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Abstract — Processor performance has continuously advanced
since Moore’ s law. However, power constraints have become
one of the largest concerns for processor architects to further
improve processor performance. With the recent introduction of
GPGPU (general purpose graphic processing unit) technology,
which uses GPU for general computing, techniques to maximize
GPU processor parallelism and to minimize power consumption
have become popular. However, end users requiring better per-
formance often use overclocking to improve CPU and GPU per-
formance. This paper aims to evaluate the effect of GPU and
CPU overclocking when executing CUDA applications from
three perspectives: performance, power consumption, and en-
ergy efficiency. The experiment shows that when executing ma-
trix multiplication program with CUDA, while execution time
of GPU (GPU core: 625 MHz, GPU memory: 450 MHz) over-
clocking was similar to that of CPU overclocking, its energy
consumption was 12. 8% less. In terms of energy efficiency,
higher GPU overclocking leads to better efficiency. We verify
the positive results of GPU overclocking in execution time and
energy efficiency when executing CUDA applications and the
potential of GPU overclocking.
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1 Introduction

Ever since the introduction of Moore’s law, the
number of transistors in processor has consistently
doubled every 1.5 year. According to this trend,
processor performance has continuously advanced.
However, as processor performance improved, the
concerns for energy consumption and temperature
have increased''’. With the increasing use of ILP
(instruction level parallelism), power management
has become a significant concern for processor ar-
chitect. Also, with the growing temperature con-
cerns, it has hit a wall to continue to increase clock
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frequency. Thus, the recent tendency is turning to
integrating more cores per chip. As it is going be-
yond multi-core to many-core era, many diverse
techniques using processor parallelism to increase
performance have been introduced. However, ap-
plication program to make full use of parallelism has
not yet been introduced.

As concerns on power management have be-
come important, there are attempts to use GPU
(graphic processing unit) core not only for graphic
computing but also for general computing.
NVIDIA’ s CUDA™ and ATI’s STREAM"™ are
some examples which provide API (application pro-
gramming interface) to programmers thus enabling
them to use GPU in general computing. These pro-
gramming models tend to support utilizing GPU’ s
feature of having many simple cores to increase the
number of threads and maximizing use of parallel-
ism. A number of researchers are already studying
CUDA, and the number of institutes teaching CU-
DA is increasing.

Meanwhile, for end users, as perceptible per-
formance has higher priorities than power consump-
tion, an overclocking technique is widely used.
Overclocking is the process of running a computer
component at a higher clock frequency than it was
designed but not interfering with CPU or GPU sta-
bility. The increased frequency results in higher
performance. Moreover, a recent research also sug-
gests overclocking can improve energy efficiencym .

In this paper, we aim to compare and evaluate
performance, power consumption, and energy effi-
ciency of GPU and CPU overclocking when execut-
ing CUDA applications. The rest of our paper is or-
ganized as follows. Section 2 explains experiment
environment and section 3 evaluates performance
and power management, and section 4 concludes
with the findings.
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2 Evaluation methodology

In order to test CUDA performance, power,
and energy efficiency in real system, the evaluation
environments were set according to specifications
shown in Tab. 1. The application used to conduct
the test was matrix multiplication program with the
matrix size of 4 096 X4 096, and 256 threads. GPU
overclocking ranges were set at 550 MHz, 625 MHz
and 700 MHz for GPU core, 400 MHz, 450 MHz
and 500 MHz for GPU memory bus. These clock
frequencies were selected from ranges that do not
interfere with system stability. Additional evalu-
ation was carried out with CPU overclocking from
default (3.0 GHz) to 3.735 GHz for comparison.

Tab.1 System specification used in the evaluation
Category Specification
CPU Intel Core2 Duo E8400

Graphic card NVIDIA GeForce 9500GT
CUDA version 2.3

RAM DDR2 2G
oS MS Windows XP
Application Matrix multiplication

Power estimator X4-LIFE INSPECTOR II
IDE environment MS Visual Studio 2005

3 Performance and power evaluation
results

3.1 Performance and power evaluation under
CUDA programming model

Fig. 1 depicts matrix multiplication program’s
execution time and total system power consumption
with various CPU and GPU clock frequencies.
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Fig.1 Normalized execution time and power consump-
tion per clock frequency (MHz) of CPU/GPU core/ GPU
memory

Fig. 1 shows respective normalized execution
time and power consumption per each frequency in

comparison with baseline configuration of 3 000/
550/400. The result shows that when the clock fre-
quency of GPU core and GPU memory increases,
the execution time is reduced. In case that over-
clocking is applied on CPU only, system-wide power
consumption is increased by 12.8% . However, dif-
ferences of execution performance were insignifi-
cant compared to configuration of 3 000/625/450. As
the increased power consumption of configuration
of 3 000/625/450 is only about 2% compared to con-
figuration of 3 000/550/400, it shows that using
GPU is more efficient in CUDA programming mod-
el. Also increasing overclocking rate of GPU core
than that of GPU memory turns out to be seemingly
more efficient with regard to execution time. For
the reference, when the same matrix multiplication
program is executed in CPU without use of GPU (in
case of 1 024 X1 024 matrix calculation), GPU cal-
culation show about 300 times better performance.

3.2 Energy efficiency evaluation under cuda
programming model

To verify trade-off between energy consump-
tion and execution time, this paper uses EDP (ener-
gy-delay product) metric.

Fig. 2 shows trade-off of energy consumption
and execution time. Taking into account that the
power consumption of GPU overclocking is not so
high, the results show that efficiency of energy and
execution time is best when only the graphic card
overclocking is applied to the highest level (3 000/
700/500). EDP is highest when overclocking is not
applied to graphic card or CPU. Therefore, with
CUDA programming model we can know that GPU
overclocking brings considerable benefits in both as-
pects of energy and execution time. Moreover,
compared to CPU overclocking, the EDP shows
24.1% decrease. Therefore, with CUDA program-
ming model we have verified that GPU overclocking
has much better energy efficiency over CPU over-
clocking.
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Fig.2 EDP comparison per clock frequency (MHz) of
CPU/GPU core/GPU memory
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4 Conclusions

This paper evaluates power, performance, en-
ergy efficiency, and trade-off between performance
and energy consumption of GPU and CPU over-
clocking through matrix multiplication program
with CUDA. Through our evaluation outcomes we
were able to conclude that use of overclocking can
increase considerable amount of energy efficiency
when executing CUDA applications. Therefore,
GPU overclocking technique is expected to become
prominent in executing CUDA applications. In fu-
ture research we plan to diversify CUDA applica-
tions and evaluate efficiency of GPU overclocking

in areas beyond matrix multiplication program.
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