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×�in`Qi¶Î�i�× +&N����Llm��+�G°È�+�0 I G i�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÍQ`
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×�in`Qi¶Î�i�Í +&N����Llm��GH+&GjÈ}+�0 I G¡i�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÍQ`
×Qi�`Qin` +&�nlFv��nO������QPY*@�Z��MZ�nc�v����L�Hi�iFi�iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÍQ`

×�in`Qi�`Qi¶Î G:MZ�����rNL�Q�|��ku�LNL����N�k�OQMZOQlm�b����M��xiFi�iFi�i�iFi�i3iFi�iFi�i Í Ë
×�in`Qi�`Qi�` !#v����S�nN�OQ�]��KQMZ�Qv�k�k�OQMZOQlm�b����M��¡iFi�iFi�i�iFi�i3iFi�iFi�i Í Ë
×�in`Qi�`Qi Ë /��b�)q%�QM�U�k&OQM�OQlm�W���LMZ�Úi3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i Í Ë

×Qi�`Qi Ë +&�nlFv��nO������QPY!#�b��MZ�nN���i�i�iFi�iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÍQ×
×�in`Qi Ë i¶Î 0��r�pR�k&vw�3�QM^G@O�N�U��b��<J�L����{X�LMTV�,�O������ i�iFi�i3iFi�iFi�i ÍQ×
×�in`Qi Ë i�` <JO���O\-4{X��M�����OQR�i�iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÍQ×
×�in`Qi Ë i Ë (���P��SM��Q�j-4{��LM��&�LOQR~iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÍQ×
×�in`Qi Ë i�× 
;���SOQ�°-4{X��M�����OQRAi�iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÍQÍ
×�in`Qi Ë i�Í *:{X��M�OQKQ�35:P�RwÈÛ����È}5:P�RY<J���nO}V iFi�iFi�i�iFi�i3iFi�iFi�i ÍQÍ

×Qi Ë +���l�v���O������QPh,�����v������9OQP�Rh
;M�OQR��WÈ��QÜ#*%P�OQ��Vd�����Ùi�iFi�iFi�i�iFi�i3iFi�iFi�i ÍQÌ
×Qi Ë iÑÎ =��Qk�NL�Qv&P���c�OQ�Z�LRhR�O��SO~�e��M]q%OQM�R���P�KÚi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÍQÌ
×Qi Ë in` !#�Qc����n���)V�+�ku�L�LR i�iFi�i�iFi�iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÍQÓ
×Qi Ë i Ë /�v�l�cu�LM^�Q��+��Qv�MZNL���Ei�i�iFi�iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÌQ×
×Qi Ë in× ,9�Qvw�S�J,����eM������#')PS�S�LM]{pOQ�tiFi�iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÌQÏ
×Qi Ë inÍ !#v����S�nN�OQ�]��!1��l�cu�LM��Z����k1+����L�^iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i Ð Ë
×Qi Ë inÌ 
;M�O��~N3$6�QOQR8i�iFi�iFi�i�iFi�iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÐQÏ
×Qi Ë inÐ /��b�)q%�QM�U�<J��P������)V iFi�i�iFi�iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÓQ`
×Qi Ë inÓ 
;M�O�R��bÈ}�QÜd�^��P�G@�LMZ�e�QM�lmOQP&NL� iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÓQÓ
×Qi Ë inÏ +&�Qlm��(���l~lm��P��S� iFi�i�iFi�iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÏQ×
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×Qi¶Î G@��M��e�QMZl~O�P�NL��NL��l~k&OQM������QPº�Q�3���QkyN��Qv�PS��M����]��MZ�nNW����RAR�O��SO��e�QM]q%OQMZR��nP&K
OQP�R�P��QMZlmOQ�jR�O��SO~�e��M]q%OQM�R���P�KÖi�iFi�iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÍQÐ
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Î�i¶Î =%��R�R���PY/��pR��3G:M���c��n��l i�iFi�i�iFi�iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i Ì

Ë i¶Î I ���p�rR���P�K\0FMZ�Qv�k I �QM�lmO��S�n��P�i�i�iFi�iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i `�Î
Ë i�` (��QPS����P��S�n��P#OQP�R�(��Q�����n�Z�n�QPYR�v�MZ�nP�K~<JO��SO I ��M]q%OQM�R���P�KÝi�i�iFi�i3iFi�iFi�i `Q×
Ë i Ë =%�Qk�N��Qv�PS��c&OQ����RY<JO��SO I ��M]q%OQM�R���P�K�iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i `QÌ
Ë i�× (�M���O������QPh�Q��(���P��SM��Q�����LR I �n�r�rR��nP&K~0�M���v�kÞiFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i `QÏ
Ë i�Í G:M��Qc�O�c��n�����]����N I ��M]q%OQM�R���P�Km�Q�;R�O��SOYi�iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i Ë Î
Ë i�Ì /%�QP�0�v�OQMZOQPS���L��RYR&�L����{��LM]VÕ�Q�;R�O��SO iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i Ë `
Ë i�Ð 24OQ�Z�nN3+��Qv&M�NL�30�M��Qv&kd��R I ���r�pR���P�K\G:M������rNL�Q��i�i�iFi�iFi�i�iFi�i3iFi�iFi�i Ë Ð
Ë i�Ó +����QMT�����]�FG@O��S�Y+&�Qv�M�N��30FMZ�Qv�ku�LR I �n�r�rR��nP&K\GHMZ�����rNL���8i�i�iFi�i3iFi�iFi�i Ë Ó
Ë i�Ï G:M��Qc�O�c��n�����]����N�24OQ����N3+��Qv�MZNL�30�M��Qv�ku�LR I ���p�rR���P�K\G:M����S�pN��Q� i�i3iFi�iFi�i Ë Ï
Ë i¶Î�aCG:M��Qc�O�c��n�����]����N�+����QMT���L�T�FG@O��S�Y+���v�M�N���0�M���v�kd��R I �n�r�pR&�nP�K\G:MZ�����rNL�Q��iFi�i ×Qa
Ë i¶ÎQÎtG:M��rNL�LR&v�M��4���~��OQP&R��n�3fg-3')/ß,�5:à3"%5:+�
��YiFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ×�Î
Ë i¶Î�`C,�����ku�QP��Z�Fk��&OQ���3OQP�RhKQ��P��LMZO������QPh�Q���&�p�rR���P�KmKQM��Qv&k i�i�iFi�i3iFi�iFi�i ×Q`
Ë i¶Î Ë <JO���O\�e��M]q%OQM�R���P�K~k�M��rNL��R�v�MZ�hi�i�iFi�iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i × Ë
Ë i¶Î�×C,�����ku�QP��Z�Fk��&OQ���3OQP�RhKQ��P��LMZO������QPh�Q���Z���QMT���L�T�Fk�O����h���r�pR&�nP�KmKQMZ�Qv�k�iFi�i ×Q×
Ë i¶Î�ÍCG:M��Qc�O�c��n�����]����N�R�O���Om�e�QMTq�O�M�R���P�K~k�M��rNL��R�v�M���iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ×QÍ
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Ë i¶Î�ÌCG:M��rNL�LR&v�M��3OQ�Ø�S�LM^NL�Qlmk����b�S�n��PY�Q�;R�O��SO3q%OQ���Fkd��M����pR\i�iFi�i�iFi�i3iFi�iFi�i ×QÌ

×Qi¶Î G@OQN�Uw�b��<J�L����{��LMTV�,�O��S�n��Ô��9!#�Qc����n���)V�+�ku�L�LR�i�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÍQÓ
×Qi�` <JO���O\-4{��LM��&�LOQRmÔ\�^!1�Qc��������)V�+�ku�L��R�iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÌQa
×Qi Ë 
�����OQ�°-4{��LM��&�LOQRmÔ\�^!1�Qc��������)V�+�ku�L��R i�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i Ì�Î
×Qi�× *H{��LM�O�KQ�35HP&RwÈ¶�S��È�5:P�Rh<J�L��O}V�Ô\�^!1�Qc&�n�����)V�+&kd���LRÚi�iFi�i�iFi�i3iFi�iFi�i ÌQ`
×Qi�Í (��QPS��MZ�Q�j-4{X�LMZ���LO�R~Ô\�^!1��c��n�����)V�+�kd���LR i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i Ì Ë
×Qi�Ì 0F�r�rR�k�vw�4Ô��^/%v�lFcd��M��Q�;+��Qv&M�NL���oi�iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÌQÍ
×Qi�Ð <JO���O\-4{��LM��&�LOQRmÔ\�^/%v�lFcd��M�����+���v�M�N��L� iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÌQÌ
×Qi�Ó 
�����OQ�°-4{��LM��&�LOQRm{|�9/%v&l�cu�LM^�Q�;+��Qv�MZNL�L�Hi3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÌQÐ
×Qi�Ï *H{��LM�O�KQ�35HP&RwÈ¶�S��È�5:P�Rh<J�L��O}V�Ô\�^/%v&l�cu�LM9�Q��+&�Qv�M�N��L��i�i�iFi�i3iFi�iFi�i ÌQÓ
×Qi¶Î�aC(��QPS��MZ�Q�j-4{X�LMZ���LO�R~Ô\�^/�v�l�cu�LM^�Q�;+��Qv�MZNL���ºi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÌQÏ
×Qi¶ÎQÎt0F�r�rR�k�vw�4Ô��^,����eM��L�Z�#')PS����M]{pOQ�6i�iFi�iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÐQa
×Qi¶Î�`C<JO���O\-4{��LM��&�LOQRmÔ\�^,����eM������#')PS�S�LM]{pOQ�Ci�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i Ð�Î
×Qi¶Î Ë 
�����OQ�°-4{��LM��&�LOQRmÔ\�^,����eM������#')PS�S�LM]{pOQ��i�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÐQ`
×Qi¶Î�×C(��QPS��MZ�Q�j-4{X�LMZ���LO�R~Ô\�^,9�L�eMZ�L���h')PS����M]{pOQ�´i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÐQ`
×Qi¶Î�ÍC*H{��LM�O�KQ�35HP&RwÈ�
;��È�5:P�Rh<J�L��O}V�Ô\�9,9�L�eM������h')PS���LMT{pOQ�ÞiFi�i�iFi�i3iFi�iFi�i Ð Ë
×Qi¶Î�ÌC0F�r�rR�k�vw�4Ô��^!1v�������NLOQ�T��0�M��Qv&kh+&�n����iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÐQ×
×Qi¶Î�ÐC<JO���O\-4{��LM��&�LOQRmÔ\�^!1v�������NLOQ�T��0�M���v�k�+��n����i�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÐQÍ
×Qi¶Î�ÓC
�����OQ�°-4{��LM��&�LOQRmÔ\�^!1v�������NLOQ�T��0�M���v�k�+��n���¡i�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÐQÌ
×Qi¶Î�ÏC(��QPS��MZ�Q�j-4{X�LMZ���LO�R~Ô\�^!1v&���S�nN�OQ�]��0FMZ�Qv�k�+����L�mi�iFi�iFi�i�iFi�i3iFi�iFi�i ÐQÐ
×Qi�`QaC*H{��LM�O�KQ�35HP&RwÈ�
;��È�5:P�Rh<J�L��O}V�Ô\�9!1v�������NLO��]�F0FMZ�Qv�kh+����L� iFi�i3iFi�iFi�i ÐQÓ
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×Qi�`�Ît0F�r�rR�k�vw�4Ô��^
�MZOQ�mNF$6�QOQRÕiFi�i�iFi�iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÐQÏ
×Qi�`Q`C<JO���O\-4{��LM��&�LOQRmÔ\�^
�MZOQ�mN3$;��OQR i�iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÓQa
×Qi�` Ë (��QPS��MZ�Q�j-4{X�LMZ���LO�R~Ô\�^
;M�OQ�mN3$6�QOQR�iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i Ó�Î
×Qi�`Q×C
�����OQ�°-4{��LM��&�LOQRmÔ\�^
�MZOQ�mN3$;��OQR�i�iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÓQ`
×Qi�`QÍC*H{��LM�O�KQ�35HP&RwÈ�
;��È�5:P�Rh<J�L��O}V�Ô\�9
;M�OQ�mN3$6�QOQR iFi�iFi�i�iFi�i3iFi�iFi�i Ó Ë
×Qi�`QÌC0F�r�rR�k�vw�4Ô��^/%�b�)q%�QMZUh<J��P������)V iFi�iFi�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÓQ×
×Qi�`QÐC<JO���O\-4{��LM��&�LOQRmÔ\�^/%�W�)q��QMZU�<J�LP��Z���)V�i�i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÓQÍ
×Qi�`QÓC
�����OQ�°-4{��LM��&�LOQRmÔ\�^/%�W�)q��QMZU�<J�LP��Z���)V i3iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÓQÌ
×Qi�`QÏC(��QPS��MZ�Q�j-4{X�LMZ���LO�R~Ô\�^/��b�)q%�QM�U�<J��P������)V iFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÓQÐ
×Qi Ë aC*H{��LM�O�KQ�35HP&RwÈ�
;��È�5:P�Rh<J�L��O}V�Ô\�9/%�W�)q���M�U�<J�LP&�����)VßiFi�i�iFi�i3iFi�iFi�i ÓQÓ
×Qi Ë Ît
�MZOQR��WÈ��QÜ1N�v�M]{��F�e��M�R��nÜu�LMZ�LPS��l~��c��n�����)V���ku�L�LR&� iFi�iFi�i�iFi�i3iFi�iFi�i ÓQÏ
×Qi Ë `C
�MZOQR��WÈ��QÜ1N�v�M]{��F�e��M�R��nÜu�LMZ�LPS��Prv&l�cu�LM9�Q���Z�Qv�MZNL�L��i�iFi�i�iFi�i3iFi�iFi�i ÏQa
×Qi ËQË 
�MZOQR��WÈ��QÜ1N�v�M]{��F�e��M�R��nÜu�LMZ�LPS��Prv&l�cu�LM9�Q��lm��l�cu�LM��	iFi�i�iFi�i3iFi�iFi�i Ï�Î
×Qi Ë ×C
�MZOQR��WÈ��QÜ1N�v�M]{��F�e��M�R��nÜu�LMZ�LPS��M��L�eMZ�L�Z�#��P��S�LMT{&O��n��iFi�iFi�i�iFi�i3iFi�iFi�i Ï�Î
×Qi Ë ÍC
�MZOQR��WÈ��QÜ1N�v�M]{��F�e��M�R��nÜu�LMZ�LPS�9��M�O��~N3���QOQREiFi�i�iFi�iFi�i�iFi�i3iFi�iFi�i ÏQ`
×Qi Ë ÌC
�MZOQR��WÈ��QÜ1N�v�M]{��F�e��M�R��nÜu�LMZ�LPS��P��b�)q%�QM�U�R&�LP��Z���)V iFi�iFi�i�iFi�i3iFi�iFi�i Ï Ë
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Receive packet

Packet TypeJOIN REQUEST

Handle
JOIN REQUEST

?

DATA

JOIN REPLY

Basic
Flooding group

Handle

JOIN REPLY

Probabilistic SGFP

Data Forward

Probabilistic

Basic
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Receive packet

Packet TypeJOIN REQUEST

Handle
JOIN REQUEST

?

DATA

JOIN REPLY

Flooding group

Handle

Shortest Path

Shortest Path

Data Forward

Probabilistic

JOIN REPLY

Probabilistic SGFP
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wave to pass
(10 msec)

Wait for flooding 

Create
JOIn REPLY

Insert group info
hop count to source

set TTL = stored
hop count

Broadcast
JOIn REPLY

Re−broadcast
JOIn REQUEST

Handle

Is
TTL > 0

Insert TTL,
new hop count

Increment hop count
Decrement TTL

Is
Group member

Wait for packet

Store hop count
to source

Update cache

Is
Duplicate

?

?

JOIN REQUEST

Drop the packet

?

yes

yes

no

no

no

yes
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Is
duplicate

Update cache

Retrieve hop count
to source

Decrement TTL

Activate node
set timer

TTL >0
Is

?

Re−broadcast 
JOIN REPLY

Drop the packet

no

?

?

?

no

wait for new packet

the node activated
during this refresh phase

Was

Activation timer
Update

stored hop count
<=

hop count in reply

Is

flooding group
Basic

yes

yes

yes

yes

no

no
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stored hop count
Is

?

?

Update cache

Retrieve stored
hop count

Retrieve hop count
from packet

in packet
Update hop count

Retransmit the packet

member

Wait for new packet Drop the packet

Process packet

>=
packet hop count

Is

Data Forward

yes 

?

no

no

no

yes 

yes Is
duplicate
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?

Is
duplicate

Update cache

Retrieve hop count
to source

Decrement TTL

stored hop count
Is

<=
TTL

?

Activation timer
Update

wait for new packet

the node activated
during this refresh phase

Was

Activate node
set timer

TTL >0
Is

Re−broadcast 
JOIN REPLY

Drop the packet

Shortest path
flooding group

?

?
yes

no

no

yes

no

yes

yes

no
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or packet

?

?

?

Retrieve hop count
from packet

Retrieve stored
hop count

duplicate
Is

Handle

Update cache

Is
member

Timeout

Process packet

>=
packet hop count

stored hop count
Is

Store
packet info

Start
data wait timer

Increment 
duplicate counter ‘n’

Drop the packet

Data Forward

packet hop count

stored hop count
Is

=

Wait for timeout

?

Time   out

yes 

no

no

Probabilistic

yes no

yes 

no

yes 
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Wait for new packet

?

yes

Timeout
complete

Generate
random number

unif [n+1]

Send
packet

Update hop count
in packet

Retransmit 
the packet

no

Drop the packet
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