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The Design and Evaluation of High Performance Communication
Facility Using Multiple Gigabit Ethernet for PACS-CS System
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This paper discusses the design and evaluation of high performance communication facility
called PM/Ethernet-HXB for PACS-CS system. A computing node of the PACS-CS uses
3-dimensional hyper crossbar connections, which have two Gigabit Ethernet for one dimen-
sional connection. In the PM/Ethernet-HXB design, communication protocol overhead must
be minimized on multiple Ethernet devices, because the PACS-CS requires not only direct
communications between nodes but also communication using routing nodes. To minimize
the communication protocol overhead, a light weight communication protocol using Zero-
copy communication between communication buffers of nodes has been developed. We have
implemented the PM/Ethernet-HXB on SCore cluster system software, and evaluated its
communication and application performance. The PM/Ethernet-HXB achieves 1065 MB/s of
uni-directional communication bandwidth using nine Gigabit Ethernet links, 741 MB/s (98.8%
of theorical performance) of uni-directional, 1401 MB/s (93.4% of theorical performance) of
bi-directional bandwidth on the 3-dimensional hyper crossbar connections. The performance
differences using NAS parallel benchmarks between 3-dimensional hyper crossbar (2 x 2 x 2)
and 1-dimensional network (8 nodes) are minimal, that of IS Class C is 13%, and that of CG
Class C is 7%. Therefore, PM/Ethernet-HXB realizes higher application performance using
existing Gigabit Ethernet hardware.
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Table 1 PACS-CS System specification overview.
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Table 2 Number of NICs vs. message arrival period (us).

1500B | 4096B | 8192B
Giga x 1 12.0 32.8 65.5
Giga x 2 6.0 16.4 32.8
Giga x 4 3.0 8.2 16.4
Giga x 6 2.0 5.5 10.9
Giga x 8 1.5 4.1 8.2
Giga x 10 1.2 3.3 6.6
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Table 3 Measurement environments of 8 node cluster.

OO0oooO |Intel Xeon 3.6 GHzO 1 MB cachel

080000 [DIntel E75200 2GB DDR2

SDRAMUO 4 x 64 bit 133 MHz PCI-X Busl
Ethernet Intel Dual E1000 NIC x 40 4+ E1000 x 1
01 GbpsD Foundry FWSX 448 GigE Switch

OS Fedora Core 3 for x86_640
[0 2.6.14.4 Uni-Processor kernell SCore5.8.3

PM Level Bandwidth/Uni-direction

T
PME-HXB Gigx9 —+—
16+09 I PME-HXB Gigx8 ---x---
PME-HXB Gigx6 --%--- o
PME-HXB Gigx4 & 5. 50

PME-HXB Gigx2 -—&--
PME NT Gigx4 ---o--- Xw”'

1e+08 -
r’)’ @
ic}
; ped
1e+07 ’.;X P
5 o -

16+06 5

ba
oo k
T

°d

Throughput (Bytes/s)

100000
1 10 100 1000 10000

Payload Length (Bytes)

03 D000000000O00O00100000
Fig.3 Low level communication bandwidth performance:

1D unidirection.

000000 90000000 O00OO0OOOnDual
E1000 NIC O E75200 400 PCI-XODOOOOO
gil1ooooooboooooogbooooooboobooa
PCI-XOOO 100 E10000 30000000
O0000O0O0O0O000000O000000 Intel
000000 Version 9000000000000O0O0O
0000000 PM/Ethernet NTOOOOODOOOO
0000 TCp/IPOO MPIOOOOOOOOOOOO
0000 PM/Ethernet-HXB O OO OO PME-HXBO
PM/Ethernet NTODOOOO PMENTODOOO
5.1 OO0ODODODODOOODOOODOOD1I0O0000O0
oooboi1oobo0oooooobooooooooo
gobooooooobooog230000000a0
oobooooooood
O 3 0 OGigabit Ethernet 00000 900000
obOodoloboooobooboooboooboooon
0000000000000 40000 PM/Ethernet
NTOOOOOOOOOOO 3000PM/Ethernet-
HXBOOOOOOOODODODOOOO e80OCOODOO
goooboooooooobooooooooooooo
00 768000000000 PM/Ethernet NT OO



30

gooooooooooooooooboooooo

04 O00O0OODODOODODOODOODOOO
Table 4 Low level communication bandwidth

performance and processing latency.

FEEGEEEEERNEEEE
PME-HXB (Gigx2) | 248MB/s (99%) | 2.38us
PME-HXB (Gigx4) | 494MB/s (99%) | 2.58us
PME-HXB (Gigx6) | 741MB/s (99%) | 2.71us
PME-HXB (Gigx8) | 981MB/s (98%) | 2.81us
PME-HXB (Gigx9) | 1065 MB/s (94%) | 2.90 us
PME NT (Gigx4) 393 MB/s (78%) | 15.7us
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Table 5 Low level communication bandwidth
performance: PME-HXB Nth dimension.

MB/s oo oo ooo
100 | 247.6 (99.0%) | 247.5 (99.0%) | 481.1 (96.2%)
200 | 493.6 (98.7%) | 494.9 (99.0%) | 951.3 (95.1%)
300 | 741.3 (98.8%) | 742.3 (99.0%) | 1401.3 (93.4%)
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Table 6 Low level communication bandwidth performance
and 1/2 communication round trip time with
routing processing: PME-HXB.

Giga x 2 Giga x 4 Giga x 2

oooo oooo 1/2 RTT

100 248 MB/s | 494MB/s 14.9 (1 9.8) us
200 248 MB/s | 489 MB/s | 27.5 (17.3) us
300 248 MB/s - | 39.3 (24.0) us
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Table 7 MPI level communication bandwidth
performance: PME-HXB.

YAMPII2 00O | YAMPII2 000
Gigx2 | 244MB/s (98%) | 490 MB/s (98%)
Gigx4 | 494MB/s (99%) | 896 MB/s (90%)
Gigx6 | 739MB/s (98%) | 937 MB/s (62%)
Gigx8 | 915MB/s (92%) | 932MB/s (47%)
Gigx9 | 890MB/s (79%) | 921 MB/s (40%)
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NPB2.3 IS Class C Results
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Application performance results: IS CLASS C.
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NPB2.3 CG Class C Results
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Fig.7 Application performance results: CG CLASS C.

NPB2.3 LU Class C Results
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Fig.8 Application performance results: LU CLASS C.
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Table 8 Comparison of NAS parallel benchmark perfor-
mance results with using 6 link: PME-HXB (8

nodes: 1D).
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CG-C (400000 135% 165%
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Table 9 Performance comparison of NAS parallel bench-
mark results class C: PME-HXB (8 nodes: 1D vs.

3D).
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