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Measurement of Microprocessor’s Power Consumption and
Prototyping Low Power Cluster with Low Power Processors

Y OSHIHIKO HOTTA,t MITSUHISA SATO,"t TAISUKE BOKU,tt
DAISUKE TAKAHASHI, "t YOSHIHIRO NAKAJIMA,*
CHIKAFUMI TAKAHASHI' and HIROSHI NAKAMURAftt

Recently, the power consumption of high performance processors is rapidly increasing, so
that it makes high-density packaging difficult when building compact clusters. On the other
hand, the performance of low power processors used for PDA or PC is being improved, rapidly.
It is expected that high-density clusters will be realized by using the low power processors
for power-aware computing. In this paper, we firstly examine the characteristics of power
consumption of Pentium4, XScale, Crusoe and Pentium-M. To measure the actual power
consumption, we have built environment by Hall device. We found that the total power con-
sumption can be reduce by optimizing memory access. In Crusoe, while it has DV'S facility to
control voltage dynamically for power reduction, we found that by controlling clock frequency
manually, have a possible to the total power consumption can be reduced without performance
loss. And we have built prototyping low power clusters with Transmeta Crusoe TM-5800. We
have measured the performance and the power efficiency of this low-power cluster using some
parallel benchmarks. The result shows that a low power cluster can achieve a good power
efficiency than a single high performance processor such as Pentium4.
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Table 1 Specifications and power cousumption of measured systems.

goooo P4 XScale Crusoe PenM
oooooo GA-81RX NPWR EB5 PFU

CPU Pentium4 IOP-80200 TM-5800 Pentium-M
Clock 1.80 GHz 733 MHz 933 MHz 1.60 GHz
Cache L1/L2 8KB/512KB 64 KB/none 64KB/512KB 64 KB/1MB
Memory 512MB(DDR) 256 MB(SDR) 256 MB(SDR) 512 MB(DDR)
kernel 2.4.18 2.4.18 2.4.22 2.4.18
Compiler gee3.2 gcc2.95.2 gce3.2 gece3.2

TDP 66.1 W 1.3W IW 25 W

Power (12V) 15W (CPU) 0.5 W 1w 8 W(CPU)
Power (5V) 1w 9W (CPU) 3W (CPU) 4 W

Power (3.3V) 3W none 0.3W 2W
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Fig.6 Execution time and the total power cousumption
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Table 2 Result of IS [Mop/s].

CLASS S w A
P4 73.22 50.69  7.82
XScale 5.12 1.40 1.04

Crusoe 30.25 17.57  3.09
PenM 204.93 60.15 22.53
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Fig.7 Execution time and the total power cousumption
in IS (CLASS W).
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Table 3 Execution time in each block size [sec] (the total power cousumption in parenthesis [Ws]).

bsize none 32 64 128 256 512
P4 16.5 (802.40) 8.8 (460.21) 8.3 (432.04) 7.7(391.54) 11.7 ( 582.63) 14.3 (703.14)
Crusoe  93.7 (1071.40) 13.7 (198.18) 12.4 (182.65) 12.3 (172.59) 13.0 (189.42) 21.3 (285.08)

800 [ ower
== execution time |

Total Power [WS]
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block size w/o 32 64 128 256 512

08 Crusoe UD0OODODOODDOODOOOOO
Fig.8 Matrix multiply result by blocking in Crusoe.
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Table 4 The total power consumption in LU calculation
([MFlops] in parenthesis).

w/o blocking  with blocking
P4 270.3 (138.4)  92.2 (442.8)
Crusoe  119.7 (56.2) 37.6 (174.5)
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Table 5 Clock frequency and voltage in Crusoe.

Clock Voltage FSB
933 MHz 1.35V 133 MHz
800 MHz 1.25V 133 MHz
667 MHz 1.20V 133 MHZ
533 MHz 1.10V 133 MHz
300 MHz 0.90V 100 MHz

exacution time [sec]

Clock 8 H l

09 dhrystone 000000000000 DOOOOOOO
Fig.9 Execution time and total power cousumption of
dhrystone in each clock frequency.
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Fig. 10 Performance ratio of NPB A in each clock
frequency.
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Table 6 The total power consumption of NPB A in each
clock frequency.

IS LU SP EP
DVS 295.9 9844.1 12568.9  1941.9
300 MHz  271.6 10895.3 13343.0  2742.2
533 MHz  230.5 10272.7  11626.9 2115.4
667 MHz  259.8 13152.7  10806.1 2199.7
800 MHz  252.5 12135.9 11979.0 1910.9
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Table 7 The total power consumption of IS in clustev
([Mop/s] in parenthesis).

Power[Ws] ([Mop/s])

0000 [Mop/s/Ws]
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Table 8 The total power consumption of LU in clustev
([Mop/s] in parenthesis).

2node  257.5 (4.28)
4node  570.3 (3.98)
P4 1032.5 (7.82)
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Table 9 Execution time of parallel matrix multiply by
blocking [sec].

bsize w/o 32 64 128 256 512
single 93.7 13.7 124 12.3 13.0 21.3
2node 108.6 6.1 5.4 5.4 6.0 9.8
3node 109.1 6.1 5.4 5.4 6.4 9.9
4node 54.6 3.4 3.0 3.0 3.6 5.2
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Fig.11 The total power consumption and execution time
with or w/o blocking.
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Fig.12 Performance ratio of NPB in each clock frequency.
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Table 10 The total power consumption in each clock
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