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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

�d�



×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

Flooding group

Handle

Shortest Path

Shortest Path

Data Forward

Probabilistic

JOIN REPLY

Probabilistic SGFP

I �nK�v�M�� Ë i¶Î�aQ �G:M���c�OQc����n���]�S�nN3+��&�QM]�S�L�]��G@O����h+��Qv�MZNL�30FMZ�Qv�ku�LR I ���p�rR���P�K\G:M����S�pN��Q�

×Qa



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

I ��KQv�MZ� Ë iÑÎ Ë  �<JO���O\�e��M]q%OQM�R���P�K~k�M��rNL��R�v�MZ�

× Ë



?

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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c�OQ�Z�L���nP&�JR�O���O��e�QM]q%OQM�R&�nP�K\�ZN����Llm�xÇ]/��QM�lmOQ�u�Øq�R�ÉZi�')P�������c&OQ�����n��P��J��N��&�Llm�L_&q%�JR���P����
NL��l~k&OQM��^�������&�Qk#N��Qv�PS�m��Px�����FR�O��SOsk�OQN�Uw�b�~OQP&Rx�����F�]�S�QM���R1���Qk1N��Qv�PS�m��P~�S����P��rR��LÊ
OQ���°���S���LM^OQ�Zkd��Nb���9�Q�X�����3R�O���Om�e�QM]q%OQMZR��nP&Kxlm�LN��&OQP�����l¤�n���S���3��OQlm�Li

����zP��b�)q%�QM�U�NL��P������]�S�LR\�Q��Í�a�P��rR�����_�MZOQP�R��Qlm��Vxk��nO�NL�LR��nPFOQP�OQMZ�LO�Î�aQaQa�Æ�#Î�aQaQa��i
`Qa�lm�Ll�cu�LMZ�.OQP&RsÍ����Qv�MZNL���;q%�LM��9M�O�P�R��Qlm��VhN����Q����P��eM���l¡����������ÍQaFP&�pR�����i�����9M����eM������
��P��S�LMT{&O��&q�OQ�9���W���S�m×,�#�%����O�P�RY��OQN��h���Qv�MZNL����MZOQP���lm�����S�LR#`����������! ��#"$�#�%� i^/%�rR��L�9�nP\���&�
����l�v&�nO��S�n��P~q%�LM���lm�Qc����n�3OQP&RYlm�}{X��R#O���Í�-".�FOQ�^ku�LM������3c������n��OQM�Rhlm�Qc����n���)V�lm�pR&�L��i

;OQc����H×�i Ë i¶Î������}q��X�����:KQ�r�rR�k�vw�HOQP&R��S���:R�O��SO9�}{��LM��&�LOQRFOQ�6R��L��P&�LR��nP�+��LNW�����QP�×Qin`�i Ë i
5:OQN����Q�°�������e�Qv�M��Z�Qv�M�N��\KQM���v�kd��R���N�����lm�L��OQ��R�����NLMZ�ncu�LR���P�+��LNW�����QP�×Qin`�iÑÎ9q%�LMZ�\�b{pOQ��È
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0��p�rR�k�v�� <JO���Om-4{X��M�����OQR
/%��M�lmOQ�°�Øq�R =�(AMZ�L�]�SM���Nb�S�LR#�Øq�R /%�QMZl~O��j�Øq�R =%(¡M��L�T��MZ�nNW���LRY�Øq�R

c�O�����NbÈ��ZKQ�ek i�ÏQÍQ` i�ÏQ`QÍ `�in` Ë Í `QiÑÎ�×QÌ
k�È���K��ek i�Ï�Î�× i�ÏQaQÌ Î�inÐQ×�× Î�inÌ�Í Ë
�ZkwÈ��ZKQ�ek i�ÏQ` i�ÏQ` Î�inÌQ× Ë Î�inÍ�Ï
k���kwÈ}��KQ�ek i�ÏQa i�ÏQa Î�i Ë Î Ë Î�in`�Í

;OQc����x×Qi¶Î� ~G@��M��e�QMZl~O�P�NL�xNL�Qlmk�OQMZ�n�Z�QP��Q�z���QkÕNL�Qv�PS�sM����]��MZ�nNW����R�R�O��SOY�e�QMTq�O�M�R���P�K#O�P�R
P��QMZlmOQ�jR�O��SO~�e��M]q%OQM�R���P�K

v�O��S�LR�q����S���S�������QkºNL��v�PS�tMZ�L�T��M���Nb�S�LRºOQP�R�������P&�QM�lmOQ�JR�O���O��e�QM]q%OQMZR��nP&K��ZN����Llm����i
I M��QlA�S���´��OQc����L_d���%���.NL���LO�M6�S��O��H���������QksN��Qv�PS�JMZ�L�T��M���Nb�S�LR��e�QMTq�O�M�R���P�K��ZN����Llm�J���.lm�QMZ�
�L�mN��n��P��S_zO��J�b�dkd��Nb�S�LR�ih+�N�����l~�b]L'�}L4�J[��}L#[(6:���OQ�3O�NL��P�����R��LMZOQc����mR��LN�M��LO����~�nP�KQ�r�pR�k&vw��_
q�����P\���Qk�N��Qv�PS�^M����]�SM���Nb����R\�e�QM]q%OQMZR��nP&K��n�@v�����R�i4�����������cd��NLOQv&���L_X��P"]L'�}L4�J[��}L#[(6:������4�Z�n���
�Q�°���&�\���p�rR���P�K�KQMZ�Qv�k����J�nOQMZKQ�\OQP�R��S���LMZ�L�e�QMZ�\NL�LMT��OQ��P����r�pR���P�K�P��rR����J���LMT{X�ml�v&���S�nk����
KQMZ�Qv�k#lm��l�cu�LM��ZiF��&��M���R�v�P�R&OQP�NbVt��P~���&��P��QMZlmOQ�6R�O���O~�e�QMTq�OQMZR���P�K�lm�LN���O�P��n�ZlÒ�S��v��
��l~k&M��}{X���JR�O���OxR��L����{X�LMTVgiF������LÜu�LNW�\���%���L�Z��k�M���P��Qv�P�N��LR���PW:>��}L#[(6:sq��&�nN���OQ�����sNLM���O������
��OQM�KQ�x���r�pR���P�KYKQM��Qv&k��Fc&vw���S���sMZ�LR�v�P&R�OQP�NWVC����M���R�v�N��LR�cSVÕ�S���sk&M��Qc�O�c��n�����]����N�P�O���v�MZ�
�Q��R�O���O~�e�QMTq�OQMZR���P�KQi%+&N����Llm�L��}y:>��}L#[(6:1OQP&R8:>}y:>��}L#[(6:~����O��FN�M��LO����������QMT�����]�\k&O����h���r�pRwÈ
��P�K#KQMZ�Qv�k���ku�LM����Qv�MZNL�~�����LlÝ���Y��O}{X���S���~��OQlm�sK��p�rR�k�vw�xku�LMZ�e�QM�lmOQP�N��x�e��M�cu���S�h���&�
���Qk�N��Qv�PS��M����]��MZ�nNW����RYR�O���O\�e�QMTq�OQMZR���P�K\OQP�R�P��QMZlmOQ�|R�O���O\�e�QMTq�OQMZR���P�KQi�+���P�NL��_<:>}y:>��}L#[(6:
���.�����\k�MZ�nlmOQMTV��ZN����Llm�~cd���nP�K��W{&O��nv�O����LR&_|�����\����k�N��Qv�PS�~M����]�SM���Nb����RtR�O���O��e�QMTq�OQMZR���P�K
��N��&�Llm�����^v�����R#OQ�@�S���3c�OQ����R�O��SOm�e�QM]q%OQM�R&�nP�K~��N��&�Llm���e�QM�O��n�°�ev&M]���&�LM^�b�dku�LM���lm�LPS���Zi
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')P\�������^�b�dkd��M���lm�LPS��_X�����3lm�Qc��������)V��Zkd���LR~q%OQ��{pOQM����LRhcu�b�)q%�L�LP#aJ�S� Ë a/-"$�
Ç]a�_nÍQ_¶Î�aQ_�`QaQ_ Ë aQÉZi������lm�rR��L�6N��QP������]�S�LR��Q��Í�axP��rR����%M�O�P�R��Qlm��Vtk&�nOQN��LR���P~�S����P��W�)q���M�U�i
')P���OQN���M�v&P��Q�w�S���.�Z�nlFv��nO������QP�_XOQ���S�����z��N�����l~���°q���M��;�S�L�T���LR\��P������z��OQlm�z��NL��P�OQMZ�n�Q_��������
q%OQ����P���v&M��LR#c�V����b�Z����P�K��S������OQlm�3�����LR1�e�QM�O��n�&�S���F�ZNL��P�OQM����Q�Zi%����������LR~q%OQ�9N���OQP�K��LR
�e�QM6R���Üd��M���P��4M�v�P&��i.Í9����v�M�N��L�@O�P�R�`Qa9l�v&���S�nN�OQ�]�4KQM��Qv&kFlm�LlFcd��M���q���M��.MZOQP�R���l~��V~N����Q�Z�LP
�eM���l��S���L�Z�JÍQa�P��rR�����i^�����MZ�L�eM���������P��S�LMT{&O��|�e�QM6�������Z�Qv�MZNL�zq%OQ�����W�4����×�����NL�QP�R&��i9����
����v�M�N��FKQ��P��LMZO�����RY`mk�O�N�U��b�S��ÿQ�Z�LN�i
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I ��KQv�MZ�J×QiÑÎ� �G@OQN�Uw�b�\<J���n��{X��M]V�,9O�������Ô\�^!1�Qc&�n�����)V�+&kd���LR

I ��KQv�MZ�\×QiÑÎ��Z���}q��^�S���mk�OQN�U��W��R&�L����{��LM]V�MZO�������OQ�3O��ev�P�Nb�S�n��PÕ�Q�°�S���mP��pR&�~lm�Qc&�n�����)V
��ku�L��R�i�' ���n�\�Z�L��P��S��O���O��n�6�������ZN����Llm�L�m�Z���}q>M����nO�����{X�L��Vy�T��OQc�����ku�LMZ�e�QM�lmOQP�N���v�P�R���M
{pOQM]Vd��P�K�P��pR&�9�Zkd���LR��Zi^�����zY0&0&3�4657#9��N�����l~�%��OQ�°�����^cu�L�T��KQ�r�rR�k�vw�9ku�LMZ�e�QM�lmOQP�N��L_u���}{�È
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�LMZ�nP&K�OQM���v�P�R�Ï�Ì$0miz�����������KQ�FKQ�p�rR�k�v���{pOQ��v��.���;R�v��;�S�H�S���.MZ�LR�v�P&R�OQPS�@�SM�OQP��Zlm�n�Z�����QP\�Q�
R�O��SOQiH����a]L'�}L4�J[��}L#[(6:\�ZN����Llm����O��@ku�LM��e��M�lmOQP�N��.NL���Q�Z�;���:����O����Q� zY0&0&3�4657#�q�������K��p�rR�k�vw�
��v�NW��v�O�����P�KmOQM��Qv&P�R�ÏQ×$0mi�����3M���OQ����P�cd���nP�K�_p�����J��OQMZKQ�������L�3�Q���S����z�0&0&3�4657#$#&%�0�9A:Y�LP�È
��v&M��L�@M��L����OQc����n���)V��S��M��Qv&KQ��M���R�v�P�R&OQP�NbVQi4����4�Z�n�����Q�w�S���.���r�rR��nP&K�KQM���v�k��e�QMX���������ZN����Llm�
���FR��W����M�lm�nP&�LR�cSV������xR����]��O�P�NL�xNL�QP��T��MZOQ�nPS�S� Ë i¶ÎmO�P�RCÇ Ë in`�É�R&�L��N�M���cd��R��nPÕ+��LNW�����QP Ë iÑÎ�i
����_}y:>��}L#[(6:��ZN����Llm������O���NLMZ�LO��S�L�\���&�QM]�S�L�]�hk&O��������r�rR��nP&K�KQM��Qv&k���ku�LM��e��M�lm�\�����nK����S��V
q%�QM��Z�:�S��OQP������$]L'�}L4�J[��}L#[(6:x��N��&�Llm�Li^+���P�NL�´���&�����p�rR���P�K3KQM���v�kx�&�LM��^���:KQ�LP���M�O��S�LR~c�OQ�Z�LR
�QP~R����]��O�P�NL��NL�QP��T��MZOQ�nPS� Ë i Ë R�����N�M���cd��R��nP~+���Nb�����QP Ë inÌ�_g�S���9M��Qvw�S�L�HOQM��^lm�QMZ�9�Zv���N��Lkw�S�nc&�n�
���#P��pR&�slm�}{X�Llm��P��Si����v������&�sku�LM��e��M�lmOQP�N��F{pOQM���O������QPÕcd�W�)q����LP1�����������)q%�1��N��&�Llm�L�
���xlm�QMZ�hk&M��QP���v�P�NL��RoOQ�J���&�hlm�Qc&�n�����)Vº�Zkd���LR���P�N�M��LO����L�Zi¨����hk�M���c�OQc����n���]�S�nNh��N��&�Llm�L�
:>��}L#[(6:oOQP�R�:>}y:>��}L#[(6:�MZ�LNL��M�R���RoKQ�r�pR&k�vw�m{pOQ�nv&�L�~OQM��Qv&P�R	Ï Ë 0ÙOQP�R�ÏQa$0 M��L�Zkd��Nb�S��{��L��Vgi
�������P�N�M��LO����LR�k&OQN�U��W���n�Q�Z�.��PF���&�L���J�ZN����Llm�����n�zR�v��z�S��v�P�MZ�L���nOQc&�n��P&O���v�MZ�%�Q�r������k�M��Qc�È
OQc������n�T����N�R�O��SOs�e�QMTq�OQMZR���P�K�lm�LN���O�P��n�Zlmi������K��p�rR�k�vw��ku�LM��e��M�lmOQP�N����Q�d�S���L�Z����N��&�Llm�L�
�����Ll��S�����W��������O���Ó�Í$0��e��M�P��b�)q%�QMZUr��q�����������KQ����VCRwVdP�O�l~��N�P��rR��L�Zi	���v������&��P��pR&�
lm�Qc����n���)VhR��r�L�HP�����R�MZOQ�]�S�nN�OQ�n��VhOQÜu�LNW�z�S����K��p�rR�k�vw�9ku�LMZ�e�QM�lmOQP&NL�9�Q���S���L�Z�%�ZN����Llm�L�Zi�*�P
��P��S�LMZ�L�]�S�nP&Ksku�Q�nPS���S�\P������J���������JK��p�rR�k�vw��{pOQ��v������e�QM��L��M��mlm�Qc����n���)V�P��W�)q��QMZU���i%')R&�LOQ����V
zY0&0&3�4657#�q���v��nR�cu���W�|ku�LNW����R��S��M���NL�QMZR1NL���Q�Z�%����Î�a�a$0?KQ�r�pR�k&vw��iF')P1�Qv�M��b�dkd��M���lm�LPS���
���&��{&O��nv��s�n�\ÏQÌ.0�R�v&�����s���&��k�M�������P�NL�h�Q��P��W�)q��QMZU�k�OQMT���������QP��Zi	/��b�)q%�QM�U�k&OQM]�S���S�n�QP&�
NLO�P�R�M�OQ�T����NLOQ����V�OQÜu�LNW�����&��ku�LM��e��M�lmOQP�N����Q�´�Qv�M���N�����lm�L��i~*%�%�nPx�S����k�MZ�L�Z�LP�N��~���´k�OQM]È
���������QP��Z_@MZ�LR�v�P&R�OQP�NWV�R��r�L��P������nlmk���VÕM��L����OQc����n���)Vgi I v&M]���&�LM�lm�QMZ�9q������x�S����P&�pR�����cu�L��P�K
M�O�P�R��Qlm��V�k���OQN��LR�_�N��Q�n���������QP���O��F�����s!1*�(Ò�nO}VX��M\NL�Qv&�nR�MZ�L�Zv������nP�P��W�)q���M�Utk&OQM]�S���S�n�QP&�
�QP�O�ku�LMJk�OQN�Uw�b�xc�OQ�Z�n�Zis������3�n�Jk&OQM]�S�nN�v��nO�M���V1�����\N�OQ���%q��&�LP�O�����P�KQ���~P&�pR���OQNb�S�JOQ�JO
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c�MZ�nR�K���cd�W�)q����LP1�)q%��R��LP��Z�L��Vyku�Qk�v���O�����R�P��W�)q��QMZUtMZ�LKQ���QP���R&�n�Zk��nO�NL�LR���P���k�O�NL�Li�*��n�Z�
P��rR��slm�Qc&�n�����)V�cd���nP&K1M�OQP&R��QlDNL�Qv���R�OQ������MZ�L�Zv������nP�P&�b�)q%�QM�UÕk�OQM]�S���S�n��P���iY7o���W�|ku�LNW�
�Qv�M���N�����l~�����S��KQ�LP���M�O��S������KQ���LM\K��p�rR�k�vw��{&O��nv����\�nP��ev�����VCNL��P�P��LNW����RoP��W�)q��QMZU��~��i��Li�_
P��W�)q��QMZU��4�nPJq�����N���OFK�v�OQM�O�P��S�L��Rsk�O��S�s�W�|���]�S�.cu�b�)q%�L��P��)q��FP��pR&�L��_uOQ��cd�����H{d�nO�l�v&���S�nk����
���Qk&��i
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I �nKQv&M��3×Qi�`Q �<JO���Om-4{X��M�����OQR~Ô��^!1�Qc����n���)V�+�ku�L��R

I ��KQv�MZ�J×Qin`~���&��q��´���&��R&O���Om�}{X��M�����OQR�ÇT�nP�k�OQN�Uw�b�S��ÉH{pOQMZ�nO������QP�OQKQOQ��P��]��P&�pR��3lm�Qc�����È
���)Vt�Zkd���LR�i3�����R�O���O~�}{X��M�����OQR��e�QM9OQ�n���S���F�ZN����Llm���J�n��OQ�nlm�Q�T�\N��QP��]�SOQPS�\OQK�OQ�nP&�]��P��pR&�
lm�Qc����n���)Vgi���&�$z�0&0&3�4657# �ZN����Llm����OQ�^�������&�nKQ�&�L�]��R�O���O#��{��LMZ���LOQR&_9`üû�Í1R&O���O1k&OQN�U��W���
��MZOQP��Zl~�����S�LRx�e�QM´�b{��LM]VhR&O���O3k�OQN�Uw�b��M��LN��L��{X��R�i^����n�:���zcu�LN�OQv��Z�L_u�nPm���r�pR&�nP�K3�W{X�LMTVYP��pR&�
M��W��MZOQP���lm���������&��R�O��SO\k�OQN�U��W�FOQP�R����&�LM����e�QM��.�S���JM���R�v�P�R&OQP�NbV��n���W�|N��L�Z����{X�Li%����8]L'�}L4�J[�
}L#[(6:o��N�����l~�Y��OQ�mOQP��}{X��M�����OQRo�Q�9`�R�O��SOÕk�O�N�U��b�S�x�e��M\�b{X��M]V¡R�O��SO�k�OQN�U��W���~M���NL�L��{X��R�i
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������J�n�JR&v��%�����S���\M���R�v�NL��RÕ�Z�n���\�Q�°�����\�&�p�rR���P�K�KQM���v�k�im-3kw����lm�n���nP�K��S���\�����L�m�Q�°���&�
���r�pR&�nP�K3��PD}y:>��}L#[(6:sMZ�LR�v&NL�L�j���&�9P�v�lFcd��Mz���uMZ�LR�v&P�R�OQPS�H��M�O�P���lm���������QP��Zi^����^Prv&l�cu�LM:�Q�
M���R�v�P�R&OQPS�z�SM�OQP��Zlm�n�Z�����QP��4���:�ev�M]�S���LMHM���R�v�NL��RscSV\���&��v��Z�����r���&�9k&M��Qc�O�c��n�����]����N9�e�QM]q%OQM�R�È
��P�Kslm�LN��&OQP�����lmi3��rv&��:>��}L#[(6:#��OQ�9R�O���Ox�}{X�LMZ���LO�R1�Q��Î�û�Í~NL�Qlmk�O�M��LR~���~`x�Q�Y]L'�}L4�J[��}L#[(6:
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· ¯



B%@ N!@$q'8�8)Ã�Bb8�jbBOB%J`8�q'8�L�À5ù�qðC$h�h�8�N!NOY`7!@$S�D58�q'Ng7K8�NKù�D�BbÀTj`Á-À5j½À5q'Y�7!@]GI8�L+YZ8�7!v~@$7Kq�C.j�h�8��

B%J`@$ù�Á$JOB%J�8�N!8:N!hlJ`8�q'8�N[C.7!8/D58�N!N�7!8�DTÀ5C$S�D58�;

3 4 5 6 7 8 9 10
0.5

1

1.5

2

2.5

refesh interval (secs)

# 
da

ta
 p

ac
ke

ts
 tr

an
sm

itt
ed

 p
er

 d
at

a 
pa

ck
et

 d
el

iv
er

ed

basic−sgfp
sp−sgfp
p−sgfp
psp−sgfp

¿3ÀTÁ.ù�7!8/9$; � ¦$=?/C�B%C'EHGI8�7KJ�8�C.L�MONQÆ�8�v~7K8�N!J®�WjbB%8�7eGnC$D

¿3À5Á$ù�7K8o9$; � ¦-NKJ�@]\^N:BbJ�8oL�C�BbC�@lG�8�7KJ�8�C$L�GnC$7!À5C�B%À5@$j+C$Á$C.ÀTj�NpB®7!8�v~7!8�NKJ�À5jbB%8�7eGnC$D5;�>?J�8

L�C�BbC+@lG�8�7KJ�8�C$Lãv~@$7oC$D5DaB%J�8�NKhlJ�8�q'8�N�ÀTNtC$D5q'@$NeBuh�@$j�NeBbC$jbBuC$NgB%J�8�7!8�v~7!8�N!JÇÀTjbB%8�7eGnC$D/À5N

GnC$7!À58�L`;?>?J�ÀTNQÀ5N?L�ù�8�Bb@ONeBbC$S�À5DTÀUBWV�@$v�B%J`8[��@�@nL�À5j�ÁOÁ$7K@$ù�Y�NaÁ$8�j�8�7!C�Bb8�LtSbV�B%J`8�N!8/NKhlJ�8�q'8�N!;

¿3À5Á$ù�7K8/9$; � <ON!J�@]\^N3B%J�8aBb@�B%C.D�@]GI8�7!J�8�C$L�C.N?COv~ù�j�h�BbÀT@.j®@.vIBbJ�8:7!8�v~7!8�NKJtÀTjbB%8�7eGnC$D5;Q>?J�8

B%@�B%C$D�@lG�8�7KJ�8�C$Lºv~@$7�C$DTD&B%J�8 N!hlJ�8�q�8�N!�g7K8�L�ù`h�8�NtC$N^B%J�8�7K8�v~7!8�N!JºÀ5j%Bb8�7pG`C.D[ÀTN�ÀTj�h�7!8�C$N!8�L�;

>?J�À5NHÀ5NH8�ÃZYs8�h�Bb8�LtC$N�BbJ�8�j�ù�q�SZ8�7?@$v	h�@.j%Bb7!@$DsY�C$hlk¬8�BbN�L`8�h�7K8�C$NK8�N_\^ÀUB%JoÀ5j�h�7K8�C$NK8�Lt7!8�v~7!8�N!J

À5j%Bb8�7pG`C.DT;�>?J�8HB%@�BbC$DF@]GI8�7!J�8�C$LRv~@$7?NKhlJ�8�q'8�Y�N!Y¬«]N!Á$v~Y®À5N�C$N?D5@]\êC$N ��¤¨� \^J�8�j'B%J�8:7!8�v~7!8�N!J

À5j%Bb8�7pG`C.D�ÀTN�NK8�B3Bb@ ��¯,±#²%³�± À5;T8��$\^J�8�j'Ä,E:�WÅ¸Æ�ª�È:É�ª�X`>xq'8�NKN!C$Á$8�N&C$7!8HNK8�jbB�8�G�8�7pV ��¯,±#²%³�± ;

¿3À5Á$ù�7K8H9$; � 9[N!J`@l\^N�BbJ�8?h�@.j%Bb7!@$Dn@]GI8�7KJ�8�C.L�À5jOSbV�B%8�N&v~@$7�L�À5�Z8�7!8�jbB�GnC$D5ù�8H@$v$BbJ�8H7!8�v~7!8�N!J

· �



3 4 5 6 7 8 9 10
1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

2.8

3

refresh interval (secs)

to
ta

l #
 p

ac
ke

ts
 tr

an
sm

itt
ed

 p
er

 d
at

a 
pa

ck
et

 d
el

iv
er

ed

basic−sgfp
sp−sgfp
p−sgfp
psp−sgfp

¿3À5Á$ù�7K8:9$; � <$=?>�@�B%C$DFEHG�8�7!J`8�C$L'MONQÆ�8�v~7!8�N!J �WjbBb8�7eGnC$D

3 4 5 6 7 8 9 10
0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

refresh interval (secs)

# 
co

nt
ro

l b
yt

es
 tr

an
sm

itt
ed

 p
er

 d
at

a 
by

te
 d

el
iv

er
ed

 

basic−sgfp
sp−sgfp
p−sgfp
psp−sgfp

¿3À5Á$ù�7!8/9.; � 9.=?Â?@$jbB%7!@.D	E?G�8�7KJ�8�C$L'MONQÆ�8�v~7!8�N!J��Wj%Bb8�7pG`C.D

·$¦



À5j%Bb8�7pG`C.DT;�©�NQ8�ÃZYs8�h)B%8�L v~@$7?C$D5D`B%J�8:N!hlJ`8�q'8�NK��BbJ�8Oj�ù�q�Ss8�7�@$vAh�@$jbB%7K@$D	SbV�B%8�N&B%7KC$j�N!q'ÀUB!Bb8�L
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¿3À5Á$ù�7K8�9$; ��§ N!J`@l\^N�BbJ�8o8�j`L¬«£Bb@�«l8�j�L�L�8�D5C]V�C$N�CRv~ù�j�h)B%À5@$j+@$v_B%J�8�7!8�v~7K8�NKJrÀ5jbB%8�7eGnC$D5;

>?J�8[C]G�8�7!C.Á$8[L�8�DTC]V ÀTN�h�@$j�NpB%C$jbB:v~@.7»BbJ�8[L�À5�Z8�7!8�j%B/N!hlJ�8�q�8�N!;�>?J�8[Y�7K@$S�C$S`ÀTD5ÀTNpB%À5h[N!hlJ`8�q'8�N

7!8�h�@$7KL�J`ÀTÁ$J`8�7	L�8�DTC]VZN�L`ù�8FB%@3B%J�8�\�C$ÀUB�ÀTjbB%8�7eGnC$D,À5jbGI@$DUGI8�L�À5jQBbJ�8�Y�7!@.S�C$S�À5DTÀ5NeBbÀTh�v~@$7p\[C$7KL�À5j�Á

q'8�hlJ�C.j�ÀTNKq';
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��¯ C$j�L�9 ¯ c ��¯ � ��§ �5¦ ¯ �5< ¯ �59 ¯ mK;�>?J`8�j�8)BW\[@$7Kkth�@$q'Y�7KÀTNK8�LR@$v §$¯ j`@nL�8�N�Y`DTC$h�8�L�7!C$j�L`@$q'D�V$;

§ @$vFB%J�8�N!8 §$¯ \�8�7!8'7KC$j�L�@$q'DUV+hlJ�@$NK8�jtB%@oSs8ON!@$ù�7Kh�8'j�@�L�8�NK;o>?J�8'q'8�q�Ss8�7KNQ\�8�7K8'C$DTNK@
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7!C.j�L�@$q'DUV�hlJ�@$NK8�juv~7!@$qûB%J�8 §.¯ j`@nL�8�N!;¶PR@$S�À5DTÀUBWV+NKYZ8�8�L-v~@$7[8�C.hlJuj�@�L�8�\�C$NHB%@ §�°-Ý.± ;

ª&C$hlJ-N!@$ù�7Kh�8�Á$8�j`8�7!C�B%8�L-¦�Þ�ß ³�à�²!á�±#Ý$±#²%³ ;�>?J�8¶8)ÃZYZ8�7!À5q�8�jbB�\�C$N:L�8�NKÀTÁ.j�8�LtB%@tNeBbù�L¬V�B%J`8

Ys8�7!v~@.7!q'C$j�h�8^@.v�BbJ�8:N!hlJ�8�q�8�N[C$N?C�v~ù�j�h)B%À5@$j�@.v�BbJ�8:Á$7!@$ù`Y®q'8�q�Ss8�7!NKJ�À5Y�;
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¿3À5Á$ù�7!8:9$; ��� =?â^@�@nL�Y`ù¬BHMON�PRù�DUB%À5h�C.NeB�â�7K@$ù�Y®X�À5��8

¿3À5Á$ù�7K8�9$; ��� N!J�@]\^N�B%J�8�Á$@�@nL�Y`ù¬B»G`C.7!À5C�B%À5@$j^C$N�C�v~ù�j�h)B%À5@$j�@$v#B%J�8�Á$7K@$ù�Y�q'8�q�Ss8�7!NKJ�À5Y�;

>?J�8ay?z%z%{�|~}I���¼�������aNKJ�@]\^N?CONeBb8�C$L¬VRYZ8�7!v~@$7Kq'C$j�h�8�C$N�B%J`8/j�ù`q�Ss8�7?@$v	q'8�q�SZ8�7!NQÀ5NHÀTj¼«

h�7K8�C$NK8�L�;®>?J�8'7!8�C$N!@.juSs8�À5j�Á$�&À5jty?z%z%{�|~}I�%�38�G�8�7pVxj`@nL�8Ov~@.7e\�C$7!L�NHBbJ�8'Y�C$hlk.8)B�BbJ�8�7K8�v~@$7K8

À57!7!8�N!Ys8�h)B%ÀUGI8�@.v�\^J�8)B%J�8�7�C:j�@�L�8QÀ5N�C:q'8�q�SZ8�7�@.7�j�@�B%��ÀUB�7!8�h�8�ÀUGI8�NABbJ�8QL�C�B%C^Y�C$hlk¬8�Bb;?>?J�8

Á$@�@nL`Y�ù¬B�v~@$7IB%J�8�N!@$ù�7Kh�8�Á$7!@$ù`YZ8�L�N!hlJ`8�q'8�NK�s�`ù�h�Bbù�C�B%8�N3Ss8�BW\�8�8�j ¯ « ��¯�� @$v¬BbJ�8aÁ.@n@�L�Y�ù¬B

@$v$y?z%z%{�|~}I�%;aX�hlJ�8�q'8g�l���l|��!�W�l�!�~�¶J�C$N�C/J`ÀTÁ$J`8�7&Á$@�@nL�Y`ù¬B3\^J�8�j:BbJ�8?Á$7!@.ù�Y'q�8�q�Ss8�7KN!J�À5Y�À5N

N!q'C$D5D»c ��¯ «&¦ ¯ m!;a>?J`8?YZ8�7!v~@$7Kq�C.j�h�8?L�8)B%8�7!À5@$7!C�Bb8�N�C$NsB%J�8?j�ù�q�SZ8�7�@$v�q�8�q�Ss8�7KN�À5j�h�7!8�C.N!8�NK;

>?J�À5N:ÀTN/Y�7K@$S�C$S`D�V+L`ù�8�B%@gB%J`8OÀTj�h�7!8�C$N!8�LuÁ$8�j�8�7KC�B%À5@$j�@$v�h�@$jbBb7!@$D3q'8�N!N!C.Á$8�N¶ceÄ,E:�WÅûÆ�ªF«
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¢&Ê¼Ë q'8�N!N!C.Á$8�NKm!;¸>?J�8o7K8�NKù�D�BbÀTj`Á-À5j�h�7!8�C.N!8tÀTj BbJ�8oN!À5��8o@.v�BbJ�8o��@�@nL`ÀTj�Á Á$7!@$ù`Yr7K8�NKù�D�BbN

À5j�ÀTj�h�7!8�C$N!8�LuPR©?Âih�@.j%Bb8�jbB%À5@$j-C$j�L�h�@$DTD5À5N!À5@$j�N!;�X�hlJ�8�q'8/�s�£�s�W�l�!�~�-@.j�B%J�8g@�B%J�8�7/J�C$j�L��

L�À5N!Y�D5C]VZN�À5q'Y�7!@]GI8�L½Á$@�@nL`Y�ù¬B'Ys8�7Kv~@$7!q'C$j�h�8'C$NHB%J�8OÁ$7K@$ù�Y-q'8�q�Ss8�7KN!J�À5YdNKÀT��8¶À5j�h�7!8�C.N!8�NK;

>?J�8�Á$@n@�L�Y�ù¼B�NpB%8�C$L�À58�N�C�B ¥$¯�� v~@$7QÁ$7!@$ù`Y N!À5��8�N�@$v_¦ ¯ �	< ¯ C$j�L 9 ¯ ;[X�hlJ�8�q'8��s�W�l�!�~��J�C.N

C$D5q'@$NeB�h�@$j�NeBbC$jbB�Á$@�@nL�Y`ù¬B%;�>?J�8QY�7!@.S�C$S�À5DTÀ5NeBbÀTh?NKhlJ�8�q'8�N�J�C]G�8�C/J`ÀTÁ$J`8�73Á$@�@�L�Y�ù¬BQYs8�7Kv~@$7e«

q'C$j�h�8HC$NZBbJ�8HÁ$7K@$ù�YgNKÀT��8?ÀTj�h�7!8�C$N!8�N!;?>?J�8?À5N3Y�7K@$S�C$S�DUV�L�ù�8�Bb@[C[7!8�L�ù�h)B%À5@$j'ÀTjO7K8�L�ù�j`L�C$jbB

L�C�BbCaB%7KC$j�N!q'À5N!NKÀT@$j�C$j�LOÀ5q'Y�7!@]G�8�L�PR©?Â�Ys8�7Kv~@$7!q'C$j`h�8�;aX�hlJ�8�q'8Q�£�s�W�l�!�~��J�C$N�C/Á.@n@�L�Y�ù¬B

Ys8�7!v~@.7!q'C$j�h�8¶h�ù�7eG�8¶NKÀTq'À5DTC$7?B%@gBbJ�C�B¶@$v/�l���l|��!�W�l�!�~�s;o©�N:�£�s�W�l�!�~�½h�7!8�C�B%8�N^N!J`@$7eBb8�NeB�Y�C�BbJ

��@�@nL`ÀTj�Á�Á$7!@.ù�Y�N!��B%J�8�7!8�L`ù�h�8�LoN!À5��8[@$v`BbJ�8��`@n@�L�À5j�ÁgÁ$7K@$ù�Y�À5q'Y�7!@]G�8�N?Á$@�@nL`Y�ù¬B/v~@.7�D5C$7!Á.8

q�ù`D�BbÀTh�C$NeB�Á$7!@.ù�Y�N!;
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¿3À5Á$ù�7K8g9$; � ·�N!J`@l\^NaBbJ�8OL�C�BbC�@]GI8�7!J�8�C$LtGnC$7KÀTC�B%À5@$jRC$N�BbJ�8gq�ù�D�BbÀTh�C$NeB�Á.7!@$ù�Y�NKÀT��8OÀTj¼«
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C$7K8�GnC$D5À5L�q�ù`D�BbÀTh�C$NeB[7!8�h�8�ÀUGI8�7!N!��B%J�ù�N�ÀTj�h�7!8�C$N!À5j�Á�BbJ�8Qj�ù`q�Ss8�7a@.v�L�C�BbC�Y`C$hlk.8)B%NHL�8�DTÀUGI8�7!8�L�;

©�D5N!@�B%J�8�7!8HÀ5N_h�@$j�N!À5L�8�7!C$S�D58H@]GI8�7!D5C$YO@$v��`@n@�L�À5j�Á�j�@�L�8�N3C$j�LgÁ.7!@$ù�Y�q'8�q�Ss8�7KN!;?>?J�ù�N38�C$hlJ

7!8)B%7KC$j�N!q'ÀUB!Bb8�LtL�C�BbCOY�C$hlk.8)B�J�C$NHCOJ�À5Á$JoY�7K@$S�C$S`ÀTD5À�BWVR@$v	7!8�C$hlJ�À5j�Á'COÁ$7!@.ù�Yoq'8�q�Ss8�7?C.j�L
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C�DT@]\�8�7�@]G�8�7!J`8�C$L¶BbJ�C$j'yQz%z%{�|~}I�%;�X�hlJ�8�q'8Q�s�£�s�W�l�!�~��J�C$N�C$j®C$Y�Y�7K8�h�ÀTC$S`DT8�ÀTq'Y�7K@lG�8�q'8�jbB
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Total Overhead

G
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dp
ut

flooding
basic−sgfp
sp−sgfp
p−sgfp
psp−sgfp
30 nodes
40 nodes
50 nodes
60 nodes
70 nodes
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