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Table 1. A Taxonomy of Efforts to Characterize Network Conditions.
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3.1. Basic Definitions and Notation
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��p��H�b�!¼[�
�&���H£����$���&�&�®��«&�#�H�b©p�d���&�H�����p­Ý�p�7��Ë�Üµ���_�f«��&§�ÁS�&�®���$���O�i�À«
� 5���«��i���_£R�¨�p�����H�87�£&§ª�b©b���b��§��_±¦Û*���b�À«&§¨�_¾
�#�b�&���i¼&Þ��_�d��§¨¾
�º°��
§��
�����	£&�&�_�/�J°��¥�J»	�[�H���b­*�&���b¼[�����OÁ
���_�&�H�_�YO

i *!j+0[2ª�Z2$.10uxzy 3 ¤r���b��¡
�_�������i¼L�º���OÁS�&�_�&�H�S{|b�Ê~}8Ì # (�*-(_ê��
!dè�êdç@åfê æ"s N *
å��bê�& ( !
ê�(�& #lç[ê !	& æ¬å �4#rêdç'&�c (fè�å � &k� * & *iç�ë�&Gr�æ
N *
å �iê�& ( #lç�{2b�Ê~} Ì *ié�ê (_ê N *ié�* & ê !�NÀë�* & �¨ê *$( &�} & #�+�ê�è	ç # & ( w

i *!j+0[2ª�Z2$.100��y à ¤r���b�f¡p�_�������i¼L�#���HÁS�&�_���_�-{|b�� �
Ê~}�� � Ì #�( *
(_ê�!Àè�êÀç[åfêºæ"saN *
å �iê�&��xN'*$#lé�(.r+�7êdé�ê�æiç[êmN *
å �iê�& #lçRê *
å �:N *
å �iê�&��
N *$#Íé-# ( !
ê�( & #Íç[ê !�& æ�c *iç !)&k�7ê æ &k�7êdé # ( !
ê�(�& #Íç[ê�!)& æM�>o *iç !
r+�7êdé�ê &k�7ê #Íç &Bé *=�xN *$#Íé�N *
å �bê�& ( N *
å�#Íç�� #�(6* & +�æ$(�& � & # + êè	ç # & ( *iç ! &k�7ê�#Íç'& êÀé��rN *$#Íé�(�N'*
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�d���O�b�f«E�p­���«&�#�J°��8�H�&£7¤
���b¤n�_�&£¢���i��«&�#°º«&§��¨����«�� à ¤r���b��¡
�d�¿�&���b¼[�U���HÁS�&�_���_��§��¿�&���_£
���#�&���O¾7§�£&���#£&§�����§¨�&©p�&§���«&§��&©/�8�H�f«��b�&§����¸���¿�8�O�i���&�����H�b�����d¤
�ª�4���H£¬���p���®�O¾
�d�®��«&�$��«��i���_£<��§¨�7¡7�_±�Û�«��/¡
�d»E§��&��§�©p«
�#§��º��«��i�
¼[�H�H�b�&���U�p­N��«��_§¨�#���_�¥�[�b�f�b�*�&���OÂ7§¨�8§¨�J»p¹[°��U�dÂ	�[�H�d�®�@�i�f¡
�d���
°º§¨��«&§¨�8�#���b��¡
�d�N���b§¨�>���¿«��H¾
���#«&§�©b«¥�&���b¼��i¼�§¨��§¨�J»��p­��_ÂS�L�d��§¨¤
�_���_§��&©��¿��«��i���_£ ­Í�i�����p�¥��«&����«��i���H£8��§¨�7¡7�_±N�J­���«&��§¨�&�H§¨£��_�&�H�
�p­���«��i���_£¥���p���>�p����«&����«��i���H£¥�¨§��7¡7�N§��>«&§�©p«L¹p��«&§¨�>���H�b£&�N���/�b�
§��&�d���O�i���H£¥�&���b¼��i¼�§���§Ç�J»¥�p­@°º§Ç�����_����§��&©��_�p�7�����_£ �¨�p�����H�>°º§¨��«&§��
�¿���b��¡
�_�����b§Ç�H±�Û�«&��¾p�b�¨�&�H���p­|}É�b�&£ � §��¥��«��º�4¼L�H¾
�º£&�dÚ��&§Ç¤��§��b�����p­Ý�&���b¼[�¿���HÁS�&�H�&�_�H���i���¿�f«&�p���H�)�_�¥��§¨��§¨�O�i���¨» ���U� �i¡
�



§¨���¨§¨¡
�_�¨»¥��«��i����«&�º�&���b¼[�_���_Â	�[�d��§��_�&�H�®§¨�&£��d�[�H�&£&�_�S���i��£�£��d¤
�[�H�&£&�_�S�¿�@�i�f¡
�d���¨�p�����d¾
�_�
���_¹Ý���_���L�_�d��§¨¾
�_�¨»p±$²,«�§¨���U°��U°º§��¨�
£&�H���d��§¨¼[�8�i�&�&���b�&��§ª�i���¥���_����§¨��©b�/�p­#} �i��£ � §��´�p�7���_ÂS�L�d��§¨¤�8�_�
�f�b�����H�d��§��p�L¹@°���°º§��¨��©p�_�&�_�f�i���¨»E���OÁS�&§Ç��� � ��� ¼[���p�¢��«&��b��£&�d�R�p­/�!�8§��¨��§����_�_�p�&£,�b�&£ }����!¼L�¬�p�ã��«&�<�b��£&�d�R�p­¿�
���_�H�p�&£L¹S���$�b�f«�§¨�_¾p�®«&§¨©p«�£&�d�L�_�&£&�H�&�_�#�i��£ �H�&���7���®§¨��£&�d�[�H�7¤
£&�H�&�_�p¹&���_���[�H�d��§¨¾
�_�¨»p±

Client A

(Receiver)


Server

(Sender)


1


2


L
 1


L
 2


S
ha

re
d 

S
eg

m
en

t o
f


P
at

hs
 fr

om
 S

er
ve

r t
o


C
lie

nt
s


D
is

jo
in

t S
eg

m
en

t o
f


P
at

hs
 fr

om
 S

er
ve

r t
o


C
lie

nt
s


Client B

(Receiver)


L
 5
L
 3


L
 6
L
 4


3


4


5


6


Figure 1. Notation used to describe the topol-
ogy between a server and two clients

3.2. Diagnosis of Loss Sharing Using BP
²2�/�&�O°����_���7���E���¥��«&�¿�����H�/£&�_��§¨�_���_£¬§��)Ú�©b�&��� 3 ���8§����¨�&��¤
���f�i���¿��«&�¿¼��b��§��/�&���_�8§������p­*�p�7���&���b�[�p���H£E���&§¨�O�b�����&���b¼�§¨��©
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�&���b¼[�8���HÁS�&�H�&�_�H�_¹���«&�d���8�i���8­Í�b�&���dÂ	�[�_��§¨�8�H�
�f�b�>�b�&���_�p�8�_�
°º«&§��f«�°��®�&���®§����p�7���b���b�¨»	��§��YO>�����_�_�H����­l�����&���b¼[�H��§�� ��«&� 3 ¤
�&���b¼[�����OÁ
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�_���&���b¼[�H�/��«��4�$°��d��� ���p���$�H�!���p�7���
��� Nfæ &k�$�H�¨§��_�
��� d �i��£�f�±��#�b���¿��«��i� � e � g�����e � g¯� �H»)¼[�
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�º°º«&§��¨����«&���b��«&�_���&���b¼[�$�i����§¨¾
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(left) and ns simulation results with 64 Pareto
ON/OFF UDP flows (right).
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���H£µ�i¼[�O¾p�p¹N°���«��H¾
��� �b£&����«&�
­Í�b�����H°º§��&©·�b£&£&§¨��§¨�p���b���b�����&�¥�&��§��p�&�¬°º«&§��f«�°��!�_�S���¥�_�f�i���
�b�&£¬£&§����_�&���º«��d���%O
3 ± &��p�����H�*�b�$��«&�¦�¨§��7¡7�*�	�_�_�&�*�p�&�¨»/£��&�����®ÁS�&�H�&�¦�O¾p�_�89��O°º�_±
à ±*)�c�� �vOP&��p�����_�#�p�<��§¨�&¡w`[b��i����§¨�&£��d�[�H�&£&�_�S�#­l���b� �¨�p�����_�
�p�¬�¨§��7¡ `��b±

. ±�ì ���H�¨§ª�i¼��¨�!­Í�_�_£&¼��b��¡,�8�_�À«��b�&§¨��� �_���i¼����_�E��«&�!���_�&£��d�
���|£��d���d���8§��&�R°º§¨��«µ�H�d���f�b§��
�J»2°º«&�_��«&�d� �|©p§Ç¾
�H�w�����i¼L�
���b��¡
�_��°��i�º���b���H±

M ±ºÛ�«&� ���H�¥�[�b�f�i�w�H�p�&�����f�b§¨�
���¶§¨�¥�[�p���H£ �p� �&���b¼[�Ä���d¤
ÁS�&�_���_�_�¶ÊÍ°º«&�_��«&�d� 3 ¤r�@�i�f¡
�d���b� à ¤r���b�f¡p�_�·�&���b¼[� ���d¤
ÁS�&�_���_�_�ÀÌ*�i�����&���H���d��¾
�_£U��«7���p�&©p«&�p�7�N��«&�*Þ��p�7���&�_»$�p­���«&�
�&���b¼[�H��­l���p� ���H�&£&�_�����¥���_�H�_§¨¾
�d���_±



ì#�����&�¥�&��§��p� 3 ����9��_�d���8��«&�E�H�7�����_�
� � ���b��Û��i§���¼[�_«��H¾	¤
§��i�®�&���_���H�
�®§��¬�8�p���®�J�
���d�����d�º���b�&���d�������S£��_»
±¦²2���_�p�&��§�£&�d�
��«&���&�_©
�i��§¨¾p���_�p�&���OÁS�&�_�&�H�_�N�p­�7 , � ©p�i���_°��_»7�N�p���p�7�N���_�À«7¤
�&§ªÁS�&��§¨�E��«&�/�_ÂS�L�d��§��¥�H�
�f�b�L���H�d��§��p�L±�ì#�����&�¥�&��§��b� à �i�����H°º�
�&�®����§¨©p�&�b�����b�
»<�����i��§��b�*�_�b�����H���i��§��b�<¼[�_�J°��_�_�<��§��7¡¬���b�����H�_¹
�b�&£µ��«	�&�8§¨©p�&�b���¬�i�S»³�i£�£&§Ç��§��p���b���_�b�����_�ª�i��§¨�p�µ���_���8�_±wì#��¤
���&�¥�&��§��p� . �H���i¼����_�º�&�º���8�b�����&�8����«��4����«��/���d��¾
�_�º§��®�i¼����
���|�i�H�_�7�f�i���H�Ç»!§¨£&�H�
��§�­ª»!��«&���b�&���_�p�8���p­���«�� �&���b¼�§��&©<�&���b¤
�_�H���_¹[§r± �p±º°º«�§¨�À«<���b��¡
�d���#�p­�� 3 ¤r���b�f¡p�_�¿�b� à ¤r�@�i�f¡
�d�®�����i¼L�
���HÁS�&�H�&�_�H��°��_���/���p���H±

ì#�����&�¥�&��§��p� M §��´�p�7�´�8�b���!��§¨©p�&§¨Ú��O�i�S�2�i�������U����§¨�p�L¹
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�H�b�À«2�b��«&�d�$�p�µ�i���>���f�H¾
�d�����H£2��§¨�7¡7�����¬�H���i¼��¨�R�b�w�i�H�_�7�f�i���
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¹&°��/°��p�&�¨£<£&�_��§¨������«��i�
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��§ª�i���¨»���d�@�4�f�i���H£�­ª���p�½�p�&�#�b�&�b��«&�_��§¨� 9�§�©b«S�H¹	�p�7���_����§�� �4���H� � e � g�b�&£ ��e � g·°º§¨����¼[�$¼�§ª�i���H£L±º²2��«��H¾
�������&£&§��_£<��«��$�_ä[�_�_���®�b­
��� � �b�ã��«&�¬�[�d��­Í�b��� �i���_�¬�p­¿�p�7�RË�Ü½���_�f«��&§�ÁS�&�p±�È#�7�
Ú��&£�§¨�&©p�¿ÊÍ�&���H���_�
���H£ §�� ��«&�º�&�_ÂS�����_�d��§��p�@ÌN�H�p�7Ú&��� ��«��i�¦��«&�
¼�§ª�b�¿§¨�S�����S£��&�_�H£<¼S»<��� �b���N�b�8�p�&�
���¿�p­����d���i�f�i��§��b�´�b�&£�P4�b�
���b��©¥���i��«&�º§¨�º�&�b�º�dÂ7�H�_����§¨¾p�p± �

� Ð������/?ÝÔ�Ù	� ?�Ò�Ó�C+A > ? VS×8AJÓAV
�J�2��«�§¨�U���_�d��§��p�2°�� �&���H���_�
�U���_���&�¨�����p­��_Â	���_�&��§¨¾
����§¨���&�ª�i¤
��§��b������«��i�¿Ê 3 Ì��H�p�U�@�4���®�p�7��Ë��H»p�H��§��b��Ü����b¼�§��&©RÊBË�Ü�Ì*���_�À«7¤
�&§ªÁS�&�¬���2��«&�¢Î|�i��¡p�O¾7§ª�i��Ü����i¼�§¨�&©�ÊBÎ¢Ü�ÌU���_�f«��&§�ÁS�&�<�&���b¤
�[�p���_£��b�&£·�d¾p�b�¨���i���H£¯§�� ß à<;4â ¹º�i��£ Ê à ÌU�_���f�i¼���§¨��«·��«&�E���b¤
¼��&�������_�����p­L��«&�#Ë�Üw���H�f«&��§�ÁS�&�®����¾p�i��§¨�p�&�����i�f�b�¥�_���d�����b�&£
�_�p�&£�§Ç��§��p�&�_±

4.1. Techniques Evaluated

 ���W*7�K2l�P0 ( �K.@�42k0B\�
'*7���[0m2��]3B*P6:7º�H�H�b���Ý­l���p� �p�7�º�����d¤
���_�S�f�4��§��p��§������_�d��§��p� . ¹#��«&�´Ë�Ü ���_�f«��&§�ÁS�&�|���OÁS�&§Ç���H�)��«&�
���[�H�_§¨Ú��H�i��§��b�³�b­���«���} �b�&£ � ���i�f�i�8�_���d���U�p­���«&�����_�¥�[�b¤�f�b�Ý�_�p�&�����f�b§��
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£&§�������§Ç¼��7���_£-�O¾
�d�¬��«&�´�f�b�&©p� ß �� 7 /���� � �� � /����Àâ ¹#��«S�&�
} 5 �� 7 /���� ±>�J�R�p�7���dÂ	�[�_��§¨�8�_�S���_¹	°��#���d����«&�®¾b�b���&�#�p­ �
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�ÿbý�ùlóLý�ý 
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dùnú û#øbôdð 
dùný�þ#ùnô�ùnïOý&��÷dúòðòþ4ð ùlû®ô#!&ôÀü4õÝùný	��øbôdõr÷Àú ��ô�
4ñBùnõr÷dð 
dù*÷dñrñnü$��ø �
ùnðòô�
�÷dÿbô��dý�÷�
4þ(' ��ô�
4ñný*)Hü4ý 
_ùnú û%'_ùnïOý*õrôdÿ4ü4ñBù 
4ý�ñrñ@ô#!pôdüOõ,+,-�ùný � ï 
4ð.)_ü4ý  
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�d���N°º§¨��«&§��8�#���b��¡
�d��¤r���b§¨�>°��_�������_�
��¼��b��¡	¤���b¤r¼��b��¡[¹p°º§¨��«¥�&�/��§¨�8�����d���i�f�i��§¨�p�L±>ì#�����&¹b�����&�b��� �i��§rq_����«&�
���b�����H���p� ��«&�®��«��i���_£���§��7¡7���dÂ	�[�d��§��_���_�_£8¼	»¥¼[�b��«8���H�_�H§Ç¾
�d���_¹
��«&� à ¤r���b��¡
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�d�®�b��£&�d��§��&©p�_±

ì#�&�b��«&�_�����i�f�b�8�d���d�º�p­��p�7�ºË�Ü¯���_�À«&�&§ªÁ
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�p­���«&�U���_�&��§¨��§¨¾	§¨�J»¢�_�p�&���f�b�
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��«&�����_�&��§¨��§Ç¾7§¨�J»)�_�p�&���f�b�
�^p®£&�d���_���¥§��&�H����«&�/���d¾
�_�Ý�p­*��«��i���_£
���b�����H����«��4����«&�¿Ë�Ü¯���H�f«&�&§ªÁS�&�¿°º§¨���L���b���d�f�i���#°º«�§¨���/§��&£&§��H�i��¤
§��&©|� 5����<���p������«��i��§��&© 7¢£&§ª�i©p�&�p��§��_±¢�J�w�p�7�U�dÂ	�[�d��§��8�_�
���_¹
��«&��¾b�b�¨�����p­.p/°��i�®Ú�Â	�H£´�4� � ± � M ±/Û�«&§��®¾p�i���&�$°��b�#�À«&�p���_��_�¥��§¨��§��H�b�¨�¨»�¼��b���H£E�p�)�dÂ	�[�d��§��8�_�
����£&§����_�&�����H£E�ª�i���d��§��R��«&§��
���_�_��§¨�p�L±
n¶���5V�.0/m2l�P0 ( �K.@�42k0B\1
 *	���[0[22�B3]*P6¿Û�«&��Î¢Ü,���_�À«&�&§ªÁ
���
£&�H���d��§¨¼[�_£¯§�� ß à<;Oâ ���H�¨§��_�¥�p�³��«&�)�����E�p­��J°��´ÜN�p§������b�¯�&���b¤
�_�H�����_�U­Í�b�����H�&£&§��&©¢�&���b¼[�����OÁ
���_�&�H�_�43 � �b�&£53 % ­l���p� ��«&�
���_��£&�d�®���8��«&�/�J°�� ���_�H�_§¨¾p�_���_±�Û�� £��d���_�_�º��«��4���H£<�¨�p�����H�º��«&�
Î¢Ü ���H�f«&�&§ªÁS�&� £&�_�[�_�&£����p�!��«�� �H�b�¨�H�&�ª�4��§��p�2�b­���«&��y®è & æ=�
6�æiéÀéfê � * & #næiçµ�b�&£ã��«&�76Né�æ$( ( �86�æiéÀéfê � * & #næiçw­l���&�d��§��p�&�_±�Û�«��
ì#�7���b¤����b�����_�ª�i��§¨�p��­Í�&�&�d��§��p��Ê �:9 � Ì[§¨����«&���H�b��£&§Ç��§��p���b�b�&���b¼&¤�i¼�§��¨§¨�J»$��«��i�>�®���b��¡
�d�>­l���p�;3 � §��N�¨�p���H¹p©p§¨¾p�H����«��4�N��«&���&���_¾	§¨¤�p�&�º�@�i�f¡
�d�#­l���p�<3 � §¨�#�¨�p���H±®Û�«&�8�¦���b����¤����b�����H���i��§��b�|­l�&���d¤��§��b�µÊ �:= � % Ì�§�����«&���_�p�&£�§Ç��§��p���b�L�����i¼@�4¼�§¨��§Ç�J»)��«��4�#�U�@�i�f¡
�d�­l���b�<3 � §��º�¨�p���H¹�©p§Ç¾
�H�)��«��4����«��/�&���_�H�_£&§��&©¥�@�i�f¡
�d�®­ª���p�>3 %°��b�$���b���H±gH#§¨¾p�H���:9 � �b�&£��:= � % ¹���«��8Î¢Ü ���_�f«��&§�ÁS�&� £��d¤���d��§¨¼[�H£)§¨� ß à<;4â ���&©p©p�_��������«&�¿­Í�b�����H°º§��&©U���_����­Í�b��§�£&�_�
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Î¢Ü à ���H�����E»7§¨�H�¨£��_£���§¨�8§����i�|£&§��b©p�&�p��§��¬°º«&�H�-���p�����_�¬°��_���
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Figure 3. Topology used in our experiments
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Table 2. Settings used (and resulting loss
rates) for the 3 congestion levels considered
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4.4. Baseline Results for BP versus MP Techniques
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Figure 4. Accuracy (left), settling time on log-log plot (center), and convergence ratio (right) of BP vs
MP for the basic test scenarios under the baseline model



4.5. Robustness of BP Technique
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Figure 5. Effect of
p

on accuracy (left) and con-
vergence ratio (right) for the four scenarios.
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Figure 6. Effect of � (in msec on x-axis) on ac-
curacy of the BP technique.
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Figure 7. Effect of RED Queueing on the accu-
racy (left) and convergence ratio (right).
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Table 4. Effect of traffic burstiness (left) and probing rate (right) on BP performance
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