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Abstract. This paper presents a comparative study between three em-
bedded computing and low-cost platforms. Computing platforms are 32-
bit RISC based processors, ideal for low power applications. During the
experimental phase, six numerical methods were implemented in C++
language for performance comparison among them. The operating sys-
tem used was Linux, with a specific distribution for each platform. Ex-
perimental results show that the Dual-Core ARM Cortex-A7 processor
based platform shows a slightly higher performance regarding to Cortex-
A9 Dual-Core processor based platform and ARM Cortex-A7 platform.
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1 Introduction

Today the computer systems are everywhere. It should not surprise that mil-
lions of computer equipment will be built each year to be used as desktops,
laptops, workstations and servers. The amazing thing is that from the transistor
miniaturization, many of the computer systems have electronic devices highly in-
tegrated dedicated to the execution of specific functions [4]. Embedded systems
are found in a wide variety of everyday devices such as consumer electronics
(phones, tablets, digital cameras, calculators and audio players) [1], for domestic
use (microwave ovens, automatic answering, smart thermostats, video surveil-
lance systems and lighting systems) [9, 13], office equipment (projectors, copiers,
printers, scanners and alarm systems)[7] and automotive (control of transmis-
sion, anti lock brakes, fuel injection and active suspension)[11]. An embedded
system typically costs much less than a team of computing and have specific
characteristics that distinguish between them [12]. Fixed function systems: Such
systems are usually inexpensive and are designed for repeatedly execute a spe-
cific program [5]. Restricted systems: Such systems are designed under metric
(restrictions) high performance with low power consumption, and using semi-
conductor materials highly integrated [8]. Reactive and real-time systems: Such
systems must react to the changing environment with the least possible delay;
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the metric governing the design of such systems is the measurement of variables
and decision making in real time [10]. Currently there are embedded systems de-
veloped under the paradigm of Single Board Computer (SBC, for its acronym)
that promote the teaching of Computer Science [3]. This paper presents a com-
parative study of the performance of three low-cost embedded systems, which
have been widely used in the development of everyday applications. The rest of
the paper is organized as follows: In Section 2, are presented the characteristics
of the platforms of experimentation, in Section 3, a brief description of the nu-
merical methods that were used for the experimental phase Section 4, in Section
5 are presented results and finally in Section 6, some conclusions.

2 Development platforms

2.1 Parallella

Parallella is a high performance computing device, which can be used as a stan-
dalone computer, such as an embedded system or as part of a cluster. The
Parallella platform includes a dual core ARM A9 processor low power of con-
sumption, which is able to work with different Linux distributions, this makes
the platform be attractive for its wide versatility with working environments,
which besides being accessible, give you ease of use to the user. One of the ap-
plications in which can be used the Parallella platform is processing and image
analysis, a clear example is the face detection, this issue has been extensively
studied with low-cost computing and innovative algorithms [14].

2.2 Cubieboard

Cubieboard is a single computer , open source produced by company Cubietech,
based in Zhuhai, China. It has a good performance mainly in an tasks of office,
games and entertainment, thanks a with its A20 processor.

The A20 processor is based on a dual core ARM architecture Cortex-A7
and integrates a GPU ARM Mali-400 MP2, delivering good performance and a
reliable system performance, plus compatibility with different games. The A20
processor supports 2160p video decoding and encoding of 1048p, this makes the
Cubieboard a good solution for mobile or desktop applications. Due to capacity,
relatively small size compared to other cluster more robust and low cost of
platform Cubieboard has been used for processing databases [15].

2.3 Raspberry

Raspberry Pi Model B is a credit-card sized computer of low cost, that plugs
into a computer monitor or TV, and uses a standard keyboard and mouse. It is
capable of doing everything you would expect a desktop computer to do, from
browsing the internet and playing high-definition video, to making spreadsheets,
word-processing, and playing games all this with an 700 MHz ARM 1176JZF-S
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processor and 512 MB RAM. The Raspberry Pi B has the ability to interact with
the outside world, and has been used in a wide array of digital maker projects,
from music machines and parent detectors to weather stations and tweeting
birdhouses with infra-red cameras. Also implementing multi-label classification
algorithm with low cost. With the facilities available in Mathematica software for
Raspberry Pi, the line of code required for implementing data mining algorithms
can be reduced sufficiently [6].

Below, in Table 1 shown relevant characteristics of system the platforms to
evaluate :

Table 1: Comparative table about the characteristics of the target platforms

Features
Platform

Parallella Cubieboard Raspberry

Processor Xilinx Zynq
Dual-core ARM
A9 XC7Z020

AllWinnerTech SOC
A20 Dual-Core ARM
A7

700 MHz ARM
1176JZF-S

RAM 1 GB DDR3 1 GB DDR3 512 MB DDR3

Storage Micro-SD mem-
ory

3.4 GB NAND flash
or Micro-SD memory

Full-size SD-
Memory

3 Numerical methods

The numerical methods are essential to approximate analytical values so difficult
or impossible to obtain. One of the basic problems in the numerical approach
is the search for roots of a function, that is, when the value of x-axis value of
the ordinate is zero or very close, that is below a threshold determined so that
is searched f (x) = 0. The numerical methods listed below are used to obtain
an approximation to the root of certain functions. It should be mentioned that
each method has advantages and drawbacks, which include convergence capacity,
types of function where the method can never converge, among others. Finally,
numerical methods can be used even if the objective function can be treated in
an analytical form allowing the use of computer systems. The numerical methods
listed below are used to find roots of a function, using a classical reference [2].

3.1 Bisection

This method is based on the intermediate value theorem, also it is known as
binary search method. It has a function f that is continuous on the interval [a,
b] with f(a) and f(b) of different signs, ie f(a) ∗ f(b) < 0. According to the
intermediate value theorem, there is a value in p (a, b) such that f(p) = 0.
Although the method is applied even if there more a root in the range, for
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simplicity it is assumed that the root of the interval is unique. The method
requires split several times by half subintervals of [a, b], and in each step, locating
the half containing a p.

To begin, suppose that a1 = a and b1 = b, and let p1 the midpoint of [a, b];
ie,

p1 = a1 + (b1 − a1)/2 = (a1 + b1)/2 (1)

If f(p1), then p = p1; if not so, then f(p1) has the same sign to f(a) or f(b1).
If f(p1) and f(a1) have the same sign, then p ∈ (p1, b1) and took a2 = p1 and
b2 = b1. If f(p1) and f(a) have opposite signs, then p ∈ (a1, p1) and took a2 = a1
and b2 = P1. Then we apply the process to the interval [a2, b2].

3.2 Newton - Raphson

This method, also known as Newton - Raphson, is one of the numerical tech-
niques to solve a problem of search of roots f(x) = 0 more powerful and popular.
You can be viewed in different ways, one of which is the possibility of deriving a
technique that allows for a faster convergence than that offered by other types
of functional iteration.

It begins with an initial approximation p0 to calculate

p = p0 − f(p0)/f ′(p0) (2)

and if is checked

|p− p0| < tolerance (3)

not be redefined

p0 = p (4)

and is iterated again.

3.3 Müller

This method is an extension of the secant method, the method of Müller uses
three approaches x0, x1 and x2 and determine the next approximation x3 to con-
sider the intersection of the x axis with the parabola passing through (x0, f(x0)),
(x1, f(x1)) and (x2, f(x2)).

3.4 Secant

This method starts with two initial guesses p0 and p1, the approximation p2 is
the intersection of the axis line connecting x and (p0, f(p0)) and (p1, f(p1)). The
approximation p3 is the intersection of the axis line connecting x and (p1, f(p1))
and (p2, f(p2)), and so on. The method must iterate until they get |p − p1| <
tolerance and each iteration should be replaced with the values to be treated,
that is p0 = P1, p1 = p, etc .
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3.5 Fixed Point

A fixed point of a function g is a number p for which g(p) = p. Given a problem
to find a root f(p) = 0, you can define a function g with a fixed point p in various
ways; for example, like g(x) = x − f(x) or g(x) = x + 3f(x). Conversely, if the
function g has a fixed point in p, then the function defined by f(x) = x − g(x)
has a zero at p.

3.6 Steffensen

This method can be considered as a combination of fixed point and Aitken
methods. As the Aitken method essentially accelerates the convergence of other
method, this method can be defined as accelerated fixed point method. This
method has a fast convergence and does not require, as in the case of Newton’s
method, the evaluation of a derivative. Moreover, it has the additional advantage
that the iteration process only needs a starting point. Then, it is found a p = g(p)
given an initial approximation p0.

It must be calculated in each iteration:

p1 = g(p0) (5)

p2 = g(p1) (6)

p = p0 − ((p1 − p0)2)/(p2 − 2p1 + p0) (7)

and must iterate until |p− p0| < tolerancia.

4 Experimental phase

In this phase, tests were performed with the above numerical methods pro-
grammed in C++ language, where C++ is a language created for the extension
of C that allows the manipulation of objects, besides being a compiled language.

The tests that were performed consisted in evaluating the following expres-
sions (objective functions), development platforms and programming language
C++, in all of them a plain text editor and the GNU g++ compiler were used.

Objective Functions

f1(x) = x3 + x− 6 (8)

f2(x) = x3 + 4x2 − 10 (9)

f3(x) = 8x− cos(x)− 2x2 (10)
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The source code is compiled and executed on a Linux distribution; Cubieez
for Cubieboard, Linaro for Parallella and Raspbian for Raspberry platform, in
each platform shows execution times of programs, with the ”time” command in
Linux, thus obtaining the Table 2, Table 3 and Table 4.

The Table 2 shows the execution times each of numerical methods program-
ming in C++ language on the platform Parallella.

Table 2: Execution time (seconds) on Parallella with C++.

Method Numeric
Function

f1(x) f2(x) f3(x)

Bisection 0.018 0.018 0.018

Newton - Rapshon 0.021 0.028 0.021

Müller 0.020 0.019 0.019

Secant 0.018 0.018 0.021

Fixed Point 0.018 0.018 0.018

Steffensen 0.018 0.021 0.018

As can be seen in the Table 3, showing the execution times of numerical
methods implemented Cubieboard.

Table 3: Execution time (seconds) on Cubieboard with C++.

Method Numeric
Function

f1(x) f2(x) f3(x)

Bisection 0.010 0.010 0.018

Newton - Rapshon 0.010 0.019 0.010

Müller 0.010 0.010 0.010

Secant 0.010 0.010 0.009

Fixed Point 0.010 0.009 0.009

Steffensen 0.010 0.009 0.010

The Table 4 shows the runtimes in Raspberry platform with numerical meth-
ods programmed in C ++ language.
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Table 4: Execution time (seconds) on Raspberry with C++.

Method Numeric
Function

f1(x) f2(x) f3(x)

Bisection 0.022 0.022 0.022

Newton - Rapshon 0.022 0.022 0.022

Müller 0.022 0.022 0.023

Secant 0.022 0.022 0.022

Fixed Point 0.022 0.022 0.022

Steffensen 0.022 0.022 0.022

5 Results and Conclusions

In this section the results from previous tables are presented graphically to en-
hance the understanding of the information.

Fig. 1 shows Parallella, Cubieboard and Raspberry execution times with
numerical methods programmed in the C ++ language.

Fig. 1: Chart of execution times in the three platforms with C++ language.
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In the chart they are shown the execution time of the numerical methods,
where M1 is bisection, M2 is Newton - Rapshon, M3 is Müller, M4 is Secant, M5
is Fixed Point, M6 is Steffensen and function (8), (9) and (10) are the objective
functions respectively.

The Fig. 1 shows that the real time are kept steady except for the method
of Newton - Rapshon presented unstable behavior to resolve the function (9) in
Parallella and Cubieboard. Based on the results shown in Figure 1, the methods
implemented in the C++ language, comparing the performance time Parallella
with the performance of Cubieboard can see that in every one of the meth-
ods performance was better in Cubieboard as seen by comparing in the chart,
the Raspberry showed a slightly lower performance compared to the other two
platforms, though more stable in the times of execution.

According to the results, we can conclude that the Cubieboard platform
is slightly best in the execution of algorithms of numerical methods, so it is
convenient to use this system embedded in numerical applications for higher
speed in the execution of numerical algorithms.
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