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Abstract

This paper presents an I/O performance and energy ef-
ficiency analysis of low-power processors when compared
to conventional architectures. This study aims at evaluat-
ing the viability of using such low-power architectures as
servers to file systems in HPC environments. Results have
shown that the low-power architecture could be an alter-
native to applications that perform many more read opera-
tions than write operations. The study also has shown that
this architecture could lead to 93% of energy consumption
decrease in read operations.

1. Introduction

The increase of processing power in architectures of
High-Performance Computing (HPC) came along with the
increase of a significant power demand on these systems.
Great energetic demands like this are not the best scenario
ecologically and economically speaking. In this regard, a
DARPA report suggests that future HPC systems - from
which is expected exaflops performance - should obey a
20MW limit on power demand [1].

Based on this premise, researchers have been seeking al-
ternatives to respect such limits. A commonly used strat-
egy is the use of low power architectures, changing reg-
ular processors to Advanced RISC Machines processors
(ARM). Despite presenting less performance, these archi-
tectures give better power efficiency to some scientific ap-
plications [2].

However, processing is not the only one responsible for
the big energetic consumption on High-Performance Com-
puting Systems. Input and Output operations - known as I/O

operations - also contributes to the high power demand, due
to the crescent gap between processing and storage laten-
cies. Therefore, it is common that applications spend a sig-
nificant time on I/O operations and, for this reason, meth-
ods on how to decrease this power demand should be stud-
ied.

Considering the HPC scenario, I/O operations are pro-
cessed by the parallel file system (PFS) and machines op-
erate as servers for the data. These servers receive requests
from the processing nodes and process them accessing the
local storage system. Therefore, the processing capability
of these machines is not well explored due to the elevated
time spent with I/O operations. As an alternative, it is pos-
sible to consider that low demanding power architectures
when used as storage servers could be an alternative that
might lead to better energy efficiency.

With the possibility to use a low power architecture as
a storage server in mind, the objective of this paper is to
do a comparison between the mentioned architecture with
a traditional computer, both working as parallel file system
data servers. The rest of this paper is organized as follows.
The next section discusses the experimental methodology
involved and results are shown in Section 3. Lastly, the con-
clusion of this paper and future work are presented in Sec-
tion 4.

2. Experimental Methodology

To achieve the objective of this research, two machines
were used. The low power computer chosen was an A20
dual-core ARM Cortex-A7 processor produced by AllWin-
ner running at 1GHz frequency. Besides, the machine has
2GB RAM memory and 8GB NAND storage. The storage
device used was an SSD 840 Series MZ-7TD500BW by
Samsung with a capacity of 500GB and a SATA 6Gb/s bus.
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It was not possible to run a real file system on the ARM
processor. The impossibility was due to the fact that the pro-
cessor only accepts a modified Linux kernel as an opera-
tional system that does not support the file system. Attempts
were made to install the module that supports it, but they
were not successful. Instead, an MPI code was used to sim-
ulate the file servers’ activity. The servers’ simulation con-
sists of them receiving requests that are staggered and there
is no communication between the servers.

Requests are provided to the servers through trace files.
Each one of them is organized as follows: there is one re-
quest per line and each line contains the application’s times-
tamp, the request’s size and the file’s offset. The trace file
approach was used because it was of this research’s inter-
ests to isolate the network so a fair comparison could be
made. By using the mentioned approach, it is possible to
exclude the time needed to a client to make a request.

In addition, it would also have been unfair to compare
the network used in our low power cluster with a regular
cluster’s one, because it is far slower and would harm per-
formance. With that in mind, we decided to take the net-
work off our experiments, because we wanted to focus on
the processing capabilities of the low power architectures.
Without the network in place, we were able to use a sin-
gle desktop in the comparison, which allowed the usage of
the same SSD memory in both architectures, simulating, the
fact that in a conventional cluster we would not be able to
change storage devices. By using the same storage device,
a more fair comparison was made, taking into account par-
ticularities in our storage device and its characteristics.

The measurement of power was made with a P4460 Kill
A Watt EZ power meter, which has an accuracy of 0.5% and
a refresh rate of 1 second. However, since the equipment
used does not have any means of communication with ex-
ternal devices, it was impossible to gather data directly from
it. We then devised a method for data gathering, which con-
sisted of filming the data being shown in the display of the
power meter and then synchronizing it with the timestamps
of beginning and end of each test. Thus, we were able to
manually get the data and analyze it.

Trace files were created to emulate a single client con-
tiguously accessing a 6GB file from the parallel file system
server. This access is separated in small (32KB) or large
(4MB) requests.

The size of all executed tests was 6GB. Tests were made
considering the requests’ size and the type of operation;
they were executed in both worked architectures. In order
to increase the reliability of the tests, each one of them was
repeated five times. Afterward, the arithmetical mean of the
five tests was made and the obtained value was used to ana-
lyze the data. Therefore, there were made forty experiments
and there were eight different configurations of tests.

3. Results

In this section, the results obtained will be presented.
Firstly, we will analyze how the size of requests and op-
eration influence the power demand. Afterward, in Section
3.2 the tests’ runtimes in both architectures will be com-
pared.

3.1. Power demand analysis

In order to investigate the influence of requests on power
demand, the average power will be used. This value is ob-
tained by the arithmetic mean of instant power measure-
ments.
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Figure 1. Power demand

Figure 1 shows the power demand on each architecture,
separated by size and type of operation (write or read). The
results for each architecture are in different columns and the
rows discriminate between the operation performed.

From this data, it is clear that the requests’ size does
not have any impact whatsoever on the demand for power,
neither in the Cubietruck nor in the Desktop configura-
tion. However, in the Cubietruck device the type of oper-
ation performed alters the demand: write operations con-
sume 40.2% more power than read operations in this archi-
tecture. The Cubietruck alternative also decreases power de-
mand in 90.2% in comparison to the Desktop architecture in
write operations and in 92.8% in readings.
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3.2. Runtime analysis

Another important measure of this research was the run-
time analysis of the conducted tests. The measures were
made by running the same tests on the low power and the
regular one architectures.
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Figure 2. Execution time

Figure 2 shows the runtime analysis on each architec-
ture, separated by size and type of operation (write or read).

By the results’ analysis, it is possible to see, in the first
place, that the requests’ size does not affect the tests’ run-
time. Also, it is clear to note that on read operations the
ARM processor and the regular processor present very sim-
ilar performance. Yet, we can see that write operations on
the low power architecture present a worse performance
than on the regular architecture. With 32KB request size,
by instance, the Cubietruck had a 68,8% increase of time
by comparing with the Desktop. Therefore, the ARM pro-
cessor could be an alternative to regular processors when
dealing with an application that performs a lot more read
operations than write ones.

3.3. Energy consumption analysis

The energy consumed in Joules by the experiments is ob-
tained multiplying the median power by the execution time.
Moreover, besides the impact caused by the type of opera-
tion because of the change in runtime, it is also expected to
be found differences in energy consumption by the tests be-
tween the different architectures. This happens because the
devices have different power demands.
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Figure 3. Energy consumption

Figure 3 shows the energy analysis on each architecture,
separated by size and type of operation (write or read). It is
again seen that the requests size have little to no influence
in the results. By the graphics, it’s clearly observed that the
Cubietruck has great energy efficiency. The low-power ar-
chitecture consumes 93% less energy in read operations and
83.4% in write ones in comparison to the usual one.

Considering the fact that both architectures have simi-
lar runtimes in read operations, the ARM processor is a fea-
sible low-power alternative to regular processors in this as-
pect. Even when taking into account the 68.8% increase in
execution time seen during write operations in Section 3.2,
the alternative still stands as a possibility, since the energy
consumption decline in this scenario is of 83.4%. Hence,
the Cubietruck device would be a good substitute for reg-
ular architectures in applications that use more read opera-
tions than write ones.

4. Conclusions and Future Work

This study showed that low power processors could be
an alternative to applications that perform many more read
operations than write ones. The substitution would lead to
an energy economy of up to 83.4% in write operations and
93% in read ones.

As future work, we plan to emulate real scientific ap-
plications and include more workloads in the study, such
as non-contiguous accesses to files, more clients accessing
concurrently the file system and different access patterns.
Moreover, we will include the network in the future analy-
sis.
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