Evaluation of performance vs power consumption using NAS Parallel
Benchmarks

Vinicius Garcia Pinto, Nicolas Maillard
Grupo de Processamento Paralelo e Distribuido (GPPD)
Instituto de Informatica - Universidade Federal do Rio Grande do Sul (UFRGS)
Caixa Postal 15.064 - 91501-970 - Porto Alegre - RS - Brasil
{vgpinto, nicolas} @inf.ufrgs.br

Abstract

Parallel systems are traditionally evaluated considering
only the performance. However, the importance of power
consumption in these systems is increasing. Benchmarks are
programs commonly used for evaluating the performance of
parallel systems. In this paper, we use benchmarks LU, FT,
CG and EP from NAS Parallel Benchmarks to present a per-
formance analysis considering the power consumption in a
multi-core parallel system. We vary the number of threads
used to run this benchmarks and identify how much this
variation implies in the power consumption.

1. Introduction

Until a few years ago, most parallel systems focused only
on performance without consider the increase in power con-
sumption or the need to be energy efficient. However, in ac-
tual systems the importance of power consumption is grow-
ing because power costs have become so significant as the
hardware costs. Therefore we have to consider the power
consumption as a limiting factor in parallel systems [1].

The use of benchmarks are common way of assessing
the performance of a system. Benchmarks can be catego-
rized in three types [2]:

e Synthetic benchmarks: artificial programs, with func-
tionality of real programs such as hyper pi or wPrime;

e Kernel benchmarks: code fragments from real pro-
grams like LINPACK;

e Real application benchmarks: actual applications like
games or AutoCad;

The NAS Parallel Benchmarks (NPB), originally developed
by NASA, is a set of eight programs derived from compu-
tational fluid dynamics codes [3]. NPB is well known and

widely used to measure and compare the performance of
parallel systems [4].

In this paper we use LU, FT, CG and EP benchmarks
from NPB to evaluate the performance versus the power
consumption in a multi-core parallel system. We execute the
benchmarks varying the number of threads in use to observe
how much this variation implies in the power consumption
and what is the best relation between power consumption
and number of threads used. The IPMI (Intelligent Platform
Management Interface) is used to measure the power con-
sumption.

The remainder of this paper is organized as follows: Sec-
tion 2 presents the execution environment, the benchmarks
used and the interface to measure power consumption. Sec-
tion 3 shows the results. Finally, Section 4 presents the con-
clusions.

2. Execution Environment

The tests presented in this paper were executed in a
multi-core system consisting of two Intel Xeon E5530
quad-core processors with Hyper-Threading technol-
ogy enabled and clock frequency of 2.4GHz running
Ubuntu Linux.

System power consumption was measured using
FreeIPMI 0.8.11, a IPMI GNU library [5]. FreeIPMI pro-
vides a way to get the instantaneous power and the elec-
tric current in use in the system. We use a background script
to get this measures with one second interval while a bench-
mark is running.

NAS Parallel Benchmarks (NPB) were implemented in
different programming models. In this work, we used a
OpenMP version written in Fortran. NPB defines different
classes for the problems size [6]. We selected and executed
four benchmarks from NPB (changing threads number from
1to 16):

e LU Lower-Upper solver is a application benchmark



for lower and upper triangular system solution. In this
benchmark we use class C that corresponds to 1623
problem size;

e FT Fast Fourier Transform is a kernel benchmark
that perform a 3D partial differential equation solution
using FFTs. In this benchmark we use class B that cor-
responds to 512x2562 problem size;

e CG this kernel benchmark use the Conjugate Gradi-
ent method to compute an approximation to the small-
est eigenvalue of a large, sparse, symmetric positive
definite matrix. In this benchmark we use class C that
corresponds to 150000 problem size;

e EP Embarrassingly Parallel is a kernel benchmark
which evaluates an integral by means of pseudo ran-
dom trials, this benchmark requires virtually no in-
terprocessor communication. In this program we use
class C that corresponds to 233 problem size.

We believe that benchmarks LU, FT, and CG represent
a significative range of communication and computing pat-
terns of parallel applications that can commonly be found in
real world. EP benchmark is a different case from the other
three because is an embarrassingly parallel problem where
there exists no dependency or communication between par-
allel tasks.

3. Results

Results presented in this Section were obtained consid-
ering a average of thirty runs of each combination between
benchmark program and number of threads. The instant
power observed when the system is idle was around 150
Watts.

e LU Benchmark: The speed-up is presented in the graph
of figure 1. The graph presented in figure 2 shows the
instant power consumption while the benchmark was
running, each line corresponds to executions with six-
teen, eight, four, two or one thread(s). In this case, exe-
cution using only one thread spent 1303 seconds, con-
suming, during this time, around 185 Watts. Execu-
tion using two threads spent 659 seconds, consuming
around 209 Watts, using four threads spend time was
387 seconds, consuming around 234 Watts. Through
the use of eight threads spend time was 287 seconds,
consuming around 264 Watts. Finally, execution using
sixteen threads spend time was 271 seconds, consum-
ing, during this time around 275 Watts;

e FT Benchmark: The speed-up observed when bench-
mark was executed with one, two, four, eight and six-
teen threads is presented in the graph of figure 3. The
graph of figure 4 shows the instantaneous power con-
sumption while the benchmarks was running, each line
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Figure 1. LU Speed-up

in this graph corresponds to executions using sixteen,
eight, four, two or one thread(s)

Execution of this benchmark using only one thread
spent 71 seconds, consuming around 181 Watts.
Through the use of two threads, spend time was 36
seconds consuming around 200 Watts. Execution us-
ing four threads spent 19 seconds consuming around
219 Watts, using eight threads spend time was 13 sec-
onds consuming around 233 Watts. Finally, execution
using sixteen threads spent 16 seconds consum-
ing around 246 Watts;
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Figure 3. Speed-up FT

CG Benchmark: Figure 5 presents the speed-up ob-
served when benchmark was executed with one, two,
four, eight and sixteen threads. The graph of figure 6
shows the instantaneous power consumption while the
benchmarks was running, each line in this graph cor-
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Execution of this benchmark using only one thread
spent 296 seconds, consuming around 176 Watts, using
two threads, spend time was 148 seconds consuming around 195 Watts. Execution using four threads spent




75 seconds consuming around 211 Watts. Through the
use of eight threads spend time was 40 seconds con-
suming around 243 Watts. Finally, execution using six-
teen threads spent 28 seconds consuming around 261
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4. Conclusions

This work presented an evaluation of the performance
considering the power consumption using benchmarks LU,
FT CG and EP from NAS Parallel Benchmarks in a multi-
core system.

Results showed that the increasing of power consump-
tion followed, in a smaller proportion, the speed-up behav-
ior. In other words, although the consumed power increases

with the number of threads in use, the shorter time consum-
ing this power keeps the advantages of using more threads.
In the case of benchmarks FT, LU and EP the best speed-up
and the best relation between increase of power consump-
tion and increase of performance was obtained using the
same number of threads, 8 threads for FT and 16 threads for
LU and EP. However, with CG benchmark the best speed-
up was obtained using 8 threads but the best relation be-
tween increase of power consumption and increase of per-
formance was obtained using 16 threads.

For future work, we plan evaluate the relation between
power consumption and performance decreasing the clock
frequency to measure how the smallest frequency affects the
power consumption and running more tests using different
hardware configurations.
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