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� �4�����'�?�Y�Y p¡ m\¢£�`¤YmWt|z}¢£��v'z}mjzui?m"�Em��u¥¦�Y�}l�v��H��m2�£¢�lJ¢§z�v'z}¢£�Q�Ht�¢��Jzui?mp��vQt�m2�Y¥;v¨�©v��}�Ym2�`w?lª�Vm��N�Y¥«���Y�H�
�?¢�t�z}vY�H�-m ¤Y�Y¢©�-m �'¤Ym��ª¬|~:��v����©tª�Q�u¢��Y¢��Hv�zu¢��?�­¥¦�}�Yl®�y¢£¯Em��um���zJtu�Yw?���-mWt,vY�H�°z}�}vY�Ht��E�Y�uzumW�±zuiH�u�Qw?�Yi²v
�Em�t�z�³´m-¯«�Y�uzµ¬|~¶�?m�z|·µ�Q�u¸«¹ ¡ mº¥¦�y�-wHt��Y��zui?mp�V�Yzum��Qz}¢�vY�£��{��?m��Qv'z}¢£¤Qm\m�¯EmW��z}t��Y¥=zu�Yz}v��E�?�}��z}�`���Y�Ei?m�vQ�ym��
�'¤Qm��}i?m�vQ�;»�·2i?¢©��i�¢©t�z|·2¢©�-m\zui?mp¤Y�Q¢���m"�Hv]{`���QvY���Qm��?m��}v�zum��J�`{�zuiHm\i?¢��Yiy³¼�-�QlJ�?�umWtutu¢��Y��v�wH�?¢£�,���y�ym���t�¹
hjiHm�tum"�?m���v'z}¢£¤Qm�m�¯EmW��z�tN��v��?�Qm�¥¦�u�Ql½z}i?m\¢��?m-¾���¢£m��QzµwHt�m\��¥;�Hv��V�y·2¢��yzuiJzu��zui?mº�?m-z|·��Y�}¸,�-�Q�?�YmWt|z}¢£�Q�
��v�wHtum��p�`{"z}i?m��©v��}�Ym
�`w?l,�Em��4��¥yt�iH�Y�uz=¤Y�Y¢©�-mT�VvY��¸Ym�z}tE¿H�'·2¢��?�2¢���zu�jzuiHm�¬|~À�?m-z|·��Y�}¸«»�·2i?¢©��i��ym��Y��vY�ymWt
z}i?mÁ�umWv��£³Rz}¢£lJmBzu��v��HtulJ¢�t}t�¢��Y�Â�Em��u¥¦�Y�}l�v��H��mBvY�H�Ã���umWv'zumWt v²¥Äv�¢��}�?m�t}t��H�u�Q�?�£m�l#�VmW��vYwHt�mB��¥ªh\Å�~
z}�}v�¾��J�Vm�¢£�?�Át�wH�?�?�}m�t}t�mW�;¹�hjiHm�v��?�H�u��vY��i±�ym�¤Qm����Y�Em��±¢©t�zu�BvY�?vY�yz�zuiHm�zu��v��Htu�E�Y�uz��?�u�Yzu�y�-�Q�Nv��V�
z}i?m�·jv]{Æ¢£�±·2i?¢©��iÁ¢§z,¢���zum��}vQ��z}t¨·2¢£zuiÁz}i?m��?m-z|·��Y�}¸­¢��°�Y���ym��pzu�Ætuw?�?�E�Y�uz�¤Y�Q¢���mª¿V�'·"t��-�YlJ�Em-z}¢£�?�
·2¢£zuiÇh\Å�~Èz}�}v�¾��J¢��±zuiHm�¬¼�Qz}m��}�?m-z�m��`¤�¢��}�Y�?lJm���zW¹ ¡ m��?�u�Q�V��t�m�vÀ�?m�·:lªw?�£zu¢��?�£m�xy¢£�?�Æt}��i?m�l�m��Y¥
q
h2~½¤Y�Y¢©�-m t|z}�umWv�l�tª��v����£mW�Çh2ÉTÊËÅÍÌRh\Å�~
³´ÉH�u¢�m��V�y�£{ÇÊÀwH�§z}¢£�?��m-xy¢��?�ÇÅµ�Y��zu�}�Y�ÏÎ¨·2i?¢©��i²wHtum�t�h\Å�~
³
¥¦�}¢�m��H�y��{²mWÐ�wHv'z}¢£�Q�y³Ñ�VvYtum��²���Y�?�Qm�t�zu¢��Y�0�-�Y��z}�u�Q�j¥¦�Y��w?�?�}m�tu�E�Y�Htu¢£¤Qm�¿H�'·"t�¹Âh2ÉTÊËÅÒt�m��H�ym���vY�?vY�yz}t
z}i?mºzui?�}�Yw?�Qi?�?wyzj�Ym��?m���v'z}m����`{��?�}��z}�y�-�Y�Ei?mWvY�ym��µ¢����}m�tu�V�Q�Htum"zu�J�-�Q�?�YmWt|z}¢£�Q��·2i?¢��£mpl�v�¢���z}v�¢��?¢��?�ªv
t�zumWvY�y{�¤Q�Y¢©�-mp�?v'z�v�z}i?�u�Qw?�YiH�?wyzj¢£���Y���ym��µzu�JvY��iH¢£m�¤Ym\�}m�Ð�w?¢��}m�lJm���z}t��Y¥6¤Y�Q¢���m\�'¤Ym��µ¬|~0v��H�?�£¢©��v�zu¢��Y�Ht
·2iHm��}m�v¨tul��`�YzuiJt�m��H�y¢��?�¨�}v�zumj¢�t
�Y¥V¢�lJ�V�Q��z�v��H��mY¹ ¡ m2�y¢©tu��wHt}t�zui?�}�Yw?�QiªvY�Hv���{�zu¢©��v��?vY�H��t�¢�l,w?�©v'z}¢£�Q�
�}m�tuw?�£z}tºzuiHm�h2É
ÊBÅ�t}��i?m�lJmJ�Vm���¥¦�Q�ul�vY�H�-mQ¹J�`¢�l,wH��v�zu¢��Y�Ht¨tui?�'·Óz}iHv'z¨zuiHm��?�u�Q�V��t�mW�ÆmWÐQwVv'zu¢��Y�Ë¥¦�Y�
vQ�]�|wHt�zu¢��?� zui?m��`w?l,�Em��p��¥Nlªw?�£zu¢��?�£m�xym��B�HvY��¸Qm-z}tºvY��i?¢�m�¤Qm�t\m-¾��-¢�m���z¨¤Y�Y¢©�-m,¿H�'·�z}�}vY�Ht�lJ¢©tutu¢��Y�Æv��V�
¢�lJ�?�}�'¤Ym�t��HvQ��¸Ym�zj�ym���v]{�·2i?¢£��m��Em�¢��?��¥Äv�¢��jzu��h\Å�~�¹
Ô­Õ�Ö«×}Ø,Ù �'Ú��Y �Û �Y¢©�-m,�'¤Qm��"¬|~�»Ei?m�vQ�ym��º�'¤Ym��ui?mWvY�;»Eq
h2~Â¿H�'·+l,wH�§z}¢£�?��m-xy¢��?�H»;���Y�?�Qm�t�zu¢��Y�­�-�Q�Qz}�u�Q�R»
�Vv��H�y·2¢©�`z}i�m�¾��-¢�m��H��{Y»?�ym���v]{Q¹
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� �  �� vY�Ht\��m,��v��?�E�Y�uz"�?�QwHt"s�zuwH�y¢��Y�Vt\��m�t\�£¢�lJ¢§z�v'zu¢��Y�Vtº�ym,�Vm���¥¦�Q�ul�v��V�-m,�?vY�Ht"��mª��vYt"��� w?�
�Q�}vY�H�0�?�Ylª�?�}mË��� v��?�Em��©t�z}s���s��?i?�Q�?¢©ÐQwHm�t��Ç�£�Q�?�Yw?mB�y¢�t�z}vY�H�-mË�?�u�'¤Qm��HvY��z��ymËtu�Yw?���-mWt��y¢£¯Es��um��Qz}m�t
m�z�zu��v��HtulJ¢�t�� z}�}v]¤Qm���tºwH�Á�}s�tum�vYwË¬|~����VmWt|zu³Ñm�¯E�Q��z���¹��\�YwHt��H�YwHt¨¢���zus��}m�t}tu�Y�Ht¨v�w?xËm-¯«m-z�t��?s���v'z}¢§¥Ät
�?w0tuw?���-���?z��?m�tJm���z��-zumWtJ�?�}��zu�y���Y�©v�¢��umWtªÐ�w?¢2�}m��?�}s�tum���z}m���z�wH�?m­¢£�?¥¦�Y�}lJv�zu¢��Y�0�ymÀz}vY¢£���£m­�ym�wyxÇ¥¦�Q¢�t
�H�£wHt,�Y��v��H�?m�ÐQwHm���� ¢��y¥¦�Y�}l�v'zu¢��Y�Ç�?m�¤Y�Q¢§x°�-�Ql��H�umWtutus�m�zu��v��Vt�lJ¢©t�m��Hv��Ht���m�t�zu��v�lJm�t,�Ys��?s��}s�mWt��Hv��
��m�tÀ���`�?m���t�v�wV�y¢£� t�z}v��V�?v����?t��ymB�©v²zus���s��Hi?�Y�?¢�m±t�w?�À¬|~�¹ºÅµm�t�m�¯Em�z}tÀ�?s��Qv'z}¢§¥Ät �Em�w?¤Qm���zÆv����£m����ym
��� wyzu¢��£¢©t}v'zu¢��Y�J¢��?m-¾���vY�-m"�?m"��v¨�Vv��H�ym2�VvYt}tuvY�Qz}m��|wHtuÐ�w�� �¨�©v��-�Y�H�Ym�t�zu¢��Y�J�yw��}s�tum�vYw���v�wHtus�m2�HvY�T�£m"¿Hwyx
¢�lJ�V�Q��z�v���zµ�ymWt��HvQÐ�w?m-z�t��ym\�Em-z}¢§z}m"z�v�¢��£��m2zu��v]¤Ym��}t}v���z
�£m\�usWt�mWv�wJ¬|~�»���m\Ð�w?¢E�?s��Y��vY�?m��©v��Em��u¥¦�Y�}l�v��H��m
�?mº�©v�z}�}vY�Ht�lJ¢©tutu¢��Y��z}m�lJ�Ht�³Ñ�}s�m��Vm�zj���us�m\w?���?�}�Y�?��k�lJmº��� sWÐQwH¢§z}sºm���¤Qm���tN��m"z}�}v! V�ph\Å�~4¹#"$� vY�?�?�}�`��iHm
�?s�¤Ym��£�Q�?�Es�mËmWt|zÀ��� vY�?vY�yzum�� ��mB�H�u�Yzu�y�-�Q�£mË�?mÆzu��v��Vt��E�Y�uz�vY¢£�Htu¢¨ÐQwHmB�©vÇl�v��H¢£k��umÁv]¤Ym��Æ��vQÐQwHm����£mB¢£�
¢���zum��}vY�Y¢£z2v]¤Qm��p��m��usWt�mWv�wÀv% H�­��� vYt}t�wH�um����©v��-�`m�x`¢©t�zum��V�-m��ymWtj¿HwyxÀ�ym�¤Y�Q¢§x�m�zº�yw�zu��v% E��h\Å�~0�Hv��Ht
��� ¬¼�Qz}m��}�?m-zW¹
�\�YwHtN�?�}�Y�E�Qtu�Y�Ht
w?���?�Yw?¤Qm�vYw�t}��i?s�l�v��y{`�HvYlJ¢�Ð�w?m\�?m"l,w?�£zu¢��?��m-x?v��Qm"�ym�t�zu��v�lJm�tNq�h2~
vY�?�Em���sÀh2ÉTÊËÅ ÌÄh\Å�~
³¼É?�}¢�m��H�y��{¶ÊÀwH�§z}¢£�?��m-xy¢��?�²Åµ�Y��zu�}�Y�ÏÎ�¹ÂÅµm­tu��i?s�l�vËwyz}¢£��¢©t�mÀ��� sWÐQwVv'zu¢��Y� h\Å�~
³
ÉH�u¢�m��V�y�£{Ë�V�Qw?���£m����Y��zu��&Y��mJ�ym��-�Q�?�YmWt|z}¢£�Q�B�ymWt¨¿HwyxË�H�Y�°vY�?vY�yz}v�zu¢£¥Ät�¹�"4v�tu�YwH�}��mJh2ÉTÊËÅÓvY�?vY�yzum
��m��ys��?¢§z"�Qs��?s��us¨�HvY�2�£mWt2m���z��-zumWtj�?�}��zu�y���Y�©v�¢��umWtµm��À�us��V�Q�Ht�m����©v��-�Y�H�Ym�t�zu¢��Y�6»Qz}�Ywyz"m��ÀlJvY¢£��z}m��HvY�Qz
wH�²�ys��H¢§z��-�Q�Ht|z�v���zª�ymWt�z}�}vYlJm�t,�?m ¤Q�Y¢£x±v! H�²�ym �us��V�Q�H�y�}m�v�wyx°m�x`¢��Ym��H�-mWt,�ymWtªvY�?�?��¢���v'z}¢£�Q�Ht,�ym
¤Q�Y¢£xJtuw?�µ¬|~Çm-z�s�¤`¢£zum���w?�?mº�Y��v��H�?m"¤'v��}¢�vY�?¢£��¢£zus\�yw��ys��H¢§zW¹'�\�YwHtµlJ�Y��zu�}�Y�Vt�»(��zu��v]¤Ym��}tN�ym�tµ�usWt�wH�§z�v'z}t
vY�Hv���{�zu¢©Ð�w?m�t\m-z��ym�tpt�¢�l,wH��v�zu¢��Y�Ht�»«��v��Vm���¥¦�Q�ul�v��V�-m,�ymª�?��z}�um�tu��iHs�l�v��ymªl,w?�£zu¢��?��m-x?v��QmªvQ�?v��yz�v'z}¢§¥|¹
"6m�t2tu¢£lªw?�©v'zu¢��Y�VtµlJ�Q�Qz}�um���z2Ð�w?m¨��� sWÐ�wHv'z}¢£�Q� �?�}�Y�E�Qtus�mp�E�Yw?�2��� v��|wHt�zum�lJm��Qz\�?w �?�Ql,�?�}m��ym¨�HvYÐ�w?m�z}t
lªw?�£zu¢��?�£m�xys�tj�}s�v���¢©t�mpw?�?mpzu��v��Vt�lJ¢©tutu¢£�Q��m-¾���vY�-m��ym¨�©v�¤Y�Y¢£x�m-z\vYl�s��£¢��Y�}m\��m��ys���vY¢«�?m�tj�HvQÐQwHm-z}t�z}�Ywyz
m���vQtutuw?��v���zj��� s�Ð�w?¢£zus�v]¤Qm��º�£m¨z}�}v! V�¨h\Å�~4¹
)½Ù �W� × ��* � �   Û �Y¢£x¶tuw?��¬|~�»µtuw?���-���?zJ�H�u�Yzu�y�-�Q��vY¢£�}mY»�lªw?�£zu¢��?�£m�x?v��Ym­�ym�¿Hw?x0q
h2~�»µ�-�Q��zu��&Y��m��ym
���Y�?�Qm�t�zu¢��Y�=»`m�¾���vY��¢§z}s¨�?m��Hv��H�?mp�VvYt}tuvY�Qz}mY»?�ys���vY¢R¹
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�?v'z�v,���YlJl,w?�H¢§³
��v'z}¢£�Q�Ht�Ì¦�VvY��¸Ym�zºtu·2¢§z���i?m��HÎ-»EvY�H�À¤Y�Q¢���m-³´�HvYtum����-�QlJl,w?�?¢©��v�zu¢��Y�Ht,ÌÏzu��vY�?¢§z}¢£�Q�Hv����£{À�-¢����-w?¢£zºtu·2¢§z���i?m��HÎ
¢���zu�0v¶tu¢£�H�Y��m21�¬|~T³Ñ�HvQt�mW�31Æ���Y�}mBvY�}��i?¢£zumW��z}w?�umQ¹ hjiHmB¢���zum��Q�}v�zu¢��Y�A�Y¥�¤Y�Q¢���mB�?v�z}v²zu��v��HtulJ¢�t}t�¢��Y�Vt
�'¤Qm��\zui?mª¬¼�Qz}m��}�?m-z¨��¯«m���tpv��Æ�Q�?�V�Q��z}w?�?¢£z|{�¥¦�Y�p��vY�u�Qm,tuv]¤`¢��?�Qt\¢£�Á�-�Ql�lªw?�?¢©��v�zu¢��Y�Æ�-��t|zW¹pÉH�u�QlÍzui?m
wVt�m�� � tp¤�¢�m�·2�E�Y¢���z�»4lJvY¸`¢£�?�����Y�?�Y³´�y¢©t�z}v��V�-mªzum���m��Hi?�Y�?m���v�����tp¤`¢©v�z}i?m�¬¼��zum��u�?m�z��umWt�w?�£z}t¨¢��°t�wH�Ht|z�v��y³
z}¢�vY�6�-��t|z2�}m��ywV��zu¢��Y�Àtu¢£�H��m�¢£��z}m��}�Hv'z}¢£�Q�Hv��=��iHvY�u�Qmº¢�lJ�V��t�mW���`{�zum���m����YlJl,wH�?¢���v'z}¢£�Q�����YlJ�Hv��H¢£mWt2v��}m
�`{`�HvQtutum��54�n.6´¹�É?�Y�ºzuiHm,�?m�z|·µ�Q�u¸À�Y�Em���v'z}�Y�W»H¬|~Azum���m��Hi?�Y�`{­��vY�ÆiHv]¤Ym,z|·µ� vY�y¤'v���z�v��YmWt�¹pÉ�¢£��t|zW»=v�wy³
�?¢£�Ë���y�ym���t��HvQt�mW�±�Y�ÇvY�?¤]vY�H�-mW�±¤Y�Q¢���m-³¼�-�YlJ�?�}m�t}tu¢£�Q�Ëz}m���i?�?¢©Ð�w?m�t�»T��vY�°�Vm wHt�mW�Ázu�Æ�Qm��?m��}v�zum����'·
�H¢§zª�Hv'z}vÀ��v'z}m�t�ÌÄ�£mWtut�zuiHvY�0nW��7¨�98�t}Î-¹�hji?m�tum����Y�H�ÁvY�?¤]vY��z}v��QmJ¢�tª�yw?mJzu�Ëm-¾��-¢�m��H��{BvQ��i?¢£m�¤YmW�Ë�`{
���Y�?�Hm���z}¢£�Q�?��m�t}t\lJ�y�ym�·2i?m��}m,�HvY�H�y·2¢©�`zuiB¢�t¨���Y�Htuw?lJm��Ë�Y�?��{À·2i?m��B¤Y�Y¢©�-mª�HvY��¸Qm-z�tºvY�um��ym���¢£¤Qm��}m��;»
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Aggregate buffer 
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           Source n
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TCP−Friendly 

estimation (p, RTT)

Receiver parameters 
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equation (S, p, RTT)

receiver feedback

 

     (delay, loss)
       Best−Effort  IP Network
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