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Asymmetric Multi-link Ethernet Trunking System
with Adaptive Traffic Control

TAIGA YONEMOTO,! TosHiHIRO HANAWA, 112
SHIN’ICHI MIURA,? Taisuke Bokufhf2
and MITSUHISA SATOT!T2

In this paper, general purpose networking system RI2N+ and RI2N++, which
enable high-throughput and fault-tolerant interconnection using asymmetrical
multi-link connection. We have been developing a multi-link binding network
system for Ethernet named RI2N for high-throughput and fault-tolerant inter-
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connection with Gigabit Ethernet. RI2N allows asymmetrical multi-link con-
nection for fitting to various cost-effective and flexible system configuration.
Such a configuration cannot be supported by Linux Channel Bonding which
is widely used in standard Linux distributions. Under asymmetrical multi-link
connection, packets must be distributed to multiple links in optimal ratio based
on the number of links or traffic pattern. RI2N++ automatically detects the
asymmetric network configuration and controls the traffic distribution to multi-
ple links. In basic performance evaluation under high traffic rate, we confirmed
that the throughput of network with our proposed scheme is improved up to
approximately 60% to that of original RI2N.
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Fig.1 (a) Packet disordering in LCB and (b) its solution in RI2N/DRV.
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Fig.2 End-points management information in Node-A.

RI2N/DRVO0OUO0OO0O0O0O00O0OO0OO0OO0O0OOO0OOOO1(b)@MOOooouoooo
NICOOO 20000000NICOOO00O00O0O0O0O0O0O0IPOOOCDOOOOOOOOOO
000000000000000 RI2N/DRVOOOO0OOO0OOOODOOOORI2N/DRV
OoO0oooooOooOo NICOOOOoooooooooooooooooooo NICOO
0000000o00o0o0o0o0ooooooooooooooooo NICOOooooooao
gooooooooooooooboooooboo0oobo0oooooooboooooboonbo
goboboooooooooooooboboooooobobooooDb200000b0O0O00DOO
goooooooooooobooboooooobooooooooboobooooboooooDobo
gooooobooooooooboooooooboooooobooboooooDbooDbbo
0000000000000 000000000o000O RI2N/DRVOOOO LCBO
gooooobooooooo

RI2N/DRVOO0O0O 10000000000000000O0OO00O0OOO0ODOOOOO
gbooooboobooooobooboooobooboooooobooooboooboooo
RI2N/DRVO0O00O000O0O0O0O00OO0OOO0OO0OODO0OOOOOOOOOOOOOO
00 “endpoint” JO0OOD0 20 endpoint 000000000 ADODDOOOOOOOCOO
00000000 300000 BOCODOOOOOOOOODOOOD AD600OOOOO
endpoint 000 Oendpoint OO0 OO0O00D0OOO0O0O0O0O0O0O0O0O0OCOCOOOOOOO
gboboobooooboooodobooooooooooboooooboboooOooboobooooo
OODoOOOOOD endpoint 00000000 O0O0DOOOOOOOOODODODODODDODOO
OOobDOoOoOOoOOoOoOOOOOOOD endpoint 0O0O0O0O0OOCOOOOOOODODODODDOOO
O0000O0D0D0O0UD0OUOO0O0UOOREN/DRVOOOOO0OODOUDOUOOOOODOODOOOO
gooooooooooooooboooooooooooboooooocOoOooooDoobobo

000000000 0oDOoooDOoooooog Vol 3 No.o1o 25-37 (Mar. 2010)

serverA serverB

single-link

client

03 D0000D0000000000000000 Ethernet 00O
Fig.3 Multi-link Ethernet binding with asymmetric configuration.
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Fig.4 Various symmetric/asymmetric multi-link configurations.
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01 0000
Table 1 Experimental environment.
ITtem Specification
CPU Xeon 5110 Dual-Core 1.6 GHz

Memory DDR2 2,048 MB

Kernel 2.6.27.24-78.2.53.fc9.x86_64

NIC Intel PRO/1000PT dual port 1000base-T

Switch Dell PowerConnect 5324 (24 ports Gigabit Ethernet switch)

02 000 RI2NOOO
Table 2 Performance on the original RI2N.

Topology in Fig.4 | Throughput [MB/s]
(a) 112.2
(b) 223.1
() 213.8
(d) 142.9
(e) 211.2
) 160.6
(g) 195.7
(h) 120.4
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Fig.5 Extension of the heartbeat packet in RI2N+.
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03 00 (f) D000 Node-B OO endpoint 0000
Table 3 End-point information on Node-B in case (f).

Device | # of links | Weight
Link-0 3 -

04 00 (f)0000 Node-C O Node-D 00 endpoint 0000
Table 4 End-point information on Node-C and D in case (f).

Device # of links | Weight

Link-0 3 2
Link-1 2 3
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Fig.6 Extension of the heartbeat packet in RI2N++.
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Fig.7 Packet sending example in each system.
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Fig.8 Throughput improvement of RI2N+ and RI2N++4-.
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Table 5 Relative performance ratio of throughput.

Topology Ratio [%)]
RI2N RI2N+ RI2N++
) 100.0 | 100.0 97.9
(c) 100.0 100.0 100.4
(d) 100.0 | 113.2 133.9
(e) 1000 | 99.6 100.9
() 100.0 113.1 112.2
(2) 100.0 | 99.7 101.6
(h) 100.0 | 127.8 159.9
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Table 6 Comparison of weight between RI2N+ and RI2N++.

Node-B Node-C Node-D
Topology

+ ++ + ++ + ++
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Table 7 Comparison of congestion level.

Topology RI2N RI2N+ RI2N++
(b) 1:1 1:1 1:1
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Fig.9 Time transition of weight in each node.
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Fig.10 Throughput improvement and breakdown in case (h).
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