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Preface

High Performance Computing (HPC) or Supercomputing have the power to contribute
in an important way to the research and development of a country and to improve and
reform many industrial sectors. Researchers at universities and engineers in diverse
industries, have come to depend on the power of these machines to compute high
volumes of data for finding the results they are looking for. Complex calculations in
many cases require high volumes of data that would have taken hours, days, and
sometimes weeks or months to process two to three decades ago. But now a days with
the processing power that HPC machines manage, we are able to move faster with our
results to save time, money, and often sometimes lives. On the other hand, we can now
perform numerical simulations with a much higher resolution that is translated into
producing results which better reproduce the physical world in which we live.

As an example of an HPC initiative that could boost the development of an industry
in a country, we mention that the Mexican government and the European Union
(EU) decided to collaborate to improve their energy industries, which provided an
opportunity for EU HPC researchers to team up with Mexican colleagues. The aim? To
provide solutions for the oil and gas industry, improve wind energy performance, and
solve issues of combustion efficiency for transportation systems. Recently launched in
Barcelona (June 2019), ENERXICO, a new project jointly funded by the EU and the
Mexican government, brought together 15 institutions in an academic-industry col-
laboration to solve real-world engineering problems. It focused on scaling in wind
energy, oil/gas exploration and reservoir modeling, and biofuels for transportation. In
parallel, to power these applications, the project will work on achieving scalable,
energy-efficient simulations for the exascale era. The project is led by the Instituto
Nacional de Investigaciones Nucleares of México (ININ) and the Barcelona Super-
computer Centre of Spain (BSC). The other institutions that collaborated in the project
are: Petróleos Mexicanos (PEMEX-PEP), Universidad Autónoma Metropolitana,
Universidad Nacional Autónoma de México, Centro de Investigación y de Estudios
Avanzados del Instituto Politécnico Nacional, Instituto Mexicano del Petróleo, Instituto
Politécnico Nacional, Tecnische Universität München, Université Grenoble Alpes,
Centro de Investigaciones Energéticas, Medioambientales y Tecnologías, Repsol,
Iberdrola, Bull Atos, and Universitat Politécnica de Valencia. We hope that following
the ENERXICO project, new HPC large scale initiatives will be carried out in Mexico.

This 10th International Supercomputing Conference in Mexico fosters the contin-
uous growth of HPC in Mexico and Latin America, gathering the supercomputing
communities to share their latest research works.

It is worth noting that Mexico has significant experience in the uses of supercom-
puters, which began in 1991, when UNAM installed a Cray YMP. Afterwards, Mexico
appeared in the Top 500 supercomputing list several times: the case of the oil industry
(Top 83, Top 84, and Top 85 in the list of November 2003). A few years later, UNAM
and UAM placed computers in places 126 (2006) and 225 (2008), respectively. Other



outstanding projects in Mexico are the National Laboratory for High Performance
Computing in Mexico City (UNAM-UAM-CINVESTAV), the National Supercom-
puting Center of San Luis Potosi within the Instituto Potosino de Investigación
Científica y Tecnológica (IPICYT), the Grids National Laboratory, the National
Supercomputing Laboratory of the Southeast (LNS) from the Bemérita Universidad
Autónoma de Puebla, and ABACUS CINVESTAV, which placed its supercomputer in
the 255 place of the top 500 list of June 2015. In addition to these laboratories, a recent
new supercomputer center was inaugurated at the University of Guadalajara, Centro de
Análisis de Datos y Supercómputo (CADS), and the University Autonomous of the
State of Mexico (UAEMEX) will be opening a center in the next year. Although we
have a platform and experience in supercomputing, these supercomputing resources are
not enough to conduct research and development for a country like Mexico. The joint
efforts by institutions, organizations, and government continue to examine the direction
and need in academia, government, society, and industry of computer power to
advance research and development.

With an effort to continue to evolve in the uses of supercomputing and of these
powerful machines in research and development in Mexico and Latin America, the
International Supercomputing Conference in Mexico (ISUM) was founded by a group
of researchers, supercomputing directors, IT directors, and technologists representing
the largest research institutions, along with the support of the largest technology
vendors in Mexico. This conference was established to provide a space for researchers
and technologists to present their research works related to HPC. Building on the
experience of the previous 9 editions, this 10th edition of ISUM was held in the
progressive and industrial city of Monterrey, Nuevo Leon, Mexico, where more than
1,205 attendees had the opportunity to hear 5 international keynote speakers, 16
national and international speakers, 10 thematic tracks, and more than 60 research
presentations. The conference covered themes in HPC architecture, networks, system
software, algorithmic techniques, modeling and system tools, clouds, distributed
computing, big data, data analytics, visualization and storage, applications for science
and engineering, and emerging technologies. The thematic tracks included, Smart-
Cities, Artificial Intelligence, Cybersecurity, Energy, Supercomputer Infrastructure,
Women in STEM, Supercomputer Projects in Mexico, Supercomputing in Latin
America, Biotechnology, and Supercomputing in Nuevo Leon, Monterrey. There were
five workshops offered in various areas of supercomputing conducted by an interna-
tional group of instructors. In addition, the conference had 2 plenary round tables and
10 round tables in the thematic tracks where important issues related to supercomputing
were discussed; themes like strengthening graduate programs in supercomputing in
Mexico, creating national and international project opportunities in supercomputing,
and fostering the uses of supercomputing in industry for the development of Mexico
and Latin America in areas such as artificial intelligence, biotechnology, smartcities,
etc. These round tables gathered experts in the respective areas representing Mexico,
Europe, and Latin America and included academia, industry, and government.

The central part of ISUM is the presentation of the latest research work conducted
primarily but not limited to Mexico and Latin America. This book presents the selected
works from more than 70 works presented at ISUM 2019. Each work was reviewed by
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three expert reviewers from an international group of experts in the respective area.
These works are divided into five parts that include, Part I: Applications; Part II:
Algorithm Techniques; Part III: HPC Architecture; Part IV: Parallel Computing; and
Part V: HPC Modelling. Each section presents a series of works that you will find
instrumental and enhancing to your repertoire of knowledge in the respective areas of
study.

The book is aimed towards senior undergraduate and graduate students, as well as
scientists in the fields of HPC, computer sciences, physics, biology, mathematics,
engineering, and chemistry, who have an interest in the solution of a large variety of
problems that make use of supercomputers. The material included in this book is
adequate for both teaching and research.

The editors are grateful to the institutions and people who made possible ISUM
2019 through their support: Cesar Díaz Torrejón, Universidad Abierta y a Distancia de
México (UnADM); Luis Díaz Sánchez, Universidad Autónoma del Estado de México
(UAEMEX); Luis Gutiérrez Díaz de León, Universidad de Guadalajara; Felipe Bracho
Carpizo y Fabián Romo, Universidad Autónoma de México (UNAM); Raúl Rivera,
Centro de Investigación Científica y de Educación Superior de Ensenada (CISESE);
Carlos Casasús López Hermosa, Corporación Universitaria para el Desarrollo de
internet (CUDI); Salma Leticia Jalife Villalón, Secretaria de Comunicaciones y
Transporte (SCT); and Moisés Torres Martínez, Sociedad Mexicana de Supercómputo
(SOMEXSU A.C.) Universidad Abierta y a Distancia de México, and Red Mexicana
de Supercómputo (REDMEXSU) Consejo Técnico Académico (CTA). We give special
recognition to our corporate sponsors, without whom this event would not have been
possible. Special recognition to ATOS, IBM/Sinergia Sys, DELL, Intel, Totalplay
Empresarial, Fujitsu, IPICYT-CNS, Global Hitss, SparkCognition, Mellanox, Lenovo,
and ITEXICO.

The following individuals were instrumental in leading the evaluation of these
works: Juan Manuel Ramírez Alcaraz, Alfredo Cristóbal Salas, Andrei Tchernykh,
Cesar Díaz Torrejón, Erwin Martin, Enrique Varela, Jaime Klapp, Liliana Barbosa
Santillán, Luis Díaz Sánchez, Luis Gutiérrez Díaz de León, Moises Torres Martínez,
Manuel Aguilar Cornejo, Rene Luna, Salvador Castañeda, and Sergio Nemeschnow.
We thank them for the time spent in coordinating the evaluation process of these
research works.

We give special thanks to the ISUM national and local committees, and Universidad
Autónoma de Nuevo León for all their support in making this event possible. We give
special thanks to Veronica Lizette Robles Dueñas, Marlene Ilse Martinez Rodriguez,
Claudia Karina Casillas Godinez, Angie Fernández Olimón, Adriana Margarita Jime-
nez Cortez, and Araceli Gutierrez Campuzano for all their support in organizing all the
logistics of this successful edition of ISUM.

The thematic track on “HPC Energy Applications and the ENERXICO Project” as
well as the production of this book received funding from the ENERXICO project
under the European Union’s Horizon 2020 Programme, grant agreement n° 828947,
and from the Mexican Department of Energy, CONACYT-SENER Hidrocarburos
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grant agreement n° B-S-69926, and from the Ibero-American Programme for the
Development of Science and Technology (CYTED) under Project 516RT0512,
CONICYT (Chile).

In conclusion we thank all the institutions who have supported this event throughout
these 10 editions, especially this 10th anniversary of ISUM: BUAP LNS-SURESTE,
UdeG, UCol, UNISON, ININ, CUDI, IPN, UAM, UNAM, CICESE, CIMAT-Merida,
UAEMEX, CNS-IPICYT, ABACUS-CINVESTAV, CONACYT, SOMEXSU A.C.,
and REDMEXSU.

October 2019 Moisés Torres
Jaime Klapp
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