�
LY[fXO3fdOWp`OW�{�IO&f"V�Ymq�k�q�hm_�´�h�¦jVW�5JLK���V k]O`²�q��£_d�{hIq
Y[lnlnz��{OGVo_dh|Znqn��p&YIVc_�VXOWVdVX�{hIq�V�YIVo¦'OWz{zLY[V
N�Znz{_X��p&YIVc_PV�OGVXVX�{hIq�VW�$Y[q�k�O&�IO&q�_Xh�N�Znz{_X�{�®f"Y�_dO^VXOWVdV���h[q�V	Z��
»¢OWY[¶[OWf��=Y[�{fdqnOWVdVClnfdh[lHO&fX_X��OWV���fXhIN Y|´�h�¦ Vc_"Ymq�knl�hI�{qE_4p&Ymq±_XKnOWq �HO��{qn��O&fdfXOGk(�'VXZ�p"K YIV �G� 
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hIqnz�b���OWOWk]��YIp"¶Aq�O&OWknOWk§��V�Ym_�_dKnO^OWq�k§hm��_dKnO¥_dfdY[q�V���O&fG��_dh���q]��h[fdN _XKnO V�hIZnfdp&OP_XK�Ym_C�{_CpWYmq©V�_XhIl
_dfdY[q�VXNC�{_�_d�{q����gJLKnO
knYm_dYCh[fd�IY[qn���WY�_d�{hIq^lnfdh[lHhIVXOWk���q < v-K'>1p`hIN��n��qnOWk�¦��{_XK�_XK�O3_dYm�I�[��qn�PYmz��[h[fd�{_XKnN
�°sn��Q[� v � �ÆO&q�Y[�nz{OGVCZ�V�_Xh¢K�Y:�[O Y|²�q�O��IfdY[qEZ�z�Y[fX�{_cbAhIq©_dKnO�fdOWp&O&l]_d�{hIq±f"Y�_dO[�¸Y[q�k§_dKEZ�VCYIp&p&h[NPlnz���VXK
q�OWYmfX�®_Xhm�Åh[ln_X��NPY[z�fdOWp&O&l]_d�{hIq^_d�{NPOI�

����/ �0���,���v�J� < � �J� �61��	��7��U�2147
�]�{q�p&O4¦'O4K�Y:�[OC²�qn�{_XO¥��Z]�HOWfdV
�{q§hIZnf
KnhEVc_"V&�$Ymq�k�VX�{q�p&O4¦'OP_dh[z�O&f"Y�_dOCq�h|z{hEVXVW�¨_dKnO4f"Y�_XO¥Ym_
¦�Kn��p"K
��q]��hIfXN4Y�_d�{hIq���VCV�OWqE_
��fXhIN�_dKnO^VXh[Znf"p`O4��V�z{��NP�£_dOWk§�ubA_XKnO¥¦5h[f"V�_�p"K�Ymqnq�O&z'pWYml�YIp`�{_cb��HO`_c¦5O&OWq§_XKnO
VXh[Z�fdp&OgYmq�k�_dKnO¸NPO&N���OWfdV�hm�u_XK�O¸�[fdh[Z�l¨�¨³Æ�[OWqo_XK�h[Zn�IK3_XKn��V¨NPOWY[q�V(_dK�Y�_1_XKnO5V�OGVXVX��h[q3��V��{qE_dfX��q�VX��pWYmz�z{b
VX��qn�[z�O`�ÅfdYm_XO�hIfX��O&qE_XOGk(�I��fXhIN Y[q¥��q]��h[fdN4Y�_X��h[q�Ymz<Vc_"Ymq�k]lHh[��qE_W�I_XKn��VLk]huOWV'qnhm_5NPOWYmq¥_XK�Ym_LY[z{zHfXOGp`OW�{�IO&f"V
N�Z�V�_LfdOWp&O&���[O�_XK�O
VXY[NCOoY[NChIZnqE_�hm�1fdOWknZnq�knY[q�p`bI�

�uZ�lnl�hEV���qn��_XK�Ym_
Y�VXh[Znf"p`OCp&Y[q�OWV�_X��N4Y�_dO�_dKnOP¦'hIfdV�_�p"K�Y[qnqnOWz?pWYml�YIp`�{_cb[�<�{_opWYmq¢V�OWq�k�_dKnOCk�Y�_dY
��q _c¦'hCz�Y:b[O&f"V�X

� JLKnO�h[fd���[��q�YmznknYm_dY�z�Y:b[O&fG��_dK�Y�_gK�YIV$_XKnOaKn�{�IKnOWV�_Ælnfd�{hIfX�{_cb[�?JLKnO���Y[q�k]¦���ku_XKPfdOWVXO&fd�[OWk
��h[fÆ_dK�Y�_
z�Y:bIO&fL��VjV�z����[KE_Xz�b¥�HO&z�h�¦�_XK�Oo¦'hIfdV�_Lp"K�YmqnqnOWz¨p&Y[l�Y[p&�£_cbI�

� I�fXOGk]Znq�knY[q�p`b�z�Y:b[OWfW�?¦�Kn��p"K±¦���z{zLOWq�Ym�nz�O¥�=YIVc_PfdOWp`OW�{�IO&f"Vo_dh¢k]OGYmz5¦��£_dK K��{�IKnO&fCz{hEVXV�f"Y�_XOGV&�
fXOGk]Z�p&�{qn�PfdO`_dfdY[q�V�NP��VXVX��h[q^fdO!�EZnOGVc_"V&�

» �{_XK�_dKn��V VXp"K�O&NPO[�]KnO&_XOWfXhI�[O&q�O&h[Z�VLfXOGp`O&���[OWfdV'_dK�Y�_jK�Y:�IO�_XKnO
VdYmNPO
p&Y[l�Y[p&�£_cbI�nV�hINPO�¦��{_XK�K��{�IK
z�hIVdV
f"Y�_dOWV��nZ]_�K��{�IK©��Ymq�k]¦���k]_XK¨�gh[_XKnOWfdV�¦��£_dK©z�h�¦'OWf
��Ymq�k]¦���k]_XK±��Z]_�z�h�¦'OWf�z�hIVdV
f"Y�_dOWVW�?pWYmq©Y[z{z
YIp"Kn��O&�[O _XK�O&��fjp&Yml�Y[p`�{_cb4_dK�Ymqn¶]V5_dhP_XKnO3N�Z�z£_d�£�ÅfdYm_XOoVXOWVdV���h[q¨�
­�O&OWkn��Y[p"¶¢��V�qnOGp`OWVdVdYmfdb��HOWp&Y[Z�VXO¥hm�jz��{NP�{_XOGk©�nZ]�<O&fPVX���WO^Y�_�_XKnO V�hIZnfdp&O[�J0ah�¦'OW�[O&fG�$�£_C��V�qnhm_

fdO&z�Y�_dOWk©_Xh�p`h[q��[OWV�_X��h[q p`h[qE_dfXhIz°�gY[q�k±YIp"¶Eq�h�¦�z{OGk]�[NPO&qE_"V�hIf�qnOW�IYm_X���[O`�¡Y[p"¶uqnh�¦�z�OWkn�[NPO&qE_dV�p&Ymq ��O
VXO&qE_
hIq©Y�N�Z�p"K§z�Ymfd�[OWf3_X��NCO&�ÅVdp&Y[z{OI� Ã hIfXOWh��[OWfW�(_dKnO¥Z�VXO¥h[�LO&\]l�hIqnO&qE_X��Ymzg_X��NCOWfdV�p&Ymq§N4Y[¶[OP_XK���V
��OWOWk]��Y[p"¶^Vdp&Y[z�Y[�nz{O < sIv?>Å�
­�O&OWkn��Y[p"¶P��V'Y[z�VXh�Z�VXOWk¥�Eb4VXh[NPOafdOWp&O&���[OWfdVg_Xh���q]��hIfXN _XK�O�VXh[Znf"p`Oahm�¨_dKnO&��f'fdOWp&O&���u�{qn��fdYm_XO[�ÆJLKnO

VXh[Z�fdp&O^��VPl�YmfX_X��p`Znz�Ymfdz�b¢��qE_XOWfXOGVc_dOWk©��q _XKnO ¦'hIfdV�_PfXOGp`O&���u�{q��Ap&Y[l�Y[p&�£_cbI�Æ��h[fC_dKnO�k]O`_dO&fdNC��q�Ym_X��h[q±h[�
_dKnO�z�h�¦5OWV�_az�Y:bIO&f�� VL��Ymq�k]¦���ku_dK¨�(Ymq�k�_dKnO��HOWV�_ fdOWp&O&���u�{qn�^fdYm_XO[��_Xh Y:�[h[��k �[OWqnO&f"Y�_d�{qn�4Z�V�OWz{OGVXV ­$³ �
l�Y[p"¶[O&_dV �=Y[q�k fXOGk]Z�p&O�fdOWknZnq�knY[q�p`b¥��q�_XKnOoqnO&_c¦'hIfX¶P�5V�OWO �]OWpº_d�{hIqJB]��Q � �
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Rate =2.5
2

Rate =2.5
1

R1

Rate =2.5
1

Rate =2
2

S1

S2 Capacity=5

R2

Capacity=3

Capacity=2

Max-min fair
rate = 3 > 2.5

rate=2
Max-min fair

Redundancy 
for session 2 = 1.25

­$�{�IZnfXOosNXÆ�¡qnO52¥p`��O&qE_��Hhm_�_dz{OWqnOWp"¶�z{��qn¶�Z]_X��z{���WYm_X��h[q
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JLK�OC��Y[VX��pClnfd�{q�p`��lnz{O4h[�5«�¬a­ ²�z£_dO&f"V3��V3_dK�Y�_o_dKnO&bAlnfdh��E��k]O�_Xh|Y�´�h�¦ O&�{_XKnOWf
Ymz�zÆ_XKnO4��Ymq�k]¦���ku_dK
fdOWp&O&���[OGk���fXhIN Znl�V�_XfdOWY[N ���®� OI�±l�YIp"¶[O&_dV���fXhIN _XKn��V�´�h�¦ Y[fXO�Ymz�z5_dYm�I�[OGk©�HO&z�h�¦�_XKnO _dKnfXOGV�K�h[z�k � �
hIf�_XKnOPN4Y�\]��N�ZnN���Ymq�k]¦���ku_dK¢Y[z{z�h]p&Y�_dOWk|_Xh�Ymz�z?´�h�¦jV�h[qA_XKn��V3z��{qn¶ ���®� OI� � � � 
 ��¦�KnO&fdO � ��V�_XKnO
_dKnfdOWVXKnh[z�k � �?JLKn��VÆz�OWY[k�V$_Xho��qI_dO&fdOWV�_X��qn���=Ym��fXq�OWVdV?lnfXhIl�OWf�_d�{OGV&�mYIVgk]O&²�qnOWkC��q < }�>Å�uV�Z�p"KPY[VÆVdYmNPO&�®l�Ym_XK]�
fdOWp&O&���[OWf��®�=Ym��fXq�OWVdV&�3S�OWp&O&���[OWfdV�YmfdO�qnh[_
p`h[q�Vc_dfdY[�{qnOGk��ub�hm_dKnO&f3NPO&N���OWfdV�hm�¸_XKnOP�[fdh[Z�l¨� 0jh�¦5O&�IO&fG�
¦5Ook]hPqnhm_aY[z{¦LY:b]V¸K�Y:�[O3�[z�h[��Y[z<NPYm\u�®NP��q^�=Y[�{fdqnOWVdV�Y[V�VXKnh�¦�q h[q�­$�{�IZnfXOos��
¬aq�k]O&f�V�hINCO�p`��f"p`ZnN4V�_dYmq�p`OWVW�¸¦�K�O&fdO N�Znz{_X��lnz{O�z���qn¶]V4YmfdO p&h[qn�IOWV�_XOWk±h[q Y�VXY[NCO�knYm_dY¢l�Ym_XK¨�

fdOWVXh[Z�fdp&OWVghIq�YCz��{qn¶4N4Y:b4�HO3Z�V�OGk^��qnO�24p&�{OWqE_Xz�b[���LYmq�k]¦���ku_dK���V5¦5YIVc_dOWk4_dhC_Xf"Ymq�VXNP�£_�knY�_"Y�Z�qEZ�V�OGk
�ub3k]h�¦�q�V�_XfdOWY[N�fdOWp`OW�{�IO&f"V&�GYmq�kop&h[Znz�koK�Y:�IOÆ��OWO&q
Z�V�OGk3�EboY[qnhm_dKnO&f(´�h�¦o�1JLKn��V¨��V�k]Z�Og_Xhj_XKnO?·cz�h]p&Ymz£¹
q�Y�_XZ�fXOChm�5h[Znfop`hIqn�[OGVc_d�{hIq�p`hIqE_Xfdh[z?VXp"KnOWNPO[��Y[q�k�_dKnO4Ym��VXO&q�p&O�h[�¸´�h�¦ Vc_"Y�_XOC��q�_dKnOPfXhIZ]_XOWfdVW� �jh
´�h�¦���q]��h[fdN4Y�_d�{hIq�p&h[q�p&O&fdqn��qn�4k]h�¦�q�V�_XfdOWYmN fXOGp`O&���[OWfdVL��Vjp&h[z�z{OGpº_XOGk�Y�_�_dKnO
z��{qn¶<�LJLKn��Vj��qnO52¥p`��O&q�p`b
��V3NPOWYIV�ZnfdOWk��ub�_XKnO � ½ Â��1E�Â$�NE1� ¾ k]O`²�qnOWk¢��q < }�>'YIV _XKnO4f"Y�_d�{h ��O&_c¦'OWO&q¢_XK�OC��Ymq�k]¦���ku_dK¢Z�V�OGk
�ub�Y^´�h�¦2h[q¢Y¥z��{qn¶|Y[q�k�_dKnOCNPYm\]�{N�ZnN¤��Ymq�k]¦���k]_XK�fdOWp&O&���[OGk��ub�knh�¦�q�Vc_dfXOGYmNÄfdOWp`OW�{�IO&f"Vjh[�g_XKnO
´�h�¦o� IÄz��{q�¶©��VPO�2¥p`��O&qE_Xz�b©Z�VXOWk*�{�a_XK�O�fXOGk]Znq�knY[q�p`��OWVCh[��Ymz�zL_XK�O�´�h�¦jVCO!�EZ�YmzoQI� ³?\nYmNPlnz�O h[�
�Iz{hI��Ymz�z�b�O52¥p`��O&qE_oqnO`_c¦5h[fd¶�p`hIq]²��[Z�fdYm_X��h[q�V�YmfdOC_XKnhEV�OC¦�KnO&fdOPfXOGp`OW�{�IO&f"V Y[fXOClnfdOWVXO&qE_3Ym_
Ymz�zÆqnh]k]OWV
h[�¸_dKnO¥N�Z�z£_d��pWY[V�_�_dfXOWO[�¥S�Z���OWq�Vc_dO&��q©V�K�h�¦jV ��q < }->Æ_XK�Ym_
fXOGk]Znq�k�Ymq�p&b|K�Y[V�Y�q�O&�IYm_X���[OC�{NPl�YIpº_
hIq
N4Ym\E�ÅNP�{q|�=Ym��f ��Y[q�k]¦���ku_XK¢Ymz�z{h]pWY�_X��h[q�V&��S�OWk]Z�q�knYmq�p`b|Ymz�VXh¥O`\]��Vc_"Va��q�z�Y:b[OWfXOGk�p`h[q��[OWV�_X��h[q|p&h[qE_Xfdh[z
l�fXh[_Xh]p`hIz�V�k]Z�O3_XhP_XK�O�k]�L24p&Znz{_cb^hm�gp&hEhIfdkn�{q�Ym_X��qn� ich[��q|Ymq�k z�OWY:�[OGV&�g­�Z]_XZ�fXO
¦5h[fd¶^VXKnh[Z�z�k �HO
k]h[qnO
hIq�hIZnfjVdp"KnO&NPO�_XhPO&��Y[z{Z�Ym_XOoYmq�k�z���NC�{_�_XK�OoO`�<OWpº_"V�hm�$fXOGk]Znq�k�Ymq�p&b[�
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I�p"K��{OW�E��qn����qI_dfdYm�®l�fXh[_Xh]p`hIz'N4Y�\u�ÅNP�{q*�=Ym��fdqnOWVdV4Ymq�k �HO&��qn���=Ym��f¥¦��{_XK J � e$�¸O&�IO&q*�£�o¦5O�p`h[q�V���k]O&f
hIqnz�b�VXY[NPO`�Ål�Y�_dK]�®fdOWp&O&���[OWf¨�=Ym��fdqnOWVdV&�IYmfdO'��q�p`hINPl�Y�_d�{�nz�O[�EV���q�p&OLJ � e�k]huOGV?qnhm_glnfdh��u��knO5VXZ�p"K��=Ym��fXqnOGVXV
l�fXhIl�OWf�_d�{OGV1¦��{_XK4�{_dVXO&z{�c�?J � eAK�Y[V?�n��Y[VXOWVÆY[�IYm��q�V�_gp`h[q�qnOWp`_X��h[q�V$¦��{_XK4N�Z�z£_d�{lnz�Ojp`hIqn�[OGVc_dOWk��IY�_dO&¦LY:b]V
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hIfL¦��£_dK z�h[q��[O&f�fdh[Z�q�k¥_dfX��l�_X��NCOGV7< s[s�>Å��� Znf�h[�nicOWpº_d�{�IO3��V5_dKnO&fdO`��hIfXO�_Xh4YIp"Kn�{OW�[O���hIZnq�k]OGk��=Ym��fXqnOGVXV
��qE_Xfdh]k]Z�p`OGk^��q�< K'> X

��� (��'e)�|fdOWp`OW�{�IO&fLfG� ��� �' "!� � � �
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JLKn��Vg�IZ�Ymf"YmqE_dO&OWV$_dK�Y�_'��h[f'O&�[OWfXb�fXOGp`O&���[OWfW�Iqnh[fg_XKnO�J � e§p`h[q�qnOWp`_X��h[q¨�Eqnh[fg_XKnO�¬a¯�e§N�Znz{_X��p&YIVc_

p&h[qnq�OWpº_d�{hIqop`h[z�z�Yml�VXOWVW�cIjl�l�OWq�k]�{\ ��VXZn�I�[OWV�_dV(_XKnOÆ��hIz{z�h�¦���qn����Ymz�ZnOWV<��hIf � Ymq�k���X � 	 
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����� ��¦�KnOWfXO&	 � : # Ymq�k 	 ��� � Y[fXOC�Hh[Znq�k�Voh[qA_XKnO4fdh[Z�q�k|_dfX��lA_X��NCOI� 	 �� "! ��V3_XKnONP��qn��N�ZnN fdh[Znq�kC_dfX��lP_X��NPO p&h[q�VX��knO&fdOWkC��h[f¸_XKnO p`h[NPlnZn_dY�_d�{hIq4hm�(_dKnOj_dKnfXOGV�K�h[z�k � �uOGpº_X��h[q¥s�� v � Ymq�k
CA��V�_XKnOoN4Y�\]��N�ZnN qEZ�N��HO&f�hm�Æp`hIqn�[OGVc_dOWk^z{��qn¶]V&�
»¢O3KnO&fdO�p&z{OGYmfdz{b¥VXO&O _XK�O�����YIV'h[�$J � e*Ym�EYm��q¥z{hIqn�CfXhIZnq�k4_dfX��l�_X��NCOGVLYmq�k�N�Znz{_X��lnz�Oop`h[q��[OWV�_XOGk

�EY�_dO&¦LY:buVW�uV���q�p`O�_dKnOoz{h�¦���hIZnq�k � f"Ymln��k]z�b^k]OGp`fdOWY[VXOWVLYIV 	 ��� � Ymq�kmCA�{q�p`fdOWY[VXO[�
�Å�L¦'O4p&h[q�VX��knO&f 	 � : # 	 N � � �9	 ��� � 	 N$&)& � � �1¦��£_dK�h[qnz�b|h[q�OC�Hhm_X_Xz�O&qnOGp"¶�hIqAOGY[p"K¢l�Y�_dK

� C 	�- � �nYmq�k-	 �� "! 	'N)& � � �]¦5O
p&Ymq �[���[O _XK�O3��h[z�z{h�¦���qn�P��hIZnq�knVLhIq �=Ym��fXqnOGVXV�X

� 	 - ��&)&�(�� 	 -`&
�Å�<_XK�OWVXO���hIZnq�knVgY[fXO�q�hm_¸VdY�_X��V��=Y[pº_dh[fdb[�mY[qnhm_dKnO&fÆ¦LY:b
hm�<O&qn��h[f"p`��qn�3�=Ym��fXq�OWVdV?¦��£_dKPJ � e���V?_dhoZ�V�O

p&z�YIVXVj��Y[VXOWk �EZnOWZn�{q��¥��O&_c¦'OWO&q|J � e$�<¬a¯�e�p`hIqE_Xfdh[z�z{OGk^_dfdY-2¥pm��Y[q�k�¬a¯�e?�Åqnh[qn�Åp&h[qE_Xfdh[z�z{OGk�_Xf"Y'2¥pm�
«�¬a­ fXhIZ]_XOWfdV�¦��{z�z[OGVc_d�{N4Ym_XOg_dKnO'Y:��Y[�{z�Ym�nz�OÆ��Y[q�k]¦���ku_XK���h[f1¬ ¯ eÆ�Åp&h[qE_Xfdh[z�z{OGk�_Xf"Y'2¥pm���¡qI_dfdYm�®l�fXh[_Xh]p`hIz
�=Y[�{fdqnOGVXV5��VjY[p"Kn��O&�IOWk^¦��£_dK�_dKnO3_dY[�[�I�{qn�CNPOWp"K�Y[qn��V�N��

� � #?2 � �`
3!?#`+�/��

»¢O3V���N�Znz�Y�_dOWk^«�¬a­§¦��{_XK^_XKnO#� �¥VX�{N�Znz�Ym_XhIfq< sm�'>Å�Æ�¡q¥_dKnO3p"KnhIVXO&q4_dh[lHh[z�h[�Ib[�E_XKnOWfXO�YmfdOa��_cbul�OGV'h[�
fdOWp&O&���[OWfdV�� Ij�dQI��I��cv]� �'�"Q[� �'�cv]�$S�OWp&O&���[O&f"VVI��cv�Ymq�k��'�¡v V�K�YmfdOLY3p&h[NPNPh[q�Y[q�kCZnqn� �EZnOL��h[_�_Xz�O&q�OWp"¶
h[� fdOWVXl�OGpº_d�{�IO&z�b�Q Ã �jª�V4Ymq�k B � � s ��ªmV&� �¡q h[Z�fPVX��N�Znz�Y�_d�{hIq�V&�'_XK�O&fdO ��V4Ymq O��IZ�Ymz�quZnN��HO&f4h[�
q�huknOWV ��h[foOGY[p"K|_cbulHO[�PS�OWp&O&���[OWfdV�I��"Q4Ymq�k �'�dQCfXOWlnfdOWVXO&qE_a_dKnO4V�z�h�¦ fdOWp`OW�{�IO&f"V&�<�HO&Kn��q�k�Y�V�OGp`hIq�k
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Y[�IY[�{q�V�_jz�h[qn�4fdh[Znq�k _Xfd�{l�_d�{NPOWVW�j»¢O�VXO&O[��Knh�¦5O&�[OWfW�n_XK�Ym_ qnOW�£_dKnO&fa_XKnO�¬ ¯ e�p`hIqnqnOWp`_X��h[q¨��qnh[fa_XKnO
J � e±p`h[q�qnOWp`_X��h[q¥p`hIz{z�Yml�V�OGV&�EYmq�kC_dK�Y�_'_XKnO fdYm_X��h
hm�<_XK�O&��f¸_dKnfXhIZn�[K�lnZ]_'V�_dY:b]Vg¦��{_XK��{q4_dKnOal�fXOGk]��p`_XOGk
�Hh[Z�q�knV �H	 � : # �

B��mN4VW� 	 ��� �
�

� B��[N4V&�5	 �� "! �

Q�B��mN4VW�AC
�

Q � X

� 	�- �$K�(�� 	RE

��� ` ���



���������	��
���
���������������� ����
!�#"#�%$'&)(#$'*��,+�$-� Q�t

Forwarded packets

Lost packets
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J1h YIp&p&h[ZnqE_���h[f3p"KnOWYm_XO&f"V�Ymq�k�qnh[q]�¡p`hIqE_Xfdh[z�z{OGk|¬a¯�e�´�h�¦jV&�¨¬ ¯ e�l�Y[p"¶IO`_"V pWYmq��HOC_dY[�[�[OGk�h[f

fdO`�®_dY[�[�IOWk h[q�Y¥l�OWf��®´�h�¦���Y[VX��V Ym_a_XK�O��Hh[Znq�k�Ymfd�{OGVah[�¸Y¥qnO&_c¦'hIfX¶<�aJLKnO�fdYm_XO
h[�¸¬a¯�e�_dfdY-2¥p
p&Y[q
Y[z�VXho�HOap`hIqI_dfXhIz{z�OWkChIqnz{bCh��[OWf¸VXh[NPO�z{��qn¶]Vgh[�<_XKnO �¡qI_dO&fdqnO`_G�EY[z{z�h�¦���qn����h[f¸��q�p&fXOWNCOWqE_dYmz�k]O&lnz�h�buNPO&qE_W�
� Z�f3Y[lnlnfdhIYIp"K|fXO��EZn�{fdOWV�NPh]k]�{²�p&Ym_X��h[q�V���q�_dKnO4fXhIZ]_XOWfdVW�¨Ymq�k�Y[k�knVoV�hINPO �=z{��NP�£_dOWk � h��IO&fdKnOWYIk ��h[f
��Ymq�k]¦���ku_dK¥OWV�_X��N4Y�_X��h[q¥Y[q�kP_"Ym��p&h[NPl�Ymfd��V�hIq¨��0ah�¦'OW�[O&fG�m¦5Oj�HO&z��{OW�[Oj_dK�Y�_5�ub��{_dV5V���NPlnz���p&�£_cbI�I«�¬ ­
��V�Ymq���qE_XO&fdOWV�_X��qn�PYmlnl�fXhEY[p"K¥_dh4p`h[q��[OWV�_X��h[q�p`hIqE_Xfdh[zH��h[f�N�Znz£_d�£�Åf"Y�_XO3N�Znz£_d��pWY[V�_jV�OGVXVX�{hIq�VW�

� ��	���0$�j/^%5���

`�`�o'�N�5���!�



QGw ���{(V�L��+,� ���

Source / node A

Source / A-2 receiver

TCP/UDP throughtput ratio

Number of flows

0.0000

0.1000

0.2000

0.3000

0.4000

0.5000

0.6000

0.7000

0.8000

0.9000

1.0000

1.1000

1.2000

1.3000

1.4000

1.5000

1.6000

1.7000

5.0000 10.0000 15.0000 20.0000

­1���[Z�fXOo}HX � � 	9! � � �� "! ��hIfjY���Y[fXbu��qn��quZnN���OWfjhm�1´�h�¦jV

��� ` ���



���������	��
���
���������������� ����
!�#"#�%$'&)(#$'*��,+�$-� QG}

<{Q�>7I�� � O&�Ih[Z]_G�¨xn���jhIqnqnOWqnN4Y[p"KnOWfW�<Ymq�k�³��(»2� �'��O&f"VdY[p"¶<�5·��LYmq�k]¦���ku_dKAYmz�z�hupWY�_d�{hIq�l�hIz{��p`��OWVa��h[f
Z�qn��pWY[V�_aYmq�k�N�Z�z£_d��pWY[V�_W� ¹��{qR�h+	$ ������
'�6* �-
@$t4����������!* 45$?��$��	� 
�
[� Ã Y[fdp"K¢QW}I}[}n�

< v'>oSaY�icO&q�k]fdY sP�uxIYm��q¨�u¯ Y[K]� Ã �{q���»2� � Kn��Z¨�]Ymq�k^» �{z�z{��YmN�So��0 Y:¦'OI��·aI �EZ�YmqE_X�{_dYm_X���[O NCOGY[VXZnfdO
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