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Abstract Inrecent years, IP-VPN (IP-based Virtual Private Network) that realizes a virtual private network using the exist-
ing I P network has been capturing the spotlight. However, in the conventional 1P-V PN, thereis a problem that fairness among
IP-VPN customers is not realized. In [1], we have therefore proposed an IP-VPN fairness control mechanism called 12VFC
(Inter- and Intra-VVPN Fairness Control) that realizes fairness among IP-VPN customers. In this paper, we quantitatively show
effectiveness of our 12VFC using simulation experiments and prototype systems measurements. Focusing on inter-VPN fair-
ness, the intra-VVPN fairness, and scalability, we have analyzed the performance of 12VFC. Consequently, we have found that
I12VFC could realize both inter-VPN fairness and intra-VPN fairness under diverse control parameter configurations. More-
over, we have found that 12V FC had a high scalability in terms of the link bandwidth and the number of VPNs accomodated.
For instance, we found that, when a modern desktop computer was used, 12V FC could support about 1.6 Gbps bandwidth and
about 1,300 numbers of VPNSs.

Key words IP-VPN (IP-based Virtua Private Network), 12VFC (Inter- and Intra-VPN Fairness Control), Fairness, Scalabil-
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Tablel Weight of each VPN flow (case of asingle bottleneck link)

VPNOOO VPNOOOOOO ()

VPN 1 1.0
VPN 2 2.0
VPN 3 2.0
VPN 4 3.0
VPN 5 4.0
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Table2 Propagation delay of each link (case of asingle bottleneck link)

0oo0 o0oo0 (g

L1 0.050
L2 0.025
L3 0.075
L4 0.050
L5 0.025
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Fig.2 Evolution of inter-VPN fairness index (multiplicative decrease fac-
tor b = 0.1 for VPN flow 1)
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Fig.5 Weighted fairnessindex for intra-VPN fairness (10 TCP connections

in each VPN flow)
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Table3 Weight of each VPN flow (case of multiple bottleneck links)

Bs [Mbit/s]
VPNODODO 10 20 30
VPN1 10 10 10
VPN2 30 30 30
VPN3 10 1.0 10
VPN4 10 30 50
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Table4 Propagation delay of each link (case of multiple bottleneck links)
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Table5 Device specifications used in prototype system experiments

CPU ooo oS NICODOO
gooooog Celeron 1.06 GHz 376 Mbyte  Linux 2.4.22 €100-2.3.18
oooooo Celeron 1.06 GHz 376 Mbyte  Linux 2.4.22 €100-2.3.18
00 PEOOO Pentium4 1.70 GHz 254 Mbyte  Linux 2.4.20 €1000-4.4.19
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