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Profile-based Optimization of Power Performance
by Using Dynamic Voltage Scaling on a PC Cluster

YOSHIHIKO HOTTA,t MITSUHISA SATO," HIDEAKI KIMURA,*
SATOSHI MATSUOKA,t TAISUKE BOKU' and DAISUKE TAKAHASHI

Currently, several of the high performance processors used in a PC cluster have a DVS
(Dynamic Voltage Scaling) architecture that can dynamically scale processor voltage and
frequency. Adaptive scheduling of the voltage and frequency enables us to reduce power
dissipation without a performance slowdown during communication and memory access. In
this paper, we propose a method of profiled-based power-performance optimization by DVS
scheduling in a high-performance PC cluster. We divide the program execution into several
regions and select the best gear (combinations of clock frequency and voltage) for power effi-
ciency. Selecting the best gear is not straightforward since the overhead of DVFS transition
is not free. We propose an optimization algorithm to select a gear using the execution and
power profile by taking the transition overhead into account. We have built and designed a
power-profiling system, PowerWatch. With this system we examined the effectiveness of our
optimization algorithm on two types of power-scalable clusters (Crusoe and Turion). Accord-
ing to the results of benchmark tests, we achieved almost 30% reduction in terms of EDP
(energy-delay product) without performance impact (less than 5%) compared to results using
the standard clock frequency.
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Fig.1 Flow of profile-based power-performance
optimization.

il

Ry R ‘ R R | ‘
‘ oo | FietdeHz| | Fe106Hz [Fitooms) ® @@ ® | Fetdchz| | Fotook: (®®®®
BERRMEREOA ——Ayk BERRRTERL

02 0000000000 DvVsSOoOoOoOoooo
Fig.2 Regions and overhead of a DVS transition.
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Fig.3 PowerWatch: Overview of the measurement system.
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01 000oooo
Table 1 The specification of clusters.

ooooo

Turion 0000 Crusoe 0000

CPU Turion MT-32 TM-5800
Clock 1.80 GHz 933 MHz
Cache L1/L2 64 KB/1MB 64KB/512KB
Memory 1 GB(DDR) 256 MB(SDR)
kernel 2.6.11 2.6.11
Compiler gce3.4.11 gce3.4.11

MPI LAM 7.1.1 LAM 7.1.1
num of nodes 8 4

Network Gigabit Ethernet Fast Ethernet
TDP 25 W 7.5 W

02 Turion OOODOODOO
Table 2 Votage and frequency of Turion.

gear ooo oo TDP
1 800 MHz 0.90V IW
2 1,000MHz 1.00V -
3 1,200MHz  1.05V
4 1,400MHz 1.10V -
5 1,600 MHz 1.15V -
6 1,800 MHz 1.20V  25W

038 Crusoe DO0OODOODO
Table 3 Voltage and frequency of Crusoe.

gear ooo oo FSB TDP
1 300MHz 0.90V 100 MHz -
2 533MHz 1.10V 133 MHz
3 667MHz 1.20V  133MHZ -
4 800 MHz 1.25V 133 MHz -
5 933MHz 1.35V 133 MHz 7.5 W
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Fig.5 Characteristics of the Crusoe cluster on each gear with NPB.
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Fig.4 Characteristics of the Turion cluster on each gear with NPB.
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Table 4 Regions of the benchmark.

prog OO 1 oo 2 0o 3 00 4 0o 5
Is rank() MPI_Alltoall ~ MPI_Alltoallv. ~ MPI_Allreduce
FT it () evolve() MPI_Alltoall checksum()
CG conj_grad()  MPI_Send MPI_Wait MPI_Irecv
MG resid() mg3P() MPI_Send MPI_Wait MPI_Irecv
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Fig.6 Details of the PDP and EDP on each gear in the Turion cluster with NPB.
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Fig.7 Details of the PDP and EDP on each gear in the Crusoe cluster with NPB.
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