
HAL Id: inria-00072197
https://inria.hal.science/inria-00072197

Submitted on 23 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.

Estimating Membership in a Multicast Session
Sara Alouf, Eitan Altman, Chadi Barakat, Philippe Nain

To cite this version:
Sara Alouf, Eitan Altman, Chadi Barakat, Philippe Nain. Estimating Membership in a Multicast
Session. RR-4391, INRIA. 2002. �inria-00072197�

https://inria.hal.science/inria-00072197
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
43

91
--

F
R

+
E

N
G

ap por t  


de  r ech er ch e 


THÈME 1

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Estimating Membership in a Multicast Session

Sara Alouf — Eitan Altman — Chadi Barakat — Philippe Nain

N° 4391

Février 2002





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

Téléphone : +33 4 92 38 77 77 — Télécopie : +33 4 92 38 77 65

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

/�0213054#687:9�;=<?>A@CBD02E�4�6CB3FG02EH<JILK?02MN@�OL021302PQ0RB3ST<VU'K�@86W@8X�XZY�[�0R@8E
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f�km���Rw�v~p��ob�vtb���]�b�vt��]Qb��2��������c�d���h���vt{}bav��y�����Ad��oce�Qky��b�i

�#�����a�D���m�m��� b.�Qvjw��Rw�i~bAps�&w��QwD�mba��wm�o� �}{¡��b.b�i~pj{}`=kypj{}wm��km�¡��wmvt{¢pt]�`+i�ptw#�obapjbavt`={¡�Qb'pj]Qb£ij{¡¤�b.wy¥Jk
��r��Rky`={}�=`£l��¡pj{¦�akmi~p'�mvtwmlQ�(§ � b=¨Qv�isp.lRi~b�k � {}ba��b�vA¨Q�¡pjb�v'pjw©��bavt{¡��b�ky�ªwm�opt{¡`+km�Vb�i~pj{}`+kDpjw�v�¥Cwmv
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	 � ��� bTvtkm���Rw�v~p=��vtwm�2w�ijbT�obalon ��wmlQ�mba�}�}b�iLpjb­��]���{¦¸�l�b�i+�2wmlQv+��
 b�i~pj{}`+kDpj{}wm� b�� �}{}�m��b©�ob
�¦k�ptky{}�}�¡bT��
 l���bT�2wm��lQ�}kypj{}wm�G`£l��¡pj{}�Rw�{¡��p��or¯�Qkm`L{¦¸�l�bm§��,k®��vtba`={}_avtb��obT�ab�i£pjb­��]���{¦¸�lQb�i+ijb�«Rkmijb
ijl�v²�}k�pj]�h�wmvt{¡bL�ob � {}ba��b�veijl�v²�¡b£¨Q�¡pjv�ky�mb.�¡{}��h�km{¡vtb'�2wml�v��ow�����bav²l���b­ispt{¡`+kypjbalQvqwm��pj{}`=km���Qky�Qi²�¡b
��kmi���
 kyvtvj{}�¯hab­i²u�wm{¦iti~w�����{}ba����b­ieb�p'�obLpjb�`L�RiA�ob+��wm�Q��b�no{}wm�Qi²b�no�2wm��b���pt{¡b��¡�}ba`=b���p'�o{¦i~pjvt{¡«�lQh�i�§��,k
��balono{}_a`=b�km����vtwo��]�b#�awm�Qij{}i~pjb��®�oha��ba�}wm���2bav=�}b�¨Q�¡pjvtb��¡{}��h�km{¡vtb�wm�opt{¡`+ky����
 wmv��ovtb°c|¸�l�{^vjbapjw�l�vj�Qb
lQ�5b�i~pj{}`=kypjb�l�v.�Dky�¦ky«Q�¡b+�2wml�vL�ob�i'pjb�`L�Ri.�ob��awm���Qb�no{¡w��Qi'�ob��¡w�{J�mh���hav�ky�}bm§ � b�pjpjb+ptb���]��Q{}¸�l�b�b­isp
{}�}�¡lQi~pjvthab²��ky�QiV�¡be�akmiVw��+�}b�i?ptba`=�QiZ�obq��w�����ban¯{}wm�RiVi~w���pZ�obq�o{¦i~pjvt{¡«�l�pj{}wm�+]¯r¯�Rb�vjban¯�2wm�Qba��pj{}ba�}�¡b�§
�,b�i
��balon�b�i~pj{}`=kypjb�l�vti�ijwm��p^pjb­ispth�i�ijl�v��ob­i^pjv�km�ab�i&�¯{}��haw+b�p��}b�i^b­ispt{¡`+kypj{}wm�Qi^w�«opjb���lQb�i�ijwm��p��obA«2wm����b
¸�lQkm�¡{¡pjh�§
�V�L�¯l�b���b���wm��ptv����¡b�v��}b��mw��¡lQ`Lb���
 km¸�l�{¡p~ptba`=ba��p�i?�mh���havthm·3ptwmlopVb��£¥Cw�l�vt��{}ititky��p?l���b�«2wm����b
¸�lQkm�¡{¡pjh+��
 b�i~pj{}`+kDpt{¡w��(·�¸�l�b��}¸�l�b­iAvjb­��w�`L`+km�Q��kDpt{¡w��Qi�i~w���pe¥Cw�l�vt��{¡b­iAi~lQvA�¡b���]�w�{¢n®�ob�iA�Rkyv�ky`=_�ptvjb­i
b��.xsb�l(§
�H¿ �­� ½ ��� � � � b­ispt{¡`+kDpt{¡w�� ba� �¡{}�m�Qbm·^`.l��¡pj{}�2wm{}��p­·&¨Q�¡b©��
 kyp~pjb���pjb�ÁÃÂyÄ'Â�Å ·Z¨Q�¡pjvtb©�ob � {}ba��b�v�·
�Dkm�¡{¦��kDpt{¡w��(§
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pt]�bAi~{}¤ab�wm¥�kL`.l��¡pj{¦�ak�isp�ijb�iti~{}wm����ky��«RbA¸�l�{¡pjb�lQijb�¥Cl��:ptw=`=km�¯r+��vjwmpjwo��w��}i&�}{¡¹�befN\�u/.}c1012 ·3.¡c���2,ky�R�
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�Qwmv�{¡�Risp�ky�Q�abm·D´&wm�}wyp�·y\�l�vt�¡bap~pt{¯km�Q� � ky¹�ba`+ky��. ��2olQijb&kq��vtwm«Qkm«�{¡�}{¦ispt{}�Vit��]�b�`Lb&{}�'wmv��obav�pjw²b�i~pj{}`+kDpjb
pt]�bJ�¯l�`£«Rb�v,wm¥�vjb­��ba{}�mb�vti({¡�.k�`.l��¡pj{¦�ak�isp��mvtwml��'km�Q�e¥Cl�vjpj]�b�v�b­ispt{¡`+kDptbVpt]�bJ��vtwm�2wmvjpj{}wm��wm¥Q��wm�Q�mb�i~pjb­�
vtb��aba{}�mb�vti�§�\^]�b�{¡v&`=b���]Qkm��{¦i~` {¦iZ{}`=���}ba`=ba��pjb­��{}��pt]�b87:9 4<; ��{¦�ob�w¯�awm�o¥Cb�vjb��Q��b²i~roi~pjba`|§=7 �#km��wypt]�bav
�awm��pjban¯p�·?>qwm����b���`+km��]�b�v+ky�Q� ´Z{}bav�itkm��¹@.¡c3�12±·8.¡c­�$2�{}����b�i~pj{}��kypjb�pt]�bTij��ky�¦ky«�{}�}{¢psr5wm¥�¥Cbab­�o«Qkm��¹oi=kmi
�Qbab���b��+¥Cw�vZvtba�}{¦ky«��}bq`£l��¢pt{}��kmi~p^km�Q�=¥Cw�vZpt]�beb�i~pj{}`=kypj{}wm�#wy¥�pj]Qbe�¯l�`£«Rb�vZwm¥,vtb���b�{¡��bav�ia§�\^]�bar���bavt{¡��b
k©vtkm�Q�owm` �oba�¦k3r®vjb­i~�2wm�Qijb�it��]�ba`=b+pt]QkDp=ij��ky�}b�iA�&ba�}�Vptw��mvtwmlQ�ªij{}¤ab�i£kmiA�¦kyvt�mb�k�i�A1BDC+vtb��aba{}�mbav�i�§
\^]Qb�¥Cb�b��o«Qk���¹5{¡`=���}w�ij{}wm�G�Qvjw�«��¡b�` {}i=]Rky�Q�o�}b�� kDp=pj]Qb�vtb��aba{}�mb�vtiFE�b�k���]G�Qkmv~pt{}�a{¡�Rky��p£`£l��¢pt{}��kmi~pti
{¡ptiqvjb­i~�2wm�Ri~bAl��Q�¡b­iji�]Qb'vjb­��b�{¡��b�i�w���b�¥Cvjw�`*km��wypt]�bavq�Qkyvjpj{¦��{}�Qky��p­§'7 �G.IHF2 ·2�Qvj{}b��o`+km�|km�Q�T\�wD��i~�}bar
k����ovtb�itiLpj]�bT{¦iti~l�bTwm¥eb­ispt{¡`+kypj{}���5`.l��¡pj{¦�ak�isp�ijb�itij{¡w�� `=ba`£«Rb�vtij]�{}� i~{}¤ab�§ zTkm����{}���ªpj]�bT�2wm�}�}{¡���
`=b­��]Qky��{¦ij`�pjw�pt]�b���vtwm«Q�¡b�`Hwy¥:b�i~pj{}`+kDpt{¡����pt]�b��Qkmvtkm`=b�pjb�vKJ|wy¥2pj]�b�«Q{¡��w�`={}km�ML#JKN�O3P��o{¦i~pjvt{¡«�l�pj{}wm�(·
pt]�bar®�obavt{}�mb+ky�ª{}��ptbavt�Dky�?b�i~pj{}`+kDptwmv�¥CwmvQJ ky�R�°«2wmlQ�Q��i�¥Cw�vApj]�b�km`=wml���pAwy¥&¥Cbab­�o«Qkm��¹®kmi��&ba�}�Jkmi
pt]�b��2wm�}�¡{}���'�Qvjw�«Qky«�{}�}{¢psr'{}�+wmv��ob�v?pjw'k���]�{¡b��mb�ij�Rb­��{¡¨R��vtb�¸�l�{}vjb�`=ba��pti�§�\^]�b�rLkm�����}r'pt]�ba{}vJvtb�ijl��¡pti?w��
«2wypt]�`=b���]Rky��{¦i~`+i²{¡��ptvjwo�olQ�ab��T{}�R. �+2 ·=.¡c3�12 ·K.¡c­�$2?��]�{}��]�]Qk3�mb£�Rw�{¡��p�b�i~pj{}`=kypjw�vti²ky�Q�©¥Cl�v~pt]�bav�km�Q�
ijwm`=bq�awm��pjvt{}«�lopj{}wm�Ri?pjw£b�k���](§�¶q��wypt]�bavJpj{}`=bavj�±«Qk�i~b­�L¥Cbab­�o«Qkm��¹=it��]�ba`=bq{¦iZ��vjw��Rw�i~b­�L{¡��.}cmc�22��]Qbavtb
vtb��aba{}�mb�vti�ijba�Q�#pt]�ba{}vqv�ky�Q��wm`=�¡r��oba�¦k3rmb­��vtb�ij�2wm�QijbAwm���}r�ptw+pj]Qb.i~w�l�v���bA��]�{¦��]T{¡�|ptl�vt��{}��{¡pj{¦kDptb�iqk
�Qba�¬vtwml��R�Awy¥�vtba���}{}b�i�§ �Vk���].vtb�¸�l�b�i~p,¥Cw�v�vtba�Q�¡{}b�i�i~b���p�«¯repj]�b^ijwml�v���bZ�Zw�l��}�'vjb­i~bap,pj]QbJpt{¡`=bav�iNkDp�pj]�b
vtb��aba{}�mb�vti�§,\��Zw²�mbav�ij{¡w��Qi,wm¥Qpt]�b^`Lb­��]Qky�Q{}ij`�kyvtbJ��vtwm�2w�ijb��£�oba�2ba�R�o{¡�Q�ew��.��]�bapj]�b�v�pj]�b^b�i~pj{}`+kDpt{¡w��
{¦i(«Rkmijb��Aw���pj]�bJ¨Qvti~p�kmvjvt{¡�Dkm��ijwm�}ba�}rqwmv�wm�.km�¡�mpj]�bZvjb­��b�{¡��b���vtb�ij�Rw��Qi~b­ia§�\^]�bV�¦kDp~ptbav��mb�vtij{¡w���{¡`=��vtwD�mb­i
pt]�b£k��a�al�vtk���r#wy¥?pj]Qb£b­ispt{¡`+kDptwmv²«�lop²{}��«2wypt]��ak�i~b­ia·Qpj]�bL��vtwm«Qkm«�{}�¡{¡psr#wm¥Jk=¥Cbab­�o«Qk���¹�{}`=���}w�ij{¡w��T{}i
�Qwyp���ba���¡{}�m{}«��}bm§

7 � k¬vtb���b���p#�Qkm�Rb�vS. �$2 ·�pj]Qb®kmlopj]�w�vti���w��Qij{}�ob�v#kG�Rw��¡�}{¡�Q� it��]�ba`=b���]Qbavtb�b�k���]Ã�Qkmv~pt{}�a{¡�Qkm��p
ijba�R��i.km�¬km��¹¯��wD���}b��o��ba`=ba��p�TW¶ ��UWV ba�mb�vjrGX i~b­��w��Q��i'��{¡pj]G��vjw�«Qky«Q{¡�}{¢psrYO¬ky�R�¬�ow¯b�i.��wyp£ijba�R�
km�¯r�pt]�{}���#��{¡pj]ª��vtwm«Rky«�{}�¡{¡psrGA[ZSO(§+\^]�b�r©lQijb+k���{ \:lQij{¡w��®km����vtw3n¯{}`+kDpt{¡w��©¥Cwmvept]�b+]�b�k3�¯r��±pjv�kDµ��
vtba��{¡`=b�§=]q�Q�ob�v^pj]�b'k�ijijl�`=�opj{}wm�RiZwm¥�u�wm{¦iti~w��#kyvtvt{¡�Dky�:��vtwo��b­iji&wy¥��Qkyvjpj{¦��{}�Qkm��p�i�ky�Q�#b�no�2wm��b���pj{¦ky�}�¡r
��{}i~pjvt{¡«Qlopjb­�ª�¡{¡¥Cb�pt{¡`=b�i�·Npj]Qb��o{^\2lQij{}wm�¬ky�Q��vjw3no{}`+kDpj{}wm�®r¯{¡b��}�Qi'�}{¡��b­kyv.��r��Rky`={}��i'��]�{¦��]¬ky�}�}wD��i�pj]�b
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7 � pj]�{¦i��Qky�2bav|�&b°�awm�Qij{}��bav#pj]�b5itky`=b��2wm�}�¡{}��� ij��]Qba`=b®k�i�{}�_. ��2'km�Q�Ã��vtwm�2w�ijb©ps�&wG�QwD�mba�
km�¡��wmvt{¢pt]�`+i�¥Cw�vqb�i~pj{}`+kDpt{¡����pj]�bL`=ba`£«Rb�vtij]�{}�(§a`²l�v²¨Qv�isp�ky���Qvjw�km��]|{}i²«Qk�i~b­�Twm��k � {¡b���bav²¨Q�¡pjb�v�·
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vt{¦�#wm¥�pt]�b']�b­k3�¯r��±pjv�kDµ��ekmiti~lQ`L��pj{}wm�|`+km�obA{}��. �+2±§?bVb�p�·R{¡�|w�vt�ob�v^pjw+w�«optkm{¡�|b�no���}{¦��{¡pqb�no��vtb�iti~{}wm�Ri
¥Cw�v�pj]�b+�Rkyv�ky`=b�ptbav�i²wm¥Jpt]�b � {}ba��b�v�¨Q�¢ptbav­·,�&b+ispt{¡�}�V]Qk3��b£ptwTkmiti~l�`=bLpj]RkDp'�Qkmv~pt{}�a{¡�Qkm��pti&xswm{}�®pj]�b
ijb�itij{¡w��Gkm����wmv��o{}���Tptw®k°u�w�{}itijwm�¬��vtwo��b­iji�·Vky�Q�¬pj]Qkyp=pj]�b#pj{}`=b��olQvj{}���®��]�{}��]Gpj]�b�r¬isp�k3rª{¡� pj]�b
`£l��¡pj{¦�akmi~peijb�itij{¡w��(·:]�bavtb�ky¥ pjbavevtb�¥Cbavtvtb���pjw|kmic*��ed:�!���
�a·�]Qkmieky�©bano�Rw���ba��pj{¦ky�?�o{¦i~pjvt{¡«�l�pj{}wm�(§Q]��R�obav
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(a) Membership evolution of long-lived session video1: ρ = 94.67,  p = 0.0106,  S = 2.5s.
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(a) Membership evolution in long-lived session video2: ρ = 14.138,  p = 0.034,  S = 3.2s.
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Lognormal linear fit for on-times, µ = 5.075, d = 3.323
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(a) Membership evolution in long-lived session video3: ρ = 8.12,  p = 0.0616,  S = 20s.

Video trace
Exponential
Hyperexponential
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(a) Membership evolution in long-lived session video4: ρ = 17.92,  p = 0.02787,  S = 10s.
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