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RESUMEN

La alineación de ADN es un proceso clave para la reconstrucción de genomas, a partir de los millones de lecturas 

cortas producidas por las máquinas de secuenciación paralela masiva. Tal proceso suele realizarse mediante algo-

ritmos con elevada complejidad espacial y temporal, requiriendo varias horas para entregar los resultados, así como 

decenas de GB de RAM. Esto ha motivado la búsqueda de nuevos algoritmos y/o estrategias que permitan disminuir 

los tiempos de ejecución, mientras se utilizan recursos mínimos de memoria. En este artículo se presenta ABPSE, 

un nuevo alineador de ADN que combina el algoritmo de Ferragina y Manzini (o índices de FM) y el algoritmo de 

Myers, mediante la estrategia siembra y extiende. En la siembra, los índices de FM permiten calcular de manera 

rápida regiones con alta probabilidad de alineación; mientras que en la extensión, el algoritmo de Myers refina la 

alineación utilizando operaciones basadas en vectores de bits, calculando simultáneamente varias celdas de la ma-

triz de programación dinámica. Los resultados muestran un 96.1% de lecturas alineadas correctamente, un factor 

de aceleración de 2.45x en relación a BWA-SW y un uso de memoria de apenas 7.6 GB, cuando se alinea el genoma 

humano completo. 

PALABRAS CLAVE: ADN; Bioinformática; Myers; Siembra y extiende; Índices de FM
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ABSTRACT 

DNA alignment is a key process in the assembly of genomes from the millions of short reads that are produced by 

massive parallel sequencing machines. Such a process is usually done by means of high spatial and temporal com-

plexity algorithms, which takes hours to deliver the results as well as tens of GB of RAM. This has prompted the 

search for new algorithms and/or strategies that allow shorter runtimes, while using minimal memory footprint. 

In this article, we present ABPSE, a new DNA aligner that combines the  Ferragina and Manzini algorithm (or FM 

indexes) and the Myers algorithm, by means of the seed and extend strategy. In the seeding, the FM indices allow 

a rapid calculation of the regions with high probability of alignment. In the extension, the Myers algorithm refines 

the alignment using operations based on bit vectors. It simultaneously calculates several cells of the dynamic pro-

gramming matrix. The results show 96.1% of correctly aligned reads, an acceleration factor of 2.45x in relation to 

BWA-SW and a memory footprint of only 7.6 GB when aligning the entire human genome.

KEYWORDS: DNA; Bioinformatics; Myers; Seed-and-extend; FM index
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INTRODUCCIÓN

 La secuenciación de ADN es un proceso que permite 

obtener el orden de cada uno de los nucleótidos que 

conforman la molécula de ADN. Tiene una larga lista 

de aplicaciones y es tecnología clave para la investiga-

ción de algunos tipos de cáncer, así como el desarrollo 

de la medicina genómica, la biología y la agricultura. 

Las máquinas de secuenciación paralela masiva son 

tecnologías capaces de secuenciar millones de cadenas 

de ADN al día [1-3], sin embargo, procesan fragmentos 

con un número muy pequeño de nucleótidos (entre 35 

y 1100), por lo que el resultado de la secuenciación no 

es un genoma completo, sino pequeñas lecturas cortas 

que representan fragmentos del mismo. Una manera 

de reconstruir el genoma a partir de los millones de 

lecturas cortas es mediante el proceso de alineación [3], 

el cual consiste en ubicar cada lectura corta tomando 

como referencia un genoma secuenciado previamente. 

No obstante, los billones de lecturas cortas, así como la 

gran longitud del genoma de referencia (3000 millones 

de nucleótidos para el genoma humano) complican el 

proceso, además de que deben tomarse en cuenta las 

diferencias biológicas entre ambas cadenas (insercio-

nes, supresiones o mutaciones de nucleótidos), así 

como los posibles errores de las máquinas de secuen-

ciación. Para realizar el proceso de alineación se utili-

zan diferentes algoritmos de elevada complejidad tem-

poral y espacial, algunos basados en programación 

dinámica [4-5], siendo muy precisos pero requiriendo 

gran cantidad de recursos computacionales, y otros 

basados en heurísticas [6-7], los cuales son menos exac-

tos pero más rápidos. Alternativamente los métodos 

pueden utilizar estimaciones estadísticas [8], basadas 

principalmente en métodos bayesianos o de máxima 

verosimilitud o incluso aplicar herramientas de proce-

samiento digital de señales [9], entre otras técnicas.

La estrategia siembra y extiende

Recientemente se ha optado por combinar las técni-

cas heurísticas con aquellas basadas en programación 

dinámica para acelerar la alineación de lecturas, reali-

zando un balance entre velocidad y precisión. La más 

importante de tales estrategias se denomina siembra y 

extiende (Figura 1).

FIGURA 1. La estrategia siembra y extiende.

Durante la etapa de siembra se intenta encontrar una 

subcadena de la lectura corta (semilla) que se alinee 

exactamente en uno o más lugares del genoma de refe-

rencia. Esta aproximación se basa en la premisa de que 

si existe un alto grado de similitud de una subcadena 

de la lectura en una región de la referencia, entonces es 

más probable que exista un buen alineamiento de toda 

la lectura corta en esta zona. Para la etapa de extensión 

se intenta extender la semilla en ambas direcciones, 

en esta etapa toda la lectura corta es alineada respecto 

a la cadena de referencia en las zonas encontradas 

durante la siembra. La extensión permite determinar 

de forma precisa la existencia de mutaciones, insercio-

nes o supresiones en la lectura respecto a la referencia. 

Muchos alineadores modernos implementan la técnica 

siembra y extiende, tal es el caso de BWA-SW [10], BWA-

MEM [11], Bowtie2 [12] y Cushaw2 [13]. Para la etapa de 

siembra, dichos programas realizan un pre-procesa-

miento del genoma, obteniendo índices de búsqueda 

eficientes mediante los algoritmos basados en Tablas 

Hash [14], o en la Transformada de Burrows-Wheeler [15]. 

Posteriormente, para la extensión implementan algo-

ritmos basados en programación dinámica, tales como 

el Smith-Waterman [16], o el Needleman-Wunsch [17].

En este artículo se presenta el desarrollo de ABPSE, 

un alineador eficiente en tiempo y espacio, que realiza 

la alineación de lecturas cortas mediante la estrategia 
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Next generation sequencing technologies have noticeably improved in the last decade. Time and cost 

of whole genome sequencing are important challenges that must be reduced, opening unprecedented 

opportunities to various research and development areas. The alignment or mapping of small reads 

produced by sequencing machines to reference genomes of billions of nucleotides is a fundamental 

task in this sequencing process.  It is computationally highly demanding and has become the bottleneck 

of the DNA analysis process.  This paper proposes hardware acceleration based on FPGA of the Myers 

bit-parallelized algorithm, appropriately modified to be used in the extend stage of DNA alignment 

tools. The proposed design can be employed in conjunction with software functions, as it constitutes 

an extremely fast heterogeneous DNA alignment system. The implementation results show a speedup 

of up to 110x relative to a sequential implementation only in software. In addition, due to the limited 

use of FPGA resources and the modular design, multiple modules can be used to completely populate 

the chip, further increasing the computing speed. 

Keywords: FPGA; Heterogeneous computing; DNA Alignment; Bit-vector algorithms. 

1.   Introduction 

DNA sequencing provides the order of each of the nucleotides that compose a DNA 

molecule. It is a fundamental technology in research on some types of cancer, and in the 

development of genomic medicine, biology, agriculture, among other. Massive parallel 

sequencing machines are capable of sequencing millions of DNA strings in one day,1-2 

nevertheless they are limited to process fragments with only a few hundred nucleotides.  

To sequence complete genomes, it is necessary to first clone them, next segment the clones 

randomly and then sequence the segments, obtaining small short reads that represent 
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R. CARREÑO AGUILERA,† F. MARTINEZ ZUÑIGA,∗

D. PACHECO BAUTISTA,† M. PATIÑO ORTIZ∗ and WEN YU‡
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Abstract

Shoeprint marks present valuable information for forensic investigators to resolve a crime.
These marks can be helpful to find the brand of the shoe and can make the investigation
easier. In this paper, we present an associative model-based algorithm to match noisy shoeprint
patterns with a brand of shoe. The shoeprints are corrupted with additive, subtractive and
mixed noises. A particular case of subtractive noise are partial shoeprints such as toe, heel,
left-half and right-half prints. The Morphological Associative Memories (MAMs) were applied.
Both memories, max and min, recognize noisy shoeprints corrupted with 98% additive and
subtractive noise, respectively, with an effectiveness of 100%. The images corrupted with mixed
noise were recognized when the additive or subtractive noise applied was greater than the mixed

§Corresponding author.

This is an Open Access article published by World Scientific Publishing Company. It is distributed under the terms of the
Creative Commons Attribution 4.0 (CC-BY) License. Further distribution of this work is permitted, provided the original
work is properly cited.
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noise; in this case, the recalling was around 70%, otherwise, both memories failed to recognize
the shoeprints.

Keywords : Forensic Science; Computational Forensics; Computational Intelligence; Associative
Models; Morphological Associative Memories; Shoeprint Recognition.

1. INTRODUCTION

Forensic Science (FS) is the application of various
sciences to those criminal and civil laws that are
enforced by police agencies in a criminal justice sys-
tem. The main goal of FS is to analyze physical
evidence and provide expert witness testimony. It
justifies the validity of conclusions drawn by the
forensic investigation authorities.

Forensic-related technologies1 are potentially
capable of improving the lives of many people. Com-
putational intelligence, a recently growing field of
computer science, poses a prodigious opportunity to
improve FS. Computational Intelligence techniques
have been widely used in the domain of computer
forensics, which have been successfully used in many
real-world applications for a variety of engineering
problems.

Computational Intelligence is based on human
intelligence, and therefore it is expected to accom-
plish the task equal to or even beyond human pro-
ficiency. It relies on several key paradigms, such
as evolutionary algorithms, neural networks, fuzzy
systems, and multi-agent systems. In this work, we
applied another paradigm named Associative Mem-
ories (AMs).

1.1. Related Work

Bouridane et al.2 used an iterative process to
reconstruct a shoeprint image from the coefficients
obtained when an unknown image is decomposed
by the use of fractals. The authors had a dataset
of 145 images. When they applied small rotations,
the result was 88% of recognition, and with small
translations, they obtained 100% of effectiveness. In
this paper, we use the terms: percent of recognition
and percent of effectiveness indistinctly.

In another work, a Power Spectral Density
(PSD) method and Zernike Moments (ZMs) were
applied to recognize shoeprints.3 The dataset had
400 real shoeprint images. As a first experiment,
the PSD method was used to obtain the simi-
larity between images by the means of correla-
tion coefficients. They generated 5 partial images
from 200 shoeprints. The effectiveness was of 86%.

In the second experiment, they generated eight
rotated, translated and scaled images from an origi-
nal shoeprint. They applied ZM and the recognition
was around 98%.

Gabor and Radon transforms were applied to rec-
ognize shoeprints with rotations.4 They used 200
images and generated 3 different full prints and 4
partial prints. Radon transform was applied to esti-
mate the shoeprint direction and Gabor coefficients
were used to match images. The Euclidean distance
algorithm performed the matching. The maximum
cumulative match score for partial prints was 100%
at rank 3 which means that the image was found
among the three images with a maximum score,
i.e. the image can be confounded with other two
images. In Ref. 5, the authors added another experi-
ment and tested the algorithm with some levels of
Gaussian white and salt and pepper noises. With a
signal to noise ratio (SNR) of 15.28 dB, the recogni-
tion rate was of 68.52% with salt and pepper noise
and 67.67% with Gaussian white noise.

In Ref. 6, discrete cosine transform (DCT) was
applied to obtain a vector of coefficients which are
presented to Fisher’s linear discriminant (FLD) and
principal component analysis (PCA) to reduce the
vector dimensionality. The dataset was composed
of 235 shoeprint images. They used the Euclidean
distance for the matching. First, the test image was
corrupted by Gaussian noise with mean 0 and vari-
ance 0.01 and filtered with median filter. The per-
formance without noise is optimum when the num-
ber of coefficients (from DCT) is around 32. The
algorithm is immune to noise if the noise variance
is in the order of 0.01.

Li et al.7 proposed a method that first con-
structs different scale spaces in order to detect local
extrema in the underlying shoeprint images. Then,
they applied the scale-invariant feature transform
(SIFT) to obtain keypoints that are invariant to
scale, rotation, and translation. They used cross-
correlation for matching. The dataset consists of
430 full-size shoeprints. They showed that their pro-
posal can retrieve toe prints and heel prints more
effectively than left-half prints and right-half prints,

1950080-2
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Instituto Politécnico Nacional, UPIITA
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Received August 9, 2019
Accepted February 27, 2020
Published March 16, 2020

Abstract

This paper describes the parameter estimation modeling concerning a domotic designer bot
system with internet of things (IoT) assistance using the probabilistic operator based on the
stochastic parameter estimation through the moments and the recursive conditions. Light,
CCTV, presence, and temperature are IoT data monitored, shared, and accessed by the inter-
net for a smart office designer performance that evolves based on historical web data. The
relationship established by Wiener between covariance and variance found the parameter time
evolution by observing through the time. The development is viewed in the visible results
between non-recursive and recursive mathematical structures. In both cases, the convergence
rate is based on probabilistic estimation, the functional error presents a high convergence rate
which is viewed as an effect of the function of a density function. The estimate considered
a non-invasive perspective, and it helps in different applications such as health diagnosis in

∗Corresponding author.

This is an Open Access article published by World Scientific Publishing Company. It is distributed under the terms of the
Creative Commons Attribution 4.0 (CC BY) License which permits use, distribution and reproduction in any medium, provided
the original work is properly cited.
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Abstract

In this work, we present a robotic arm assisted by a visual system to decide whether an object
with different colors, parallel flat surfaces and other types of surfaces would be subject to
be manipulated without a drop risk. This robotic arm is assisted with sensors such as tem-
perature, humidity, artificial vision, etc. and monitored with a Blockchain Internet of Things
(BIoT) expert system assistance, which is shared and accessed by the internet by the users.
A prototype for industrial purpose is launched to start providing data for training the expert
system, achieving in this way an expert system with machine learning. The variations derived
from the identification of the reference points and the characteristics of the robotic arm are a
limiting factor of the system, however, it was possible to correctly locate the robotic arm in
the workspace to take the object and manipulate it using machine learning based on a BIoT
expert system.

Keywords : Machine Learning; Pattern Recognition and BIoT (Blockchain Internet of Things),
Vision Control.

∗Corresponding author.

This is an Open Access article published by World Scientific Publishing Company. It is distributed under the terms of the
Creative Commons Attribution 4.0 (CC-BY) License. Further distribution of this work is permitted, provided the original
work is properly cited.
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Abstract

In spite of the advances in the state of the art in semantic artificial intelligence applications,
there is still a long way to go to bring it to a level of mass adoption. Thus, in order to con-
tribute to the advancement of this topic, this study develops a feasible model with a potential
scalability for semantic applications’ mass adoption, specifically for news or statement cluster
attribute identification, either positive, negative or neutral. This paper proposes a disruptive
system based on Blockchain using a Semantic Browser Expert System Bot with artificial intel-
ligence called Blockchain Semantic Browser Expert System (BSBES) to look for and analyze
relevant information that significantly represents the cryptocurrencies adoption patterns. The
artificial intelligence in this study consists of a deep learning neural network to process the input
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