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Abstract: PIM-SM (protocol-independent multicast-dense mode) is currently the preferred intra-domain multicast
routing protocol. One problem that impedes its widely use is its high overhead of control messages. In order to
improve and optimize the PIM-SM, its performance model should be established and the nicety performance
analysis should be made above all. In this paper, the Stochastic Petri Net (SPN) model of the whole PIM-SM
protocol is established, and the analysis and the experiments are made on the router processing load caused and the
network bandwidth consumed by each type of the protocol messages, based on the model and router realization. It is
discovered that register message and Join/Prune message cause most router processing load, while Join/Prune
message and Bootstrap message consume most network bandwidth. According to the conclusion of performance
analysis, an improvement is made on PIM-SM, which is achieving better performance compared with the former
protocol.
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Fig.1 SPN model of PIM-SM protocol
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Tablel Significations of placesin Fig.1
1 1

Place Signification Signification of the token

PO Ready to start PIM-SM PIM-SM protocol running token

P1 PIM-SM running normally PIM-SM protocol running token

P2 Ready to send register message Register message sending token

P3 Register message triggered Multicast packet

P4 Ready to send Hello message Hello message sending token

P5 Ready to send Bootstrap message Bootstrap message sending token

P6 Ready to send Assert message Assert message sending token

pP7 Assert message triggered Multicast packet

P8 Ready to send candidate- RP-Advertisement message Candidate-RP-Adverti sement message sending token

P9 Ready to send Join/Prune message Join/Prune message sending token
P10 Ready to receive PIM-SM message PIM-SM message receiving token

P11 PIM-SM message arrived PIM-SM message

P12 PIM-SM message accepted PIM-SM message

P13 Hello message accepted Hello message

P14 Bootstrap message accepted Bootstrap message

P15 Candidate-RP-Adverti sement message accepted Candidate-RP-Advertisement message
P16 Join/Prune message accepted Join/Prune message

P17 Register message accepted Register message

P18 Regi ster-Stop message accepted Register-Stop message

P19 Assert message accepted Assert message

P20 Hello message process finished Hello message

P21 Bootstrap message process finished Bootstrap message

P22 Candidate-RP-Advertisement message process finished Candidate-RP-Advertisement message
P23 Join/Prune message process finished Join/Prune message

P24 Register message process finished Register message

P25 Register-Stop message process finished Register-Stop message

P26 Assert message process finished Assert message

Table2 Significations of transitionsin Fig.1

2 1
Transition Signification
TO PIM-SM initializing
T1 Non-RP router receiving a multicast packet for which there is no corresponding routing
entry, or valid time for Register-Stop expiring during a multicast session
t1 Sending Register message
T2 Sending Hello message
T3 Sending Bootstrap message
T4 Receiving amulticast packet from awrong incoming interface
t2 Sending Assert message
T5 Sending Candidate-RP-Advertisement message
T6 Sending Join/Prune message
T7 Arriving aPIM-SM message
T8 Processing received Hello message
T9 Processing received Bootstrap message
T10 Processing received Candidate-RP-Advertisement message
Tl Processing received Join/Prune message
T12 Processing received Register message
T13 Processing received Register-Stop message
T14 Processing received Assert message
ti(i=4,5,6,7,8,9,10) yi
ya: Hello
y5: Bootstrap
y6: Cand- RP- Adv
y7: Join/Prune
y8: Register
y9: Register - Stop
y10: Assert
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Table3 Parameters of the multicast session
3
Parameter name Value
Number of candidate BSRs 1 (RO)
Number of candidate RPs for the multicast group 2 (R1,R2)
Number of multicast sources 2 (in LANs where R3, R4 stand)
Persistent time of the multicast session 2 hours
Average data sending rate of multicast sources 2 M bit/s
Average packet size 1 000 bytes

Average timeinterval for Register message unicast from DR to RP
Average time interval for RP to join Source-based shortest path tree and receive data from the tree
Average Time interval for Register-Stop message unicast from RPto DR

30 milliseconds
100 milliseconds
30 milliseconds

Average timeinterval for arouter to send additional Hello messages because of network fluctuation 5 minutes
Average time interval for arouter to send additional Join/Prune messages because of dynamic 1 minute
change of multicast group members
3.2
PIM-SM ,
, PIM-SM
2 3 , , Hello 1 056
Bootstrap 120 Candidate-RP-Advertisement 240 Join/Prune 720 Register 3680
Register-Stop 900 . , 1 SPN t4~t10 0.157,0.018,
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Fig.3 Router processing load caused by 6 types of PIM-SM messages
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Fig.4 Network bandwidth consumed by 6 types of PIM-SM messages
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Fig.5 Router processing load caused by 6 types of PIM-SM messages after improvement
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Fig.6 Network bandwidth consumed by 6 types of PIM-SM messages after improvement
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