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3.1 Motivation and Mechanics

�%ó5ñA�%ü��
í!ôrúÙôrý5õ�ôrý-ðt�ãó5÷Æð«îàûrö�ï(ð �0ü-ó�ð�îàý������Úí	�����aö�÷¾ø
��ü�ñ«î¾ð�ÿ'ù î¼ï�ò5ö-ï(ôbõfü-ýÞð«ÿ'ôÑí%ôrï(ð�îàý5öIð«î¾ü-ý�ø&í!ñ«î��-ômý6�ãó'÷¾ð�î � ö�ï(ø
ð�îàý����íÚí�� � �Ïö�÷���ü-ñ�î¾ð�ÿ5ù ñ�ôbû·ôrý-ð«÷��»ú'ñ«ü�úVü-ï�ôrõ»ò	�d��ÿ5ö�î� �ÿ
ö�ý5õ ��ÿ'î¾ý �o�*���I� ��ÿ5ô�î¼õ�ôrö�ü�<íÚí�� � û·ü-ùTôbï��ºñ«ü�ù ð«ÿ'ô
�ö�ûvðfð�ÿ5ö�ðfð«ÿ'ô���ôr÷¾÷¾ø� �ý'ü!�0ýÇö�÷���ü�ñ«î¾ð�ÿ'ù¨ïÊül� �3ñ«î¾ù6� ïÞù�îàý'î¾ø
ùÑó'ù�ï�ú5ö�ý'ý5î¾ý���ð�ñ«ômô�ö�ý5õEí!î �� �ï�ð«ñ«ö � ïTï(ÿ5ü�ñ�ð�ôrï(ðÑú5ö�ð�ÿ�ð�ñ«ômô
� ���0òVü�ð«ÿ�ó5ï�ôfôbï�ï�ômýdð�î¼ö�÷à÷���ð«ÿ'ô�ï«ö�ù�ô��-ñ�ôrôrõ��áï(ð�ñ öIð�ô��l�����&ý
�3ñ«î¾ù6� ïÚö�÷��-ü�ñ«îÆð«ÿ'ùZþ�öfù�îàý'îàùÑó'ùTø&û·ü-ï(ðÚð�ñ«ômôTð�ÿ5ö�ðÏï(ú5ö�ý5ï\ö�÷à÷
ý'ü�õ�ôrï�î¼ï¨û·ü-ý5ï�ð«ñ�óÙûvð�ôbõ�ò���ö�ó���ù�ôrý-ð«î¾ý���ð«ÿ'ôÌû·ó'ñ«ñ«ômýdð�ð�ñ«ômô
�0îÆð«ÿ¨ð�ÿ'ô%ù�î¾ý'îàùÑó5ù<ø&û·üdï�ð�ôrõ��-ô!ômù¨ö�ý5öIð«î¾ý����ºñ�ü-ù2ï�ü�ù�ôAü-ý�ø
ð�ñ«ômôãý'ü�õ�ô��(�V®�¤T�*� ¬«�·¯ ¯m�I�v¥§¡£��¤º²'�Ì¯m®I±���¬ ���2���&ý�í%î �� �ï(ð�ñ ö � ï
ö�÷���ü�ñ«î¾ð�ÿ'ùZþ�ö�ð3ôrö�û ÿ¨ï(ð�ôrú þ-ö\ý'ô���ý'ü�õ�ô¤�0îÆð«ÿ�ð�ÿ'ô!ùTîàý'îàùÑó'ù
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Figure 1. Example to show difference between DDMC and QDMR: (a) Example network and DDMC
tree; (b) Least-delay tree (LDT); (c) DDMC+LDP tree; (d) QDMR tree.
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Figure 2. Merging process.
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Figure 3. Our QDMR algorithm.
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�&ý�ð«ÿ'îàïL�5ñ ï(ð�ï�ô·ð�ü�!ôp��úÙôrñ�îàù�ômýdð«ïrþ��Kôfîàý���ôrï(ð�î��-ö�ð�ô¨ð«ÿ'ô
�dó5ö�÷àîÆð��Úü��ð«ÿ'ô3ùÑó5÷Æð«îàûrö�ï(ð�ð�ñ«ômôA�-ômý'ôrñ«ö�ð�ôbõ%ò��Úôrö-û ÿ
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ö�ý5õÞð�ÿ5ômîàñ�ûmü�ù�ú'ó�ð öIð«î¾ü-ýfñ«ô��dó'îàñ�ôrù�ômýdð��A��ÿ'î¼ï �Kö-ï�õ'ü�ý'ô\ò��
ù�ôrö�ï�ó'ñ«î¾ý��¤�ºü�ñQö�ýTö�ñ«ñ�î���î¾ý��¤�-ñ�ü-ó'ú
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ð�ÿ'ôZö�û·ð�ó5ö�÷�ôp��ôrû·ó'ð�îàü�ý�ð«î¾ù�ôfð�ü���ôrý'ômñ öIð«ô¨ð�ÿ'ôfð�ñ«ômô�ó'ý5õ'ômñ
ôrö-û ÿ¨ÿ'ômó'ñ«î¼ï�ð«îàûl� ? ÷¾÷�ï�î¾ù<ó'÷¼öIð�îàü�ýÙï¦�Kômñ«ôAñ«ó'ý'ý'îàý��Ñü-ýÞö>�C���
��� ? � � ï(ð«ö�ð�îàü�ý�ø7��¥5þÙö�ýÙõZð�ÿ'ôTû·ü�õ�ôbï��ºü-ñÚö�÷¾÷�ð�ÿ'ô�ï(îàùÑó5÷àö�ð�ôrõ
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ò5ö�û7 ��-ñ�ü-ó'ý5õ¨ð«ñ«öjÊû�¦��ÿ'î¼ï0ñ«ôrï�ômñ���ôbõ
ò5ö�ýÙõ��0îàõ�ð�ÿãî¼ï!ö¨ñ ö�ý5õ'ü�ù �Iö�ñ�î¼ö�ò'÷àô
ó'ý'î��ºü�ñ«ù�÷��Zõ�î¼ï�ð«ñ�îàò'ó�ð«ôrõ
òÙômð���ôrômý���� _��<ö�ý5õ����������.k»ô�ï�ô·ð
��� _��
ð«ü���¥ �ãò5ú5ï,ö�ý5õ
�������Tð«ü ���l¥ �ãò'ú5ï��¤��ÿ'ôÑõ�î�nVôrñ�ôrý5û·ôÑòÙômð���ôrômý���� _��ãö�ý5õ
��������ñ�ô��5ôrû·ð«ï�ð«ÿ'ô¿�I¯ �I¦T¦¨�·¤W�v�ãü�\ð�ÿ5ôÌ÷¾îàý� ¿÷¾üdö�õ'ï��0ÿ'ômý
ð�ÿ'ôÞùÑó'÷¾ð�î¼ûmö-ï�ð �-ñ�ü-ó'ú.ö�ñ«ñ�î���ôbïp�i��ÿ'ô��-ñ�ü-ó'úáù�ômùÑòVômñ ïÑö�ñ�ô
ö�÷¼ï(üTñ ö�ý5õ�ü-ù�÷��Êï�ôm÷àôrû·ð�ôrõ(�.kÎô
ü�ò'ð«ö�îàý�ñ�ôbï(ó'÷¾ð«ïe�ºü-ñAõ�îon*ômñ«ômýdð
ý'ô·ð��Kü�ñ� Ñï�î�qrôrïrþ�ù<ó'÷Æð«îàûrö�ï(ð¦��ñ«ü�ó5úTï�î�qrôrï3ö�ý5õ¨õ�î�nVôrñ�ôrýdð/õ�ôm÷¼ö*�
òÙü-ó'ý5õ'ï�� �'ü�ñfö.ï(úVôrûmî �ÙûÌý'ô·ð��Kü�ñ�  �*��ñ«ü�ó5ú�û·ü-ý�����ó5ñ«ö�ð�îàü�ý þ
ôrö-û ÿEö�÷���ü-ñ�î¾ð�ÿ5ù#îàï�ôp��ôrû·ó'ð�ôrõ(�£��ÿ5îàïb��ö�ïTñ«ômúVôröIð«ôrõEó'ýdð�îà÷
û·ü-ý��Ùõ�ôrý5û·ôTî¾ýdð«ômñ��oö�÷àï%ü��÷¾ôbï�ï!ð�ÿ5ö�ý���! �ºó5ï�î¾ý�� �	�"!�û·ü-ý��'ø
õ�ômýÙû·ô\÷¾ô���ôr÷ �K�Kômñ«ôÚö-û ÿ'îàôp��ôbõ��ºü-ñAö�÷à÷�ù�ôrö�ï�ó'ñ«ôrõ �dó5ö�ýdð�î¾ð�îàôrï��
�hî���ó5ñ�ô��Tï�ÿ'ü!�Aï,ð«ÿ'ô%ð�ñ«ômô%ûmü-ï(ðKö�ý5õ¨ð«ÿ'ô%ôp��ôrû·ó'ð�îàü�ý¨ð«î¾ù�ô

�ºü�ñ]�Iö�ñ���î¾ý���ý5ô·ð��Kü�ñ� �ï(î�qmô��H�'ü-ñÑû·÷¼ö�ñ«î¾ð���þ�ôp��ôrû·ó'ð�îàü�ý»ð�îàùTôbï
ö�ñ«ô�ï�ÿ'ü!�0ýEî¾ý¿÷¾ü���ø&ï�ûrö�÷àôl��kÎô6����ð«ÿ'ôi��ñ«ü�ó'ú¿ï(î�qmôãö�ði��¥'þ
ö�ý5õ �KôÏû ÿ'ü�ü-ï�ô
ö¨ï�ð«ñ�îàý���ôrýdð0õ'ôm÷¼ö*�ÊòÙü-ó'ý5õZül�8��¥$# V �¦�aî���ø
ó'ñ«ô �$�ö	�Qï(ÿ5ü!�Aïað�ÿ5ö�ð/ö�ïQð«ÿ'ô!ï�î�qrôKül�*ð�ÿ'ô0ý'ômð���ü-ñ
 Ñî¾ý5ûmñ�ôbö�ï�ôrï
�ºñ�ü-ù �l¥
ý'ü�õ�ôrï,ð�ü���¥l¥\ý'ü�õ�ôbïmþ�ð�ÿ'ôÚõ�îon*ômñ«ômýÙû·ô0òVô·ð��Kômômý�ð«ÿ'ô
ï(ó5ò�øWü-ú�ð�îàù¨ö�÷ " � � ? ÿ'ôró'ñ«îàï(ð�î¼ûÊö�ýÙõ.ü�ð«ÿ'ômñ<ÿ'ômó'ñ«î¼ï�ð«îàûrïÏòVô·ø
û·ü-ùTôbï!÷¼ö�ñ���ôrñ�� � ? �2ö�÷��Kö*��ï¤��îàôm÷¼õ'ï%ð�ÿ'ôTû·÷àü-ï�ôrï(ð!ð�ñ«ômôTû·üdï�ð
ð�ü¨ð«ÿ5öIð%ü� "¤��� ? �M��ÿ'ôÏñ«ômù¨ö�î¾ý'îàý���ð«ÿ'ñ�ôrôÏÿ'ôró'ñ�î¼ï(ð�î¼ûmïAúVômñ�ø
�ºü�ñ«ù �-ômñ���û·÷àü-ï�ôTð�üãôrö-û ÿáü�ð�ÿ5ômñH�÷¾ôbï�ï\ð«ÿ5ö�ý`��!>��� � �-� "
ÿ5ö�ï�ñ«ôm÷¼öIð«î��-ôm÷��Ê÷àü!��ôrñ�ð«ñ�ôrô
û·ü-ï(ðrþ��ºü�÷à÷¾ü!�Kôrõ�û·÷àü-ï�ôm÷��¨ò��	�]�¦�
ð�ÿ'ôrým�Úí	���]���aî���ó'ñ«ô	�$�ºò^��ï(ÿ'ü!�Aï/ð�ÿÙöIð "¤��� ? ö�ý5õ��]�¦�
ö�ñ«ô.ð�ÿ5ô�ù�ü-ï(ðÎûmü�ù�ú'ó�ð öIð�îàü�ýÙö�÷à÷��ÔôC��úVômý5ï�î��-ôEö�÷��-ü�ñ«îÆð«ÿ'ù¨ïp�
�Úí���� î¼ïTð�ÿ'ô �ö-ï�ð«ôrï(ð¨ö�÷��-ü�ñ«îÆð«ÿ'ùZþA�ºü�÷à÷àü!��ôbõ�ò�� � �-� "Úþ

5 Q ;H),+�67+4+�9��¤<�=�;�'*6�;&%p9*<�9*<�),?*Gd=*<&� 6�B�+�671�<i?�<YG!�,),G2),@��,<mG2) �C<Y?
<�?*/29*G2'�@!67?*=�-R),=�;�'�),+[1�<�+4<Y1 �C<�=�/2?m;4'*< �,),?�3G	�/21[<Y6 � ' �e9�� ;4) � 67+#;G214/29*:	a!67?�=5;�'*6�;R;41I67?*+ �¤),+�+4),/2?�=�<�� 6�B�+R671�<��C<Y1#B�+���6
��� h

' &('*),+�=*<��!?*) ;4),/2?e14<)(!< � ;4+�;�'*<^1�<&� 6�;�),/2?�+�'*),:�@< ;_-0<�<Y? � /2+#;�67?*= �,),?*39�;4)��,)+*Y6�;�),/2?",	6¤'*),G2'�� B �,/C67=*<�= �,),?*3�9*+�9*6
��� B � /2+4;4+#�¤/214<Ch � ;4'*<�1.=*<��*T?*) ;4),/2?*+R671�<A6
�,+4/ :/2+�+4),@��,<2h



ð�ÿ'ôrý � ? �>�M�Úí	���Õî¼ïAü-ñ«õ'ômñ ïAü�,ù¨ö�-ý'î¾ð�ó5õ�ô �ö�ï(ð�ôrñAð�ÿÙö�ý
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÷àü!��ôrñ/û·üdï�ð3ð«ñ�ôrôAö�ï3ð�ÿ'ôÚõ�ôm÷¼ö*�ÑòVü�ó'ýÙõ¨î¾ýÙû·ñ«ôrö�ï�ôrï��
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�ºî�� ô��3÷àö�ñ
�-ô��·þ/òVü�ð�ÿ � �-� " ö�ý5õ��Úí	��� úÙôrñY�ºü-ñ�ù#òVô·ð�ð�ôrñ
ð�ÿ5ö�ý��]�¦�8���aî���ó'ñ«ô ¨$�ºò$�!ï(ÿ'ü!�AïAð�ÿ5ö�ð!ð«ÿ'ôÑôp��ôbû·ó�ð«î¾ü-ýãð�îàù�ô
ü�aö�÷¾÷�ÿ5ômó'ñ«îàï(ð�î¼ûmïAîàï�ý'ü�ð���ôrñ
�¨ù<ó5û ÿ�önVôbûvð«ôrõ�ò��¨ð�ÿ'ôÏõ'ôm÷¼ö*�
òÙü-ó'ý5õ0�
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��ü�ñ«î¾ð�ÿ'ù �ºü�ñÎ÷àö�ñ
�-ô.ý'ô·ð��Kü�ñ� �ï������!�>þb�hî���ó5ñ�ô"§�û·ü-ùTúÙö�ñ«ôrï
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ð�ÿ'ô���õ'îàï(ð�ñ«î¾ò5ó�ð�ôÏö�ñ�ñ«î���îàý���ùÑó'÷¾ð�î¼ûmö-ï�ð���ñ«ü�ó'ú5ï]�ºð�ñ ö!jÊû��Kü!�-ômñ
ð�ÿ'ôZý'ômð���ü-ñ
 .ï�ü»ö-ïÑð«üáî¾ý5ûmñ�ôbö�ï�ôÞý'ômð���ü-ñ
 áó�ð«î¾÷àî�qröIð«î¾ü-ý �ü�ñ
ñ�ô���ôrýdó5ô��2�4�&ý¨ôrö-û ÿTñ«ó'ý þ���ô%ï�ð ö�ñ�ð��0îÆð«ÿÊö�ý�ômù�ú�ð��Tý'ô·ð��Kü�ñ� 
ö�ý5õb�-ômý'ôrñ«ö�ð�ô0ï�ó5ûmûmôrï«ï(î���ôAö�ñ�ñ«î��Iö�÷àïQül�*ù<ó'÷¾ð�î¼ûmö�ï(ð¦�-ñ�ü-ó'ú5ï�� ?
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Figure 4. Tree cost and execution time versus network size: group size=10, delay bound=30
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Figure 5. Tree cost and execution time versus group size: network size=50, delay bound=30
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Figure 6. Tree cost and execution time versus delay bound: network size=50, group size=15.
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Figure 7. Tree cost and execution time vs network size: group size=10% of network size, delay
bound=30
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Figure 8. Number of admitted sessions versus group size: network size=20, delay bound=30
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