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Switch-tagged VLAN-based Routing for PC Clusters with Ethernet

TOMOHIRO OTSUKA, MICHIHIRO KOIBUCHI,tt TOMOHIRO KUDOHf#
and HIDEHARU AMANO?

High performance-per-cost PC clusters usually employ Ethernet for intra-cluster networks,
though the topology of L2 Ethernet is usually a simple tree. VLAN-based routing method
presents various topologies suitable for parallel processing by using a combination of multiple
logical trees in a L2 Ethernet network. However, since the communication library used in
current PC clusters does not usually support VLAN technology, the original VLAN-based
routing method cannot be applied to such PC clusters. In this paper, we propose switch-
tagged VLAN-based routing method for PC clusters whose system software does not support
VLAN tags. To efficiently use the proposed strategy, a deadlock-free routing should be ap-
plied to paths between hosts, especially when IEEE 802.3x link-level flow control is used.
Evaluation results using NAS Parallel Benchmarks showed that performance of topologies
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supported by the proposed method is comparable with that of an ideal flat topology.
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Fig.1 VLAN-based routing on a fat tree.
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Fig.2 The DOR VLANSs in 4 X 4 2-D mesh.

3.2.2 VLANOOOOOOOOOOOO
0000000000000000000000
0000000000000000000dFat Treed
Myrinet-Clos 000000000 00000000
000 VLANOOOOOODOO

3.2.2.1 00ODO0OO0OOOOO
00000000000000000000000
000000000000000000000000
0000000000000000000000000
0000000000000 00O0O0DOROY OO
OJO0O0ODOROOOODODO VLANOOODODODOOO
1) 0000000000000 000000000n
VLANDOOOOOOOOOOOODOOOD0O0000
00 VLANOOOOOODO
O0O0OO0OONxNOOODODOOOO DOR VLAN
0000{VL(-,y) |0<y<N} O NOO VLAN
0000000000000 200000000VLAN
VL(—,y) 00000000 yOODOODOOOdy
00 y 00000000000 000000000
0000000000 (z,ys) 0000000000
0000000000000 0 VLAN VL(—,ys) O
0000000000000000 MOOOO0OO
00OONOODOODOO0O0D000000O0O0gNM—!
00 VLANOOOOOODO
0000000000000000000000
0000000000000000000 (z,ys) O
00000000000000000000 VLAN
VL(—,ys) 00000 PVIDOOOODOOOO
3.2.2.2 Fat Tree(l Myrinet-Clos

Fat Tree 0 0O Myrinet-Clos 000 300000
000000000000000000000000
000000000000000000000000
00000000 0o0oO0ooon
000000000000 VLANOOOOOOOO
00000000000 30000 Fat Tree (2,4,2)
00004000400 VLANOODOODODOOD
000000000000 000000000000
Fat Tree (u,d,m) J00D000000 VLANOO
v O00D000000DwD000 400000000



Vol. 47 No. SIG 12(ACS 15)

gooooooooboboobobboombObOOOO
ooo

0000 30000 4x40 Myrinet-Clos 0O 00O
05000400 VLANOOODOOOOOOOOO
000000000000 0000000d0dOnxn
0 Myrinet-Clos 000000~ 00 VLANDOODO
gooo

Fat Treed Myrinet-Clos 0 0000000000
goboooooboobobooboobooboo
00oo0obooooooooooobo pvIDOOO
000ooo00ooooooooooo VLANOOOO
goooboobobobobobooboobooobooo
00000000000 Fat Tree (2,4,2) 0 VLAN
000o0oooooooOo VLANOOODOOOoOO

Fat tree (2,4,2) Myrinet-Clos (4 x 4)

03 OD0o0oooooo
Fig.3 Evaluated indirect networks.
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Table 1 Evaluated topologies.

Topology H#sw #1 #VL AH MH CP
Mesh (4x2) 8 | 10 4 | 2.75 5 24
Torus (4x2) 8 12 4 | 2.50 3 32
Myri-Clos 8 16 4 | 2.25 3 12
M-Tree 16 15 (1) | 4.81 10 64
Mesh (4x4) 16 24 4 | 3.50 7 16
Torus (4x4) 16 32 4 | 3.00 5 12
Fat-Tree 14 24 4 | 3.75 5 16

06 4x400000000000000000OO
Fig.6 The number of paths on a channel in the case of a
mesh with DOR.
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Table 2 Specifications of each host.

CPU Intel Xeon 2.8 GHz x 2 (SMP)
Memory PC2-3200 DDR2 SDRAM 1 Gbytes
Chipset Intel E7520

PCI 64 bit/133 MHz PCI-X

NIC Intel PRO/1000 MT Server Adapter
NIC Driver Intel €1000 6.2.15

[oF] Fedora Core 1 (kernel 2.4.21)

(c) VLAN #3
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Fig.7 Frame transfers with a deadlock.
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Fig.8 Cyclic and acyclic frame transfers.
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Table 3 Bandwidth and lost frame ratio with cyclic and
acyclic transfers (Host-tagged).

FC None FC All | FC Host FC SW

(a)/UDP 364.4 0.3 477.2 0.5
(62%) (28%) (0.06%) | (99.9%)

(b)/UDP 394.3 317.0 505.8 230.3
(59%) (0.3%) (7%) (76%)

(c)/UDP 366.3 469.7 476.8 0.5
(62%) | (0.04%) (0.2%) | (99.9%)

(d)/UDP 437.6 475.4 507.4 247.7
(54%) | (0.06%) (7%) (74%)

(e)/UDP 356.0 2.1 477.7 1.2
(63%) (9%) (0.3%) | (99.9%)

(f)/UDP 361.3 204.9 494.3 106.4
(62%) | (0.06%) (4%) (89%)

(a)/TCP 465.1 27.3 456.7 75.7
(b)/TCP 486.8 323.9 442.3 346.2
(c)/TCP 466.4 468.6 466.0 118.9
(d)/TCP 487.5 468.6 465.8 428.4
(e)/TCP 464.5 56.7 464.0 128.8
(f)/TCP 469.2 177.3 430.2 236.9
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Table 4 Bandwidth and lost frame ratio with cyclic and
acyclic transfers (Switch-tagged).

FC None | FC All | FC Host | FC SW

(a)/UDP 345.2 209 4772 0.3
(64%) (23%) | (0.07%) | (99.9%)

(b)/UDP 403.3 317.7 506.4 230.1
(58%) | (0.02%) %) | (76%)

(c)/UDP 339.0 464.9 477.2 0.3
(65%) | (0.09%) (0.1%) | (99.9%)

(d)/UDP 344.1 476.8 477.5 247.0
(64%) | (0.02%) | (0.04%) (74%)

(e)/UDP 349.1 1.9 479.4 19.2
(64%) (11%) (1%) (98%)

(£)/UDP 377.8 166.7 486.6 109.1
(60%) (0%) (3%) (89%)

(a)/TCP 445.0 0.8 454.6 90.4
(b)/TCP 465.4 317.6 440.9 345.0
(¢)/TCP 462.2 469.3 466.4 401.4
(d)/TCP 443.2 464.1 469.7 427.9
(e)/TCP 465.6 47.8 447.0 153.9
(f)/TCP 472.4 158.3 416.6 227.5
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