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ABPSE: Alineador de ADN Basado en Paralelismo a Nivel de Bit y la
Estrategia Siembra y Extiende

ABPSE: DNA Aligner Based on Bit-level Parallelism and the Seed and Extend Strategy

D. Pacheco-Bautista, J. Martinez-Oviedo, R. Carreno-Aguilera, I. Algredo-Badillo, S. Sanchez-Sdnchez
Universidad del Istmo

RESUMEN

La alineacién de ADN es un proceso clave para la reconstruccién de genomas, a partir de los millones de lecturas
cortas producidas por las maquinas de secuenciacion paralela masiva. Tal proceso suele realizarse mediante algo-
ritmos con elevada complejidad espacial y temporal, requiriendo varias horas para entregar los resultados, asi como
decenas de GB de RAM. Esto ha motivado la biisqueda de nuevos algoritmos y/o estrategias que permitan disminuir
los tiempos de ejecucion, mientras se utilizan recursos minimos de memoria. En este articulo se presenta ABPSE,
un nuevo alineador de ADN que combina el algoritmo de Ferragina y Manzini (o indices de FM) y el algoritmo de
Myers, mediante la estrategia siembra y extiende. En la siembra, los indices de FM permiten calcular de manera
rapida regiones con alta probabilidad de alineacién; mientras que en la extension, el algoritmo de Myers refina la
alineacion utilizando operaciones basadas en vectores de bits, calculando simultaneamente varias celdas de la ma-
triz de programacion dinadmica. Los resultados muestran un 96.1% de lecturas alineadas correctamente, un factor
de aceleracion de 2.45x en relacién a BWA-SW y un uso de memoria de apenas 7.6 GB, cuando se alinea el genoma
humano completo.

PALABRAS CLAVE: ADN; Bioinformatica; Myers; Siembra y extiende; Indices 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
arapid 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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INTRODUCCION

La secuenciacion de ADN es un proceso que permite
obtener el orden de cada uno de los nucle6tidos que
conforman la molécula de ADN. Tiene una larga lista
de aplicaciones y es tecnologia clave para la investiga-
cion de algunos tipos de cancer, asi como el desarrollo
de la medicina gendmica, la biologia y la agricultura.
Las maquinas de secuenciacion paralela masiva son
tecnologias capaces de secuenciar millones de cadenas
de ADN al dia 3], sin embargo, procesan fragmentos
con un namero muy pequeio de nucleétidos (entre 35
y 1100), por lo que el resultado de la secuenciacién no
es un genoma completo, sino pequenas 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 alineacion 13,
el cual consiste en ubicar cada lectura corta tomando
como referencia un genoma secuenciado previamente.
No obstante, los billones de lecturas cortas, asi como la
gran longitud del genoma de referencia (3000 millones
de nucleétidos para el genoma humano) complican el
proceso, ademas de que deben tomarse en cuenta las
diferencias biologicas entre ambas cadenas (insercio-
nes, supresiones o mutaciones de nucleétidos), asi
como los posibles errores de las maquinas de secuen-
ciacion. Para realizar el proceso de alineacion se utili-
zan diferentes algoritmos de elevada complejidad tem-
poral y espacial, algunos basados en programacion
dinamica “>, siendo muy precisos pero requiriendo
gran cantidad de recursos computacionales, y otros
basados en heuristicas ©7), los cuales son menos exac-
tos pero mas rapidos. Alternativamente los métodos
pueden utilizar estimaciones estadisticas ¢!, basadas
principalmente en métodos bayesianos o de maxima
verosimilitud o incluso aplicar herramientas de proce-
samiento digital de senales !9, entre otras técnicas.

La estrategia siembra y extiende
Recientemente se ha optado por combinar las técni-
cas heuristicas con aquellas basadas en programacion
dinamica para acelerar la alineacion de lecturas, reali-

zando un balance entre velocidad y precision. La mas
importante de tales estrategias se denomina siembra y
extiende (Figura 1).

LECTURA CORTA
E d
L_alcls] Jolc ) Siembra
SiemV \ Siembra
Alclq] clclT]
Extension l—» Extension Extension 4 I—» Extension | Etapa de

Extension

| laaclelcl | . || | laGlelricl | ]

REFERENCIA

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 mas lugares del genoma de refe-
rencia. Esta aproximacion se basa en la premisa de que
si existe un alto grado de similitud de una subcadena
de lalectura en unaregion de la referencia, entonces es
mas probable que exista un buen alineamiento de toda
lalectura corta en esta zona. Para la etapa de extension
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 extension 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 019l BWA-
MEM [, Bowtie2 2 y Cushaw?2 3], Para la etapa de
siembra, dichos programas realizan un pre-procesa-
miento del genoma, obteniendo indices de bisqueda
eficientes mediante los algoritmos basados en Tablas
Hash 4, o0 en la Transformada de Burrows-Wheeler 151,
Posteriormente, para la extension implementan algo-
ritmos basados en programacion dinamica, tales como
el Smith-Waterman ¢, o el Needleman-Wunsch "7,

En este articulo se presenta el desarrollo de ABPSE,
un alineador eficiente en tiempo y espacio, que realiza
la alineacion 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 heterogencous 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,!”
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

" Corresponding author.
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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 (MAMSs) were applied.
Both memories, maz 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

§Corlresponding 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 technologies' 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.? 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.? 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.* 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” 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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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,
CCTYV, 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
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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 BloT
expert system.

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

§Comresponding 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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A quien corresponda

Por medio de la presente hago constar que el Dr. Ricardo Carrefio Aguilera desarrollé el médulo
de nombre: “Chat bot (robot conversador) con aplicacién web Android con inteligencia artificial
de IoT", para el proyecto de desarrollo de tecnologia para sistema de pago con punto de venta para
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se llevo a cabo en el Instituto Politécnico Nacional, en la Maestria en Ciencias en Ingenierfa de
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ASUNTO: CONSTANCIA

A QUIEN CORRESPONDA:

Por medio de la presente se hace constar que el profesor:

Dr. RICARDO CARRENO AGUILERA

Impartio la catedra durante el semestre 2018-2019B, de las asignaturas, grupos y con la carga académica (hora/

semana/ semestre) que a continuacion se indica:

PERIODO: DEL 19 DE FEBRERO AL 28 DE JUNIO DE 2019
ASIGNATURA SEMESTRE/ CARRERA GRUPO HR/SEM
Redes de Computadoras | Sexto / Ingenieria en Computacion 604 5.0 hrs. / semana
Décimo / Ingenieria en Computacion 1004
s Décimo / Matematicas Aplicadas 1010 wioirs: Fegmala

Se extiende la presente para los fines administrativos que al interesado convenga, en la ciudad de Santo Domingo

Tehuantepec Oaxaca a los veintiocho dias del mes de junio de dos mil diecinueve.
AD
Q.":! \ ” [ “ & ¢
ATENTAMENATE. % -
“Voluntas pojest” :‘ 2 "
Guira ‘zanda racala’dxi’ =z z
> UNISTMO °
M.C. FRANCISG® AGUILAR ACEVEDO : s
JEFE DE CARRERA DE INGENIERIA EN COMPUTACION O .
TR a
JEFATURA

INGENIERIA EN COMPUTACION

C.c.p. Dr. Israel Flores Sandoval.- Vice-Rector Académico.- Para su conocimiento.
1

C.c.p. Expediente.

Ciudad Universitaria S/N, Barrio Santa Cruz, 4a. Seccion, Sto. Domingo Tehuantepec, Oax.. México, C:P. 70760
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Santo Domingo Tehuantepec, Oax.; a 11 de febrero de 2020

A QUIEN CORRESPONDA:

Por medio de la presente se hace constar que el profesor:

Dr. RICARDO CARRENO AGUILERA

Imparti6 la catedra durante el semestre 2019-2020A, de las asignaturas, grupos y
con la carga académica (hora/ semana/ semestre) que a continuacion se indica:

PERIODO: DEL 01 DE OCTUBRE DE 2019 AL 11 DE FEBRERO DE 2020
ASIGNATURA SEMESTRE/ CARRERA GRUPO | HR/SEM
Teoria de la Tercer / Ingenieria en 304 5
Computacion Computacion
Redes de Séptimo / Ingenieria en 704
Computadoras II Computacion 5
Administracion de Noveno / Ingenieria en 904
Infraestructura de TI Computacion
Bases de Datos Noveno / Ingenieria en 904 6
Avanzadas Computacion

Se extiende la presente para los fines administrativos que al interesado convenga,
en la ciudad de Santo Domingo Tehuantepec Oaxaca a los once digs del mes de
A D
¢ i
< e

febrero de dos mil veinte.
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ATENT PNTE. = z
volunta potest ps o
guirda zand endaracala’dxi UNISTMO 3

M.C. Franc¢ Aguilar Acevedo o .Ut ¥

Jefe de Carrera/de Ing. en Computacién + , ,

JEFATURA
V3ENIERIA EN COMPUTACION

C.f.p.- Dr. Israel Flores Sandoval.- Vice-Rector Académico.- Para su conocimiento.

.- Archivo.
*FAA
Campus Tehuantepec Campus Ixtepec Campus Juchitdan
Cd. Universitaria, Sto. Domingo Cd. Universitaria, Cd. Ixtepec, Oax. Cd. Universitaria, H. Cd. de
(971) 7127050 Juchitan de Zaragoza, Oax.
(971) 712 7050

Tehuantepec, Oax.
(971) 5224050



AD
W0 DC

" &t - UNIVERSIDAD DEL IsT™MO

5 % www.unistmo.edu.mx
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= Asunto: Constancia de asignaturas
Santo Domingo Tehuantepec, Oax.; a 11 de julio de 2020
A QUIEN CORRESPONDA:

Por medio de la presente se hace constar que el profesor:

Dr. RICARDO CARRENO AGUILERA

Impartio la catedra durante el semestre 2019-2020B, de las asignaturas, grupos y
con la carga académica (hora/ semana/ semestre) que a continuacion se indica:

PERIODO: DEL 02 DE MARZO AL 30 DE JUNIO DE 2020
ASIGNATURA SEMESTRE/ CARRERA GRUPO | HR/SEM

Analisis de Algoritmos . - Ingen‘i?na o 404 5
Computacion

Redes de Sexto / Ingenieria en 604 5
Computadoras I Computacion

Mineria de Datos Coiasi S o 1004 5
Computacion

Se extiende la presente para los fines administrativos que al interesado convenga,
en la ciudad de Santo Domingo Tehuantepec Oaxaca a los diez dias del mes de

julio de dos mil veinte.
3 & ] .
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M.C. Fr: Aguilar Acevedo B e ¥
Jefe de Carrerg d¢ Ing. en Computaciéon - , , ©
JEFATURA
C.f.p.- Dr. Israel Flores Sandoval.- Vice-Rector Académico.- Para su conocimiento. ‘NGE{\' '""RIAEN C OM DUTAC[ON
.- Archivo. 3 :
e chivo
Campus Tehuantepec Campus Ixtepec Campus Juchitan
Cd. Universitaria, Sto. Domingo Cd. Universitaria, Cd. Ixtepec, Oax. Cd. Universitaria, H. Cd. de
Tehuantepec, Oax. (971) 7127050 Juchitdan de Zaragoza, Oax.

(971) 5224050 (971) 712 7050
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Santo Domingo Tehuantepec, Oax., a 12 de febrero de 2019
ASUNTO: Designacion de sinodal de examen extraorginario I
PROFESOR-INVESTIGADOR
UNIVERSIDAD DEL ISTMO
PRESENTE

En base al articulo 68 del Reglamento de Alumnos, le notifico que ha sido designado como sinodal del
examen Extraordinario I durante el semestre escolar 2018-2019A. Solicitdndole ponerse de acuerdo
con el profesor titular de la asignatura, para efecto de acordar la elaboracion y aplicacion del examen
programado de acuerdo a la publicacién por parte del Departamento de Servicios Escolares.

£ Profesor-Investigador
g AN Titular Sinodal
QUiMICA GENERAL PARA INGENIERIA M.I. Ricardo Henestroza Orozco M.C. Francisco Aguilar Acevedo
104 PROG!%AMACIC')N ESTRUCTURADA M.C. Omar Santiago Nieva Garcia M.C. J. Jesus Arellano Pimentel
PRECALCULO Dr. Alejandro Contreras Balbuena M.C.A. Guadalupe Toledo Toledo
FISICA PARA INGENIERIA M.C. Efrain Duefias Reyes M.C. Francisco Aguilar Acevedo
304 CALCULO INTEGRAL PARA INGENIERIA Dr. Fulgencio Garcia Arredondo M.C. Francisco Aguilar Acevedo
PROGRAMACION ORIENTADA A OBJETOS | M.C. Emesto Cortés Pérez M.C. Omar Santiago Nieva Garcia
ARQ. Y ORG. DE COMPUTADORAS M.C. Francisco Aguilar Acevedo Dr. Daniel Pacheco Bautista
504 | COMPILADORES M.C. J. Jesus Arellano Pimentel M.C. Omar Santiago Nieva Garcia
METODOS NUMERICOS M.C. Rafael Mérquez Tirso _ _|_M.C. Francisco Aguilar Acevedo
PROBABILIDAD Y ESTADISTICA M.C. Rafael Marquez Tirso M.C. Francisco Aguilar Acevedo
704 PROGRAMACION EN WEB I M.C. Omar Santiago Nieva Garcia M.C. 1. Jesus Arellano Pimente
ELECTRONICA DIGITAL II Dr. Daniel Pacheco Bautista M.C. Francisco Aguilar Acevedo
SISTEMAS DISTRIBUIDOS Y PARALELOS | M.C. J. Jesus Arellano Pimentel Dr. Ricardo Carrefio Aguilera
904 MICROCONTROLADORES Dr. Daniel Pacheco Bautista M.C. Francisco Aguilar Acevedo
CONTABILIDAD Y FINANZAS M.A.G.N. Silvia Reyes Jiménez M.A.N. Tania Castillo Villegas

Sin mas por el momento y en espera de contar con su cgla

boracidn a la presente designacion, e despido
WO A b

enviandole un cordial saludo. " s &
Atent te. g A 5
“Volunjds olest” A o *
Guird’ zangé Qaracala’dxi’ ~ - i
y z g ¥ =
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M.C. FRANCISCAVAGUILAR ACEVEDO ® UNIST::D <
Jefe de Carrera dé-Ingenieria en Computacion
(o) [0 T e—
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M. EN C. R MANUEL MARTINEZ RODRIGUEZ e C
VICE-RECTOR ACADEMICO T
JEFATURA

C.c.p.- Lic. Yesenia Garcia Palacios.-Jefe del Departamento de Servicios Escolares.- Para su conocimientt GFE N | . b3
.~ Profesor titular de la asignatura.- Mismo fin. IERIA EN COMPJT!"\CJ N
.= Sinodal de la asignatura.- Mismo fin.
.~ Archivo.
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Santo Domingo Tehuantepec, Oax., a 25 de marzo de 2019

ASUNTO: Revision de anteproyecto de tesis

Dr. RICARDO CARRENO AGUILERA
PROFESOR INVESTIGADOR
UNIVERSIDAD DEL ISTMO

Con base en el Reglamento de alumnos de la Universidad del Istmo, Titulo VII, Capitulo IV,
Articulo 116, me permito designarlo como revisor del anteproyecto de Tesis titulada
“CONTRATOS INTELIGENTES A TRAVES DE LA PLATAFORMA EOSIO Y LA
TECNOLOGIA DE CADENA DE BLOQUES: UN CASO DE USO MOVIL CON REALIDAD
AUMENTADA PARA MOTIVAR EL ESTUDIO DEL IDIOMA INGLES”, sometido a evaluacién
por el C. Juan Hernandez Lépez, alumno de décimo semestre de la carrera de Ingenieria en

Computacion.

Anexo a este oficio encontrara dicho anteproyecto, le agradeceré lo analice cuidadosamente
junto con el resto de los revisores: M.C. J. Jesus Arellano Pimentel y M.C. Francisco Aguilar
Acevedo, y emitan su veredicto a mas tardar en 10 dias habiles contados a partir de la fecha

actual.

Sin mas por el momento le agradezco su atencion y le reitero que me encuentro en la mejor

disposicion para cualquier aclaracion al respecto.
\ P AD p
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C.c.p. Dr. Israel Flores Sandoval, Vice-Rector Académico. Para su conocimiento
C.c.p. Expediente

Campus Tehuantepec - Campus Ixtepec
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