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J

[ABCDJ key]
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6

    D drops out of L1.
    Two clusters merge in layer L0
   Member F leaves from the configuration in 3.

    New cluster keys are generated for L0 cluster ABCDJ
    and the L1 cluster CH, by cluster leaders C and H.

   Member E leaves from initial configuration
    It was part of layers L0 and L1
    D replaces E as cluster−leader in the L0 cluster (DJF)
    D unicasts new cluster key in DJF cluster
    D joins layer L1, and the cluster CDH
    H unicasts new cluster key in CDH cluster

[L1 key]

[L1 key]

4

   Key server multicast the new L1 key to L2 members
    L2 members (cluster−leaders of L1) multicasts
    this new L1 key into respective L1 clusters

D

J

[L1 key]

7
[L1 key]

   As before, the new L1 key is generated, since
    the membership of L1 has changed (D is no longer
    member of  L1, as it is not a cluster−leader in L0)

    They are distributed as before into L0 clusters.
    new L1 key.
    members as before. It is encrypted using the
   New L0 key is multicast by key server to L1

J

[L0 key]

[L0 key]

8

   Finally, new L0 key is generated and
    distributed as before.
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1. Member C joins and finds B as parent
on receiving a periodic message of B

2. Member E finds C as new parent
on receiving a periodic message of C

0. Members periodically multicast TTL−scoped

Parent−child relation
on the overlay tree

TTL−scoped message

heart−beat messages to parent and children
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È"ï
^2_`baNc�dfe4r ¬ áMÝ�Û�Û�Ú"àoÜ`è�ßäÜoáMÜ`í"á½ë#é�á�è�ßnÜ`Ý�ë&âLënò�Ü`í"áØÞ Û�ÚàoÜoá�èoÝ�â"ñé"è`ë&Üoë"Þ�ë#Ûgå+Ý�ÜoíVÜoí"á�á���ßnÙ%éÛ�á+à`í"ënå+â�Ý�âR£JÝ�ñ&Úèoá{#"ï
« îsâ"Ý�Ü`Ý�ßäÛ�Û�ê
ð"Ü`í"á%ënì#á�èoÛ,ßkêMÜ`èoá�áVí�ßnàdßMÞ�Û�Ú"àoÜ`á�è*/Bèoë
ë&Ü`á�æ«ßnÜ�Üoí"áÙ%á�Ù�ã�á�è@(ï¤��á�Ù�ã�á�èM(Ví�ßnà²â"ë%Úâ"àoÜ�ßnã"Û�á�à`Ú"ã"Üoè`á�á&ð5ßnâ�æ�àoá�â�æ�à
H A B H�ëÊÛ²Ü`ë§Ý�Üoà5é�ßäèoá�â
Ü|ÖJï¢��á�Ù�ã�á�èqÖ�í�ßnàißnâdÚ"â"à`Ü�ßäã"Û�á¸à`Ú"ã"Üoè`á�á&ð
6²ð"å+í"Ý,Þ`í�Ý�à¦é�ßäèoÜ+ënò¸ßdÞ�Û�Ú"àoÜ`á�è§è`ë
ë&Üoákæ�Ú"é"à`ÜoèoákßnÙGòwèoë#Ù Ögï
« � Ü5ß+Û,ßnÜ`á�ègÜ`Ý�ÙVáf~Î×5ßnâ"á�Û ����ðkÜoíá¸Þ�Û�Ú"àoÜ`á�è</ªèoá�æ
Ú�Þ�á�àiã�á�Û�ënå«àoÝ���á
Ø�ð#Ù(ßä÷!Ý�â"ñ+Ý�ÜiÚâ"àoÜ�ßnã"Û�á§ßnâ�ædÝ�à¦ß&æ
ì#á�èoÜ`Ý�à`á�ædã
êN(�ßnà¸ßäâ�Ú"â"àoÜ�ßnã"Û�áàoÚã"Üoè`á�á&ï � àMß«Þ�ë#â"àoákô&Úá�â�Þ�á&ðdßnÜ[Ögð�H A G Hë Â�Ø�O)(�ÕÞØ�O��QP
Ø�ï31+í"á%éèoë"Þ�á�æ
Úèoá�»A¸"ÐX³¢¸èº"Ó�R�Ï�ÐX¸�¸
²%Ý�à�Þ�ßnÛ�Û�á�æ}ë&â}Üoí"áVÜså¸ëàoÚã"Üoè`á�á�à0/4ßnâ�æt6=Ü`ëRÞ�è`á�ßnÜ`á�ë&â"á²àoÝ�â"ñ&Û�á�Þ�Û�Ú"àoÜ`á�è�ïf�+ëdÚ"â"àoÜ�ßnã"Û�áÞ�Û�Ú"à`Üoá�è²Ý�à§Þ èoá�ßäÜoá�æ�è`ë
ë&ÜoákæMßnÜÖgïiö�ëSA G ã�ákÞ�ë&ÙVá�à§á�ÙVé"Üsê
ï
« �¹á��"Ü�~sßnà�àoíënå+âMÝ�â½×5ßnâ"á�Ûf����ð�ßVâ"á�å7Ù%á�Ù�ã�á�è@7-��ë&Ý�â"à²Üoí"áënì&á�èoÛ,ßkê�Ü`èoá�á#ïq1+í"á²Ù%á�Ù�ã�á�èiæ
Ý�à�Þ�ënì#á�èoê�éèoë&Ü`ë"Þ�ë&Û�Û�ë"Þ�ßnÜ`á�à+Ý�Üiã�á�çÜså¦á�á�â�Ö�ßnâ�æT(dãÚ"Ü+Üoí"á�èoádÝ�à¦â"ë%Þ`í�ßäâ"ñ&á�Ý�â�Üoí"á�Þ�Û�Ú"à`Üoá�è`à�ï
« Æ5ì#á�â
ÜoÚ�ßäÛ�Û�ê[~Áàoá�á�×5ßnâá�ÛGÂ���ð"ßnâVá�â
ÜoÝ�èoá�à`Ú"ã"Üoè`á�át�ªënò5àoÝ���á{Ø�O��
��ë#Ý�âà�7�ï�1+í"Ý�à�Þ�ßäÚ"àoá�àUH A�V@H�Ü`ë(Ý�â�Þ èoá�ßäàoá%ã�á�ê#ë&â�æFØ«ßäâ�æMÛ�á�ß#æ
àÜoëdÜoíá�Þ�è`á�ßnÜ`Ý�ë#â%ëäò¥ß�à`Ý�âñ&Û�á�Þ�Û�Ú"à`Üoá�è+Ý�â�Þ Û�Ú�æ
Ý�â"ñ�àoÚã"Üoè`á�á�à0/4ßnâ�æ
�+ïw1+í"á�â"á�åWA V ã�á�Þ�ë#Ù%á�à�á�Ù%é"Üsê
ðgßnâ�æ}Üoí"áVàoÚ"ã"Ü`èoá�á�6·ßnñ
ßnÝ�âã�á�Þ�ë&ÙVá�à§ßdÚ"â"à`Ü�ßäã"Û�á�à`Ú"ã"Ü`èoá�á�ßnÜÖgï
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A, and B are stable clusters
with sizes between k and 2k

C

u

v

Towards root
of overlay tree

C is unstable

B

A

3k/2

3k/4
3k/2

Î�BC`�n\[�n0Q�:d7�t�]C6¢SI]!9�>P:d6�=�>
7�L�^f9�L�>P:d7�t�]C6X>�9�t�:;=�6T6x>Tn

a*=?<�ST6x^�9�=?6lr^]
ð�ñ�óZð�_�ü���÷�ñ�ð�ð�ö!`baEc�dEegf�h�hji��^kml�i�con�p
e9q�rs?tvuwaxl�ioq�yCl{z}|v~?ev��kbl!tvu�axl�ioq�y�z�|�,�&������dEegf�h�hji��^kml�i
ev��kbl!tvu�axl�ioq�y�z�e9��kbljt9uwaxl�ioq�y���e����\�~ ��� e9��kbl!tvuwaxl�ioq�y?���,n���Ïm¢^�^ s a�uf:P<�e9��kbljt9uwaxl�ioq�ym¢^�^ s e9��kbl!tvuwaxl�ioq�y%u :P<�e9q�rs?tvuwaxl�ioq�yCl
e9��kbl!tvuwaxl�ioq�y�z�|~ ��ev��kbl!tvu�axl�ioq�yM�� |

��� z�e9��kbljt9uwaxl�ioq�y�`|����"���/e9q�rs?tvu�axl�ioq�y$l
Î�BC`�n j n�a*=�<�Sx6T^�9�=�6�]
ð�ñ�óZð�_�ü���÷�ñ�ð�ð�ö�n

a*=�<�Sx6T^�9�=�6�rx�ñ�õZô�ð�ö�ö!����ú9þRùx]&ð�ö�ö�ò�óZð�`baEc���c�� �)� � ������pt � z�|v~�� � z}� � � � ����� �S� � � � �� �¡~ ���7�]!=�6T7�^�Zote6I]C<�L�`�>
:P<f>P<%JK6¢S�]!9�>d:d6�=<�{=�<�<�:P6x^7�:�aWXH�^�7�:P6lSI]!9�>P:d6�=X>;BCÔx6l<�M$��:d<ote6� t��!¢L� �~ ��� t���£Sn<�=� t��$�Og¤n s �¦¥�riÄ�¥�roqÁv�§&Ä�¿®Äu
t � z s�¨ � ¨ ��t9��kbuª©�y$q�«���ax�¬ ¨ �®�mt� � � �Pu|k���`| s ��ÂÇv�rv§!Ã`t	¯�v�ustbÃ�°¦v�§nÀ§x!± ²krst®¿Îu¸usÃoÃ`tw¿®Äv t�a%qÎ¿w°�Ã`us¿b³iq�²�t�%+v�À´�vCµ ¿¦qs¿w¿5§<¯�v�ustbÃ�° � � qÎ¿w°�Ã`uÎ¿lus pgÄ�Ä ��� twÃ¬t�´l¿�²�§nrst�v�q!± ¿5r�²nqst�uÎ¿Á¿b³ ��� v�t�a�uWXH�^�7�:P6l>�BCÔT6l<�M � � :d<qt�6� � � ��¢S� �~ ��� ��� ���Int � z s�¨ � ¨ ��t9��kbuª©�y$q�«���ax�¬ ¨ � �)� u|����o| \26�=�`�6 �)� @
BC:�5¤7�L26��VBC>P:�B!L�`qSI]!9�>P:d6�=
B!M�He<�>d>;B!t�]C6~ �8t � �� |# 6x@�N*]!9�>P:d6�=�>*=?<�<�:d6T^7�:���z ]
ð�ñ�ó´ð?_�ü���÷�ñ�ð�ð�ö���aEcot � c5n��

Î�BC`�n	¶�n a�=�<�ST6T^�9�=�6��ñ�õ´ô�ð�ö�ö!�·��ú9þSù�]
ð�ö�ö�ò�ó´ð�n�t � BC>7®]!BC>P:<�Mva[� >Sd5�B!]C^�=�6�Lb>Tn :xn¤:�5�6f9�L�>d:P7�t�]C6o>;9�t�:�=?6x6T>w=�<�<�:d6T^®7�:q:�5�6T>d6Sd5�B!]C^�=?6IL¤L�6x6T^:d<fte6wJK6I=?`�6x^:P<SI=?6x7�:d6XL�6T@[SI]!9�>P:d6�=�>'7V:ga�ng� � BC>¢:�5�6lSd5�7�L�`�6XB!L2:;5�6>�9�t�:�=?6x6|>�BCÔT6ft�6T:;@
6T6IL�:�5�6fH�=?6xY�BC<%9�>XJK6T>d>d7�`�6oMC=�<�J Sd5�B!]C^¸��7�L�^®:;5�BC>JK6x>P>d7�`�6Vn

v |τ| = 0

u |τ| = k/2 u |τ| = k/2u |τ| = 0u |τ| = 0

wτ| | = 0wτ| | = 3k/4 + 1

v |τ| = 3k/4 v |τ| = 3k/4
v |τ| = 3k/4

¹ ¹ ¹
¹ ¹ ¹
¹ ¹ ¹
º º º
º º º
º º º

» » » »
» » » »
» » » »
» » » »

¼ ¼ ¼
¼ ¼ ¼
¼ ¼ ¼
¼ ¼ ¼

7k/4

A

v

3k/4

A

B

v

u

3k/4

A

3k/4

A

B

w

v v

k/2 k/2 k/2 k/2

k/2

C

u

A and B now part of
same stable cluster.

2. New member w joins 3. New subtree C appears
and is rooted at w. A and C
are part of one stable cluster
rooted at w. B is part of a

1. A shrinks to 3k/4.

0. Initially A is a
stable cluster rooted
at v. B is part of a
cluster rooted upstream
of u.

separate cluster rooted upstream
of u.

and is located by member
discovery protocol
between u and v.

the same stable cluster.
All members are part of

B B

Î�BC`�n�½�n0N*]!9�>P:d6�=dB!L�`wH�=?<V:P<�ST<�]�6���7%JH�]C6

iù�¾�§²þ'¾$�V§��������;���*T ����ý!û��:%Mý�¾!���P�������£ü)ª ��û�q¾�ý����T��ûV�;���
¬ á�í�ßkì&á�Ý�Ù%éÛ�á�Ù�á�â
Üoá�æ�ðJÝ�â æ
á�Ü�ßnÝ�Û�á�æ¼àoÝ�Ù�Ú"Û,ßnÜ`Ý�ë#â"à�ðJë&Úè�à`á�çÞ�Ú"è`á�Ù�Ú"Û�ÜoÝ,Þ�ßnà`Ü5àoë&Û�Ú"Ü`Ý�ë&â�Ú"à`Ý�âñ�Üoí"á�Þ�Û�Ú"àoÜ`á�èoÝ�â"ñdé"è`ë&Üoë"Þ�ë#Ûgßnà¸æ�á�çà�Þ èoÝ�ã�ákæ%Ý�âVÜoí"Ý�à¦àoá�Þ�Ü`Ý�ë&âgïió²Ú"è¦àoë#Û�ÚÜoÝ�ë&â�é"è`ë&é�ë&à`á�à�ß²òÁè�ßnÙVá�å¦ë&èo÷Üoí�ßnÜ�Ý�à�à`Ý�Ù%Ý�Û,ßnè+Üoë�Ü`í"á�îsë&Û�Ú"à²òwè�ßnÙ%á�å¸ë#èo÷F����"��oï�îsâ}é�ßnè`ÜoÝ,Þ�Ú"Û,ßäè�ðÜoíáRÞ�Û�Ú"à`Üoá�è`à�Ý�âMë&Úè�à�Þ`í"á�Ù%á�Þ�ßäâMã�á�Þ�ë#â"àoÝ,æ
á�è`á�æ}Üoë�ã�á�ákô&ÚÝ�ì#çßnÛ�á�â
Ü¦Üoë�à`Ú"ã"ñ&è`ë&Ú"éà+Ý�âVîsë&Û�Ú"àkð"ßnâ�æÜoí"á�Þ�Û�Ú"à`Üoá�è²Û�ákß&æ
á�è`à+ã�á�í�ßkì&áÛ�Ý�÷&á ½ èoë#Ú"é¨ö
á�Þ�ÚèoÝ�Üsê � ñ&á�â
Ü`à0~ ½ ö � à���ï31+í"á�è`á(ßnè`á&ð5í"ënå¦á�ì&á�è�ðÜså¦ë�ã�ßäàoÝ,Þ�æ
Ý�õÇá�èoá�â�Þ á�à �

�&ïf1+í"á ½ ö � àb~wÝ�â}îsë&Û�Ú"à���ßäèoá�à`é�á�Þ Ý�ßäÛiá�â
ÜoÝ�Ü`Ý�á�à�Û�ë�Þ�ßnÜoákæMÝ�â}Üoí"áàoákÞ�Ú"èoá�æ
Ý�àoÜ`èoÝ�ã"Ú"Ü`Ý�ë#â�Üoè`á�á&ð
ßnè`á£Þ`í"ë#àoá�â%ßlçÎé"è`Ý�ë&èoÝ"ßäâ�æ�Üoíá+é�á�á�èoÝ�â"ñèoá�Û�ßäÜoÝ�ë&âàoí"Ý�é"à²ã�á�Üså¦á�á�â ½ ö � à+ë&âMÜ`í"á�à�ßnÙ%á�Û�á�ì#á�Ûgëäò¥Ü`í"á�í"Ý�á�èyçßnè�Þ`í!ê}ßnèoádÙ(ßäâ
Ú�ßnÛ�Û�ê%Þ�ë&â���ñ&Ú"è`á�æ�ïdîsâ½Þ�ë#â
Üoè�ßäàoÜkðgë#Ú"è�é"èoë#é�ë#àoá�æÞ�Û�Ú"à`Üoá�è`Ý�âñ(éèoë&Ü`ë"Þ�ë&Ûiæ
ê
â�ßäÙ%Ý,Þ�ßnÛ�Û�ê%Þ�è`á�ßnÜ`á�à�Üoíá�àoá%Þ�Û�Ú"à`Üoá�è`à�ßnâ�æÜoíá�Ý�è%Þ�Û�Ú"àoÜ`á�è%Û�á�ß#æ
á�èoà%ßäâ�æ=ß&æ"ßäé"ÜoàdÜoíá�Ù å+Ý�Ü`í¨Üoíá�Þ`í�ßäâ"ñ&Ý�â"ñàoÜ`èoÚ�Þ ÜoÚ"è`á(ëäò£Ü`í"á�àoákÞ�Ú"èoáVñ&è`ë&Ú"égï � Û�àoë�Üoíá%Þ�Û�Ú"àoÜ`á�è�Û�á�ß#æ
á�è`à�Ý�âë&Úè¸à�Þoíá�Ù%á�ßnèoá�â"ë#Ü¸à`é�ákÞ�Ý,ßnÛ�Ý���á�æ�á�â!Ü`Ý�ÜoÝ�á�à+ã"Ú"Ü+ßnè`áG��ÚàoÜ+èoá�ñ&Ú"Û,ßnè

Ù%á�Ù�ã�á�è`à¸ëäòbÜ`í"á�àoá�Þ�Úèoádñ&èoë#Ú"égï
�"ïf1+í"á¦àoÚã"ñ&è`ë&Ú"é"à¬Ý�âdîsë&Û�Ú"à5ßnè`á§Þ�èoá�ßäÜoá�ædã�ßnàoákædë&â�ß&æ
ÙVÝ�âÝ�à`Üoè�ßkçÜoÝ�ì#á�ã�ë#Ú"â�æ"ßäèoÝ�á�à�ï31+í"Ý�à�Ý�à�ë&â"á�è`á�ßnà`ë&âªå+í!ê�Üoí"á�à`á�àoÚ"ã"ñ#èoë#Ú"é"àÞ�ßäâ ã�á�ã�á�àoÜ%ßnà`àoÝ�ñ&âá�æªàoÜ�ßäÜoÝ,Þ�ßäÛ�Û�ê
ï}îsâ2Þ ë&â
Üoè�ßnàoÜkð¦Üoí"áMÞ�Û�Ú"à`Üoá�è`àÝ�â%ë#Ú"è+à�Þ`í"á�ÙVá�ßnèoá�ßäàoàoÝ�ñ#â"á�æVã�ßnà`á�æ�ë#â%Üoë#é�ë#Û�ë&ñ&Ý,Þ�ßäÛ�éèoë��"Ý�Ù%Ý�Üsêã�á�Üså¸á�á�â=Ù%á�Ù�ã�á�èoà�ë&â«Üoíá�æ�Ý�à`Üoè`Ý�ãÚ"ÜoÝ�ë&â«Ü`èoá�á#ï � æ"æ�Ý�Ü`Ý�ë&â�ßäÛ�Û�ê
ðå¦á§Ý�Ù%é�ë&à`á¸à`Ý$��á�ã�ë&Úâ�æ
à¦ë&â�Üoíá�Þ�Û�Ú"à`Üoá�è`à�ïiîsÜ¦Ý�àié"è`á�Þ�Ý�àoá�Û�êVÜoí"á�à`áàoÝ���ádã�ë&Ú"â�æ�á�æMÜ`ë&é�ë&Û�ë&ñ#Ý,Þ�ßnÛ5Þ�Û�Ú"àoÜ`á�èoà�Ü`í�ßnÜ�ßnÛ�Û�ënå Úà§Üoë�é"è`ënì
Ý�æ�áèoÝ�ñ#ë&èoë#Ú"à�ã�ë&Ú"â�æ
à�ë#â«Üoí"á�ënì#á�èoí"ákß&æ
àdënò§ë#Ú"è�ñ&è`ë&Ú"é«è`á�çs÷&á�ê
Ý�â"ñà�Þ`í"á�Ù%á&ïo1+í"á�æ
ê
â�ßnÙVÝ�Þ+Þ Û�ÚàoÜoá�èoÝ�â"ñ%Ü`í�ßnÜ§ß#æ"ßnéÜoà+ã�ßäàoá�æ�ë#â�Üoí"áÞ`í�ßnâñ&Ý�â"ñ�ñ&è`ë&Ú"é«ÙVá�Ù�ã�á�èoàoíÝ�é}Ý�à�ë&âá�ënò§Üoíá�Ù(ßnÝ�â½Þ ë&â
Üoè`Ý�ãÚ
çÜoÝ�ë#â"à¸ëäògë&Ú"è¬å¸ë#èo÷�ï � Û�á�ßnè`Û�ê
ðnÝ�ògàoÝ�ÙVÝ�Û,ßäègàoÝ���á�ã�ë&Ú"â�æ
à£ßäâ�æ�Ü`ë&é�ënçÛ�ë&ñ#Ý�Þ�ßnÛié"è`ë&é�á�èoÜ`Ý�á�àRßäèoáVÝ�ÙVé�ë#àoá�æ�ë&â«Ü`í"á%à`Ú"ã"ñ#èoë&Úé"à�Ý�â«îsë#Û�Úà�ðÝ�Ü¸å+Ý�Û�Û�ã�á�é�ë&àoà`Ý�ã"Û�á�Ü`ë�éèoënì
Ý,æ
á§à`Ý�ÙVÝ�Û�ßäè5ñ&Ú�ßäè�ßnâ
Ü`á�á�à+å+Ý�Üoí"Ý�âVÜoí"áîsë&Û�Ú"à¦òÁè�ßnÙVá�å¦ë&èo÷dÜoë
ë�ï

� Þ Û�ÚàoÜoá�èoÝ�â"ñnçsã�ßäàoá�æªÝ�Ù%é"Û�á�ÙVá�â
Ü�ßäÜoÝ�ë&â�òÁë&èdñ&èoë#Ú"é¨è`á�çs÷&á�ê
Ý�â"ñàoÚ�ÞoíLßnà�Ý�â�Þ�Ú"è`à%ßnâTß&ææ
á�æªënì&á�è`í"á�ß#æ=Üoí�ßäÜ�Ý�à�â"ë#Ü�é"èoá�àoá�â
Ü�Ý�âë&Ü`í"á�èià�Þ`í"á�Ù%á�à�ïl1+í"Ý�àiÝ�à5â"ë&Ü¦ß�Þ ë&â�Þ�á�èoâ�Ý�â�îsë#Û�Úàbà`Ý�â�Þ�á§Ü`í"á+àoÚã
ç
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����������� ���!�"���#�%$&���(')������������*+*+�����,��!���,��� - à
ñ&è`ë&Ú"éà§ßnèoá�à`Ü�ßnÜ`Ý,Þ�ßnÛ�Û�ê%ßnâ�æVÙ�ßnâ
Ú�ßnÛ�Û�ê�Þ�ë#â���ñ#Ú"èoá�æ)ï|£Ú"èoÜ`í"á�è�ðÝ�âë&Úè§àoë#Û�Ú"ÜoÝ�ë&âJð�Þ�á�è`Ü�ßäÝ�â}Ù%á�Ù�ã�á�è`à+í�ßkì&á�Üoë(ß#Þ�Ü�ßäà�Þ�Û�Ú"àoÜ`á�è�Û�ákß&æ#çá�è`à�ð�é�ë#Üoá�â
Ü`Ý�ßäÛ�Û�ê�Û�á�ß#æ
Ý�â"ñ�Üoë%ß#æ"æ
á�æ�ÜoèoÚàoÜ�ßäâ�æVàoá�Þ Ú"èoÝ�ÜsêMÝ�àoà`Ú"á�àkï
¬ á�ß&æ"æ�èoá�à`à§Üoíá�àoá�Üså¦ë�Þ�ë&â�Þ á�èoâ"à�â"á%��Ükï
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Number of hosts leaving the group simultaneously

Initial group size 24000

LKH
Boolean minimization
Spatial-16
Spatial-4
Spatial-1
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Number of clusters whose traffic passes through a router

Group size 24000, ~ 3100 clusters  and ~ 17000 routers

4 m/c gps

16 m/c gps

64 m/c gps
256 m/c gps

Directed m/c (Ideal)

Single m/c gp

32 m/c gps
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