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A Deterministic Routing Using Virtual Channels in Irregular Networks

MICHIHIRO KOIBUCHI,t AKIYA JOURAKU' and HIDEHARU AMANOf

In PC clusters or high performance I/O networks including InfiniBand, network topologies
often become irregular. In order to cope with the complicated network topology, and in-order
packet transfer property, most of such networks use a deterministic routing technique. How-
ever, most deterministic routing methods cannot make the best use of recent increasing virtual
channels. Here, we propose a methodology for the design of efficient deterministic routing
called the “MEDR (Methodology for design of Efficient Deterministic Routing)” which in-
creases minimal paths and distributes traffic by using virtual channels. As a simple example
of the MEDR application, the UDWM (up*/down* routing with multi-channels) is shown
based on up*/down* routing which is a typical routing for irregular networks. Results of
simulations show that the UDWM achieves 273% improvement in throughput compared with
deterministic up*/down* routing with the same number of virtual channels per physical link.
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Fig.1 A directed-graph based on the BFS spanning tree.
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Table 1 Simulation parameters.

Simulation time 1,000,000 clocks

(ignore the first 50,000 clocks)
irregular network

16 or 64 nodes

1,2,3 (up*/down*),

Topology

Network size

The number of

virtual channels | 2,3 (UDWM)
Packet length 128 flits
Spanning tree BFS or

heuristic DFS
virtual cut-through

policy
Switching tech.

Traffic pattern uniform
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Table 2 Routing metrics on 16 nodes with the BFS.

oo oo oo SD
ooo ooo ooo of ch.
ooo O oo Cross.
path
ud,vch=1 0.108 2.02 95.58 5.63
ud,vch=2 0.124 2.02 95.58 5.63
UDWM,vch=2 0.195 1.89 100.00 3.01
ud,vch=3 0.136 2.03 95.58 5.62
UDWM,vch=3 0.230 1.89 100.00 2.95
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Table 3 Routing metrics on 16 nodes with the BFS.

oo oo oo SD
ooo ooo ooo of ch.
ooo O oo Cross.
path
ud,vch=1 0.133 1.95 96.00 3.43
ud,vch=2 0.168 1.95 96.00 3.44
UDWM,vch=2 0.196 1.89 100.00 2.91
ud,vch=3 0.187 1.95 96.00 3.44
UDWM,vch=3 0.230 1.89 100.00 2.86

- 0Dooooooooooooo

0 2000UDWMDUO up*/down* routing 0 00O
channel crossing path OO0 00000000 O0OO
0000000000000 up*/down* routing 0
O0000000o0oo0o0o00oU0ooUooooooo 20
oUbwMOO00000000000000000O0
00000 Oup*/down* routing0 00000000
O0o000ooooUoo0oooOuDWMO up*/down*
routing0 00000000000 0O0OOOOOO
oooooog

4.1.2 DFS spanning tree0 000000

04000000000000D0000000O00OCOO
0000 DFS spanning treeJ 000 O up*/down*
routingd UDWMUOOOOQO 5000000000
ooooooOoU0oUoOopoUoOoDoooooooooo
0000000000000 00000000B0O0O
oooOoooooooooooooOoobooOoooog
00000000000 000000000 Ochannel
crossing pathODO0O00O0 30000

0 400 200 500 3 000 up*/down* routing
O DFS spanning tree0 0000 00O BFS span-
ning tree 1 0000000000000 OOOCOO
0000000000 o0o00oooouUubDWMOOO
O spanning tree ] D0 0000000000000

i 2 3 4 5 6 7 8 9 10
Topology number
06 BFSOe400000000O0O0ODOOO
Fig.6 Throughput on 64 nodes with the BFS.
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Table 4 Routing metrics on 64 nodes with the BFS.

oo oo oo SD
ooo ooo ooo of ch.
ooo O oo Cross.
path
ud,vch=1 0.030 3.84 78.12 59.94
ud,vch=2 0.032 3.84 78.12 59.95
UDWM,vch=2 | 0.106 3.14 99.97 14.28
ud,vch=3 0.033 3.84 78.12 59.94
UDWM,vch=3 | 0.123 3.14 100.00 13.68
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Table 5 Routing metrics on 64 nodes with the DFS.

oo oo oo SD
ooo ooo ooo of ch.
ooo O oo Cross.
path
ud,vch=1 0.035 3.54 90.13 26.36
ud,vch=2 0.046 3.53 90.13 26.40
UDWM,vch=2 | 0.101 3.13 100.00 13.66
ud,vch=3 0.049 3.53 90.13 26.38
UDWM,vch=3 | 0.121 3.14 100.00 13.58
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