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Abstract: QoS (quality of service) multicast routing is essential to NGI (next generation Internet). On one hand,
due to difficulty in exact measurement and expression of NGI network status, the necessary QoS routing
information should be fuzzy. On the other hand, with the gradual commercialization of network operation, paying
for network usage calls for QoS pricing and accounting. However, benefit conflicts between network providers and
users ask the so-called both-win to be supported. Thus, a fuzzy integral and game theory based QoS multicast
routing scheme is proposed and has been implemented by simulation. It consists of three parts: Edge evaluation,
game analysis, and multicast tree construction. It does comprehensive evaluation on candidate edges based on fuzzy
integral and adaptability membership degree functions for edge parameters, determines whether Nash equilibrium
between network provider utility and user utility has been achieved on candidate edges by gaming analysis, and
attempts to construct a multicast routing tree with not only user QoS requirements satisfied but also Pareto optimum
under Nash equilibrium on network provider utility and user utility achieved or approached by the proposed
algorithm. Simulation results show that performance of the proposed scheme is better than that of some well known
schemes, including QoSMIC.

Key words: NGI (next generation Internet); QoS multicast routing; fuzzy integral; game theory; Nash equilibrium;
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GS1,GS2,GS3,GS4,GS5,GS6 4 itk 3,6,9,12,15,20 AN 0 Z 5 A M ;34 2 A 4% GN1,GN2,
GN3,GN4,GN5 73 sACE S LRI 1,4,7,10,15 ANMFA S AEE 1 FIER 2 v LUE H,FGQM f1 WGQM
IR B AR T QoSMIC H1 PRIM,IX A2k [K] by 1T P 4 7 it e I B 2% L& T 28 A4k, 1T FGQM 8T WGQM A&
DR 0 15 R BRI B T AR INBR A 255 VAN £ 4 QoS Z4,QoSMIC B i T+ PRIMLILAN, 3K 1 I3k 2 iE ]
LA H, 2 GS Fi GN K IN,FGQM IR #45 F Fe (H 2 AR T 204t 3 AL,

Table 1  Utility comparison among FGQM, WGQM, QoSMIC and PRIM under different group scales
%1 FGQM,WGQM,QoSMIC Hl PRIM Z [FI AN [ii] 4147 41 WAL 2% HH L 4

FGQM:WGQM:QoSMIC:PRIM
NU Uy Cu
GS1 1.10:1.06:1.02:1.00 1.14:1.10:1.03:1.00 1.11:1.07:1.02:1.00
GS2 1.12:1.08:1.03:1.00 1.12:1.08:1.02:1.00 1.12:1.08:1.03:1.00
Topology 1 GS3 1.15:1.11:1.05:1.00 1.10:1.06:1.01:1.00 1.13:1.08:1.03:1.00
GS4 1.16:1.12:1.05:1.00 1.09:1.05:1.01:1.00 1.14:1.09:1.03:1.00
GS5 1.16:1.12:1.05:1.00 1.08:1.04:1.01:1.00 1.14:1.09:1.03:1.00
GS6 1.13:1.09:1.03:1.00 1.05:1.03:1.00:1.00 1.09:1.06:1.02:1.00
GS1 1.06:1.03:1.00:1.00 1.08:1.04:1.01:1.00 1.07:1.04:1.00:1.00
GS2 1.09:1.06:1.01:1.00 1.07:1.04:1.00:1.00 1.08:1.05:1.01:1.00
Topology2 GS3 1.13:1.09:1.02:1.00 1.07:1.03:1.00:1.00 1.10:1.06:1.02:1.00
GS4 1.15:1.09:1.02:1.00 1.06:1.02:1.00:1.00 1.10:1.06:1.02:1.00
GSs5 1.15:1.10:1.03:1.00 1.06:1.02:1.00:1.00 1.11:1.06:1.02:1.00
GS6 1.11:1.07:1.01:1.00 1.04:1.02:1.00:1.00 1.07:1.05:1.01:1.00
GS1 1.14:1.06:1.02:1.00 1.16:1.12:1.04:1.00 1.14:1.08:1.03:1.00
GS2 1.16:1.10:1.04:1.00 1.13:1.09:1.03:1.00 1.15:1.09:1.04:1.00
Topology 3 GS3 1.17:1.13:1.06:1.00 1.12:1.08:1.02:1.00 1.16:1.10:1.05:1.00
GS4 1.18:1.14:1.07:1.00 1.11:1.07:1.01:1.00 1.16:1.11:1.05:1.00
GS5 1.18:1.14:1.07:1.00 1.11:1.06:1.01:1.00 1.16:1.12:1.06:1.00
GS6 1.17:1.11:1.05:1.00 1.08:1.06:1.01:1.00 1.13:1.08:1.03:1.00
4 HRE

ARG NIRRT SEIR J5 95, B I 05 LS Tl QoS ALk i i AL A LI AN DX RERS 15 Y. NGT 1
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Table 2  Utility comparison among FGQM, WGQM, QoSMIC and PRIM under different group numbers
£ 2 FGQM,WGQM,QoSMIC H1 PRIM 2 i) AS [ 25 & 41 80 K 2504 bb i

FGQM:WGQM:QoSMIC:PRIM
NU uu CU
GN1 1.12:1.08:1.03:1.00 1.12:1.08:1.02:1.00 1.12:1.08:1.03:1.00
GN2 1.13:1.10:1.04:1.00 1.11:1.07:1.02:1.00 1.12:1.08:1.03:1.00
Topology 1 GN3 1.15:1.11:1.05:1.00 1.10:1.06:1.01:1.00 1.13:1.09:1.03:1.00
GN4 1.16:1.11:1.05:1.00 1.09:1.05:1.01:1.00 1.14:1.10:1.03:1.00
GN5 1.14:1.10:1.04:1.00 1.08:1.04:1.00:1.00 1.12:1.08:1.02:1.00
GN1 1.09:1.06:1.01:1.00 1.07:1.04:1.00:1.00 1.08:1.05:1.01:1.00
GN2 1.11:1.07:1.01:1.00 1.07:1.03:1.00:1.00 1.09:1.05:1.01:1.00
Topology 2 GN3 1.13:1.09:1.02:1.00 1.07:1.02:1.00:1.00 1.10:1.06:1.01:1.00
GN4 1.14:1.10:1.02:1.00 1.06:1.02:1.00:1.00 1.11:1.06:1.01:1.00
GN5 1.11:1.08:1.02:1.00 1.05:1.02:1.00:1.00 1.08:1.05:1.01:1.00
GNI1 1.16:1.10:1.04:1.00 1.13:1.09:1.03:1.00 1.15:1.09:1.04:1.00
GN2 1.17:1.11:1.05:1.00 1.12:1.08:1.02:1.00 1.15:1.09:1.04:1.00
Topology 3 GN3 1.17:1.13:1.06:1.00 1.12:1.07:1.02:1.00 1.15:1.10:1.05:1.00
GN4 1.17:1.13:1.06:1.00 1.11:1.07:1.01:1.00 1.16:1.10:1.05:1.00
GN5 1.16:1.11:1.05:1.00 1.10:1.04:1.00:1.00 1.13:1.07:1.03:1.00
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