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MegaProto: A Low-power and Compact Cluster
for High-performance Computing

HirosHI NAKASHIMA,tt HIROSHI NAKAMURA,™> MITSUHISA SATO,3
TAISUKE BOKU,* SATOSHI MATSUOKA,t* DAISUKE TAKAHASHI'®
and YOSHIHIKO HOTTA3

MegaProto is a proof-of-concept prototype for our project “Mega-Scale Computing Based on
Low-Power Technology and Workload Modeling”, implementing our key idea that a million-
scale parallel system should be built with densely mounted low-power commodity processors.
It also serves as a platform to implement and evaluate our new technologies such as power
conscious compilation, highly reliable and high performance networking, highly dependable
cluster management, and multi-level scalable parallel programming. The building block of the
MegaProto is a 1U-high 19 inch-rack mountable motherboard unit on which 16 low-power,
one-dollar note-sized, commodity PC-architecture daughterboards are mounted with a high
bandwidth, 2 Gbps per processor network based on Gigabit Ethernet. The peak performance
of each unit is 14.4 GFlops for the first version and will improve to 32.0 GFlops in the sec-
ond version through a processor/daughterboard upgrade. The intra- and inter-unit network
bandwidths are 32 Gbps and 16 Gbps respectively. As for power consumption, the entire
unit idles at less than 150 W and consumes 300-320 W maximum under extreme computa-
tional stress; this is comparable to or better than conventional 1U servers comprised of dual
high-performance, power hungry processors, while benchmarks exhibit up to 279 % superior
performance for some NPB programs. This demonstrates that higher performance can be
achieved with low-power, densely populated architectures with commodity components.
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Fig.1 Hardware/software cooperative power-aware
optimization scheme.
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Cmeta>

class HugeSim < Task
def initialize(*arg)

p BranchAndBound.exec (

HugeSim, [10000,...]1)
@exefile='./huge-sim’' BRHRFS1—F
@parameter = arg; end

def behavior
n = @parameter
FOR n
compute(n*n) ; end;end;end
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Fig.2 Workload modeling and dependability

management.
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Table 1 Performance/power ratio of modern microprocessors.

(a) 20030 90000

(b) 20040 11 0000

0oo 00O OO0 TDP|OOODOO 0oo OO0 OO TDP|oOOOO

(1) (2 (*3) (*4) (1) (2 (*3) (*4)
Athlon XP Model 102) | 2.20 4.40 76.8 57.3 Xeon 13) (*5) 2.80 5.607 111.0 50.5
Xeon 12) 3.00 6.007 85.0 70.6 Pentium 413) 3.80 7.607 115.0 66.1
Pentium 412) 3.20 6.407 82.0 78.0 Mob. Pentium 413) | 3.33 6.667 88.0 75.7
Mob. Pentium 4 12) 3.06 6.127 70.0 87.4 Celeron M 13) 1.50 1.50 24.5 61.2
Mob. Pentium III-M 2 | 1.00 1.00 10.5 95.2 0.90 0.90 7.0 128.6
TM5800 27) 0.93 093 7.5 124.0 Pentium M 3) 2.10 2.20 21.0 100.0
Mob. Celeron 12) 2.40 4.807 35.0 137.1 1.10 1.10 5.0 220.0
Mob. Pentium 4-M 12) | 2,60 5.20" 35.0 148.6 TM8820 2%) (*6) 1.00 2.000 3.0 666.7

(*1) 000000 GHzM
(*3) Thermal design power (W).
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Table 2 Processor card specification.

2nd version
TM8820 (1.0 GHz)

1st version
MPU TM5800 (0.93 GHz)

L1 = 64 KB(I) L1 = 128 KB(I)
Caches
+64 KB(D) +64 KB(D)
L2 = 512KB(D) L2 = 1MB(D)

Memory | 256 MB SDR-133 512 MB DDR-266
Flush 512 KB 1MB
I/O Bus | PCI (32bit, 33 MHz) | PCI-X (64 bit, 66 MHz)
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Fig.7 Power measurement using hall element probes.
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Table 3 Performance of NPB and HPL.

# of NPB (class A)[Mop/s] HPL
proc.| IS MG EP FT CG |[GFlops]
2[10.1 1531 5.0 (*1) 95.6 (*1)
4(17.4 262.6 10.0 257.9 115.7 2.07
8129.6 507.9 19.9 476.4 163.4 3.61
16| 52.3 831.6 39.8 923.9 217.5 5.62
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Fig.8 Speedup of NPB and HPL.
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Fig.9 Peak and average power consumption.
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Table 4 Comparison with other systems.
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