


510.6
S612v Simposio Internacional de Métodos Mate-
máticos Aplicados a las Ciencias (23 :
2022 : San José, Costa Rica)
XXIII SIMMAC, Simposio Internacio-
nal de Métodos Matemáticos Aplicados a las
Ciencias : programa y resúmenes, 21-25 de
febrero, 2022, San José, Costa Rica . – San
José, Costa Rica : Centro de Investigación en
Matemática pura y Aplicada, Universidad de
Costa Rica, 2022.
162 páginas
Textos en inglés y español
ISBN 978-9930-9546-7-6
1. MATEMATICAS – CONGRESOS.

2. CIENCIA – MODELOS MATEMATI-

COS – CONGRESOS. I. Título.
CIP/3510

CC.SIBDI.UCR



XXIII SIMPOSIO INTERNACIONAL DE MÉTODOS

MATEMÁTICOS APLICADOS A LAS CIENCIAS

21-25 DE FEBRERO, 2022 / FEBRUARY 21-25TH, 2022

Comité Organizador / Organizing Committee
Dr. Ronald Zúñiga Rojas, Coordinador

Dra. Adriana Sánchez Chavarría
Dr. Esteban Segura Ugalde

Dr. Javier Trejos Zelaya

Comité Científico / Scientific Committee
Dr. Alvaro Guevara Villalobos,Dra. Catalina Camacho Navarro, Dra. Gabrielle Nornberg, Dr. Jorge Alfaro
Murillo, Dr. Juan Gabriel Calvo, Dra. Marcela Alfaro Córdoba, Dr. Oldemar Rodríguez Rojas, Dr. Ronald

Zúñiga Rojas, Dr. Samir Adly

Equipo Administrativo / Administrative Team
María Luisa González Campos, Encargada

Felipe Escalante Guido, Jessica Pérez Aguilar, Juliana Valverde Brenes

Editores de Libro / Book Editors
César Rojas Monge, Javier Morales Miranda, Marisol Mora González, Stephanny Espinoza Herrera

Editores de UCR Global / UCR Global Editors
Javier Morales, Andy Alvarado, Alejandro Mairena, Luis Carlos Quesada

Edecanes
Alejandro José Mairena Jiménez, Andy Alvarado Machado, Daniel Eduardo Álvarez Ramírez, Danna

Francella Acuña Camacho, Juan Ignacio Montealegre Salazar, Julián Esteban Soto Montoya, Julián Soto
Montoya, Mariel Sofía Salas Abarca, Mauricio Vallejo Azofeifa, Melissa Rodríguez Jiménez, Raquel

Gómez Hernández Roselyn Angélica Pérez Castro, Ariana Chacón y Sofía Lara Guerrero.

SAN JOSÉ, COSTA RICA



XXIII SIMMAC San José, Costa Rica 21 al 25 de febrero, 2022

AGRADECIMIENTOS

El Centro de Investigación en Matemática Pura y Aplicada (CIMPA) de la Universidad de Costa Rica
agradece a las siguientes instituciones y entidades que ayudaron e hicieron posible la realización del XXIII
Simposio Internacional de Métodos Matemáticos Aplicados a las Ciencias:

Rectoría de la Universidad de Costa Rica.

Vicerrectoría de Investigación de la Universidad de Costa Rica.

Vicerrectoría de Acción Social de la Universidad de Costa Rica.

Escuela de Matemáticas de la Universidad de Costa Rica.

Oficina de Divulgación e Información de la Universidad de Costa Rica.

Aula Magna de la Universidad de Costa Rica.

Programa de Voluntariado UCR

Facultad de Ciencias Universidad de Costa Rica

1



XXIII SIMMAC San José, Costa Rica 21 al 25 de febrero, 2022

PROGRAMA / PROGRAM

Lunes / Monday

09:00 – 09:30: Inauguración

Sesión: Optimización

11:00 –12:00: Khludnev, A.: Junction problem for thin elastic and volume rigid inclusions in elastic body
(pág. 68).
12:00 – 14:00 Tiempo para almuerzo / Time for lunch.
14:00 – 15:00: Rodríguez, O.: Conferencia Plenaria
15:00 – 15:20 Receso
15:20 – 16:00: Bernabé, M.: Búsqueda Tabú en particionamiento con múltiples objetivos (pág. 23)
16:00 – 16:30: Pinheiro, A.: Decision analysis from SAPEVO-M and THOR-2 methods for the acquisition
of a new hospital ship for the brazilian navy. (pág. 104)

Sesión: Workshop Kludnev-70

11:00-11:20: Khludnev, A.:Junction problem for thin elastic and volume rigid inclusions in elastic body.(pág. 68)
11:20-11:40: Rudoy, E.: Asymptotic Justification of the Models of Thin Inclusions in an Elastic Body in
the Antiplane Shear Problem and Applications. (pág. 122)
11:40-12:00: Kovtunenko, V.: Poroelastic medium with non-penetrating crack driven by hydraulic fracture.
(pág. 70)

Sesión: Ciencia de Datos

11:00 – 11:30: Arce, J.: Optimized Symbolic Correspondence Analysis for Multi-Valued Variables. (pág. 20)
11:30 – 12:00: Martinez, P.: Kernel density estimations in the machine learning world. (pág. 83)
12:00 – 14:00 Tiempo para almuerzo / Time for lunch.
14:00 -15:00: Rodríguez, O.: Conferencia Plenaria.
15:00 – 15:20 Receso
15:20 – 15:40: Guerrero, M.: Crime in young mexicans: Statistical modeling and risk quantification.(pág. 59)
15:40 – 16:00: Ramírez, R.: Natural language processing, an application to the classification of economic
and political news in Mexico.(pág. 109)
16:00 – 17:00: Erazo, C.: Short course: Introduction to Shiny.(pág. 43)

Martes 22 / Tuesday

Sesión: Análisis y Probabilidad

09:00 – 09:40: Cabral, G.: A fixed point theorem in the space of integrable functions and applications.
(pág. 28)
9:40 – 9:50 Receso
09:50 – 10:30: Campos, J.: Ellipticity criteria for random walks in i.i.d. random environments. (pág. 31)
10:30 – 11:00: Arredondo, J.: Fourier Analysis with generalized integration. (pág. 21)
11:00 –12:00 Lauter, K.: Conferencia
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12:00 – 14:00 Tiempo para almuerzo / Time for lunch.

Sesión: Física

8:00 –8:40: Eduarte, A.: Chaotic Behavior of Geodesics in Kerr-like Spacetime. (pág. 42)
8:40–9:10: Santiago, E.: Transparent Spheres as Gravitational Lens. (pág. 125)
9:10 – 9:40: Tejedor, M.: An analysis of nonlinear ultrasonic waves in bubbly liquids by a numerical model.
(pág. 140)
9:40 – 9:50 Receso

Sesión: Ciencia de Datos

8:00 – 8:20: López, M.: Fuel type mapping through AI for wildfire simulations. (pág. 79)
8:20 – 8:40: López, A.: Quantile-based fuzzy clustering of multivariate time series in the frequency domain.
(pág. 81)
8:40 – 9:40: Erazo, C: Short course: Introduction to Shiny (pág. 43)
9:40 – 9:50 Receso
9:50 – 10:30: Murillo, A.: Data Analysis with Combinatorial Optimization Heuristics (dacoh): biblioteca
en R para análisis de datos usando metaheurísticas (pág. 142)
11:00 – 12:00: Plenaria SIMMAC
12:00 – 14:00 Tiempo para almuerzo / Time for lunch.

Sesión: Aplicaciones a las Ciencias

14:00 – 14:40: Braz, E.: The Importance of electric inteligence (ELINT) in the estimation and parameteri-
zation of electromagnetic pulses detected by electronic warfare support measures (EWSM). (pág. 24).
14:40 – 15:00: Flores, M.: An algorithm for differentiating composite functions with a vector argument
repeatedly. (pág. 47).
15:00 – 15:40: Carlos Hernández, A.: Speech spoofing detection using neural networks. (pág. 61).
15:40 – 16:00 Receso
16:00 – 16:30: Alvarez, E.: El modelo de árbol más cercano aplicado en un trípode enraizado bajo Jukes-
Cantor y condición de reloj molecular. (pág. 16).
16:30 – 17:00: Garcia, P.: A Methodology for the Analysis of Cooperation and Conflict, in the Consensus-
Negotiation. (pág. 53).

Sesión: Estadística

14:40 – 15:00: Vázquez, H.: Análisis Multivariado y Establecimiento de una Tipología de Especies Arbó-
reas mediante la categorización de Modalidades. (pág. 146).
15:00 – 15:40: Román, K.: Deep Gaussian Processes and Infinite Neural Networks for the Analysis of EEG
Signals in Alzheimer’s Diseases. (pág. 119).
15:40 – 16:00 Receso

Sesión: Análisis numérico

14:00 – 14:20: Pagola, P.: A convergent and asymptotic Laplace method for integrals. (pág. 99)
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14:20 – 14:40: Lobao, D.: Linear New Approach for Trigonometric Inverse Series Applied to Newton-
Raphson Method. (pág. 78).
14:40 – 15:00: Funez, W.: Identificación aproximada de señales en reconocimiento de patrones mediante la
descomposición en modo dinámico (DMD) y la teoría de Koopman. (pág. 49).
15:00 – 15:20: Soto, J.: Descomposición Tensorial y sus Aplicaciones en Procesamiento de Imágenes.
(pág. 136).
15:20 – 15:40: Torres, A.: Solución Numérica de una Ecuación de Difusión Bifraccional Mediante Funcio-
nes de Base Radial. (pág. 141).
15:40 – 16:00 Receso
16:00 – 16:30: Fallas, J.: Aproximación de la matriz de rango bajo mediante proyecciones bilaterales alea-
torias y su aplicación a la compresión de imágenes (pág. 44).
16:30 – 17:00: Chavarría, J.: El algoritmo GoDec y su aplicacion al procesamiento de videos (pág. 36).

Sesión: Sistemas dinámicos y modelación

8:00 – 9:00: Silva, L.: Singular hyperbolicity and subsectional lyapunov exponents of various orders.
(pág. 130).
9:00 – 9:40: El Hadji Yaya Tall: On the spectral theory of Schrödinger operator with dynamically defined
potential.(pág. 155).
9:40 – 9:50 Receso
9:50 – 10:30: Justen, V.: The van der pol equation: qualitative and numerical study. (pág. 67).
11:00 – 12:00: Plenaria SIMMAC
12:00 – 14:00 Tiempo para almuerzo / Time for lunch.

Sesión: Contribuciones a la modelización matemática del Covid-19

8:00 – 9:00: Lima, M. Epidemiologia Matemática: COVID-19. (pág. 76).
9:00 – 9:40: Menezes. R.: CoronaSurveys: Estimating Active Cases of COVID-19
(pág. 87).
9:40 – 9:50 Receso.
9:50 – 10:30: Núñez, S.: Renormalization group theory and scheduler dependencies in Agent-Based Mo-
dels: two modeling aspects toward higher model fidelity. (pág. 96).
10:30 – 11:00: Montes, E.: Analysis and characterization of employment and its dynamics in Mexico before
and during the COVID-19 pandemic. (pág. 91).
11:00 – 12:00: Plenaria SIMMAC
12:00 – 14:00 Tiempo para almuerzo / Time for lunch.

Miércoles / Wednesday

Ciencia de Datos

14:00 – 15:00: Erazo. A.: Short course: Introduction to Shiny.(pág. 43).
15:00 – 15:20: Castro, C.: On Outliers Detection and Censored Samples. (pág. 34)

Sesión: Aplicaciones a las Ciencias
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14:00 – 14:30: Flores, H.: Modeling Glucose Homeostasis Using OGTT Data: A Bayesian Approach.
(pág. 48).
14:30 – 15:00: Romero, C.: On the turnpike property of the numerical solutions in a stochastic Lotka-
Volterra model. (pág. 121).
15:00 – 15:30: Duarte, R.: Modelación de medios filtrantes aplicando diagramas de Voronoi-Laguerre.
(pág. 39).
15:40 – 16:00: Receso
16:00 – 16:20: Perez, B.: Ozone study in Mexico City. An application of the hidden Marcov processes.
(pág. 103).
16:20 – 16:40: Campos, W.: Análisis temporal del crecimiento del parque vehicular en San Salvador y mu-
nicipios aledaños. (pág. 30).
16:40 – 17:00: Palacios, W.: Metaheuristics for sorting permutations by prefix reversals (SPBR). (pág. 100)

Sesión: Estadística

8:00 – 8:40: Vaillant, J.: Spatio-temporal Cluster detection tests and stochastic modeling. (pág. 143)
8:40 – 9:00: Alonzo, I.:Multiple degrees of freedom Gaussian processes. (pág. 15).
9:00 – 9:40: Castillo, L.: Estimation and Validation in Statistical Modeling of two Non Negative Random
Variables given Explanatory Variables based Bivariate Subcopula
(pág. 33).
9:40 – 10:00 Receso
10:00 – 10:40: Vázquez, H.: Estudio Exploratorio de la Forma de la Copa de los Árboles. (pág. 147).
10:40 – 11:00: Pita, O.: An Alternative Proposal Based on Trimmed Mean and Booststrapping in the Market
Method for Real Estate Appraisals, case Colombia. (pág. 107).

Sesión: Modelación

8:20 – 9:00: Venturino, E.: A grassland metaecoepidemic model with just consumers’ migration. (pág. 149).
9:00 – 9:40: Lumpuy, D.: Influence of stochastic noise on hematopoietic recovery after an autologous bone
marrow transplant. (pág. 82).
9:40 – 10:00 Receso
10:00– 10:30: Murillo, A.: Spatial Analysis Predicting Asthma Morbidity in Multiethnic Urban Rhode Is-
land Children. (pág. 95).
10:30 – 11:00: Arroyo, J.: Local interactions influence spread of prey in a predator-prey system with group
defense.(pág. 22).
11:00 – 12:00: Porter, M.: Opinion Dynamics on Social Networks. (pág. 108).
12:00 – 14:00 Tiempo para almuerzo / Time for lunch.

Sesión: Álgebra y Teoría de números

13:40 – 14:00: Garcia, J.: Class Number Formula Based on the Floor of a Number. (pág. 51).
14:00 – 15:00: Li, W.: A generalization to Elkies’s theorem. (pág. 75)
15:00 – 15:40: Vincent, C.: Computing hyperelliptic modular invariants from period matrices.(pág. 152).
15:40 – 16:00 Receso
16:00 – 17:00: Serrano, A.: How do points on plane curves generate fields? Let me count the ways.
(pág. 129).
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Sesión: Contribuciones a la modelización matemática del Covid-19

8:00 – 9:00: Lima, M.: Epidemiologia Matemática: COVID-19. (pág. 76).
9:00 – 9:40: González, G.: The Statistics of the Covid-19 Pandemic in Mexico and the Problems for Buil-
ding Predictive Models. (pág. 58).
9:40 – 10:00 Receso
10:00 – 10:40: Nuiro, P.: A COVID-19 data-based approach using a multi-group SIHR Model with fuzzy
subsets. Application to the case of the Guadeloupe archipelago. (pág. 102).
10:40 – 11:20: Molina, R.: Los modelos cohorte-temporales de la dispersión del COVID-19. (pág. 89).
11:20 – 12:00: Sánchez, F.: Modeling Covid-19 in Costa Rica: A Multilayer Network Approach (pág. 124).
12:00 – 14:00 Tiempo para almuerzo / Time for lunch.

Sesión: Geometría y Topología

9:00 – 9:40: Zamora, A.: The moduli stack of principal ρ-sheaves and Gieseker-Harder-Narasimhan filtra-
tions (pág. 156).
9:40 – 10:00 Receso
10:00 – 11:00: Minicurso TR. (pág. 60).
11:00 – 12:00: Oliveira, A.: A pair of dual branes on the singular locus of the Hitchin system (pág. 98).
12:00 – 14:00 Tiempo para almuerzo / Time for lunch.

Jueves / Thursday

Optimización

8:00 – 9:00: Khludnev, A.: Workshop dedicated to Prof. Alexander Khludnev 70th anniversary. (pág. 65),
(pág. 73).
9:00 – 9:20: Pinheiro, A.: Selection of marine corps personnel for the courses of operation and maintenance
of the joint light tactical vehicle (JLTV): an analysis from the multicriteria method ahp-gaussian (pág. 105).
9:20 – 9:40: Bento, L.: AHP-Gaussian aligned with Value Focused Thinking for strategical decision making
in Brazilian Airforce load plane purchasing. (pág. 38).
9:40 – 10:00 Receso
10:00 – 10:30: Soria, I.: Logística inteligente aplicada a sistemas de distribución de productos de consumo
masivo. Un caso de estudio de distribución de bebidas embotelladas en México. (pág. 134).

Ondas de agua: Modelado matemático de mares y océanos.

8:00 – 9:00: Andrade, D.: Water Waves: Mathematical modeling of seas and oceans. (pág. 19).
9:00 – 9:40: Santos, M.: Conformable spatial derivative modeling fluid flow. (pág. 126).
9:40 – 10:00 Receso
10:00 – 12:00: Roma, A.: A brief introduction to computational fluid dynamics: modeling, computational
simulation, and applications. (pág. 118).
12:00 – 14:00 Tiempo para almuerzo / Time for lunch.

Contribuciones a la modelización matemática del Covid-19
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8:00 – 9:00: Lima, M.: Epidemiologia Matemática: COVID-19. (pág. 76).
9:00 – 9:40: Vampa, V.: Using information-theory quantifiers to characterize COVID-19 time-series data.
(pág. 144).
9:40– 10:00 Receso
10:00 – 10:40: Gómez, A.: SEAIR Epidemic Spreading modeling of Covid-19 for Costa Rica. (pág. 56).
10:40 – 11:20: Solís, M.:Risk classifier for COVID-19 susceptible individuals using the patient previous
data. (pág. 132).
11:20 – 12:00: Subirana, J.: Caracterización de la población afectada por el COVID-19 en Santa Cruz de la
Sierra. (pág. 138).
12:00 – 14:00 Tiempo para almuerzo / Time for lunch.

Riesgo y matemática financiera

13:20 – 15:40: Mesa redonda: Retos para la gestión moderna de riesgo.
15:40 – 16:00 Receso
16:00 – 16:30: Fernandez, E.: A contingent claims approach for computing the premium to ensure an in-
vestment in highways. (pág. 45).
16:30 – 16:50: Morales, P.: Pricing Financial Options through Modified Black-Scholes Merton Model.
(pág. 92).
16:50 – 17:10: Brenes, F.: Link between financial system development and economic growth in Costa Rica:
Cointegration and time series analysis. (pág. 26).

Geometría y Topología

9:00 – 9:40: Sánchez, J.: Chain complexes and E-infinity operads. (pág. 123).
9:40 – 10:00 Receso
10:00 – 11:00: Minicurso TR. (pág. 60).
11:00 – 12:00: Jardim, M.: Distributions and foliations on the three dimensional projective space. (pág. 66).

Numerical PDE

14:00 – 15:00: Solano, M.: Numerical analysis of PDE’s and its role in alternative energies modelling.
(pág. 131).
15:00 – 15:40: Colmenares, E.: A fully-DG method for the stationary Boussinesq system. (pág. 37).
15:40 -16:00 Receso
16:00 – 16:30: Lepe, F.: A virtual element approximation for the pseudostress formulation of the Stokes
eigenvalue problem. (pág. 74).
16:30 – 17:00: Alvarez, M.: A priori and a posteriori error analysis of a semi-augmented mixed finite ele-
ment method for double-diffusive natural convection in porous media. (pág. 18).

Sesión: Workshop Kludnev-70

08:00-08:30: Itou, H. & Takahito, K. : A remark on crack problems with time-dependent friction condition
in linearized elastodynamic body. (pág. 65).
08:30-09:00: Lazarev, N.: Equilibrium of a thermoelastic plate with nonpenetration condition. (pág. 73).
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Viernes / Friday

Álgebra y Teoría de números

14:00 – 15:00: Krumm, D.: Classification of pre-periodic portraits for quadratic polynomials over quadratic
number fields. (pág. 71).
15:00 – 15:40: Duque, J.: Enumerating triangular modular curves of small genus. (pág. 41).
15:40 – 16:00 Receso
16:00 – 17:00: Plenaria SIMMAC

Ondas de agua: Modelado matemático de mares y océanos.

8:00 – 9:00: Roma, A.: A brief introduction to computational fluid dynamics: modeling, computational si-
mulation, and applications. (pág. 118).
9:00 – 9:40: Ribeiro, R.: Trapped Waves and Collisions. (pág. 114).
9:40 – 10:00 Receso
10:00 – 10:40: Marcelo Velloso, M.: Gravity-capillary flows over obstacles for the fifth-order forced Korteweg-
de Vries equation. (pág. 46).
10:40 – 11:20: Stuhlmeier, R.: Weakly nonlinear theory for deterministic wave forecasting. (pág. 137).
11:20 – 12:00: Rodriguez, P.: Asymptotic method applied to obtain shock waves solutions in Buckley–Leverett
Equations. (pág. 117).
12:00 – 14:00 Tiempo para almuerzo / Time for lunch.

Contribuciones a la modelización matemática del Covid-19.

8:00 – 8:20: Soria, I.: A proposal mathematical model for the vaccines COVID-19 distribution network: A
case study in Mexico. (pág. 135).
8:20 – 9:00: Isea, R.: Hacia un modelo matemático multiescala que unifica la dinámica de propagación del
Covid-19. (pág. 64).
9:00 – 9:40: Villalobos, M.: Curve Fitting for Covid-19 Population Data Trend using Generalized Logistic
Regression.(pág. 151).
09:40 – 10:00 Receso
10:00 – 10:40: Vides, F.: Computing Sparse Semilinear Models for COVID-19 Related Processes. (pág. 150).
10:40 – 11:20 Herrera, E.: Modeling of social contact patterns in Bogotá Colombia during the covid-19 pan-
demic. (pág. 62).
11:20 – 14:00 Tiempo para almuerzo / Time for lunch.

Geometría y Topología

9:00 – 9:40: Komatsudani, M.: Baum Bott indexes and Vector Fields in the Projective Space.(pág. 69).
9:40 – 10:00 Receso
10:00 – 11:00: Minicurso TR. (pág. 60).
11:00 – 12:00: García, M.: Generalized Ricci Flow. (pág. 55).
12:00 – 14:00 Tiempo para almuerzo / Time for lunch.
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Numerical PDE

14:00 – 14:30: Szyld, B.: Asynchronous Optimized Domain Decomposition Methods for the solution of
PDEs. (pág. 139).
14:30 – 15:00: Galvis, J.: Fast multiscale contrast independent preconditioner for linear elastic topology
optimization problems. (pág. 50).
15:00 – 15:40: Sequeira, F.: An Lp spaces-based mixed virtual element method for the two-dimensional
Navier-Stokes equations. (pág. 127).
15:40 -16:00 Receso
16:00 – 17:00: Plenaria SIMMAC
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MULTIPLE DEGREES OF FREEDOM GAUSSIAN PROCESSES1

Short presentations (20 min)
Alonzo Matamoros, Izhar Asael 2

Vehtari, Aki 3

Finlandia

Resumen/Abstract: Gaussian process regression is a popular tool for modeling because of its flexibility
for imposing non-parametric priors over functions. However, one major limitation of this model is its non-
robustness, so that its predictive accuracy is compromised in the presence of outlier observations. Although
several solutions using heavy-tailed distributions such as student-t processes or student-t distribution for the
likelihood could be applied, that could still not suffice since it is reasonable to assume that the behavior
of the tails differs depending on every observation. For this situation, assuming that every variable has its
own degree of freedom should lead to a modeling improvement. In this work, we introduce the multiple
degrees of freedom Gaussian process model obtained restructuring the process’ covariance matrix such that
its posterior follows a Generalized student-t distribution. This distribution can only be described through
its hierarchical structure assigns a student-t distribution with different degrees of freedom to every observa-
tion. We derive the model’s hierarchical structure, demonstrate its benefits with examples, and finally use
the method in a real data application.

Palabras clave / Key words: Gaussian Process, hierarchical structures, generalized student-t distribution,
heavy-tailed distribution.

Referencias/References:

Cruz, C. (2015) Modelos dinamicos estocasticos de equilibrio geral (dsge) com choques hete-rocedasticos.

Shah, A., Wilson, A., and Ghahramani, Z. (2014). Student-t Processes as Alternativesto Gaussian
Processes. In Samuel Kaski and Jukka Corander, editors,Proceedings of the Seventeenth International
Conference on Artificial Intel ligence and Statistics, volume 33 of Proceedings of Machine Learning
Research, pages 877–885, Reykjavik, Iceland, 22–25Apr 2014. PMLR.

Rasmussen, C. E. and Christopher K. I. Williams (2006). Gaussian Processes for Machine Learning.

1Miércoles/Wednesday 23, 8:40 - 9:00, Schedule (GMT-6)
2Aalto University, Espoo, Finlandia, izhar.alonzomatamoros@aalto.fi
3Aalto University, Espoo, Finland, izhar.alonzomatamoros@aalto.fi
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EL MODELO DE ÁRBOL MÁS CERCANO APLICADO EN UN TRÍPODE
ENRAIZADO BAJO JUKES-CANTOR Y CONDICIÓN DE RELOJ

MOLECULAR1

Short presentations (20 min)
Alvarez González, Ernesto 2

México

Resumen/Abstract: En filogenética importa recobrar las relaciones ancestrales de las especies actuales.
En esta charla hablaré de cómo ajustar 3 especies a dos trípodes enraizados: Jukes-Cantor sin condición de
reloj molecular y Jukes-Cantor con condición de reloj molecular. Un trípode enraizado es un árbol filoge-
nético con tres hojas, dos de éstas más emparentadas entre sí que con la tercera. Jukes-Cantor es el modelo
de evolución molecular más simple, que propone iguales tasas de substitución entre nucleótidos entre cada
par de ramas del árbol filogenético. La condición de reloj molecular supone una única tasa de sustitución,
fija, a lo largo de todo el árbol filogenético. El ajuste a un árbol filogenético fijo sin raíz para un conjunto
finito de secuencias de 2 estados se puede realizar mediante el método del árbol más cercano. Esto impone
condiciones sobre los parámetros del modelo, como las longitudes de los lados del árbol. En el presente
manuscrito, adaptamos dicho método a un conjunto de tres especies identificadas por sus secuencias de nu-
cleótidos (con matriz espectral de secuencias espectrales genérica), agrupando las adeninas (A) y guaninas
(G) en purinas (X), agrupando las citocinas (G) y timinas (T) en pirimidinas (Y), y al identificar el trípode
enraizado propuesto como modelo de evolución que explica todas sus relaciones ancestrales con un cuartet
sin raíz. Distinguimos dos tripodes de ajuste, Jukes-Cantor sin condición de reloj molecular y Jukes-Cantor
con condición de reloj molecular. En cualquier caso, proporcionamos la región del espacio de parámetros
que garantiza la unicidad para el ajuste. La conjugación de Hadamard juega un papel clave en tales descrip-
ciones.

Palabras clave / Key words: Método del árbol más cercano, conjugación de Hadamard, ajuste logarítmico
de verosimilitud, reconstrucción filogenética, proceso de reducción, algoritmo de cobertura de Gröbner.

Referencias/References:
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tern probabilities - a survey and some new results. Discrete Aplied Mathematics. Vol. 88. pp. 367-396.
https://doi.org/10.1016/S0166-218X(98)00080-8

Montes, A., and Wibmer, M. (2010). Gröbner bases for polynomial systems with parameters. Jour-
nal of Symbolic computation. Vol. 45. No.12, pp. 1391-1424. doi:10.1016/j.jsc.2010.06.
017

Steel, M.A., Hendy, M.D., Székely, L.A., and Erdös, P.L. (1992). Spectral analysis and a closest
tree method for genetic sequences. Appl. Math. Lett. Vol. 5, No. 6, pp. 63-67. doi:10.1016/
0893-9659(92)90016-3
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A PRIORI AND A POSTERIORI ERROR ANALYSIS OF A
SEMI-AUGMENTED MIXED FINITE ELEMENT METHOD FOR

DOUBLE-DIFFUSIVE NATURAL CONVECTION IN POROUS MEDIA1

Presentations (30 minutes)
Álvarez, Mario Andrés2

Costa Rica

Resumen/Abstract: In this talk we present the mathematical and numerical analysis of a stationary
double-diffusive natural convection problem in porous media given by a Navier-Stokes/Darcy type system,
for describing the velocity and the pressure, coupled to a vector advection-diffusion equation describing
the heat and substance concentration, of a viscous fluid in a porous media with physical boundary condi-
tions. The model problem is rewritten in terms of a first-order system, without the pressure, based on the
introduction of the strain tensor and a nonlinear pseudo-stress tensor in the fluid equations. After a variatio-
nal approach, the resulting weak model is then augmented using appropriate redundant penalization terms
for the fluid equations along with a standard primal formulation for the heat and substance concentration.
Then, it is rewritten as an equivalent fixed-point problem. Well-posedness and uniqueness results for both
the continuous and the discrete schemes are stated, as well as the respective convergence result under certain
regularity assumptions combined with the Lax-Milgram theorem, and the Banach and Brouwer fixed-point
theorems. In particular, Raviart-Thomas elements of order k are used for approximating the pseudo-stress
tensor, piecewise polynomials of degree ≤ k and ≤ k+1 are utilized for approximating the strain tensor and
the velocity, respectively, and the heat and substance concentration are approximated by means of Lagrange
finite elements of order ≤ k + 1. Optimal a priori error estimates are derived and confirmed through some
numerical examples that illustrate the performance of the proposed semi-augmented mixed-primal scheme.
Finally, we derive a residual-based a posteriori error estimator for the proposed finite element method, and
prove its reliability and efficiency.

Palabras clave / Key words: Double-diffusive natural convection, Oberbeck-Boussinesq model, augmen-
ted formulation, mixed-primal finite element method, fixed point theory, a priori error analysis, a posteriori
error analysis.

Referencias/References:
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natural convection with phase-change in porous media.J. Sci. Comput. 80 (2019), no. 1, 141–174.2.

E. Colmenares, G.N. Gatica, R. Oyarzúa,A posteriori error analysis of an augmented mixed-primal
formulation for the stationary Bousinessq model.Calcolo, vol. 54(2017), 3, 1055–1095.
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WATER WAVES: MATHEMATICAL MODELING OF SEAS AND
OCEANS1

Plenary lectures (50 minutes)
Andrade, David2 Stuhlmeier, Raphael3

Ribeiro, Roberto4 Flamarion, Marcelo5

Colombia

Resumen/Abstract: Coastal regions around the world are densely settled, popular for leisure activities,
and home to critical infrastructure. While these locations thrive because of their proximity to the sea, that
sea also presents a threat which must be guarded against. Coastal defenses in the form of sea walls and
breakwaters are erected to protect against incursions of the sea, and yet the risk of damage looks set to
increase as sea levels rise. With the intention of forecasting hazardous ocean conditions, we present a model
that allows the study of the probability distribution of wave heights caused by reflection from a solid vertical
wall.The model under investigation has as input a wave spectrum for the attacking waves and a constant
water depth. The output is the time evolution of a correlation matrix, from which the spectral evolution
can be extracted, including a time series of the variance of the free surface elevation and the probability of
exceedance for the wave height.We show that depending on the spectrum and the water depth, there is a
significant increase in the probability of large amplitude standing waves which can be categorized as freak-
waves, i.e. waves whose height is more than twice the significant wave height, created by the reflection
from the wall.This a joint work with Prof. Raphael Stuhlmeier and Prof. Michael Stiassnie.
Palabras clave / Key words:

Referencias/References:

1Jueves/Thursday 24, 8:00 - 9:00, Schedule (GMT-6)
2University of Plymouth Centre for Mathematical Sciences School of Engineering, Computing and Mathematics, deandra-

dep@gmail.com
3University of Plymouth, raphael.stuhlmeier@plymouth.ac.uk
4Universidade Federal do Parana (UFPR), robertoufs@gmail.com
5Universidade Federal Rural de Pernambuco, marcelo.flamarion@ufrpe.br
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OPTIMIZED SYMBOLIC CORRESPONDENCE ANALYSIS FOR
MULTI-VALUED VARIABLES1

Presentations (30 minutes)
Arce, Jorge2 Rodriguez, Oldemar3

Costa Rica

Resumen/Abstract: In this paper, we propose Optimized Correspondence Analysis (OCA), this method
is an extension of the Symbolic Correspondence Analysis (SDA). OCA is a combination between Symbolic
Correspondence Analysis based in interval contingency table and integer optimization methods, the idea is
to choose the best matrix of integer values in the interval contingency table, we are interested in studying two
different objective functions, the first objective function is minimize distance between projections and the
original points, the second objective function is maximizes the explained variance. To resolve this problem
we have generalized the concepts of row and column profile to interval’s row and interval’s column profile
respectively and we have created two theorems to find the coordinates of the interval contingency table in
all factorial axes. All the methods proposed in this paper can be executed in the RSDA package developed
in R.
Palabras clave / Key words: Symbolic data analysis, correspondence analysis, multi-valued variables ,
interval contingency table.

Referencias/References:

Billard, L. and Diday, E. (2006). Symbolic Data Analysis: Conceptual Statistics and Data Mining
(United Kingdom: John Wiley & Sons Ltd)Bock, H.-H. and Diday, E. (2000). Analysis of Symbolic
Data Exploratory Methods for Extracting Statistical Information from Complex Data (Berlin, Ger-
many: Springer)

Cazes, P., Chouakria, A., Diday, E., and Schektman, Y. (1997). Extension de l’analyse en com-
posantes principales a des donnees de type intervalle. Statistique Appliquee XLV 3, 5–24

Arce, J. and Rodriguez, O. (2019). Optimized dimensionality reduction methods for interval-valued
variables and their application to facial recognition. Entropy 2019 doi:https://doi.org/10.3390/e21101016

Takagia, I. and Yadohisab, H. (2011). Correspondence analysis for symbolic contingency tables based
on interval algebra. Procedia Computer Science 6, 352–357. doi:10.1016/j.procs.2011.08.065

1Lunes/Monday 21,11:00 –11:30,Schedule (GMT-6)
2Universidad Nacional, Costa Rica, jaag2486@gmail.com
3Universidad de Costa Rica, Costa Rica, oldemar.rodriguez@ucr.ac.cr
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FOURIER ANALYSIS WITH GENERALIZED INTEGRATION1

Short presentations (20 min)
Arredondo Ruiz, Juan2

México

Resumen/Abstract: We generalize some classical results in Fourier Analysis as the Riemann-Lebesgue
lemma, continuity of the Fourier transform function and boundedness of the Fourier transform operator
defined as an extension of the classical Fourier transform operator on Lp(R⋉), 1 ≤ p ≤ 2.
Palabras clave / Key words: Generalized integration, Fourier Analysis, Bounded variation function.

Referencias/References:

Mathematics 2020, 8(7), 1199; https://doi.org/10.3390/math8071199 - 21 Jul 2020

1Martes/Tuesday 22,10:30 – 11:00,Schedule (GMT-6)
2Universidad Autónoma Metropolitana-I, México,iva@xanum.uam.mx
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LOCAL INTERACTIONS INFLUENCE SPREAD OF PREY IN A
PREDATOR-PREY SYSTEM WITH GROUP DEFENSE1

Presentations (30 minutes)
Arroyo Esquivel, Jorge2 Hastings, Allan 3

Baskett, Marissa4

Estados Unidos

Resumen/Abstract: Integrodifference equations are a discrete time spatially explicit model that descri-
bes dispersal of ecological populations through space. These models have gained more traction in ecology
than continuous time models such as reaction-diffusion equations as reproduction events are usually discrete
in nature. This framework is useful to study spread dynamics of organisms and how ecological interactions
can affect their spread. While previous analyses often assume all individuals in a population are dispersing
equally, some taxa, such as perennial plants or animal populations, have dispersive juvenile stages and limi-
ted movement of adult stages. When adults have limited movement, prey may engage in group defense to
protect themselves from predation. These local interactions may limit the number of dispersing recruits that
are produced, which could have an impact on how fast populations can spread.In this work we present a spa-
tial prey-predator system using an integrodifference framework with limited movement of their adult stages
and group defense in prey. We have previously used similar models to explore urchin-kelp interactions and
how they affect the spread of kelp. We find that high mortality levels for sessile adults can destabilize prey
at carrying capacity. Furthermore, we also find that at high prey densities, group defense leads to a slower
local growth of prey in newly invaded regions due to intraspecific competition outweighing the effect of
predation in prey growth.
Palabras clave / Key words: Integrodifference equations, predator-prey, biological spread.

Referencias/References:

Neubert M.G., Kot M. & Lewis M.A. 1995. Dispersal and Pattern Formation in a Discrete-Time
Predator-Prey Model. Theoretical Population Biology, 48(1),7-43.

Dubois F., Giraldeau L.A. & Grant J.W.A. 2003. Resource defense in a group-foraging context. Beha-
vioral Ecology, 14(1),2-9.

Arroyo-Esquivel J., Baskett M.L., McPherson M. & Hastings A. 2021. How far to build it before they
come? Analyzing the use of the Field o f Dreams hypothesis to bull kelp restoration.

1Miércoles/Wednesday 23,10:30 – 11:00,Schedule (GMT-6)
2University of California Davis, jarroyoe@ucdavis.edu USA,
3UC Davis, Davis, CA, USA,amhastings@ucdavis.edu
4UC Davis, Davis, CA, USA,mlbaskett@ucdavis.edu
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BÚSQUEDA TABÚ EN PARTICIONAMIENTO CON MÚLTIPLES
OBJETIVOS1

Presentations (30 minutes)
Bernabé Loranca, María Beatriz2

México

Resumen: El particionamiento sobre datos geográficos es de gran utilidad para resolver problemas re-
lacionados con Diseño Territorial.Para instancias de tamaño pequeño, este problema incluso es resuelto por
métodos exactos en un tiempo de respuesta aceptable. Sin embargo, para instancias de tamaño grande y
debido a la naturaleza combinatoria de este problema, la complejidad computacional aumenta y el uso de
métodos de aproximación se ha hecho necesario.Un caso en particular de este tipo de problemas que ha
tenido nuestra atención en los últimos años es el agrupamiento por particiones para Agebs (Áreas Geoesta-
dísticas Básicas). Algunos trabajos relacionados se han desarrollado para resolver la formación de grupos
compactos de Agebs, pero la incorporación de restricciones adicionales ha sido poco tratada. Un proble-
ma interesante de aplicación muy demandado, es la extensión del agrupamiento compacto para construir
grupos bajo el criterio de homogeneidad y/o balanceo en el número de objetos que componen los grupos.
Este problema se traduce en un problema Multiobjetivo, el cual debe lidiar con dos objetivos para conseguir
un compromiso entre ambos.Este trabajo presenta un modelo de programación matemática y su asociada
implementación para lograr el equilibrio entre compacidad y homogeneidad en la cardinalidad de objetos.
La metaheurística incorporada a este problema de agrupamiento territorial multiobjetivo ha sido Búsqueda
Tabu. María Beatríz Bernábe Loranca, Carmen Cerón Garnica, Alberto Carrillo Canán, Rogelio González
Velázquez, Gerardo Martinez Guzmán
Palabras clave / Key words: Búsqueda tabú, compacidad, diseño territorial, Homogeneidad, multiobjetivo,
particionamiento.

Referencias/References:

1Lunes/Monday 21, 15:20 – 16:00,Schedule (GMT-6)
2Facultad de Ciencias de la Computación Benemérita Universidad Autónoma de Puebla,México, beatriz.bernabe@gmail.com
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THE IMPORTANCE OF ELECTRIC INTELIGENCE (ELINT) IN THE
ESTIMATION AND PARAMETERIZATION OF ELECTROMAGNETIC

PULSES DETECTED BY ELECTRONIC WARFARE SUPPORT
MEASURES (EWSM) 1

Short presentations (20 min)
Braz Alves, Edgard2 De Araújo Costa, Arthur Pinheiro3

Amaral Alves, Jorge4 De Pina Corriça, José Victor5

Pires Filho, Jorge Costa6 Dos Santos, Marcos7

De Araújo Costa, Igor8

Brasil

Resumen/Abstract: Readiness for war is necessary for every powerful navy and depends intrinsically
on the technological evolution of its Electronic Warfare (EW) equipment, including electronic warfare sup-
port measures (EWSM). With the technological advances of ships and missiles that use the low probability
of detection (LPD) and Low Probability of Interception (LPI) radar navigation systems, through Pulse
Compression Techniques (PCT), stances for the need of a modern EWSM. A modern EWSM is intrin-
sically attached with the use of a ELINT equipment combined with Digital Receivers (DRX) to improve
the performance and estimation of electromagnetic signals in an environment with low Signal Noise Ratio
(SNR) and enable better analysis of parameters of the radar signals received. Therefore, the technological
inflection point, which can guarantee the mastery of the EW scenario in a clash, is the use of modern ELINT
algorithms. In this work, the application of the Short Time Fourier Transform (STFT) and Autocorrelation
Function algorithms applied in EWSM with Digital Receiver will be analyzed. The results of this applica-
tion and what these bring of new information will be presented in view of the development of EWSM MK3,
by the Navy Research Institute (IPQM), which will be installed in the Tamandaré Class Frigates.

Palabras clave / Key words: ELINT; MAGE MK3; PCT; Tamandaré Class Frigates; Brazilian Navy.

Referencias/References:

ADAMY, D. L. Tactical Battlefield Communications Electronic Warfare. London: Ed. Artech House,
jan. 2009. 348 p.

ALVES, E. B. MAGE MK3: O futuro da Guerra Eletrônica na MB. Rio de Janeiro: Ed. Centro de
Instrução Almirante Wandenkolk, aug. 2020. 15 p

1Martes/Tuesday 22, 14:00 – 14:40,Schedule (GMT-6)
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3Marinha do Brasil,Brasil,thurcos91@gmail.com
4Escola Naval,Brasil,jorge.amaral@marinha.mil.br
5Marinha do Brasil,Brasil,jvctor97@gmail.com
6Instituto de Pesquisas da Marinha,Brasil,jorge.costa@marinha.mil.br
7Instituto Militar de Engenharia,Brasil,marcosdossantos_doutorado_uff@yahoo.com.br
8Universidade Federal Fluminense,Brasil,costa_igor@id.uff.br
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BERNARD, R. L. Electronic Intelligence (ELINT) at NSA. Maryland, USA: Ed. Center for Crypto-
logic History National Security Agency, 2009. 18 p

BRITTO, R. M. de. O Parâmetro Amplitude no “Deinterleaving” de Pulsos Radar. Rio de Janeiro:
Ed. UFRJ, apr. 2005. 100 p.
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LINK BETWEEN FINANCIAL SYSTEM DEVELOPMENT AND
ECONOMIC GROWTH IN COSTA RICA: COINTEGRATION AND TIME

SERIES ANALYSIS1

Presentations (30 minutes)
Brenes, Fabian2 Chou-Chen, Shu3

Costa Rica

Resumen/Abstract: This work aims to study the link between the development of the financial system
and economic growth in Costa Rica using time series analysis. In this sense, the results of the estimated
models show that the effect of economic growth is positive, when the development of the financial system
increases, which is in line with some hypotheses from the economic theory. In addition, a baseline scenario
for annual gross domestic product (GDP) growth in 2021 is forecasted and then contrasted with the results
of a stress scenario simulation analysis.
Palabras clave / Key words: VAR models, cointegration, VECM, financial system, economic growth.

Referencias/References:

Engle, R. F. and Granger, C. (1987). Co-Integration and Error Correction: Representation, Estimation,
and Testing. Econometrica,55(2):251–276.

Johansen, S. and Juselius, K. (1990). Maximum Likelihood Estimationand Inference on Cointegra-
tion — With Applications To theDemand for Money. Oxford Bulletin of Economics and Statis-
tics,52(2):169–210.

Levine, R. (1997). Financial Development and Economic Growth:Views and Agenda. Journal of Eco-
nomic Literature, 35(2):688–726.

Lütkepohl, H. (2005). New Introduction to Multiple Time SeriesAnalysis. Springer, Berlin.

Pfaff, B. (2008). Analysis of Integrated and Cointegrated Time Serieswith R. Springer, New York.

1Jueves/Thursday 24, 16:50 – 17:10,Schedule (GMT-6)
2Universidad de Costa Rica, escuela de estadística, Costa Rica,fabian.brenestrejos@ucr.ac.cr
3Universidad de Costa Rica, escuela de estadística, Costa Rica,shuwei.chou@ucr.ac.cr
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AVERAGING 2D STOCHASTIC WAVE EQUATION1

Plenary Talk (60 min)
Raúl Bolaños Guerrero

Resumen/Abstract: We consider a 2D stochastic wave equation driven by a Gaussian noise, which is
temporally white and spatially colored described by the Riesz kernel. Our first main result is the functional
central limit theorem for the spatial average of the solution. And we also establish a quantitative central
limit theorem for the marginal and the rate of convergence is described by the Total-variation distance.
A fundamental ingredient in our proofs is the pointwise Lp-estimate of Malliavin derivative, which is of
independent interest.

1Lunes/Monday 21, 09:30 – 10:30,Schedule (GMT-6)
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A FIXED POINT THEOREM IN THE SPACE OF INTEGRABLE
FUNCTIONS AND APPLICATIONS1

Presentations (30 minutes)
Cabral García, Gabriela de Jesús2

México

Resumen/Abstract: We give sufficient conditions when a mapping T : E → E has a unique fixed
point, E is a set of measurable functions that isuniformly continuous, closed and convex. The proof of the
existence ofthe fixed point depends on a certain type of sequential compactnessfor uniformly integrable
functions.The fixed point theorem is applied in the study of the uniqueness andexistence of some Fredholm
and Caputo equations.
Palabras clave / Key words: Fixed point theorem, uniform integrability, Fredholm equations, Caputo frac-
tional equations, sequential compactness.

Referencias/References:

M. Abtahil, Z. Kadelburg, S. Radenović. (22 junio 2016). Fixed points of Ćirić-Matkowski-type con-
tractions in v-generalized metric spaces. Revista de la Real Academia de Ciencias Exactas, Físicas y
Naturales. Serie A. Matemáticas volume, 111, 57-64.

Siegfried Carl, Seppo Heikkilä . (2010). Fixed Point Theory in Ordered Sets andApplications:From
differential and integral equations to game theor. Finlandia:Springer.

Daniel Hernández-Hernández, José Villa-Morales. (2020). On the minimax theo-rem for the space of
probability measures on metric spaces. Banach Publications,122, 159-168.

Jleli, M., Samet, B. A generalized metric space and related fixed point theorems. Fixed Point Theory
Appl 2015, 61 (2015). https://doi.org/10.1186/s13663-015-0312-7

E. Karapinar. Edelstein type fixed point theorems, Fixed Point Theory Appl. 2012, 107 (2012).
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2Universidad Autónoma de Aguascalientes,México,gabriela.cabral@edu.uaa.mx
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HUMANITARIAN LOGISTICS USING DISTRIBUTED AND
COORDINATED AUTONOMOUS AGENT MODELS

Posters
Campos Reyes, María Luisa1 Sánchez Nigenda, Romeo2

México

Resumen/Abstract: Worldwide, the number of natural disasters that occurred between the years 2007 to
2019 amounts to 11,335, with an average of 872 disasters per year, which have left an unfortunate number
of 613,800 deaths, with an annual average of 47,215 deaths (Statista, 2019). In addition to the human
losses, disasters leave economic consequences which have been 2,182,000 million dollars in recent years.
Geological disasters are considered the most dangerous since they occur suddenly, and in many cases there
is no way to foresee them. As is the case with earthquakes, which are the fifth type of natural disaster with
the most people affected in the years 2007 to 2019, with a total of 85,299,918 people affected worldwide.
It is clear that natural disasters are a risk factor for society, so planning the distribution of humanitarian aid
is a priority (Hernández, 2019). The objective of this research work is to develop a tool that can be used
to design routing plans and load agents (vehicles) to bring basic necessities to different points of demand,
in order to satisfy the needs of the affected people immediately after the occurrence of an earthquake.
This research is aimed at proposing a humanitarian assistance logistics system model based on Multi-agent
Systems, which allows the distribution of products in the event of a disaster in an effective and efficient
way, through the coordination of autonomous and coordinated agents that have communication throughout
the journey and are able to distribute inputs to meet the demand in disaster areas. Based on the observations
made to the history of earthquakes in Mexico, it is intended to demonstrate the importance and usefulness
of developing strategies that allow attention in disaster situations. A case study in Mexico is taken as a basis
to validate the proposed tools.
Palabras clave / Key words: Humanitarian logistics, Multi-agent systems, In-kind aid distribution, Com-
munication.

Referencias/References:

Statista Research Department (2019), Los desastres naturales en el mundo - Datos estadísticos, recur-
so libre, disponible en https://es.statista.com/temas/3597/desastres-naturales/.

Hernández, J. (2019), Modelo basado en Sistema Multi-Agente para distribución de ayuda en especie
en Logística Humanitaria, Tesis Doctoral, Universidad Autónoma de Nuevo León.

1Universidad Autónoma de Nuevo León,México,maria.camposry@uanl.edu.mx
2Universidad Autónoma de Nuevo León, México,romeo.sanchezng@uanl.edu.mx
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ANÁLISIS TEMPORAL DEL CRECIMIENTO DEL PARQUE
VEHICULAR EN SAN SALVADOR Y MUNICIPIOS ALEDAÑOS1

Short presentations (20 min)
Campos Granados, Walter Otoniel2

El Salvador

Resumen: En los últimos años El Salvador ha experimentado un incremento sustancial del parque
vehicular, el cual es evidente en las carreteras del país, pero sobre todo en el área metropolitana. Debido
a esto, en las calles de San salvador capital, se producen fuertes congestionamientos diarios, con todas las
dificultades que dicha situación implica. En este artículo, realizamos un análisis temporal a través de series
de tiempo,realizando proyecciones para los próximos 4 años del crecimiento del parque vehicular en dicha
zona. Las políticas públicas y decisiones para el sector transporte y redes viales metropolitanas, pueden
apoyarse en los datos y pronósticos fehacientes aquí presentados.
Palabras clave / Key words: Series de tiempo; vehículos; motocicletas; predicciones.

Referencias/References:

Shumway, R., Stoffer, D. (2011), Time series analysisand its applications, (3rd ed.). New York: Sprin-
ger.Peña, D. (2005), Análisis de series temporales, Madrid:Alianza.

Brockwell, P., Davis, R. (2010), Introduction totime series and forecasting, New York: Springer.Mauricio,
J. (2010), Análisis Univariante de SeriesTemporales, Madrid.

Tsay, R. (2010), Analysis of financial time series,Cambridge, Mass.Wiley.Data Science Toolkit, URL:
http://www.datasciencetoolkit.org/about, Octubre2020.

Rstudio.github.io. (2020), Leaflet For R - Introduction,URL: http://rstudio.github.io/
leaflet,Octubre2020

1Miércoles/Wednesday 23, 16:20 – 16:40,Schedule (GMT-6)
2Investigador asociado del Centro de Modelamiento Matemático-Carlos Castillo Chávez, Universidad Francisco Gavidia, El

Salvador, walteroto@gmail.com
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ELLIPTICITY CRITERIA FOR RANDOM WALKS IN I.I.D. RANDOM
ENVIRONMENTS1

Presentations (30 minutes)
Campos, José David2

Costa Rica

Resumen/Abstract: We introduce ellipticity criteria for random walks in i.i.d. random environments
under which we can extend the ballisticity conditions of Sznitman and the polynomial effective criteria of
Berger, Drewitz and Ramírez originally defined for uniformly elliptic random walks. We furthermore give
ellipticity criteria under which a random walk satisfying the condition (T ), is ballistic, satisfies the annealed
central limit theorem or the quenched central limit theorem.
Palabras clave / Key words: Environment, Ballisticity, Ellipticity, Random Walk.

Referencias/References:

Campos, D., Ramírez, A. (2014). Ellipticity criteria for ballistic behavior of randomwalks in random
environment. Probab. Theory Relat. Fields, 160,189–251.

Drewitz, A., Ramírez, A. (2014). Selected topics in random walks in random environment. Topics in
percolative and disordered systems, 23–83, Springer Proc. Math. Stat., 69, Springer, New York.

Guerra, E., Ramírez, A. (2020). A proof of Sznitman’s conjecture about ballistic RWRE. Comm. Pure
Appl. Math, 73, 2087-2103 (2020).

Sznitman, A.S. (2004). Topics in random walks in random environment. School and Conference on
Probability Theory, 203-266 ICTP Lect. Notes, XVII, Abdus Salam Int. Cent. Theoret. Phys., Trieste.
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MATHEMATICAL MODELS IN EVOKED POTENTIAL ANALYSIS
Posters

Cardo, Romina1 Corvalan, Alvaro2

Argentina

Resumen/Abstract: In this paper we will present some results that we have been able to observe from
the numerical treatment of brain signals obtained from the classical measurement of the potential deflec-
tions in cranial electrodes, as in standard measurements of EEG (electroencephalograms) or ERP (evoked
potentials by events), but originated in relation to the semantic processing of the brain when listening to
verbal stimuli in logical and sometimes equivocal occasions.We present various methods, including Kal-
man Filters (with a Bayesian approach), Wavelets, Unsupervised Learning, Artificial Neural Networks and
Hidden Markov Models allow, on the one hand, to extract information about the brain’s interpretation and
analysis of stimuli, and on the other hand to elaborate models that can partially emulate said treatment
and, if necessary, be used for plausible predictions.Keywords: evoked potentials, Kalman Filters, wavelets,
neural networks, hidden Markov models, Q-learning algorithm, Gaussian and non-Gaussian noises.
Palabras clave / Key words: Noises, Wavelets, Kalman, Markov, Q-learning.

Referencias/References:
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mas). Tesis doctoral.
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Neuroscientist Review 11(6): 1073-8584.
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ESTIMATION AND VALIDATION IN STATISTICAL MODELING OF
TWO NON NEGATIVE RANDOM VARIABLES GIVEN EXPLANATORY

VARIABLES BASED BIVARIATE SUBCOPULA1

Presentations (30 minutes)
Castillo, Luis Eduardo2

Colombia

Resumen/Abstract: Based on the Theory of Copulas, from a theoretical and practical approach, the
estimation of parameters by Maximum Likelihood and validation of a statistical model that explains to-
gether the Non Negative Random Variables given to set of explanatory variables based in Subcopulas will
be proposed. Simulated examples are presented.
Palabras clave / Key words: Mathematical Statistics, Statistical Modeling, Copulas Theory, Subcopulas.

Referencias/References:

Erdely, A. (2017), A subcopula based dependence measure, Kybernetika 53 (2), 231 - 243.

Joe, H., (2014), Dependence Modeling with Copulas, CRC Press Nelsen, R. B., (2006), An Introduc-
tion to Copulas, Vol. 139, Springer, New York

Rachasingho J., Tasena, S., (2017), Metric Space of Subcopulas, Thai Journal of Mathematics, ISSN
1686-0209, 35 - 44.

Rachasingho J., Tasena, S., (2020), A metric space of subcopulas - An approach via Hausdorff dis-
tance, Fuzzy Sets and Systems
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llom@udistrital.edu.co
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ON OUTLIERS DETECTION AND CENSORED SAMPLES 1

Short presentations (20 min)
Castro Kuriss, Claudia Adriana2 Leiva Sánchez, Víctor3

Argentina

Resumen/Abstract: The study of outliers is an old problem for investigators, first attempting to esta-
blish a definition, then trying to identify possible observations of this kind, and then finding strategies to
deal with this abnormal data. Nowadays we have the possibility to study data with the aid of computer
science which make easier the problem of detecting few observations that behave in a different way or pro-
ceed from a different mechanism from the rest. See Hawkins [6] for definitions and genesis of outliers. It´s
still an investigation issue because clearly all the fields of science need to understand and handle outliers
or hotspots, i. e. observations that are different in some way from the other observations in a sample, and
they are important in applied statistics, in data mining, in machine learning, in quality control, etc. Barnett
and Lewis[9] made a good review of the field and defined “discordant” observations as those “statistically
unreasonable” considering a probabilistic model for the data which are not necessarily outliers, and consi-
dered tests for “discordancy”. While there is a general temptation to remove outliers from the data, usually
unusual observations give us a better understanding of our problem or give us a clue of where the problem
is. Aggarwal [1] cited credit card fraud detection, sensor events, medical diagnosis, and intrusion detection
systems among other specific examples of the relevance of studying the nature and detection of outliers.
Rousseeuw and Leroy [8] discuss robust procedures for detecting and handle outliers specially in regres-
sion analysis. There are several proposals of hypothesis tests to detect one or more outliers in complete
samples from normal population such as the well-known Dixon´s [3][4], Grubbs´ [5], Tietjen-Moore test
[9], Rosner test [7] and chi-squared tests among others. And, more recently, in complete samples from other
specific distributions in the location-scale family. Even boxplots, histograms and Quantile-Quantile graphs
can be regarded as tools for detecting non typical observations. The problem becomes more difficult when
censoring is present. There are tests for singly and doubly censored samples from normal, exponential, Wei-
bull and other particular distributions from the location-scale family. The object of this work is to make a
review of some of the several and useful tests for one or multiple outliers and to propose a formal test with a
graphical application to determine the presence of outliers in censored samples from any given distribution
from the location-scale family.
Palabras clave / Key words: Outliers, Outlier detection, Censored samples.
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EL ALGORITMO GODEC Y SU APLICACION AL PROCESAMIENTO
DE VIDEOS1

Presentations (30 minutes)
Chavarría-Molina, Jeffry Gerardo2 Fallas Monge, Juan José3

Soto-Quirós, Juan Pablo4

Costa Rica

Resumen: Dada X ∈ Rm×n una matriz densa, el algoritmo iterativo GoDec, emplea la descomposición
en valores singulares (SVD) de X para determinar dos matrices L ∈ Rm×n y S ∈ Rm×ntales que X ≈
S + L, donde L es de rango reducido y S es una matriz dispersa. Esto es, determinar L y S tales que:

mı́n
r(L)≤r0; Card(S)≤k0

∥X − L− S∥2fr

El algoritmo GoDec se puede aplicar para la detección de movimientos en un video grabado sobre un fondo
estático, para obtener dos videos nuevos, uno con el fondo libre de los objetos en movimiento (construi-
do con L) y otro en donde únicamente se muestren los objetos en movimiento, sin el fondo (construido
con S). Se presenta una mejora (en términos de cantidad de cálculos y tiempo de ejecución) del método
GoDec al sustituir la descomposición en valores singulares (SVD) por el método BRP (bilateral random
projection).En esta ponencia se realizará una revisión breve del método y su aplicación al procesamiento de
vídeos. Además, se realizará una comparación del rendimiento entre la forma clásica usando la SVD y la
mejora basada en el método BRP.
Palabras clave / Key words: GoDec, SVD, BRP, Proyección aleatoria bilateral .
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A FULLY-DG METHOD FOR THE STATIONARY BOUSSINESQ
SYSTEM1

Presentations (30 minutes)
Colmenares, Eligio Antonio2

Chile

Resumen/Abstract: In this work we present and analyze a finite element scheme yielding disconti-
nuous Galerkin approximations to the solutions of the stationary Boussinesq system for the simulation of
non-isothermal flow phenomena. The model consists of a Navier-Stokes type system, describing the ve-
locity and the pressure of the fluid, coupled to an advection-diffusion equation for the temperature. The
proposed numerical scheme is based on the standard interior penalty technique and an upwind approach
for the nonlinear convective terms and employs the divergence-conforming Brezzi-Douglas-Marini (BDM)
elements of order k for the velocity, discontinuous elements of order k-1 for the pressure and discontinuous
elements of order k for the temperature. Existence and uniqueness results are shown and stated rigorously
for both the continuous problem and the discrete scheme, and optimal a priori error estimates are also deri-
ved. Numerical examples back up the theoretical expected convergence rates as well as the performance of
the proposed technique.
Palabras clave / Key words: Boussinesq equations, finite element methods, discontinuous Galerkin method,
divergence-conforming elements, fixed-point theory, a priori error analysis.
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AHP-GAUSSIAN ALIGNED WITH VALUE FOCUSED THINKING FOR
STRATEGICAL DECISION MAKING IN BRAZILIAN AIRFORCE LOAD

PLANE PURCHASING1

Short presentations (20 min)
Raphael Nascimento dos Santos2 Marcos dos Santos3

Leandro de Mattos Bento Soares4

Brazil

Resumen/Abstract:
The Brazilian Government issued an intention to acquire two large cargo aircraft for use by the Brazi-

lian Air Force, highlighting the tactical importance of transporting troops, armaments and supplies in war
missions in a long-distance theater of operations, as well as its use in humanitarian support relief missions.
The lack of these aircraft in the FAB fleet was intensified by the advent of the Covid-19 pandemic, which
required the support of the Air Force in the repatriation of Brazilians who were in China and in the search
for Aztrazeneca/Oxford vaccines in India, where in the first smaller FAB aircraft were used, resulting in a
slow trip with several stopovers, and the second used large cargo aircraft that belonged to Brazilian airlines.
This article proposes a multi-methodological approach with the combination of the Strategic Decision Fra-
mework and the AHP Gaussian (AHP-G) multi-criteria method to aid decision making on the best aircraft
alternative and elimination of empirical methods of choice. The model was built considering two scenarios,
considering the acquisition of new freighter aircraft and the acquisition of passenger aircraft used for sub-
sequent conversion into freighters.

Palabras clave / Key words: Multicriteria Decsion Making; Supplier Selection; AHP-G
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MODELACIÓN DE MEDIOS FILTRANTES APLICANDO DIAGRAMAS
DE VORONOI-LAGUERRE1

Short presentations (20 min)
Duarte Rivera, Roberto2 Destephen, Jorge3

Honduras

Resumen/Abstract: The separation of polluting particles from liquids and gases is a crucial industrial
process used in industries like semiconductors, lubrication systems, water purification, and cleaning the air
from dust and viruses.This work presents a computational model of a filter medium constructed applying
Voronoi-Laguerre diagrams to represent non-woven fibrous materials. The fibrous filter is modeled as a
multi-layered medium with a network of pores. This filter model agrees with the assumption made when
estimating the pore size distribution of filter materials, like polyesters and celluloses, with the bubble point
test, which is the technique commonly used in the industry of non-woven filtration materials. The 3D fil-
ter model is built from measured material properties, such as porosity, mean fiber diameter, thickness, and
pore size distribution. With this filter model, we can implement several filtration mechanisms, and the si-
mulations of the movement of the particles could be deterministic or stochastic. In this work, the material
computational model is used to carry out Monte Carlo simulations, applying basic filtration mechanisms. As
a first stage, simulations of filtration processes included the following interactions: particle-pore, particle-
fiber, and particle-particle.The filter efficiency calculations, for different pore and particle size distribution,
agrees with general filtration theory. The model made it possible to track and locate the captured particles
in pores or fibers, which allows visualizing the structure of the filter medium with the particles in three
dimensions. It also allows estimating topological properties of the medium, such as tortuosity and connec-
tivity. The simulations developed in R estimate the efficiency of the filters material under certain process
conditions and with statistical analysis. At this stage of the research, no comparisons with experimental data
have been made.
Palabras clave / Key words: Filtration modeling, filter modeling, non-woven materials, Monte Carlo
Method, Voronoi-Laguerre Diagrams.
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ENUMERATING TRIANGULAR MODULAR CURVES OF SMALL
GENUS1

Presentations (30 minutes)
Duque Rosero, Juanita2

Estados Unidos

Resumen/Abstract: Triangular modular curves are a generalization of modular curves that arise from
quotients of the upper half-plane by congruence subgroups of hyperbolic triangle groups. These curves arise
from Belyi maps with monodromy PGL2(Fq) or PSL2(Fq). In this talk, we will present a computational
approach to enumerate all triangular modular curves of genus 0, 1, and 2. This is joint work with John
Voight.
Palabras clave / Key words: Number theory.
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CHAOTIC BEHAVIOR OF GEODESICS IN KERR-LIKE SPACETIME1

Presentations (30 minutes)
Adrián Eduarte2 Francisco Frutos3

Rodrigo Carboni4

Costa Rica

Resumen/Abstract: Recently, it has been published several solutions of Einstein’s Field Equations
(EFE) which models the spacetime surrounding massive and non-spherical bodies. In this paper, we study
the motion of unitary mass test particles in Kerr-like with quadrupole mass moment metric which is a per-
turbed, non-integrable Kerr metric by using simulations in the configuration space and in the phase space.
This metric represents the spacetime outside of a massive non-spherical body by the quadrupole mass mo-
ment q. As the q parameter increases the chaotic behavior arises. We calculate the rotation number for the
axis of symmetry pr = 0 in the corresponding Poincaré subsection and show the existence chaotic regions
in the high gravity region near the source’s event horizon.

Palabras clave / Key words: Chaos, Geodesics, Poincaré subsection.
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INTRODUCTION TO SHINY1

Short courses or Workshops (3 hours)
Carlos Andres Erazo2

Colombia

Resumen/Abstract: In data science, the process of dissemination brings with a common problem: the
channel for presenting information. Shiny is an R package that extends this language and brings the possi-
bility of building interactive web applications without moving away from R’s own scripts, so its learning
curve does not extend in the same way that web development would require directly, the final solution can
facilitate the transmission of ideas and analysis in numerous fields from research to teaching with results
such as MEPHAS (Zhou, Y. et al., 2020) for statistical analysis or MVC1_R(Antonelli, T. et al., 2020)as
a complement to students in multivariate calibration. By means of reactive programming (Oviedo, 2015),
Shiny links input and output values, allowing the creation of interfaces for algorithms and tables, and by
applying this package, it is possible to present data through a page that allows dynamic exploration without
having to manipulate code, and to share these developments in a fast and flexible way, extending the usual
data visualization. This course follows the model of the Shiny subsection on the official Rstudio website
and is proposed to give an approach to how to build an application with shiny, how to extend and take
advantage of reactive programming in the solution and finally how to manage the appearance of the web
application with the basic use of HTML and CSS.

Palabras clave / Key words: data science, Shiny, RStudio, web application, data visualization
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APROXIMACIÓN DE LA MATRIZ DE RANGO BAJO MEDIANTE
PROYECCIONES BILATERALES ALEATORIAS Y SU APLICACIÓN A

LA COMPRESIÓN DE IMÁGENES1

Presentations (30 minutes)
Juan José Fallas Monge2 Juan Pablo Soto Quirós3

Jeffry Chavarría-Molina4

Costa Rica

Resumen/Abstract:
La aproximación de rango bajo de una matriz L ∈ Rm×n es un problema de optimización que busca

aproximar a L con una matriz L̂r ∈ Rm×n tal que

∥L− L̂r∥2fr = mı́n
Lr∈Rm×n

r

∥L− Lr∥2fr (1)

Si L = ULΣLV
T
L es la descomposición en valores singulares (SVD) de L, entonces L̂r queda determinada

por la SVD r-truncada , i.e,:
L̂r = ⌊L⌋r = UL,rΣL,rV

T
L,r (2)

La SVD es altamente precisa, pero tiene una alta complejidad computacional para matrices grandes. Por ese
motivo, en la presente ponencia se expondrá sobre un método alternativo para calcular la matriz L̂r, deno-
minado proyecciones aleatorias bilaterales (bilateral random projection method), el cual fue desarrrollado
por y mejorado mediante un esquema de potencias, bajo ciertas condiciones de invertibilidad, por Zhou and
Tao . En se extiende el esquema de potencias introducido por Zhou and Tao, relajando las condiciones de
invertibilidad. A partir de ese hecho y aplicando la descomposición QR de cierta matriz, se mostrará una
fórmula que permite aproximar la matriz L̂r, con tiempos de ejecución mucho menores que los generados
con la SVD. En la parte final de la exposición se mostrará una aplicación concreta asociada a la compresión
de imágenes.

Palabras clave / Key words: Aproximación de rango bajo, SVD, proyecciones aleatorias bilaterales, com-
presión de imágenes
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A CONTINGENT CLAIMS APPROACH FOR COMPUTING
THE PREMIUM TO ENSURE AN INVESTMENT IN

HIGHWAYS1

Presentations (30 minutes)

Fernandez Arias, Ernesto2 López Barrientos, José Daniel3
México

To ensure an investment in highways a company has offered to pay to the administrator of a certain highway
a premium of E if the average daily number of cars travelling on the highway exceeds at least twice a year a
barrier of B cars per month. We show how to compute the fair price of such payment by means of presenting
the pseudo-code and the calibration to value a financial instrument that replicates the phenomenon under
the assumption that the daily traffic flow on the highway is a log-Normal random variable. Finally, we use
the principles of the greeks in options tradingt o determine the sensitivity of the premium to changes in the
parameters of the model.

Palabras clave / Key words: Contingent claims, greeks.
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GRAVITY-CAPILLARY FLOWS OVER OBSTACLES FOR THE
FIFTH-ORDER FORCED KORTEWEG-DE VRIES EQUATION1

Presentations (30 minutes)
Marcelo Velloso Flamarion Vasconcellos2

Brazil

Resumen/Abstract: In this talk, we discuss gravity–capillary waves resonantly excited by two submer-
ged obstacles in a shallow water channel. In the weakly non-linear regime, the forced fth-order Korteweg-de
Vries equation arises as a model for the free-surface displacement. The water surface is initially taken at
rest over a uniform ow and the initial value problem for this equation is computed numerically using a
pseudospectral method. We study nearly-resonant ows with intermediate capillary effects. Details of the
wave interactions are analyzed for obstacles of different sizes. Numerical results indicate that the ow is not
necessarily governed by the larger obstacle.

Palabras clave / Key words: Water waves, Gravity–capillary waves, KdV equation, Solitary waves
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AN ALGORITHM FOR DIFFERENTIATING COMPOSITE FUNCTIONS
WITH A VECTOR ARGUMENT REPEATEDLY1

Short presentations (20 min)
Mauricio Flores2 Guillermo Fernandez-Anaya3

F. F. Reyes-Luz4

México

Resumen/Abstract: In classical calculus to obtain the n-th derivative of a product of functions, the
Leibniz rule canbe used, however the problem is modified when composite functions are considered, for
this type ofcase the formula of Faa di Bruno. There is a third case when compound functions receive a
vectoras an argument. A proposed solution is described by Mishkov, the solution process requires longcal-
culations and the solution of several linear equations. In the context mentioned above, this workproposes
a simple and simplified form for when compound functions receive a vector as an argument,by means of
an algorithm that allows obtaining an expression for the derived n-th, using techniqueswith matrices and
notation of tensors. The proposed algorithm is coded in a high-level language andan analysis of its degree
of complexity is carried out to identify whether it is computable, by countingthe simple instructions of the
algorithm, using the big O notation.

Palabras clave / Key words: Algorithm complexity, derivative, matrices, tensors
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MODELING GLUCOSE HOMEOSTASIS USING OGTT DATA: A
BAYESIAN APPROACH1

Presentations (30 minutes)
Hugo Flores-Arguedas2

México

Resumen/Abstract: This paper proposes a Bayesian approach to determine transition zones from
healthy patients to diabetic patients. We model glucose homeostasis by an ordinary dierential equation
system that describes glucose-insulin-glucagon dynamics. From OGTT data, we infer five parameters re-
lated to insulin secretion, glucagon secretion, gastrointestinal emptying, and basal glucose level. Combi-
ning a machine learning algorithm and the posterior distribution of two parameters, we have determined
two-dimensional ranges that describe a progression from healthy to an impaired condition. This approach
includes several sources of uncertainty, allowing to obtain a region instead of a single value indicator.

Palabras clave / Key words: OGTT, Bayesian, Type 2 Diabetes
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IDENTIFICACIÓN APROXIMADA DE SEÑALES EN
RECONOCIMIENTO DE PATRONES MEDIANTE LA DESCOMPOSICIÓN

EN MODO DINÁMICO (DMD) Y LA TEORÍA DE KOOPMAN1

Short presentations (20 min)
William Alberto Funez Izaguirre2

Honduras

Resumen/Abstract: In this work we apply a signal identification system that uses the dynamic mo-
de decomposition algorithm (DMD), it is based on proper orthogonal decomposition (POD), which uses
computationally efficient singular value decomposition (SVD) so that it scales good for providing dimen-
sionality reduction in high dimension systems. DMD is a technique that allows the extraction of dynamically
relevant flow characteristics from experimental or numerical data, for which a comparison is made with the
principal component analysis (PCA) technique and it is shown that the results obtained by DMD are very
good. We also consider the application of Koopman’s theory to Schrödinger’s nonlinear partial differential
equation where we show that the observables chosen to construct the Koopman operator are fundamental
to allow a good approximation to nonlinear dynamics. If such observables can be found, then the dynamic
mode decomposition algorithm can be applied to compute a finite-dimensional approximation of the Koop-
man operator, including its eigenfunctions, eigenvalues, and Koopman modes.

Palabras clave / Key words: Singular value decomposition, dynamic mode decomposition, koopman ope-
rator
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FAST MULTISCALE CONTRAST INDEPENDENT PRECONDITIONER
FOR LINEAR ELASTIC TOPOLOGY OPTIMIZATION PROBLEMS1

Presentations (30 minutes)
Juan Galvis2

Colombia

Resumen/Abstract: Juan Galvis, Boyan Lazarov, Sintya Serrano, Miguel ZambranoWe study efficient
algorithms for the solution of the elasticity equation posed in a domain that represents a material with pro-
perties that may vary several orders of magnitude over different scales. Here we focus on the application
of the domain decomposition and multiscale approximations to topology optimization problems. Topology
optimization consists in finding the efficient use of materials in different settings. In particular we consider
the density formulation of the minimum compliance design. In the optimization procedure, an elasticity
equation where the material properties are scaled by E0 outside stiff regions; where E0 is a positive regu-
larization parameter with E0 < 1. In order to solve this problem we can run an optimizer that requires,
in each iteration, the solution of a finite element elasticity equation that (after a few iterations) will have
high-contrast properties. Most of the computation time is spent in the solution of the linear system needed
to compute the next density iterate. The time spent in computing an instance of this elasticity equation may
depend on the contrast 1/E0 > 1. In this work we design robust solvers for this elasticity equation. We
use the recently introduced Generalized Multiscale Finite Element methods framework in order to construct
robust methods (but adapted to the elasticity equation).
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CLASS NUMBER FORMULA BASED ON THE FLOOR OF A NUMBER1

Short presentations (20 min)
Jorge Garcia2

USA

Resumen/Abstract:
How could we compute the sum of the quadratic residues modules a prime number? Is there a formula

for such sum? What is that sum related to? There is indeed a formula when the prime is of the form 4n− 1,
in fact this sum is (p2)− p · h where h is the class number of the imaginary quadratic field Q(

√
−p). There

are several formulas for the class number when the prime is of the form p = 4n− 1 > 3, here is one due to
Dirichlet h = (

√
p)/(2π)

∑∞
r=1 x(r)/r, where x is the Dirichlet character. Using elementary methods, we

count the quadratic residues of a prime number of the form p = 4n−1 in a manner that has not been explo-
red before. Let rp(k) be the residue of k (the remainder of k when we divide by p). We now add the residues
of k2 and (2n−k)2 for small values of p. We observe some patterns as k ranges from 1 to 2n. Unfortunately
these patterns do not hold for larger primes, however, we need to make some adjustments to those patterns
as follows. We start with m = 1, 2, 3 · · · and depending on if k2 − k is in (mp − k, (m + 1)p − n − 1]
or in ((m + 1)p − n − 1, (m + 1)p − k) we add the residues of k2 and (2n − k)2. We observe that when
k2− k ∈ (mp− k, (m + 1)p− n− 1] the sum rp(k2) + rp((2n− k)2) is constant. The same happens in
the other interval. We then proceed to add theses constants accordingly. The simplicity of the pattern found
leads to a novel formula for the class number h(−p) of the imaginary quadratic field Q(

√
−p). Such for-

mula is computable and does not rely on the Dirichlet character or the Kronecker symbol at all. Examples
are provided and formulas for the sum of the quadratic residues are also found.

Palabras clave / Key words: Class number, Quadratic Residues, Imaginary fields, Quadratic field, Sum of
quadratic residues
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A METHODOLOGY FOR THE ANALYSIS OF COOPERATION AND
CONFLICT, IN THE CONSENSUS-NEGOTIATION1

Short presentations (20 min)
Pedro Garcia del Valle y Duran2 Eduardo Gamaliel Hernández-Martínez3

Guillermo Fernández-Anaya4

México

Resumen/Abstract: The XXI Century has imposed the need to innovate and globalize all over around,
this demand better relationships of cooperation and collaboration among all kind of groups, organizations,
countries, communities, and human beings. To understand inter-intra and network behaviors it is a priority in
the process of decision making specially when worldwide organisms need to contribute to peace. Therefore,
consensus or conflict agreements and how them change over time has significant effects and consequences
[3].The study from mathematical point of view of algorithms and functions for groups or individual prefe-
rence aggregation mechanisms, become relevant to understand the process of voting consensus-negotiation.
Cooperation or conflict arise from rather complicated decision-making arrangements among individuals,
groups and organizations.Considering these ideas and decision and voting models, this contribution aims
to develop a methodology to aid for the analysis of cooperation and conflict during negotiations among
agents.An agent or a decision maker is the representation of a unit in the real world (individuals, groups,
organizations, cars, patients, etc); which has its own characteristics, rules of behavior and lives in an en-
vironment. Agent characteristics can be static (constant) or dynamic (variable), intrinsic or relational. The
environment can be random, for example through random social networks or trusted networks or random
placement of companies in the product space, etc. And the environment can also be real, for example, so-
cial networks based on data (epidemies, facebook, etc), labor unions, etc. Therefore, we could also think
that there is no environment.The interaction among agents is described by means of social network topo-
logies, whether fixed or variable, which codify the communication of agents with each other, through the
various relationships that can be established between them. Relationships can mean friendship relationship,
leadership relationship, trust relationship, influence relationship, empathy relationship in an opinion or em-
pathy relationship of thought or consensus relationship. And it is the emergent interaction of the dynamics
of opinion, friendship, influence, trust, etc. of the nodes individually or of groups of nodes, focused on sol-
ving a decision-making task that leads us to conflict or cooperation.Social choice theory is concerned with
the mathematical model designs and the analysis of methods for collective decision making. Our model is
based on a preference profile matrix that we will call Greatest Common Decision Maker aggregation pro-
cedure and will compare it against Borda count and Pluralism voting social choice aggregation preference
elections [1], [2].This work shows how the semi magic squares or conflict decision matrix arrays that appear
in the case of 3x3 or 4x4 or nxn dimension arrays, aid to characterize conflict or consensus. Aggregation of
individual preferences into collectivities is not as simple as summing preferences into collective preferen-
ces [4], [5].Conflict resolution or consensus agreement or negotiation processes put forward how decision
maker opinions, purposes, and thoughts, define different priorities or preference scales among alternatives
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to elect. And it refers to a set of techniques to find the best, non-violent solution to a conflict or problem
or misunderstanding that exists between two or more decision makers [4].The Greatest Common Decision
Maker aggregation preference procedure facilitates and automates the consensus reaching process in a more
efficient way.

Palabras clave / Key words: Consensus, aggregation, preference, profile, Borda count, Greatest Common
Decision Maker
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GENERALIZED RICCI FLOW1

Garcia-Fernandez,Mario2 (España)
Plenary lectures (50 min)

The generalized Ricci flow equation is a geometric evolution equation which has recently emerged from
investigations into mathematical physics, Hitchin’s generalized geometry program, and complex geometry.
The generalized Ricci flow can regarded as a tool for constructing canonical metrics in generalized geometry
and complex non-Kähler geometry, and extends the fundamental Hamilton/Perelman theory of Ricci flow.
In this talk I will give an introduction to this topic, with a special emphasis on the applications to complex
geometry. Based on joint work with Jeffrey Streets and the book "Generalized Ricci Flow"(University
Lecture Series Vol. 76, 2021, AMS).
Palabras clave / Key words:
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SEAIR EPIDEMIC SPREADING MODELING OF
COVID-19 FOR COSTA RICA1

Thematic Sessions: Presentations (30 minutes)

Gomez Meléndez, Agustín2 Rojas Rojas, Guaner3

Costa Rica

In this paper, we present a mathematical model of an infectious disease according to the characteristics
of the COVID-19 pandemic for Costa Rica during 2020 and 2021. The proposed enhanced model, which
will be referred to as the SEAIR+HD (Susceptible-Exposed-Infectious-Recovered, Hospitalized and Disea-
ses) we use the time the average time for incubation of the virus, the time before any symptoms will appear
and the period of time between the infection and re recovery time, as well as the reproduction numbers rate
R0 and Rt to adjust the intensity of the infection from one generation to another. In the model, the infected
and the basic reproduction numbers are compared under the influence of intervention policies. The results
will show the importance policy of restricting residents’ movements in preventing the spread of COVID-19
pandemic are verified.

Palabras clave / Key words: SEAIR, Costa Rica, Modeling, Covid-19, Simulation, R.
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THE STATISTICS OF THE COVID-19 PANDEMIC IN
MEXICO AND THE PROBLEMS FOR BUILDING

PREDICTIVE MODELS1

Presentations (30 minutes)
González Farías, Graciela M.2 Márquez Urbina, José Ulises 3

Rodríguez González, D. Iván4

México

We propose an appropriate parametrization for a compartmental model to understand the evolution of the
pandemic in Mexico, which allows obtaining information about different relevant aspects for the manage-
ment of the pandemic. Such a parametrization uses the Effective Reproduction Number Rt and different
projections into the future of Rt to further assist in the management process. The uses of the proposed
methodologies are exemplified by analyzing a Mexican state; the main quantities derived from the com-
partmental model, such as the asymptomatic, mild symptoms at home, hospitalized (in regular bed), and
ICU cases, are adjusted to obtain, by state and age group, the mortality rate, recovered cases and remaining
susceptible population.
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CRIME IN YOUNG MEXICANS: STATISTICAL MODELING AND
RISK QUANTIFICATION1

Short presentations (20 min)
María Teresa Guerrero San Vicente2 Carlos Cuevas Covarrubias3

México

Resumen/Abstract:
Insecurity and crime have become the main social problem in México. It is observed that criminals start

antisocial behavior at younger ages each time. We present a statistical model for supervised classification.
Two different techniques are applied (CHAID and logistic regression) both integrated with statistical lear-
ning. This process optimizes the area under the ROC curve for the final model controlling the effects of
imbalanced sample sizes. The result is an interpretable, parsimonious, as well as accurate linear function.
A real dataset of Mexican young people is analyzed. The objective is to quantify their risk of engaging in
criminal conducts. Men and women are analyzed separately. The main contribution of this work is a clas-
sification criterion that expresses risk as a probability based on variables related to each person´s lifestyle;
for instance: educational level, influence form friends, imprisoned relatives, neigborhood characteristics,
alcohol, tobacco and drugs consumption.
Palabras clave / Key words: Discrimination, CHAID, logistic regression, statistical learning, ROC curve.
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ALGEBRAIC GEOMETRY AND CLASSICAL
REPRESENTATION THEORY: A CONNECTION1

Short courses or Workshops (3 hours)
Hernandez, Alberto2 Rojas, Ignacio3

Boza, Juan4

Costa Rica

Given a finitely generated algebra over a field k,A = k⟨a1, . . . , an⟩ there is an ideal I ⊆ B =
k⟨x1, . . . , xn⟩ such that A ≈= k⟨x1, . . . , xn⟩/I . For every representation of A of dimension d there is a
space of d× d matrices k⟨T1, . . . , Tn⟩ that vanishes at every polynomial p ∈ I . We can identify k(d× d)n
with Ad = And2 the affine space of dimension nd2. One can prove that there is an ideal of polynomials
I∗ ∈ k⟨Ad⟩ such that the set of representations of dimension d of A is in correspondence with the closed
affine set defined by I∗. To achieve this we will devote the first 1.5 hours of this mini course to the rudi-
ments of algebraic geometry: Point sets of Rn and An, ideals of polynomials, Zariski topology, Hilberth’s
theorem and decomposition of a set of zeroes in irreducible parts.

Palabras clave / Key words: Zariski Topology, Ideal of Polynomials, Affine Space, Finitely Generated
Algebras, Finite Representation Theory
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SPEECH SPOOFING DETECTION USING NEURAL NETWORKS1

Presentations (30 minutes)
Carlos Alberto Hernández Nava2 Pedro Lara Velázquez3
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México

Resumen/Abstract: In this project, a model capable of detecting speech spoofing attacks is developed.
The databases of the ASVspoof 2017 and ASVspoof 2019 challenges were used, in which these types of
attacks can be found. To carry out this task, it is necessary to first perform a pre-processing of the audios,
that is, to extract audio features, among the most known methods are MFCC (Mel Frequency Cepstral
Coefficients), CQCC (Constant Q Cepstral Coefficients), spectrograms and LFCC (Linear Filter Cepstral
Coefficients). It was decided to use the spectrograms obtained from the audios as the main analysis tool, to
later be used in a model based on SCN (Spatial Convolutional Neural Networks), the model obtains only
two possible results, genuine or spoof. The results indicate that this strategy has a very good performance.

Palabras clave / Key words: Audio spoofing detection, classifiers, convolutional neural networks.
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MODELING OF SOCIAL CONTACT PATTERNS IN BOGOTÁ
COLOMBIA DURING THE COVID-19 PANDEMIC1

Presentations (30 minutes)
Eddy herrera2 Jualian Andres Cardenas García3

Carlos Andres Erazo Garzon4 Javier Ricardo Becerra Bedoya5

Fabian Alexis Pallares Jaimes6 Maria Camila Cuellar Avella7

Leidy Jasblendy Hoyos Peña8 Leidy Geraldine Gómez Medina9

Colombia

Resumen/Abstract: The knowledge and understanding of social contact patterns of people is an im-
portant input in the analysis of possible scenarios and estimation during and after epidemic outbreaks, such
as for the management of mobility policies, the design of cities among others. This knowledge provides a
quantitative answer to questions associated with public health and thus effectively designing control strate-
gies, such as on the vaccination, trade circle, opening of colleges and universities, etc. during emergencies
that ease health (Mistry, D. et al., 2021) and (Walker, PGT. et al., 2021) y that impact to a lesser extent the
contact patrons of people from different countries. The structure of contact patterns, for example, socials
often described as free scale networks, can determine the behavior characteristic of an epidemic (Eubank,
S. et al., 2004) and (Salathe, M. et al., 2013); If some studies on the sciences of data have found associa-
tions between sex, age, etc., these are in settlements with different social, cultural, political, and economic
structures than the city of Bogotá. This investigation will examine trends related to places, activities, and
closings of social contact points in the city of Bogotá through developing a methodology for accessing and
structuring databases from information extracted from web applications, that allows exploring the potential
and techniques of data sciences with RStudio implemented in Shiny. As preliminary results, we have the
idea that in the dynamics of social contact, people’s contact in restaurants continues to be a common pattern,
however, disturbing situations such as limited opportunities, which are intensified by the afternoon at night
and which is concentrated in them restaurant subcenters (for example, Zona T), while for the çoffee.activity
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the contact is intensified on Sundays in traditional areas in Bogotá associated with other activities of the
recreation and sport category that invite to pay more attention to the causes and consequences of patterns
of microsocial contact in a ciudad.
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HACIA UN MODELO MATEMÁTICO MULTIESCALA QUE UNIFICA LA
DINÁMICA DE PROPAGACIÓN DEL COVID-191

Presentations (30 minutes)
Raúl Isea2

Venezuela

Resumen/Abstract:
El mundo está afrontando una pandemia causada por el SARS-CoV-2 donde se han acumulado más

de 223 millones de contagios diversos países, tras el incidente inicial registrado en diciembre de 2019 en
Wuhan (China) [1]. Desde entonces, la comunidad académica se ha volcado en modelar y predecir la di-
námica de contagio que permita ayudar a diseñar políticas públicas para detener el avance del virus [ver
por ejemplo 2-5], pero hasta la fecha, no hay un modelo único que logre explicar y mucho menos predecir
a mediano y largo plazo la propagación del Covid-19 en el mundo.Más aún, recientemente se determinó
la capacidad de mutar el virus [6] dificultando controlar el avance del mismo, poniendo en tela de juicio
las estimaciones iniciales de la población que se debía vacunar para contrarrestar la pandemia [6.7].Hasta
la fecha, existe una solución analítica que planteaba ocho escenarios diferentes que permitía explicar la
dinámica de contagio desde el origen del virus en los murciélagos, posteriormente contagiar al hospedero,
hasta alcanzar a la población humana [3]. En vista de ello, se propone una solución basada en un modelo
compartimental que permite unificar todas las posibles escalas de interacción, considerando además facto-
res ambientales, sin pasar por alto las políticas de distanciamiento social y planes de vacunación.
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A REMARK ON CRACK PROBLEMS WITH TIME-DEPENDENT
FRICTION CONDITION IN LINEARIZED ELASTODYNAMIC BODY1

WorkShop dedicated to Prof. Alexander Khludnev
Hiromichi Itou2 Kashiwabara Takahito3

Japon

Resumen/Abstract: We consider a crack problem with a time-dependent friction condition in a lineari-
zed elastodynamic body. We suppose that the crack is fixed and the frictional force g acting on the crack is
given, and it depends on the time as well as space variables [1].This is regarded as an extension of the result
reported in [2] to a crack problem, where a condition the threshold g cannot depend on a time variable t was
needed. In this talk, we give a remark that ∂g/∂t = 0 is an unnecessary requirement, and show the unique
existence of a solution by using Galerkin’s method.

Palabras clave / Key words: Crack, friction, linearized elastodynamics
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DISTRIBUTIONS AND FOLIATIONS ON THE THREE DIMENSIONAL
PROJECTIVE SPACE1

Presentations (30 minutes)
Marcos Jardim2

Brazil

Resumen/Abstract: Let TX and Ω1X denote the tangent and cotangent bundles of the non-singular
projective varietyX . A codimension k holomorphic distribution onX is the data of a closed subset |Z| ⊂ X
and, for each point p ∈ X \ |Z|, a subspace T (p) ⊂ TpX of codimension k. In this talk, I will focus on
X = P3, so that either k = 1 or k = 2; the latter case is called a foliation by curves. In sheaf theoretical
terms, the previous information can be summarized in a short exact sequence

0 −→ T −→ TP3 −→ N −→ 0

where N is a torsion free sheaf of rank k, called the normal sheaf, and T is a reflexive sheaf of rank 3− k,
called the tangent sheaf.I will present a survey of recent results on the classification of foliations by curves

and codimension 1 distributions on P3 in terms of the Chern classes of N∨ and T , respectively. I will give a
description of the possible singular loci and describe some of the components of the moduli spaces of these
objects.
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THE VAN DER POL EQUATION: QUALITATIVE AND NUMERICAL
STUDY1

Presentations (30 minutes)
Vinícius Juten Pinto2 Luciana Silva Salgado3

Brazil

Resumen/Abstract: This expositive paper aims at the study of nonlinear equations, focused on the
van der Pol equation, including deduction, qualitative analysis and numerical examples. The van der Pol
equation is deduced using an electrical circuit as a physical model. The qualitative analysis is divided in-
to two parts, the theoretical enunciation and its application. The main theorems used in this study are the
Poincar+e Bendixson’s and Lyapunov’s theorems. The construction of a Lyapunov function is also made.
At last, a series of numerical examples are graphically presented using computational tools such as Python
and Octave. The phase portraits and temporal behavior of the van der Pol equation are presented, along
with the basin of attraction obtained experimentally, compared with the basin of attraction yielded by the
Lyapunov function. Therefore, the numerical study provides a visual representation for the results stated in
the qualitative analysis.
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JUNCTION PROBLEM FOR THIN ELASTIC AND VOLUME RIGID
INCLUSIONS IN ELASTIC BODY1

WorkShop dedicated to Prof. Alexander Khludnev
Alexander Khludnev2

Russia

Resumen/Abstract: The talk is concerned with an equilibrium problem for 2D elastic body with a thin
elastic inclusion and a volume rigid inclusion. It is assumed that the inclusions have a common point. A
delamination of the thin inclusion from the surrounding elastic body is assumed thus forming an interfacial
crack between the inclusion and the elastic body. Inequality type boundary conditions are imposed at the
crack faces to prevent interpenetration between the faces. Moreover, a connection between the crack faces
is characterized by a positive damage parameter. Passages to the limit are justified as the damage parameter
tends to infinity and to zero. In addition to this, a passage to limit is analyzed as a rigidity parameter of
the thin inclusion tends to infinity. Limit models are investigated. In particular, junction conditions at the
common point are found for all cases considered.

Palabras clave / Key words: Thin elastic inclusion, junction conditions, rigid inclusion, crack, damage
parameter, variational inequality
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BAUM BOTT INDEXES AND VECTOR FIELDS IN THE PROJECTIVE
SPACE.1

Presentations (30 minutes)
Midory Komatsudani Quispe2

Peru

Resumen/Abstract:
A polynomial vector field in the complex space can define a one-dimensional foliation on the projective

space of certain degree. We can associate to each singularity of the foliation its Baum-Bott indexes. Fixing
the degree, we assign to each foliation its Baum-Bott indexes, we call it the Baum-Bott map. We would
like to know the maximum number of possible universal relations among these indexes. This number can
be found through the generic rank of the Baum-Bott map. We give an upper bound of the generic rank of
the map. We also determine the generic rank for degree-2 foliations.

Palabras clave / Key words: Baum-Bott index, holomorphic foliation, Baum-Bott map, Jouanolou folia-
tion.
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POROELASTIC MEDIUM WITH NON-PENETRATING CRACK DRIVEN
BY HYDRAULIC FRACTURE1

WorkShop dedicated to Prof. Alexander Khludnev
Victor Kovtunenko2

Austria

Resumen/Abstract:
A new class of unilateral variational models appearing in the theory of poroelasticity is introduced and

studied. A poroelastic medium consists of solid phase and pores saturated with a Newtonian fluid. The
medium contains a fluid-driven crack, which is subjected to non-penetration between the opposite crack
faces. The fully coupled poroelastic system includes elliptic-parabolic governing equations under the uni-
lateral constraint. Well-posedness of the corresponding variational inequality is established based on the
Rothe semi-discretization in time, after subsequent passing time step to zero. The NLCP-formulation of
non-penetration conditions is given which is useful for a semi-smooth Newton solution strategy.

Palabras clave / Key words: variational inequality, optimal control, inverse problem, shape optimization,
singularity
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CLASSIFICATION OF PRE-PERIODIC PORTRAITS FOR QUADRATIC
POLYNOMIALS OVER QUADRATIC NUMBER FIELDS1

Thematic Sessions: Presentations (30 minutes)
David Krumm2

Resumen/Abstract:
To every pair (K, c), where K is a quadratic number field and c ∈ K, we associate a directed graph

G(K, c) whose vertices are the elements of K having finite orbit under iteration of the polynomial map
x 7→ x2 + c. In a standard analogy between pre-periodic points of polynomial maps and torsion points on
abelian varieties, this family of directed graphs corresponds to the family of torsion subgroups of elliptic
curves defined over quadratic number fields. In this talk we discuss recent joint work with John Doyle on
a classification theorem analogous to known facts about elliptic curves proved by Kamienny and Kenku–
Momose.

Palabras clave / Key words: arithmetic dynamics, uniform boundedness conjecture, elliptic curves.
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MACHINE LEARNING ON ENCRYPTED DATA
Plenary Talk (60 min)

Kristin Lauter

Resumen/Abstract:
As the world adopts Artificial Intelligence, the privacy risks are many. AI can improve our lives, but may

leak our private data. Private AI is based on Homomorphic Encryption (HE), a new encryption paradigm
which allows the cloud to operate on private data in encrypted form, without ever decrypting it, enabling
private training and private prediction. In 2016 the ICML CryptoNets paper showed for the first time that it
was possible to evaluate neural nets on homomorphically encrypted data, and opened new research direc-
tions combining machine learning and cryptography. The security of Homomorphic Encryption is based on
hard problems in mathematics involving lattices, a candidate for post-quantum cryptography. This talk will
explain Homomorphic Encryption, Private AI, and show HE in action.
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EQUILIBRIUM OF A THERMOELASTIC PLATE WITH
NONPENETRATION CONDITION1

Short presentations (20 min)
Nyurgun Lazarev2

Russia

Resumen/Abstract:
We consider a nonlinear mathematical model for a plate. On the curve of a crack nonlinear boundary

conditions are imposed. The model is formulated as a variational problem. We prove existence and unique-
ness of a solution.

Palabras clave / Key words: nonpenetration condition, crack, variational inequality, thermoelasticity
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A VIRTUAL ELEMENT APPROXIMATION FOR THE PSEUDOSTRESS
FORMULATION OF THE STOKES EIGENVALUE PROBLEM1

Thematic Sessions: Presentations (30 minutes)
Felipe Lepe2

Chile

Resumen/Abstract:
In this talk we present a virtual element method (VEM) for a pseudostress formulationof the Stokes

eigenvalue problem. This formulation allows to eliminatethe velocity and the pressure, leading to an elliptic
formulation where the only unknown is the pseudostress tensor. Adapting the non-compact operator theory,
we prove that our method provides a correct approximation of the spectrum and is spurious free. We derive
optimal a priori error estimates, which we confirm with some numerical tests. Also we present a compu-
tational spurious analysis of the proposed method

Palabras clave / Key words: Spectral problems, Stokes eigenvalue problem, virtual element method, error
estimates
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A GENERALIZATION TO ELKIES’S THEOREM1

Plenary lectures (50 minutes)
Wanlin Li2

Canada

Resumen/Abstract:
Elkies proved that for a fixed elliptic curve over Q, there exist infinitely many primes at which its reduc-

tions are supersingular. In this talk, we give the first generalization to Elkies’s theorem for some curves of
genus > 2. We consider families of cyclic covers of the projective line ramified at 4 points whose moduli
space is embedded in a Shimura curve.This is joint work in progress with Elena Mantovan, Rachel Pries,
and Yunqing Tang.

Palabras clave / Key words:

Referencias/References:

1Miércoles/Wednesday 23, 14:00 – 15:00,Schedule (GMT-6)
2Centre de recherches mathématiques,Canada, liwanlin@crm.umontreal.ca

75



XXIII SIMMAC San José, Costa Rica 21 al 25 de febrero, 2022

EPIDEMIOLOGIA MATEMÁTICA: COVID-191

Short courses or Workshops (3 hours)
Marina Lima2 Anny Silva2

largeJoão Frederico Meyer3

Brazil

Resumen/Abstract:
Desde o final de Dezembro de 2019, o mundo vem enfrentando uma das mais devastadoras pandemias

da história, a COVID-19. Até fevereiro de 2020, a então desconhecida doença respiratória recebeu o nome
de COVID-19 (sigla para, em inglés, Corona Virus Disease) e o vírus causador foi nomeado Sars-CoV-2,
por ser um coronavrus semelhante ao causador da SARS, em 2003. A COVID-19 teve origem em uma pro-
víncia chinesa e, em 11 de marçco de 2020, a Organização Mundial da Saúde (OMS) classificou a mesma
como uma pandemia, reconhecendo que a doença já tinha se espalhado por diversos continentes e havia
transmissão sustentada entre pessoas. O primeiro caso registrado no Brasil foi em 26 de fevereiro de 2020,
o qual foi também o primeiro caso registrado na América do Sul. A principal forma de transmissão da
COVID-19 é entre pessoas, através de gotículas de saliva expelidas por uma pessoa infectada ao tossir ou
espirrar. Assim, as recomendações da OMS foram a adoção de medidas de higiene e segurança respiratória,
tais como o uso de máscara, distanciamento social, diminuição da circulação de pessoas e, em alguns locais,
a estratégia de lockdown. Tais estratégias foram eficazes em muitos países, mas, em outros, como no Brasil,
não foram implantadas de forma eficiente, o que resultou em um enfrentamento inadequado da pandemia.
O pico da primeira onda no Brasil foi registrado em agosto de 2020 [1] e, apesar disso, nos meses seguin-
tes, algumas medidas de restrição foram relaxadas. Então, em novembro, houve um aumento alarmante dos
casos, resultando em uma segunda onda, com amplitude maior que a primeira. Dentre as causas possíveis,
destacamos as eleições municipais, o relaxamento da população com as medidas restritivas e a descoberta
da variante Gama, primeiramente observada em Manaus (capital de um estado do norte do Brasil e que vi-
venciou um colapso no sistema de saúde, devido á COVID-19) e que logo se espalhou por todo o país, por
ser mais infecciosa e severa que a cepa original. Ademais, casos da variante Delta, primeiramente detectada
na índia em dezembro de 2020, foi registrada no Brasil em abril de 2021. Essa variante e mais infecciosa
que a cepa original e rapidamente se espalhou por diversos países, o que contribuiu na manutenção de ele-
vados registros de casos e mortes diários no Brasil [1]. Diante do cenário do caos pandêmico em todos os
países, o desenvolvimento das vacinas em tempo recorde foi fundamental. No Brasil, a campanha de vaci-
nação contra a COVID-19 teve início em 18 de janeiro de 2021 e, atualmente, quatro tipos de vacinas estão
disponíveis para a população, sendo que cada uma possui um esquema vacinal diferente e taxas distintas
de efetividades. Até o momento, 55 % da população está completamente imunizada [2], e apesar de essa
ser uma taxa relativamente baixa, a vacinação tem sido de extrema importância no controle da pandemia,
na diminuição do registro de casos e da fatalidade dos mesmos. Neste contexto, modelos matemáticos têm
uma importância estratégica para nortear as medidas mais eficientes e muitos trabalhos foram desenvolvi-
dos durante a pandemia, com o intuito de descrever a dinâmica da COVID-19, incluindo o comportamento
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da população, as variantes do vírus, as estratégias de contenção da doença, a vacinação, entre outros [3].
Com o desenvolvimento dos trabalhos, podemos buscar a melhor maneira de informar a população sobre
o perigo da doençã, a eficácia das medidas adotadas e importancia da vacinação, visando uma redução dos
danos causados pela pandemia. A nossa proposta para esse minicurso é abordarmos a construção de mo-
delos matemáticos que descrevem o comportamento da pandemia da COVID-19, partindo do modelo mais
simples, o modelo SIR proposto por Kermack e McKendrick, até a elaboração de modelos mais comple-
xos, incluindo as variantes do vírus e o esquema vacinal. Para todos os casos, realizaremos simulações,
utilizando os dados da pandemia no Brasil, como exemplo, e discutiremos a influência dos fatores compor-
tamentais e externos na dinâmica da doençã e como as estratégias foram eficientes no controle da mesma.
O minicurso está organizado como: 1 - Introdução histórica e modelos de crescimento (Malthus e Verhulst,
modelos discretos - equações de diferençãs, modelos contínuos- equações diferenciais); 2 - Modelo SIR; 3 -
Contextualização da COVID-19; 4 – Modelos com mais compartimentos; 5 - Utilização dos dados de [1] e
[2] para construção das curvas; 6 - Ajuste das curvas e estimativas de parâmetros; 7 - Simulações numéricas
utilizando o software GNU Octave (freeware). Pré-requisitos: cálculo e álgebra linear básicos.

Palabras clave / Key words: COVID-19; Epidemiologia Matemática; Modelagem Matemática; Variantes
do Sars-Cov-2.
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LINEAR NEW APPROACH FOR TRIGONOMETRIC INVERSE SERIES
APPLIED TO NEWTON-RAPHSON METHOD1

Short presentations (20 min)
Diomar Cesar Lobao2

Brazil

Resumen/Abstract:
The purpose of this article is to show that not only can the inverse series of sines be used to approxi-

mate the Newton-Raphson method but also the inverse series of the tangent as well as the hyperbolic sine
and hyperbolic tangent. These representations result in a new proposal to formulate the Newton-Raphson
method as an approximation through a linear interpolation function. Numerical simulations show that the
present proposal provides excellent numerical results.

Palabras clave / Key words: Newton-Raphson method. Inverse trigonometric series. Linear interpolation.
Hyperbolic series. Iterative methods.
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FUEL TYPE MAPPING THROUGH AI FOR WILDFIRE SIMULATIONS1

Short presentations (20 min)
Marcos López De Castro2 Diego Prieto Herráez3

José Manuel Cascón4 María Isabel Asensio Sevilla5

Gianni Pagnini6

España

Resumen/Abstract:
In the simulation of forest fires, an important limitation is the correct characterization of the surface

vegetation in land cover maps (Domingo et al., 2020). Unfortunately, there exists a lack of accuracy in
these maps with errors that derive from the seasonal nature of the vegetation and, specially, due to the lack
of updating. This can result in less accurate predictions when wildfire models are applied to real-world
situations. New remote sensing technologies are capable of providing up-to-date information on the state
of the forests surface. In the last decade we have also seen how artificial intelligence algorithms can effi-
ciently process information to solve many different types of problems. In this work we propose a method
for fuel type classification using satellite imagery and artificial deep neural networks (ADNN). Machine
learning techniques has been used successfully to binary classification of crop cover (Fang et al., 2020) and
in prediction of future behaviour of land features such as fuel moisture(Rao, Williams, Flefil, & Konings,
2020). Our work is based on pixel-based processing cells, so the prediction of fuel type is carried out by
classifying isolated pixels.We have employed 7 bands of ETM+ sensor in Landsat 7 mission to create our
imagery dataset. The model has been applied in Castilla y León, a Spanish region. We have carried out
the classification of the surface vegetation in different fuel types according to the Rothermel classification
criteria. We have compared the performance of our model between no-combination and combination of
some spectral bands. No-combination scenario try to predict fuel type only with classic spectral bands. In
the other hand, combination scenario try to predict fuel type with the most suitable combination of classic
spectral bands that highlight the characteristics of the land cover. Determine which bands combinations
offers more accuracy in the predictions can be critical in order to make accurate predictions (Bhuiyan et al.,
2020).The model may also be assisted with information of physics parameters, such as surface temperature,
or land parameters, such as height, to increase the predictions accuracy. The output of the model proposed
are georeferenced data which can be used to carry out simulations of a real fire (Prieto, Asensio, Ferragut,
Cascón, & Morillo, 2017).

1Martes/Tuesday 22, 8:00 – 8:20,Schedule (GMT-6)
2BCAM-Basque Center for Applied Mathematics, Alameda de Mazarredo 14, 48009 Bilbao, Basque Country, Spain, malo-

pez@bcamath.org
3Applied Mathematics Departament, University of Salamanca, Casas del Parque 2, 37008 Salamanca,España,

dpriher@usal.es
4Economy and Economic History Department, University of Salamanca, Building FES, Campus Miguelde Unamuno, 37007

Salamanca, Spain; Fundamental Physics and Mathematics University Institute, University of Salamanca, Casas del Parque1,
37008 Salamanca, casbar@usal.es

5Applied Mathematics Departament, University of Salamanca, Casas del Parque 2, 37008 Salamanca; Fundamental Physics
and Mathematics University Institute, University of Salamanca, Casas del Parque1, 37008 Salamanca,España, mas@usal.es

6BCAM-Basque Center for Applied Mathematics, Alameda de Mazarredo 14, 48009 Bilbao, BasqueCountry, Spain;
Ikerbasque-Basque Foundation for Science, Plaza Euskadi 5, 48009 Bilbao, Basque Country, Spain, gpagnini@bcamath.org

79



XXIII SIMMAC San José, Costa Rica 21 al 25 de febrero, 2022

Palabras clave / Key words: Wildfire, Fuel type mapping, Rothermel fuel types classification, Deep Neu-
ral Networks, Satellite imagery.
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QUANTILE-BASED FUZZY CLUSTERING OF MULTIVARIATE TIME
SERIES IN THE FREQUENCY DOMAIN1

Short presentations (20 min)
Ángel López-Oriona2

España

Resumen/Abstract:
A novel procedure to perform fuzzy clustering of multivariate time series gen- erated from different

dependence models is proposed. Different amounts of dis- similarity between the generating models or
changes on the dynamic behaviours over time are some arguments justifying a fuzzy approach, where each
series is associated to all the clusters with specific membership levels. Our procedure considers quantile-
based cross-spectral features and consists of three stages: (i) each element is characterized by a vector of
proper estimates of the quantile cross-spectral densities, (ii) principal component analysis is carried out to
cap- ture the main differences reducing the effects of the noise, and (iii) the squared Euclidean distance
between the first retained principal components is used to perform clustering through the standard fuzzy C-
means and fuzzy C-medoids algorithms. The performance of the proposed approach is evaluated in a broad
simulation study where several types of generating processes are considered, including linear, nonlinear
and dynamic conditional correlation models. Assess- ment is done in two different ways: by directly mea-
suring the quality of the re- sulting fuzzy partition and by taking into account the ability of the technique
to determine the overlapping nature of series located equidistant from well-defined clusters. The procedure
is compared with the few alternatives suggested in the literature, substantially outperforming all of them
whatever the underlying pro- cess and the evaluation scheme. Two specific applications involving air quality
and financial databases illustrate the usefulness of our approach.

Palabras clave / Key words: Multivariate time series; Clustering; Quantile cross-spectral density; Fuzzy
C-means; Fuzzy C-medoids; Principal component analysis
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INFLUENCE OF STOCHASTIC NOISE ON HEMATOPOIETIC
RECOVERY AFTER AN AUTOLOGOUS BONE MARROW TRANSPLANT1

Short presentations (20 min)
Dennis Lumpuy Obregón2

Cuba

Resumen/Abstract:
The application of differential equations systems in stem cell maturation processes allows the represen-

tation and predictive visualization of the results obtained from initial clinical data. In the present work, a
study of the cell maturation process after chemotherapy is carried out. Starting from the deterministic mo-
dels that represent this process, a case is chosen to study, from which the probabilistic model is presented,
which has the influence of stochastic noise. The proposed probabilistic model is solved for the case of eight
compartments, this represents the maturation of hematopoietic cells in obtaining neutrophilic granulocytes,
and variations in the noise diffusion coefficients are applied, conclusions are reached on the effects of the
representation stochastic from its representation using Mathematica software. In addition to a biological
interpretation of the mathematical results obtained in the representation of the stochastic system, including
the influence of stochastic noise in the equations of the proposed system.

Palabras clave / Key words: stem cells, chemotherapy, probabilistic model, stochastic noise, neutrophilic
granulocytes
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KERNEL DENSITY ESTIMATIONS IN THE MACHINE LEARNING
WORLD1

Short presentations (20 min)
Pablo Martinez-Camblor2

USA

Resumen/Abstract:
In biomedical research, binary classification problems arise in a wide variety of problems, mainly in-

volved in diagnostic and prognostic tasks but also have presence, for instance, in personalized medicine.
The overall objective is to use the available information to correctly allocate subjects in groups. Frequently,
this information implies high-dimensional data and the rationality behind the derived classification rules is
difficult to understand. An adequate classification rule is frequently a trade-off between sensitivity and spe-
cificity. The ROC curve is a graphical tool which helps to understand, evaluate and compare the accuracy
of diagnostic processes. We propose a procedure for estimating the optimal classification rules based on
a penalized estimator of the underlying probability distribution functions in both the negative and positive
populations. We study its asymptotic properties and its finite-sample behavior. Through Monte Carlo simu-
lations, we compare our proposal with a support vector machine based ROC curve. We also illustrate its
practical use on a real-world data problem. Results suggest that, despite some modern techniques promise
to improve the results provided by other more traditional methods, in the binary classification problem, the
limit is the actual relationship among the density functions. Statistical methods can provide a close appro-
ximation for the targeted quantity. Besides, to keep some rationality in the statistical analyses could result
in much better classification accuracy than those based on computational power.

Palabras clave / Key words: Binary classification problem, Kernel density estimator, Machine learning,
Robust estimator.
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CONSTRUCTION OF THE AVERAGE VARIANCE EXTRACTED
ADAPTIVE INDEX FOR CONSTRUCT VALIDATION USING ADAPTIVE

REGRESSIONS
Posters

PATRICIA MENDES DOS SANTOS1

Brazil

Resumen/Abstract:
Among the many advantages that the structural equation modeling (SEM) technique provides, the flexi-

bility to include latent variables in a covariance structure assumed by a theoretical model that explains their
linear relationships with observed variables stands out. The inclusion of these variables is important in the
composition of a construct, resulting from a directly unobservable theoretical concept. However, based on
an empirical knowledge represented by the specification of two factorial models that relate the endogenous
and exogenous observed variables to one or more latent variables. These models are defined as measure-
ment models, in which a structural model defines the relationship between latent variables. Assuming that a
construct is mathematically formed by linear combinations of observed variables, it is important to analyze
the number of variables to be used in its formation. This provides enough information for a concept to be
characterized in its interpretation. A considerable number of indices and coefficients have been proposed to
validate the constructs, for example, the Average Variance Extracted (AVE)[2], which is the average amount
of variation that a latent construct is able to explain in the observed variables to which it is theoretically
related. The conventional indices are formed by factor loadings resulting from estimated least square or
maximum likelihood regressions. In this respect, a new proposition that provides new factor loadings could
result in a more informative AVE index. Based on this fact, in this work a procedure was used to estimate
factor loadings by means of adaptive linear regressions. This procedure resulted in a combination of esti-
mations obtained by the method of least squares, and robust estimations, generated by LTS regression. this
study aimed at estimating the AVE index by following a plug-in estimation procedure, that is, replacing the
variance of errors with the factor loadings obtained in the adaptive regressions. A Monte Carlo simulation
study was performed considering different numbers of outliers generated by distributions t student e uni-
form and sample sizes defined asn = 50e100[1]. It was concluded that, in formative structural models, the
ALR method showed good efficiency for correctly specified models. The results obtained from the ALR
method for models with specification errors showed low efficiency, as expected.

Palabras clave / Key words: adaptive regression; structural equation model, outliers, contaminação, taxa
de mistura
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CORONASURVEYS: ESTIMATING ACTIVE CASES OF COVID-191

Presentations (30 minutes)
Raquel Menezes2 Carlos Baquero3

Portugal

Resumen/Abstract:
The COVID-19 disease epidemic caused by the SARS-CoV-2 virus started having a deep impact in so-

cieties across the world as the virus spread globally in early 2020. Not surprisingly, during its initial months,
the knowledge about virus properties and the ability to test for its presence or correctly identify symptoms
was limited. These factors, when coupled with the fast spread of the pandemic made it very challenging
to obtain accurate estimates of the numbers of individual cases. This problem affected the estimation of a
number of important metrics, including the number of daily cases, the cumulative number of cases, or the
proportions of active and contagious cases at a given time and place.In this talk, we address these limitations
and discuss approaches proposed in [1,4] that try to predict the true magnitude of actual cases. Specifically,
we aim to assess the number of active cases at a given point in time, i.e., how many people are sick with
COVID-19. The first class of approaches depend on the accuracy of the official reporting of COVID-19
cases and deaths [2,3], which can be an issue in some regions. The second class of approaches is survey-
based and built on data collected by the CoronaSurveys project-coronasurveys.org, and by the University
of Maryland and Carnegie Mellon University with the support of Facebook [5]. We observe that in some
countries (like Greece or Portugal) the most recent estimates from official data and from surveys match.
However, in other countries (like Brazil or India) the surveys data gives a much larger number of active
cases, possibly due to under reporting in the official data. The conclusion is that estimates via surveys is a
viable option to estimate active number of cases in countries with reduced testing capacity or suboptimal
reporting infrastructures.

Palabras clave / Key words: COVID-19, survey, indirect reporting, active cases, estimation
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LOS MODELOS COHORTE-TEMPORALES DE LA DISPERSIÓN DEL
COVID-19.1

Presentations (30 minutes)
Roberto Molina Cruz2

Resumen/Abstract:
Las enfermedades virales como el COVID-19 son un problema de salud pública, cuya solución requiere

reducir la velocidad de trasmisión de la enfermedad entre las personas. Para esto son necesarias inter-
venciones sociales en la forma de políticas públicas, las cuales deben ser efectivas y eficientes dadas sus
consecuencias socio-económicas en la población.Estas políticas públicas deben ser diseñadas, implementa-
das y evaluadas con información epidemiológica relevante, propia de un sistema nacional de información en
salud robusto, la cual debe ser analizada utilizando varios tipos de modelos estadísticos y matemáticos. Así
para la aplicación de los modelos epidemiológicos es necesario el fortalecimiento del sistema nacional de
información en salud del país.Para enfrentar la dispersión de las enfermedades virales como el COVID-19,
nos parecen relevantes los modelos cohorte-temporales basados en series de tiempo estadísticas, los cuales
proponemos utilizar en la forma siguiente. Con la información de las personas infectadas en años anteriores,
agrupadas en cohortes definidas según las características relevantes en la transmisión de estas enfermeda-
des, se estiman las tasas de transmisión entre las cohortes definidas de la población. Luego, al identificar
los casos actuales de una enfermedad similar, se determinan las cohortes de la población relevantes para el
diseño de políticas públicas adecuadas.Para esto proponemos los modelos de series de tiempo vectoriales,
en particular los modelos auto-regresivos de orden 1 –VAR(1)– cuya aplicación ilustramos utilizando datos
recientes de Alemania, publicados por el Instituto Robert Koch. También describimos los modelos hhh4,
estos son modelos especiales de series de tiempo vectoriales, que para su elaboración es necesaria informa-
ción suplementaria, posiblemente obtenida mediante una encuesta de la población.

Palabras clave / Key words: COVID-19, sistemas de información en salud, modelos vectoriales auto-
regresivos, modelos hhh4
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MODELACIÓN DEL COVID-19 EN COSTA RICA: MODELO SIR
Posters

Moisés Monge Cordonero1 Daniel Josué Sabater Guzmán2

Joshua Cervantes Artavia3

Costa Rica

Resumen/Abstract:
Throughout history, various epidemics have affected mankind, so understanding the behavior of disea-

ses, particularly epidemics, has aroused human interest. With the study of epidemics in the 19th century,
a key concept called the law of mass action emerged. Based on this concept, several mathematical models
have been developed, including the SIR model developed by Kermack and McKendrick in 1927. This paper
presents the application of the SIR Model, using data from the period from March 6, 2020 to April 4, 2020,
from the Geographic Health Observatory of the Ministry of Health of Costa Rica. Based on these data, a
model of the development of the epidemic in Costa Rica was obtained, which was compared with the actual
behavior of the epidemic, thus identifying the differences between the two and concluding the accuracy of
this model in the country, obtaining that although it is true it can be constituted in a tool to analyze the R0
infection rate, the model assumes conditions that diverge significantly from reality.

Palabras clave / Key words: SIR Model, mathematical epidemiology, COVID-19.
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ANALYSIS AND CHARACTERIZATION OF EMPLOYMENT AND ITS
DYNAMICS IN MEXICO BEFORE AND DURING THE COVID-19

PANDEMIC1

Presentations (30 minutes)
Edwin Montes Orozco2

México

Resumen/Abstract:
In this work we present the characterization of the behavior and dynamics of employment in the Mexi-

can population before and during the COVID-19 pandemic. This characterization is carried out with the use
of two complex multiplex networks, where each node represents a federative entity (state) of the country
where the intralayer relationships are given by the quantification of the generation and loss of jobs; while
the interlayer connections are the replicas of each of the states, for each period; where, specifically for this
work, the years 2018, 2019, 2020 and 2021 are contemplated. On the other hand, with the aim of analyzing
the main characteristics that cause the loss or conservation of employment before and during the pandemic,
using the problem of robust coloring in the complementary graph, it is sought to generate k + 1 communities
such that the average stiffness is minimized (per layer) but the color coincidence (between layers) is ma-
ximized. Therefore, we expect that a determination of the employment behavior in Mexico will be obtained.

Palabras clave / Key words:

Referencias/References:
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PRICING FINANCIAL OPTIONS THROUGH MODIFIED
BLACK-SCHOLES MERTON MODEL1

Short presentations (20 min)
Paula Beatriz Morales Bañuelos2 Nelson Muriel Torrero

Guillermo Fernández-Anaya
México

Resumen/Abstract:
Due to the substantial volatility faced by corporations, financial institutions, and even non-profit organi-

zations, which is caused by both internal and external factors, among the latter are the constant globalization
of transactions, asymmetric information, transaction costs, unforeseen variations in interest rates, and cu-
rrently the impact of COVID-19 on the economy.Therefore, these firms must resort to the means to mitigate
the decrease in profits, the generation of losses, and the technical bankruptcy in a powerful way. Among
the hedging instruments are financial derivatives, contracts that generate rights or obligations for the parties
involved. The underlying can be the exchange rate, interest rates, commodities, and even sustainable energy.
A significant advantage of these instruments is that they adapt to the firms’ needs due to their enormous
usefulness in designing and implementing strategies. Hence is essential to know the market price of these
instruments. According to the information provided by the Mexican Derivatives Market, the fair value of
financial options is obtained from the amount resulting from applying the traditional Black Scholes Merton
(BSM) model (1973), which fluctuates with supply and demand until reaching equilibrium. The objecti-
ve of this investigation is to provide a better approximation of the equilibrium value. We considered the
dependence of the stochastic differential equation parameters concerning time and included them in the
underlying conformal derivates. Additionally, we carry out an empirical analysis, particularly considering
the information of the Mexican market. We calculated the European call options by applying the traditional
BSM models (1973), the Standard Fractional Brownian Movement (2017), and the model developed in this
work. We compared the results of each model with the real value at which each option contract was sold,
concluding that the model developed in this research is the one that most approximates the market value of
the arrangements.

Palabras clave / Key words: European call financial options, Variant parameters over time, Conformal
derivatives Standard Fractional Movement
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USING LINEAR REGRESSION MODELING TO DESCRIBE WATER
CONSUMPTION HISTORIES FOR MUNICIPALITIES IN THE

DEPARTMENT OF CUNDINAMARCA, COLOMBIA
Posters

Mateo Moreno Aponte1 Olga Viviana Pita Celis2

Colombia

Resumen/Abstract:
Water, as a non-renewable life resource, constitutes 80 percent of most organisms on the planet. The

most common uses are agriculture, industrial and domestic consumption. In Colombia, there are many fac-
tors that affect water consumption, agricultural, industrial and commercial processes, among others, which
have undergone changes due to the accelerated development brought about by globalization; likewise, fac-
tors such as the growth of urban areas, the increase in the commerce sector and the coverage of the aqueduct
service considerably affect the figures of water consumption in the country.The purpose of the proposal is
to estimate a linear regression model to describe the historical water consumption of the Cundinamarca
municipalities in Colombia, in order to make a diagnosis of the variables that determine water consumption
in these municipalities, in order to lay the foundations for making decisions regarding the appropriate ma-
nagement of water resources.

Palabras clave / Key words: Water Consumption, Linear Regression, Water Resources Management
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SPATIAL ANALYSIS PREDICTING ASTHMA MORBIDITY IN
MULTIETHNIC URBAN RHODE ISLAND CHILDREN1

Presentations (30 minutes)
Anarina Murillo2

USA

Resumen/Abstract:
Urban environments contribute to greater asthma morbidity and a a higher prevalence of the asthma

and obesity co-morbidity among low-income Latino and Black/African American children. Multi-level ap-
proaches are needed to improve lifestyle behaviors within the context of geographic location to address
inequities in pediatric asthma and obesity. This study implements spatial analysis and a multi-level model
to predict asthma morbidity and determine the contribution of community-level spatial risks in a multieth-
nic pediatric sample of urban children and families. The novel features of this study are the inclusion of
community-level spatial risks and lifestyle behaviors to examine the moderating role of obesity on asthma
morbidity in urban children. Findings of this study may inform evidence-based solutions that address geo-
graphic needs of children and families from high-risk groups to improve lifestyle behaviors, asthma control,
obesity, and overall health outcomes of children.

Palabras clave / Key words: Urban Environment, Children, Spatial Statistics, Asthma, Obesity
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RENORMALIZATION GROUP THEORY AND SCHEDULER
DEPENDENCIES IN AGENT-BASED MODELS: TWO MODELING

ASPECTS TOWARD HIGHER MODEL FIDELITY1

Presentations (30 minutes)
Santiago Núñez-Corrales2

USA

Resumen/Abstract:
This work discusses the study of two agent-based modeling phenomena in relation to contagion mo-

dels and their fidelity to reality. Formally, stochastic contagion models are captured by interacting particle
systems and their statistics [1,2] for which some renormalization properties have been elucidated [5]. In a
SARS-CoV-2 contagion model for the Urbana-Champaign, the use of renormalization group theory (RGT)
allows running the model within a one-hour limit and a limited number of compute cores, in correspon-
dence with time constraints imposed by the need to explore as many scenarios as possible for decision-
making purposes [4]. We present here the corresponding renormalization group for this contagion process,
its computational implementation, and discuss the advantages and limitations of the technique. We then
explore scheduler dependencies in Agent-Based Models (ABM) simulations. These are known to exist, but
often remain sidelined in practice, and continue to be theoretically and technically opaque. Understanding
whether the differences introduced by scheduling choices yield significant deviations from both analytic
results and phenomenological observation can provide insights on whether those discrepancies may lead
to meaningful differences of scientific interpretation or decision making. Here we demonstrate their pre-
sence and non-trivial nature in a variant of the standard agent-based SIRD contagion model, one in which
an agent’s local decisions are informed by both their local environment and the consensus of their spatially
non-local social network where event priorities are computed from the network centrality of each agent. Pre-
liminary simulation outcomes suggest that priority scheduling introduces resonant stochastic fluctuations
modulated by social mimicry [3].Finally, we discuss the implications of RGT and scheduler dependencies
in the larger context of model fidelity as an overarching simulation goal.

Palabras clave / Key words: agent-based models, interacting particle systems, model fidelity, renormali-
zation group theory, scheduler dependencies
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A PAIR OF DUAL BRANES ON THE SINGULAR LOCUS OF THE
HITCHIN SYSTEM1

Plenary lectures (50 minutes)
André Oliveira2

Portugal

Resumen/Abstract:
In [FGOP] we studied the fixed point loci on the moduli space M of GL(n,C)-Higgs bundles (over a cur-

ve) for the action of tensorization by a line bundle of order n. It is a hyperholomorphic subvariety, carrying a
hyperholomorphic bundle. Thus it is what’s called a BBB-brane on M. There is a corresponding BAA-brane
on M - i.e. a complex Lagrangian subvariety equipped with a flat bundle - which may be described in terms
of Hecke modifications. Such branes lie over the singular locus of the Hitchin system and in [FGOP] we
proved that their restriction to the locus of nodal spectral curves are dual branes under mirror symmetry. In
this talk I will give an overview of this work with E. Franco, P. Gothen and A. Peón-Nieto. If time allows, I
will also mention work in progress where we aim to achive a more detailed description of those branes over
the most singular fibre of the Hitchin system, namely the nilpotent cone.

Palabras clave / Key words:

Referencias/References:
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A CONVERGENT AND ASYMPTOTIC LAPLACE METHOD FOR
INTEGRALS1

Short presentations (20 min)
Pedro Pagola Martinez2 José López3

Pablo Palacios4

España

Resumen/Abstract:
Watson’s lemma and Laplace’s method provide asymptotic expansions of Laplaceintegrals F (z) :=

R

∫ −zf(t)

0100

f(t)g(t)dt for large values of the parameter z. They are usefultools in the asymptotic approxima-

tion of special functions that have a Laplace integral representation. But in most of the important examples
of special functions, the asymptotic expansion derived by means of Watson’s lemma or Laplace’s method
is not convergent. A modifcation of Watson’s lemma was introduced in [Nielsen, 1906] where, by the use
of inverse factorial series, a new asymptotic as well as convergentexpansion of F(z), for the particular case
f(t) = t, was derived. In this paper we gosome steps further and investigate a modifcation of the Laplace’s
method for F(z),with a general phase function f(t), to derive asymptotic expansions of F(z) that arealso con-
vergent, accompanied of error bounds. An analysis of the remainder of thisnew expansion shows that it is
convergent under a mild condition for the functions f(t)and g(t), namely, these functions must be analytic in
certain starlike complex regionsthat contain the positive axis [0,∞). In many practical situations (in many
examples of special functions), the singularities of f(t) and g(t) are of this region and then thismethod provi-
des asymptotic expansions that are also convergent. We illustrate this modifcation of the Laplace’s method
with the parabolic cylinder function U(a, z), providing an asymptotic expansions of this function for large
z that is also convergent.

Palabras clave / Key words: Asymptotic expansions of integrals; Watson’s lemma; Laplace’s method;
convergent expansions; special functions.
Referencias/References:
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METAHEURISTICS FOR SORTING PERMUTATIONS BY PREFIX
REVERSALS (SPBR)1

Presentations (30 minutes)
Wilmer José Palacios2 Fernando José Hernández Gómez3

Nicaragua

Resumen/Abstract:
Sorting permutations by prefix reversals (SPBR) is a classical combinatorial optimization problem who-

se main objective is to sort a permutation of n elements reversing the leftmost (prefix) blocks of that per-
mutation. Technically, a given permutation π must be transformed into an identity permutation named id.
Similarly, it could be compared in magnitude to a stack of pancakes that must be rearranged with a spatula
by inserting it at any point and inverting its order so that after several iterations the stack is ordered.However,
since 2012 it has been shown that this problem belongs to the NP-Hard class, which makes it unfeasible in
practical terms to construct an optimal solution in polynomial time or less. In fact, in recent years, the aca-
demic community has tried to use heuristic and metaheuristic approximation algorithms that provide better
results.In this research, heuristic and metaheuristic algorithms were designed and implemented, based on
the criteria proposed by the reviewed literature. Also, a family of life-inspired metaheuristics was proposed
that have proven to be very efficient in finding solutions in large search spaces. The algorithms used during
the implementation of this research work were written with Python, using the Google Colab tool. In ad-
dition, the basic concepts related to modern permutation theory and its elementary ordering methods were
reviewed.The evaluation of the algorithms was performed using the set of results provided by the literature
of the scientific community in the last 10 years. We showed the advantages and disadvantages of using the
different methods proposed and ultimately which of them will prove to be the most appropriate depending
on the context in which the problem is placed.Finally, this work contributes greatly to the dissemination,
extension, and improvement of the study of combinatorial optimization from the point of view of the im-
plementation and evaluation of algorithms.

Palabras clave / Key words: sorting permutations, heuristics algorithms, metaheuristics algorithms, com-
binatorial optimization
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A COVID-19 DATA-BASED APPROACH USING A MULTI-GROUP
SIHR MODEL WITH FUZZY SUBSETS. APPLICATION TO THE CASE

OF THE GUADELOUPE ARCHIPELAGO.1
Presentations (30 minutes)

Silvere Paul Nuiro2 Sebastien Regis3

Woody Merat4 Andrei Doncescu5

Guadalupe

Resumen/Abstract:
Palabras clave / Key words: COVID-19 simulation, SIR multi-group, fuzzy subsets, data-based approach,
aggregation operators
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OZONE STUDY IN MEXICO CITY. AN APPLICATION OF THE
HIDDEN MARCOV PROCESSES1

Short presentations (20 min)
Blanca Rosa Pérez Salvador2

México

Resumen/Abstract:
Tropospheric ozone is a pollutant that affects us when it reaches high concentration levels, for this

reason, it is important to study it. In this work, ozone is studied using Hidden Markov Model, considering
that there are environmental conditions in the atmosphere that cannot be measured, but that they affect
raising or lowering the concentration levels of the ozone. In a Hidden Markov Model, two simultaneous
stochastic processes coexist, the first is a Markov Chain that remains hidden and the second is the result of
a random variable whose distribution function depends on the state of the chain. In the studding case, the
Environmental Conditions is the Markov Chain and Ozone Levels are the random variables.

Palabras clave / Key words:
Environmental pollution, Markov chains, conditional probability, stochastic processes
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DECISION ANALYSIS FROM SAPEVO-M AND THOR-2 METHODS
FOR THE ACQUISITION OF A NEW HOSPITAL SHIP FOR THE

BRAZILIAN NAVY1

Short presentations (20 min)
Pinheiro De Araújo Costa,Arthur2 De Pina Corriça, José Victor3

Carvalho Leandro4 Braz Alves, Edgard5

De Araújo Costa, Igor6 Dos Santos, Marcos7

Brasil

Resumen/Abstract: Considering that the Brazilian Navy Refitting Program aims to acquire a hospital
ship between 2023 and 2030, this article aims to assist the Navy in making the decision-making of the best
hospital ship to be purchased. This paper presents a new approach based on Multi-Criteria Decision Analy-
sis (MCDA), through its implementation and feasibility related to the decision-making process regarding
the evaluation of one hospital ship for the Brazilian Navy. For this purpose, the SAPEVO-M method was
used for the analysis of weights, and, for the analysis of alternatives and criteria, the THOR-2 method was
used. Six vessels were compared considering their operative and hospital criteria. The chosen ship would
initially be used to fighting coronavirus and, in addition, the Brazilian Navy would have its first hospital ship
ready to operate and provide support in a possible military conflict. After the application of these methods,
the hospital ship USNS Mercy was selected as the most advisable to be purchased.
Palabras clave / Key words: : Multi-Criteria Decision Analysis; Hospital Ship; SAPEVO-M method;
THOR-2 method.
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SELECTION OF MARINE CORPS PERSONNEL FOR THE COURSES OF
OPERATION AND MAINTENANCE OF THE JOINT LIGHT TACTICAL

VEHICLE (JLTV): AN ANALYSIS FROM THE MULTICRITERIA
METHOD AHP-GAUSSIAN1

Short presentations (20 min)
Pinheiro De Araújo Costa,Arthur2 De Pina Corriça, José Victor3

Carvalho Leandro4 Braz Alves, Edgard5

De Araújo Costa, Igor6 Dos Santos, Marcos7

Brazil

Resumen/Abstract: The fight against crime has become one of the most significant challenges for the
State in the face of the dominance of criminal factions inBrazilian communities. In this context, recently,
the Brazilian Navy (BN)acquired 12 Light Armored Vehicles on Wheels 4x4 Joint Light TacticalVehicle
(JLTV). The acquisition of these vehicles ensures a high degree ofversatility and flexibility to the Brazilian
Marine Corps (BMC), expandingits operational readiness and capacity to project power in areas of natio-
nalstrategic interest. Given the above, this article aims to create a methodology for ordering the three most
qualified military personnel to carry out theArmored Vehicle Operation Course for JLTV. The Multi-Criteria
DecisionAnalysis (MCDA) method Analytic Hierarchy Process (AHP)-Gaussianwas used to generate the
ordering of the alternatives, as will be seen duringthis research. In addition, the work in question has the
potential to makea significant contribution to society, as the Hybrid Method AHP-Gaussiancan be expan-
ded in other applications, serving as a basis for decision making in the most diverse areas of the public and
private sectors.

Palabras clave / Key words: Joint Light Tactical Vehicle (JLTV); AHP-Gaussian; Brazilian Navy
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AN ALTERNATIVE PROPOSAL BASED ON TRIMMED MEAN AND
BOOSTSTRAPPING IN THE MARKET METHOD FOR REAL ESTATE

APPRAISALS, CASE COLOMBIA1

Short presentations (20 min)
Olga Viviana Pita Celis2 Luis Eduardo Castillo Méndez3

Colombia

Resumen/Abstract:
The Market Method is a valuation process that seeks to calculate thecommercial value of a real estate

property based on a study of recent offers ortransactions; these offers must have similar and comparable
characteristicsto the property under study. In this way, the statistical analysis using thismethod is based
on Exploratory Statistics, particularly the use of the Meanand Statisitcal Dispersion such as the Ordinary
Variance and the Coefficientof Variation, since from these calculations certain conditions are establishedto
make the application of this method valid.When putting this method into practice, there are certain res-
trictions thatprevent it from being fully applied, the most common being a very smallsample size of offers
and the appearance of outliers, which hinders theanalysis and therefore the calculation of the appraisal.To
improve the appraisal calculation, a methodology based on TrimmedMean and Bootstrapping is presented
in order to make it more accurate andfree from the influence of the reduced sample size and outliers.

Palabras clave / Key words: Exploratory Statistics, Robust Methods, Bootstrapping, Valuation Methods,
Real Estate Property.
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OPINION DYNAMICS ON SOCIAL NETWORKS1

Plenary lectures (50 minutes)
Mason Porter2

USA

Resumen/Abstract:
From the spreading of diseases and memes to the development of opinions and social influence, dy-

namical processes are affected significantly by the networks on which they occur. In this talk, I’ll review
recent work by my collaborators and me on social influence and opinion models on networks. I’ll discuss
diverse flavors of models — including threshold models of social contagions, voter models that coevolve
with network structure, and bounded-confidence models with continuous-valued opinions — and present
how such processes are affected by the networks on which they occur.

Palabras clave / Key words: networks, opinion dynamics, dynamical systems

Referencias/References:
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NATURAL LANGUAGE PROCESSING, AN APPLICATION TO THE
CLASSIFICATION OF ECONOMIC AND POLITICAL NEWS IN

MEXICO1

Short presentations (20 min)
Ricardo César Ramírez García2

México

Resumen/Abstract:
The objective of this work was to classify texts, using deep learning models such as Convolutional and

Recurrent Neural Networks. To compare the performance of these two models the following models were
also fitted: Multilayer Perceptron, Logistic Regression and Support Vector Machines. This work’s motiva-
tion was to classify texts or audios to identify fraud in the insurance sector. In this work, 2,786 news were
obtained from the Mexican Newspaper “La Jornada”. Of these items, 1,393 were taken from the Economy
subsection and 1,393 from the Polytical subsection. The 2,786 news were separated into a training set (70 %
of the observations) and a validation set (30 % of the observations). Before training the models, the text was
preprocessed, that is, special characters were re- moved, text was converted to lowercase, accents, pronouns,
articles, and in general words that did not add value for the objective at hand, were removed. The minimum
units with meaning known as “tokens” were the words. Once the texts had been preprocessed, they were
vectorized using Hot encoding and Word Embedding techniques. For the first technique we used a 5,000
word dictionary and to analyze the news the first 100 words of each preprocessed text were taken. To choose
the hyperparameters of each model, cross validation with 3 layers was used, once these were chosen, the
models were trained using cross-validation with 10 layers and 5 repetitions, with a different seed in each
repetition, to obtain 50 estimators of the measures used to compare the performance of the models in the
training set. The model selected from the selection and tunning process was the Recurrent Neuronal Net-
work LSTM (Long Short Term Memory), obtaining in the validation set, an accuracy of 0.9749, sensitivity
of 0.9831, specificity of 0.9667 and an area under the ROC curve of 0.9749.

Palabras clave / Key words: Text classification, Convolutional Neural Network, Recurrent Neural Net-
work, Multilayer Perceptron, Support Vector Machines, Cross Validation
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ACTUARIAL MATHEMATICAL RESERVE FOR THE EXTRACTION OF
NON-RENEWABLE RESOURCES FROM NON-NEGATIVE LOSS

VARIABLES
Posters

Rigoberto Real Miranda 1 & José Daniel López Barrientos,
México

Resumen/Abstract: Based on the traditional definition of the actuarial mathematical reserve for life in-
surance, the mathematical reserve for a non-renewable resource is constructed and studied, which considers
the extraction dynamics of this resource as part of the benefit obtained. Although non-renewable resources
are finite, it is assumed that the remaining lifetime of the resource has an infinite time horizon, and that its
distribution is in one of the Exponential, Weibull, Gamma or Chen forms. An algorithm or iterative process
is also presented that, more generally, allows calculating the components of the mathematical reserve, re-
gardless of the distribution or the parameters of the remaining life time of the non-renewable resource.

Palabras clave / Key words: Reserva matemática actuarial, programación dinámica, recurso no-renovable,
juegos diferenciales.
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MODIFIED GFI AND AGFI INDEXES PERFORMANCE IN
STRUCTURAL EQUATION MODELING IN RELATION TO THE DEGREE

OF HETEROGENEITY AND VIOLATION OF THE MULTIVARIATE
NORMALITY ASSUMPTION

Posters
Mariana Resende1

Brasil

Resumen/Abstract:
In general, the fit quality of a structural equation model (SEM) is verified by several indexes, which, in

summary, assess the correspondence between the sample covariance matrix and the covariance implied by
the model that adequately represents the interrelationships between the indicators involved in the study [1].
In this sense, a modification in the GFI and AGFI indixes was proposed, incorporating in the sample cova-
riance matrix a correction that considers repetitions in the observed variables. The objective was to evaluate
the performance of these modified indexes in SEM a relation to the degree of heterogeneity (GH) and the
violation of the multivariate normality assumption. Among the scenarios used in the Monte Carlo simu-
lation procedure, the relative efficiency between the covariance estimators as a function of the number of
observed variables was considered as a criterion. Values for GH = 2, 4, 6 and 8 were assigned, which made
it possible to quantify the efficiency of the covariance matrix estimator imposed by the model in relation to
the sample covariance matrix. Regarding the assumption violation of the multivariate normality, we procee-
ded with the simulation of multivariate normals contaminated with outliers generated by the t-Student and
Lognormal distributions, as they are symmetrical and have excess kurtosis, the mixing probabilities were
set at α = 5% and 15 %. With these scenarios specification, a script was developed in R software 3.6.0 [2]
to validate the proposed indexes. In the ideal situation where the structural model is adjusted for data that
meet the normality assumption, and that the covariance matrices are weakly heterogeneous (GH = 2), the
average estimates of the conventional GFI and AGFI indices and the modified results indicate problems of
numerical inconsistency from the tenth repetition, are observed negative results. By increasing the degree of
heterogeneity (GH = 8), between the matrices of covariance involved in the indexes formulations, a greater
situation of lack of adjustment is contemplated, the results indicate that the numerical inconsistency was
also extended. Comparing the results in relation to the degree of heterogeneity, it was noted that the estima-
tes of the GFI and AGFI indexes, in the conventional form, remained close to unity, indicating a good fit of
the model. However, when considering the repetitions, the modified indexes resulted in a decrease in their
results. This effect is more pronounced for a high degree of heterogeneity (GH = 8), since this situation
portrays a greater distance from the covariance matrices involved in the indexes. Regarding the effect of
outliers observations generated by the multivariate t-Student distribution, the adjustment indices proposed
as a function of the GH of the sample and structural covariance matrices, it was observed that the increase
in the number of repetitions resulted in a decrease in the estimates of the indexes, with stabilization from
the tenth repetition, regardless of the degree of heterogeneity and the amount and percentages of outliers
contained in the original sample. The GFI and AGFI indiexes values with low and high outlier contami-
nations (α = 5% and 15 %), given a low degree of heterogeneity (GH = 2), showed average values that

1Universidade Federal de Lavras, Brasil, mresende31@gmail.com
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show an acceptable fit (GFI > 0,95). In the case of samples contaminated with outliers belonging to a
distribution with excess kurtosis, in this case, the Lognormal, was found that the results were more discre-
pant in relation to the increase in the degree of heterogeneity. It was concluded that the improvement of the
GFI and AGFI indexes to incorporate the repetitions effect of the observed variables was promising, since
it presented robustness properties in relation to the presence of outliers and showed diagnostic evidence of
a model with good and bad fit. It is recommended to use up to four repetitions so that numerical problems
do not occur when computing the index estimates.

Palabras clave / Key words: structural model, outliers, contamination, covariance
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TRAPPED WAVES AND COLLISIONS1

Presentations (30 minutes)
Roberto Ribeiro Junior2

Brazil

Resumen/Abstract:
According to quantum mechanics all particles in the universe have the properties of waves and vice

versa. Hence, to comprehend the nature and its manifestation, it is indispensable to understand waves. A
phenomenon called trapped wave is an example of a situation in which a wave behaves like a “particle”.
Indeed, a trapped wave is a wave that remains trapped in a certain region, bouncing back and forth, until it
reaches a certain threshold and escapes out - what resembles light bouncing in a laser cavity. Trapped wa-
ves have been studied mainly in the context of the forced Korteweg-de Vries (fKdV) model, little is known
about this phenomenon in the full Euler equations framework. In this talk I will revisit trapped waves solu-
tion for the fKdV equation and analyze its features in details. Besides, we will provide a description of the
dynamic of trapped wave collisions. One characteristic noticed is that, although the dynamic of one wave is
affected by the other one, statistically this feature is not evident. I will also present findings from our study
on trapped waves solutions for the Euler equations, which shows waves trapped in a low-pressure region.
This talk is based on results already published and in progress in collaboration with Marcelo V. Flamarion
(UFRPE) and Paul Milewski (University of Bath).

Palabras clave / Key words: Forced Korteweg-de Vries equation, Euler equation, Numerical methods,
Conformal mapping, Spectral numrical methods
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CODE-BASED CRYPTOGRAPHY: PAST, PRESENT, FUTURE1

Plenary Talk (60 min)
Angela Robinson

Resumen/Abstract: Public key cryptography protects the privacy and security of our global digital
communication infrastructure. All widely-deployed public key cryptographic systems are based on the dif-
ficulty in solving variations of the integer factorization and discrete logarithm problems. In 1991, Peter Shor
presented quantum algorithms that could solve these problems significantly faster than classical computers.
Consequently, a full-scale quantum computer would upend the security and privacy of our digital world.
The National Institute of Standards and Technology (NIST) initiated a process to update current public-key
standards to schemes believed to be quantum-resistant. NIST made a worldwide call for quantum-resistant
public-key cryptographic algorithms and, in response, received over 80 submissions to be considered for
standardization. NIST is currently in the 3rd round of analysis and 3 of the remaining 15 algorithms are
based on error-correcting codes. Error correcting codes were originally designed to improve communica-
tion across noisy channels, enabling the correction of errors introduced in transit. Messages are encoded
by adding some redundancy in such a way that errors introduced by the channel can be removed from the
received information, and then the receiver can decode (remove redundancy) to recover the original messa-
ge. In the 1970’s it was discovered that cryptosystems could be designed based on error-correcting codes
if errors were strategically introduced by the sender so that only the intended receiver could decode. Due
to the inefficiency of early schemes, these results were not actively pursued by cryptographers until deca-
des later. In this talk, we will explore the foundations of code-based cryptography, the history of securing
code-based cryptosystems, and role code-based cryptosystems could play in securing our digital world.

1Viernes/Friday 25, 16:00 – 17:00,Schedule (GMT-6)
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HISTORIA Y EVOLUCIÓN DE LOS MÉTODOS SIMBÓLICOS DE
REDUCCIÓN DE LA DIMENSIÓN1

Plenary Talk (60 min)
Oldemar Rodríguez Rojas

Resumen/Abstract: En esta conferencia inicialmente explicaremos de qué se trata el Análisis de Datos
Simbólico, luego nos concentramos en presentar un recorrido por la historia del desarrollo de las principales
contribuciones en este campo, prestando especial énfasis en el desarrollo de métodos de reducción de la
dimensión. Iniciaremos con el Análisis en Componentes Principales, presentando el método de vértices y
el método de los centros, luego hablaremos del Análisis Factorial de Correspondencias simples y múltiples
para variables multivaluadas, métodos de escalamiento multidimensional para distancias de tipo intervalo,
entre otros. Finalmente presentaremos los desarrollos más recientes en técnicas reducción de la dimensión,
como son los métodos T-SNE y UMAP Simbólicos. Además, veremos algunas implementaciones en Python
y en R de los métodos presentados.

1Lunes/Monday 21, 14:00 – 15:00,Schedule (GMT-6)
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ASYMPTOTIC METHOD APPLIED TO OBTAIN SHOCK WAVES
SOLUTIONS IN BUCKLEY–LEVERETT EQUATIONS1

Presentations (30 minutes)
Panters Rodriguez Bermudez2 Fernanda Sousa3

Diomar Lobão4 Gustavo Alvarez5

Baldomero Valiño Alonso6

Brazil

Resumen/Abstract:
We apply the asymptotic method developed by V. P. Maslov to obtain approximated shock wave solu-

tions of the generalized Riemann problem to the Buckley–Leverett (BL) equation, which models two-phase
flow in porous media. The associated Hugoniot–Maslov chain is calculated, truncated and solved numeri-
cally to obtain approximated shock’s trajectories and profiles. The results show the efficiency of this method
to capture the shock wave when compared with some classical finite differences schemes. We also compa-
re the results obtained in the present work with the results obtained via the same asymptotic method, but
based in a previous polynomial approximation of the Buckley–Leverett flux. It was observed that the ap-
plication of the Asymptotic method preceded by a polynomial approximation of the flux function, does not
work well for long time simulation values. Estimation of errors was performed to establish that comparison.

Palabras clave / Key words: asymptotic methods, shock waves, Buckley–Leverett equation, Hugoniot–Maslov
chains
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A BRIEF INTRODUCTION TO COMPUTATIONAL FLUID DYNAMICS:
MODELING, COMPUTATIONAL SIMULATION, AND APPLICATIONS1

Short courses or Workshops (3 hours)
Alexander Megiorin Roma2

Brasil

Resumen/Abstract:
The main goal of this short course is to present, in a rather pragmatic manner, someimportant aspects in-

volved in the process of the derivation of mathematical models andof the implementation of computational
methods in the field of computational fluid dynamics. As a “case study", focus is given to problems invol-
ving interactions between thefluid flow and immersed boundaries; to be more exciting, an application to the
hemodynamics of the left heart is mentioned as an example. The basic mathematical modelis described in
details and a numerical discretization is presented. These lecture noteswere translated from a reviewed and
updated text, first used in a short course presented in the 68o Seminário Brasileiro de Análise, Instituo de
Matemática e Estatística, Universidade de São Paulo(IME-USP), November 12-14,2008.

Palabras clave / Key words: navier-stokes equations, biofluid dynamics, immersed boundary method,incompressible
flows, elastic interfaces, adaptive mesh refinement, SAMRAI, VisIt, Subversion, Doxygen
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DEEP GAUSSIAN PROCESSES AND INFINITE NEURAL NETWORKS
FOR THE ANALYSIS OF EEG SIGNALS IN ALZHEIMER’S

DISEASES1

Presentations (30 minutes)
Krishna Román2 Andy Cumbicus3

Saba Infante4 Rigoberto Fonseca-Delgado5

Ecuador

Resumen/Abstract:
Deep Gaussian Processes (DGPs) are hierarchically represented by a sequential composition of a prior

Gaussian processes and are equivalent to a multi-layer neural network (NN) of infinite width. DGPs are
non-parametric statistical models and are used to characterize patterns of complex nonlinear systems, due
to their flexibility, greater generalization capacity, and because they provide a natural way to make infe-
rences about the parameters and states of the system. In this article, a hierarchical Bayesian structure is
proposed to model the weights and biases of a deep neural network, a general formula is deduced to cal-
culate the integrals of Gaussian processes with non-linear transfer densities, and a kernel is obtained to
estimate the covariance functions. To illustrate the methodology, an empirical study is carried out analyzing
a database of electroencephalograms (EEGs) for the diagnosis of Alzheimer’s disease. Additionally, the
DGPs models are estimated, and compared with the NN models for 5, 10, 50, 100, 500, and 1000 neurons
in the hidden layer, considering two transfer functions: Rectified Linear Unit (ReLU) and hyperbolic Tan-
gent (Tanh). The results show good performance in the classification of the signals. Finally, the mean square
error was used as a goodness of fit measure to validate the proposed models, obtaining low estimation errors.

Palabras clave / Key words: Deep Gaussian Process, Alzheimer Disease, Electroencephalogram
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ON THE TURNPIKE PROPERTY OF THE NUMERICAL SOLUTIONS IN
A STOCHASTIC LOTKA-VOLTERRA MODEL1

Short presentations (20 min)
Cutberto Salvador Romero-Meléndez2 David Castillo-Fernández3

Leopoldo González-Santos4

México

Resumen/Abstract:
We study a property of the long-term behavior of solutions of a Lotka–Volterrasystem with stochas-

tic environmental fluctuations, known as turnpike property.In optimal control theory, the optimal solutions
dwell mostly in the neighborhoodof a balanced equilibrium path, corresponding to the optimal steady-
statesolution. Our study shows, by means of the Stochastic Maximum Principle,that this turnpike property
is preserved, when the noise in the system is small.Numerical simulations are implemented to support our
results.

Palabras clave / Key words:
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ASYMPTOTIC JUSTIFICATION OF THE MODELS OF THIN
INCLUSIONS IN AN ELASTIC BODY IN THE ANTIPLANE SHEAR

PROBLEM AND APPLICATIONS1

WorkShop dedicated to Prof. Alexander Khludnev
Evgeny Rudoy2

Russia

Resumen/Abstract:
The equilibrium problem for an elastic body having an inhomogeneous inclusion with curvilinear boun-

daries is considered within the framework of antiplane shear. We assume that there is a power-law de-
pendence of the shear modulus of the inclusion on a small parameter characterizing its width. We justify
passage to the limit as the parameter vanishes and construct an asymptotic model of an elastic body con-
taining a thin inclusion. We also show that, depending on the exponent of the parameter, there are the five
types of thin inclusions: crack, rigid inclusion, ideal contact, elastic inclusion, and a crack with adhesive
interaction of the faces. The strong convergence is established of the family of solutions of the original
problem to the solution of the limiting one.

Palabras clave / Key words: antiplane shear, composite material, thin inclusion, asymptotic analysis
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CHAIN COMPLEXES AND E-INFINITY OPERADS1

Presentations (30 minutes)
Jesús Sánchez-Guevara2

Costa Rica

Resumen/Abstract:
“An E-infinity coalgebra structure on chain complexes of simplicial sets with integer coefficients is

induced by the Barratt-Eccles operad. The morphisms determined by the E-infinity coalgebra structure
contain a family of higher diagonals on chains, starting with an homotopic version of the iterated Alexander-
Whitney diagonal. This is done by (Smith; 1994) and (Berger, Fresse; 2004).

In this work we present a new E-infinity operad inducing an E-infinity coalgebra structure on chain
complexes, which is designed following the ideas by Smith. Moreover, we show that the Barratt-Eccles
operad can be obtained from our operad by an operadic quotient, which is a direct consequence of the way
we design the operadic composition. The associated operad morphism between this operads is a quasi-
isomorphism because both of them are E-infinity operads.

It is worth pointing out our operad presents similarities with the bar-cobar resolution of Ginzburg-
Kapranov. Berger and Moerdijk identified this resolution with the W-construction of Boardman and Vogt.
As a consequence, the W-construction of the Barratt-Eccles operad gives a cofibrant resolution of it. Then,
our operad may be seen as a middle point between the Barratt-Eccles operad and its W-construction."

Palabras clave / Key words: Operad theory, Chain complexes, E∞-coalgebras, Barrat-Eccles operad
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MODELING COVID-19 IN COSTA RICA: A MULTILAYER
NETWORK APPROACH1

Presentations (30 minutes)
Fabio Sanchez2

Resumen/Abstract: During the 2020 Covid-19 pandemic in Costa Rica, different groups developed
modeling techniques to understand the transmission dynamics of the disease. The modeling team, EpiMEC,
developed deterministic models early in the pandemic to provide insight into the early disease dynamics.
During the same period, the team developed a multilayer network model that allowed for more flexibi-
lity and included preventive measures and interventions from health authorities in the country. The model
provided information for decision-makers in the country during the pandemic in Costa Rica.
Palabras clave / Key words:
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TRANSPARENT SPHERES AS GRAVITATIONAL LENS1

Short presentations (20 min)
Edwin Santiago2

Costa Rica

Resumen/Abstract:
In this contribution, we present a short account of gravitationallenses and how to calculate dierent pro-

perties of its images in thecase of having a transparent distribution of matter such as the uniformtransparent
sphere, isothermal gas sphere, non-singular isothermal gassphere and a transparent King prole. With the
help of XFGLensessoftware, and numerical methods, dierent images arising from all ofthese proles, and
the dierent caustics and critical curves are shown.The images were consistent with several previous results
that are ex-pected for transparent proles, like having an odd number of images,and reducing the number
of images by two when the source passesthrough the caustic. The curves shown in the caustics where the
as-troid, the Cassini ovals. For the critical curves, the most commoncurve was the ellipse, and the Cassini
ovals, which is consistent withthe fact that these curves are common in gravitational lenses.

Palabras clave / Key words: Gravitational Lenses, Caustics, Critical Curves, Density Mass Profiles, Simu-
lations
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CONFORMABLE SPATIAL DERIVATIVE MODELING FLUID FLOW1

Presentations (30 minutes)
Milagros del Carmen Santos Moreno2 C. Valencia Negrete

G. Fernández Anaya
México

Resumen/Abstract:
Fractional calculus has been accomplished to model a wide range of phenomena. More recently, the

conformable derivative has been receiving attention for its ability to reproduce some behaviors of the clas-
sical derivative. Zhao et al [3] presented an extension of the classical space derivative and the con formable
fractional derivative, for a function f(u) : [0,∞) → R, for all u > 0 and α ∈ (0, 1] : Dα

ψf(u) =

limϵ→0
f(u+ϵψ(u,α))−f(u)

ϵ
where ϕ(u, α) is the fractional conformable generalized function, a continuous real

function, satisfying:ψ(u, 1) = 1, u ∈ R+;ψ(u, α) ̸= 0, u ∈ R+;ψ(u, α) ̸= ψ(u, β);α ̸= β ∈ (0, 1]. If
ψ(u, 1) = 1, Dα

ψf(u) degenerates to the usual first-order derivative and has no relationship with fractional
order α. If ψ(u, 1) = u1−α the conformable derivative agrees with the Khalil’s defnition [2].

Most studies with the conformable derivative in fluid flow focus on time vari- ables for Navier-Stokes
equations [1]. We present the effect of the conformable spatial function ψ(y, α) in a uni dimensional, steady-
state model and the fluid’s velocity profile for different values of the exponential parameter α. The selected
function is an exponential form with three parameters:ψ(y, α) = a(1+by)(1−α)The parameters are optimized
to compare the velocity profile to a flow through a homogeneous porous medium with constant permeabi-
lity. The results showed that the selected generalized conformable model could describe the ow through a
porous medium accurately.

Palabras clave / Key words: Conformable spatial derivative, Navier-Stokes equations, porous media
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AN LP SPACES-BASED MIXED VIRTUAL ELEMENT METHOD FOR
THE TWO-DIMENSIONAL NAVIER-STOKES EQUATIONS1

Presentations (30 minutes)
Filánder A Sequeira Chavarría2

Costa Rica

Resumen/Abstract:
In this talk we extend the utilization of the Banach spaces-based formulations, usually employed for

solving diverse nonlinear problems in continuum mechanics via primal and mixed finite element methods,
to the virtual element method (VEM) framework and its respective applications. More precisely, we propo-
se and analyze an Lp spaces-based mixed virtual element method for a pseudostress-velocity formulation
of the two-dimensional Navier-Stokes equations with Dirichlet boundary conditions. To this end, a dual-
mixed approach determined by the introduction of a nonlinear tensor linking the usual pseudostress for
the Stokes equations with the convective term, is employed. As a consequence, this new tensor, say b, and
the velocity bu of the fluid constitute the unknowns of the formulation, whereas the pressure is computed
via a postprocessing formula. The simplicity of the resulting VEM scheme is reflected by the absence of
augmented terms, on the contrary to previous works on this and related models, and by the incorporation
in it of only the projector onto the piecewise polynomial tensors and the usual stabilizer depending on the
degrees of freedom of the virtual element subspace approximating b. In turn, the non-virtual but explicit
subspace given by the piecewise polynomial vectors of degree lek, is employed to approximate bu. The
corresponding solvability analysis is carried out by using appropriate fixed-point arguments, along with the
discrete versions of the Babuška-Brezzi theory and the Banach-Nečas-Babuška theorem, both in subspa-
ces of Banach spaces. A Strang-type lemma is applied to derive the a priori error estimates for the virtual
element solution as well as for the fully computable approximation of b, the postprocessed pressure, and a
second postprocessed approximation of b. Finally, several numerical results illustrating the performance of
the mixed-VEM scheme and confirming the rates of convergence predicted by the theory, are reported.
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HOW DO POINTS ON PLANE CURVES GENERATE FIELDS? LET ME
COUNT THE WAYS1

Plenary lectures (50 minutes)
Allechar Serrano Lopez2 Michael Allen3

Renee Bell4 Robert Lemke Oliver5

Tian An Wong6

USA

Resumen/Abstract:
In their program on diophantine stability, Mazur and Rubinsuggest studying a curve C over Q by un-

derstanding the field extensions of Q generated by a single point of C(Q); in particular, they ask to what
extent the set of such field extensions determines the curve C.A natural question in arithmetic statistics
along these lines concerns the size of this set: for a smooth projective curve C/Q how many field exten-
sions of Q — of given degree and bounded discriminant — arise from adjoining a point of C(Q)? Can
we further count the number of such extensions with specified Galois group?Asymptotic lower bounds for
these quantities have been found for elliptic curves by Lemke Oliver and Thorne, for hyperelliptic curves
by Keyes, and for superelliptic curves by Beneish and Keyes.We discuss similar asymptotic lower bounds
that hold for all smooth plane curves C, using tools such as geometry of numbers, Hilbert irreducibility,
Newton polygons, and linear optimization.

Palabras clave / Key words: arithmetic statistics, density theorems
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SINGULAR HYPERBOLICITY AND SUBSECTIONAL LYAPUNOV
EXPONENTS OF VARIOUS ORDERS1

Plenary lectures (50 minutes)
Luciana Silva Salgado2

Brazil

Resumen/Abstract: It is given notions of singular hyperbolicity and subsectional Lyapunov exponents
oforders beyond the classical ones, namely, other dimensions besides the dimension 2 and the full dimen-
sion of the central subbundle of the singular hyperbolic set. It is obtained a characterizationof dominated
splittings, partial and singular hyperbolicity in this broad sense, by using Lyapunov exponents and the no-
tion of infinitesimal Lyapunov functions . Furthermore, it is given alternative requirements to obtain singular
hyperbolicity. As an application we obtain some results related to singular hyperbolic sets for flows.

Palabras clave / Key words: Dominated splitting, partial hyperbolicity, subsectional hyperbolicity, Lyapu-
nov function
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NUMERICAL ANALYSIS OF PDE’S AND ITS ROLE IN ALTERNATIVE
ENERGIES MODELLING1

Plenary lectures (50 minutes)
Manuel Solano2

Chile

Resumen/Abstract:
Numerical Analysis (NA) of Partial Differential Equations (PDEs) is present in almost all areas of ap-

plied mathematics and has a strong impact in engineering science, as well as in the private and public
sectors. Its purpose is the design and analysis of the numericalmethods behind the algorithms that perform
the approximation of the solutions of PDEs in the most efficient possible way.In this direction, during the
last decade, our interest has been the development, convergence analysis and computational implementa-
tion of a variety of numerical methods to solve the PDEs arising from modelling solar and nuclear energy
generation devices.In this talk we will focus on the role of NA in simulations of photovoltaic solar cells
and nuclear fusion reactors. Through these applications we will give a broad explanation of the different
mathematical tools that are present on each step of the process that goes from the PDE to the computatio-
nal simulation. The mathematical framework in this process includes the study of weak formulations of
Maxwell’s and Helmholtz equations, discretization through Galerkin schemes, convergence and stability
analyzes and computational implementation.
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RISK CLASSIFIER FOR COVID-19 SUSCEPTIBLE INDIVIDUALS
USING THE PATIENT PREVIOUS DATA1

Presentations (30 minutes)
Maikol Solís2 Carlos Pasquier3

Costa Rica

Resumen/Abstract:
Despite the high coverage achieved by vaccination against COVID-19, the danger of new variants, such

as delta and mu, threaten new waves of infections. These waves put pressure on health systems, increasing
the disease fatality. To reduce its pressure, the governments impose control measures that generate discom-
fort and economic damage to the population. Identifying possible outbreaks, asymptomatic or presympto-
matic cases is a key factor in controlling the pandemic (Slifka and Gao 2020). However, the diagnostic
RT-PCR tests are expensive, require specialized personnel, and takes a long time to deliver the result. Using
rapid tests or less accurate, but faster and cheaper pooling techniques as a complement to the standard test
(RT-PCR) is a useful strategy (Watkins et al. 2020; World Health Organization 2020). CostaRica has im-
plemented the same strategies to detect better the infected cases(Ministerio de Salud 2021a; Ministerio de
Salud 2021b)Currently, some protocols classify patients based only on symptomatic and epidemiological
criteria. In this talk, we will explore the use of COVID-19 risk classification models based on previous epi-
demiological and sociodemographic characteristics. The aim is to develop a score to determine the patient’s
positiveness before performing any clinical test. This additional input will help to determine the best mass
sampling strategy for the population according to the model’s predicted values. We evaluate these models
to reduce the economic cost and maximize their detection capacity. In Escobar et al. (2020), they have used
these models to optimize the pandemic cost of a massive testing. We can use the same principle for different
health events and different stages of the pandemic.

Palabras clave / Key words: COVID-19, Classification, Risk, Socioeconomic data, Sociodemografic data
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LOGÍSTICA INTELIGENTE APLICADA A SISTEMAS DE
DISTRIBUCIÓN DE PRODUCTOS DE CONSUMO MASIVO. UN CASO
DE ESTUDIO DE DISTRIBUCIÓN DE BEBIDAS EMBOTELLADAS EN

MÉXICO.1
Short presentations (20 min)

Isidro Soria Arguello2

México

Resumen/Abstract:
En este trabajo se estudia el problema de la distribución de productos de una empresa embotelladora

de bebidas embotelladas en el Valle de México. La solución se genera construyendo un modelo de opti-
mización y se usa Relajación Lagrangiana para explotar la estructura del subproblema. El problema dual
lagrangiano se resuelve empleando el método del subgradiente programado en Python.La determinación de
una solución factible al problema de optimización se consigue mediante un algoritmo heurístico. Los resul-
tados obtenidos se comparan con el valor óptimo del problema original encontrado mediante un programa
comercial con la finalidad de determinar la calidad de la solución encontrada. Finalmente, se aplica la me-
todología antes descrita a cuatro escenarios correspondientes a los años 2021-2024 para dar continuidad al
crecimiento del negocio de bebidas.
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A PROPOSAL MATHEMATICAL MODEL FOR THE VACCINES
COVID-19 DISTRIBUTION NETWORK: A CASE STUDY IN MEXICO1

Presentations (30 minutes)
Isidro Soria Arguello2 Rafael Torres Escobar3

Hugo Alexer Perez Vicente4 Tomas Guillermo Perea Rivera5

México

Resumen/Abstract: Coronavirus disease 2019 (COVID-19) has been the most recent disease, with
millions of deaths worldwide. Fortunately, vaccines have been developed to immunize the population. Ho-
wever, the distribution of the vaccines is also a significant challenge. Generally, each country defines its
strategy to bring it closer to the target population, considering that depending on the type of vaccines is
defined the adequate transport for their conservation. In this work, a mathematical model is proposed for
the distribution of different COVID-19 vaccines in Mexico. Our results suggest an efficient strategy to meet
demand in a given period.

Palabras clave / Key words: Distribution Network, Vaccines, COVID-19, Mixed Integer Linear Program-
ming, Optimization.
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DESCOMPOSICIÓN TENSORIAL Y SUS APLICACIONES EN
PROCESAMIENTO DE IMÁGENES1

Short presentations (20 min)
Juan Pablo Soto Quiros2

Costa Rica

Resumen/Abstract:
The set of data observed in real-life applications (for example, in data mining and signal processing)

contains latent information that can be very useful in achieving a satisfactory result. The way these data are
represented is essential to be able to extract this underlying information and, in various disciplines, the need
has arisen to manipulate data described in multiple dimensions called tensors. In this case, the concept of
tensors is defined, which is a multilinear generalization of matrices (tensors of order two) and of vectors
(tensors of order one), where the data is organized in three or more directions.This presentation will present
a detailed study of the basic concepts of tensors and of some mathematical tools that will support the de-
velopment of the theories that are exposed in this talk. Mainly, the tensor decomposition (also called tensor
factorization) will be explained, which is fundamental when it comes to extracting the common components
that keep the different modes that make up the tensor.Additionally, a set of applications of tensor decompo-
sition in image processing will be shown. Among these applications, their relationship in the compression
of color images will be explained.

Palabras clave / Key words: Tensor Decomposition, Image Processing, Multilinear Algebra
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WEAKLY NONLINEAR THEORY FOR DETERMINISTIC WAVE
FORECASTING1

Presentations (30 minutes)
Raphael Stuhlmeier2

United Kingdom

Resumen/Abstract: Deterministic wave forecasting aims to provide a wave-by-wave prediction of the
free surface elevation based on measured data. Such information about upcoming waves can inform mari-
ne decision support systems, control strategies for wave energy converters, and other applications. Unlike
well-developed stochastic wave forecasts, the temporal and spatial scales involved are modest, on the order
of minutes or kilometres. Due to the dispersive nature of surface water waves, such forecasts have a limited
space/time horizon, which is further impacted by the effects of nonlinearity. I will discuss the application
of the reduced Zakharov equation, and simple frequency corrections derived therefrom, to preparing wave
forecasts. Unlike procedures based on solving evolution equations (e.g. high order spectral method), such
corrections entail essentially no additional computational effort, yet show marked improvements over linear
theory.

Palabras clave / Key words:
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CARACTERIZACIÓN DE LA POBLACIÓN AFECTADA POR EL
COVID-19 EN SANTA CRUZ DE LA SIERRA1

Presentations (30 minutes)
Juan Fernando Subirana Osuna2 Alejandro Paredes La Torre3

Bolivia

Resumen/Abstract:
El presente trabajo busca caracterizar la relación entre la presencia de COVID-19 en los hogares de

Santa Cruz de la Sierra con otras variables descriptivas de la situación del hogar, en este sentido se cuenta
con el análisis de la base de datos levantada de manera conjunta entre la Gobernación del Departamento de
Santa Cruz y la Alcaldía del municipio de Santa Cruz de la Sierra con la aplicación de pruebas masivas en
diversas zonas de la ciudad.El estudio considera la descripción de cada variable levantada, posteriormente
se analiza la relación de éstas con la presencia o no de COVID-19 en los hogares; para ello se aplica un
modelo de regresión logística, para detectar, identificar y caracterizar la relación de las variables analizadas
con la presencia o no de COVID-19 al momento de la toma de información o de manera previa.
Palabras clave / Key words: Modelling
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ASYNCHRONOUS OPTIMIZED DOMAIN DECOMPOSITION
METHODS FOR THE SOLUTION OF PDES1

Presentations (30 minutes)
Daniel B Szyld2

USA

Resumen/Abstract: Asynchronous methods refer to parallel iterative procedures where each process
performsits task without waiting for other processes to be completed, i.e., with whateverinformation it has
locally available and with no synchronizations with other processes.For the numerical solution of a ge-
neral linear partial differential equation on a domain,Schwarz iterative methods use a decomposition of
the domaininto two or more (possibly overlapping) subdomains.In essence one is introducing new artificial
boundary conditionson the interfaces between these subdomains.In the classical formulation, these artificial
boundary conditions areof Dirichlet type. Given an initial approximation, the methodprogresses by solving
for the PDE restrictedto each subdomain using as boundary data on the artificial interfacesthe values of the
solution on the neighboring subdomain from the previous step.This procedure is inherently parallel, since
the (approximate) solutionson each subdomain can be performed by a different processor.In the case of
optimized Schwarz, the boundary conditions on the artificial interfaces areof Robin or mixed type.In this
way one can optimize the Robin parameter(s) and obtain a very fast method.Instead of using this method
as a preconditioner, we use it as a solver, thus avoidingthe pitfall of synchronization required by the inner
products.In this talk, an asynchronous version of the optimized Schwarz method is presented forthe solution
of differential equations on a parallel computational environment.A coarse grid correction is added and one
obtains a scalable method.Several theorems show convergence for particular situations.Numerical results
are presented on large three-dimensional problemsillustrating the efficiency of the proposedasynchronous
parallel implementation of the method.

Palabras clave / Key words: Domain Decomposition, Numerical Solutions of PDEs, parallel aasynchro-
nous methods
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AN ANALYSIS OF NONLINEAR ULTRASONIC WAVES IN BUBBLY
LIQUIDS BY A NUMERICAL MODEL1

Short presentations (20 min)
María Teresa Tejedor Sastre2 Christian Vanhille3

España

Resumen/Abstract: In this work we study the propagation of ultrasonic waves in liquids with gas
bubbles. These media are extremely nonlinear. A tiny void fraction changes the properties of the medium
drastically. The gas bubbles not only produce high nonlinearity, but also introduce dispersive phenomena
and attenuation that can be decisive for the ultrasonic behavior. Several results obtained by a numerical mo-
del are presented here, which allow us to analyze some complex effects associated with this problem. The
model solves a differential system that couples the nonlinear oscillations of the bubbles and the acoustic
field. This work is funded by the National Agency for Research (Ministerio de Ciencia e Innovación, Spain)
and the European Regional Development Fund (project DPI2017- 84758-P).

Palabras clave / Key words: modelos numéricos, acústica no lineal, líquidos con burbujas
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SOLUCIÓN NUMÉRICA DE UNA ECUACIÓN DE DIFUSIÓN
BIFRACCIONAL MEDIANTE FUNCIONES DE BASE RADIAL1

Short presentations (20 min)
Anthony Torres Hernández2 Fernando Brambila Paz3

México

Resumen/Abstract:
Using a discretization of the Caputo fractional derivative, the numerical solutions of the bifractional

diffusion equations that can be derived from the Black-Scholes equation are determined by radial basis
functions.
Palabras clave / Key words: Fractional Calculus, Radial Basis Functions, Black-Scholes Equation
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DATA ANALYSIS WITH COMBINATORIAL OPTIMIZATION
HEURISTICS (DACOH): BIBLIOTECA EN R PARA ANÁLISIS DE

DATOS USANDO METAHEURÍSTICAS1

Short presentations (20 min)
Javier Trejos2 Alex Murillo3

Costa Rica

Resumen/Abstract: Se introduce una biblioteca para hacer análisis multivariado de datos en R, usando
metaheurísticas de optimización combinatoria con el objetivo de evitar los óptimos locales que los métodos
tradicionales suelen encontrar. En el caso de la clasificación automática o agrupamiento vía particiones para
datos numéricos, se optimiza la inercia intraclases por medio de cuatro heurísticas: i) sobrecalentamiento
simulado, ii) algoritmo genético, iii) búsqueda tabú, y iv) colonias de hormigas. Los métodos, originales de
los autores, se comparan a los métodos clásicos, como k-medias y clasificación jerárquica de Ward, mostrán-
dose una mejoría considerable en los resultados. En el caso del escalamiento multidimensional, se optimiza
el criterio de Stress y el S-Stress usando la heurística de sobrecalentamiento simulado, comparándose los
resultados con los métodos conocidos de Kruskal, Alscal y Smacof. La biblioteca se ha implementado en
R y se pondrá a disposición de la comunidad científica.

Palabras clave / Key words: análisis de datos, sobrecalentamiento simulado, algoritmo genético, búsqueda
tabú, colonias de hormigas.
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SPATIO-TEMPORAL CLUSTER DETECTION TESTS AND
STOCHASTIC MODELING1

Presentations (30 minutes)
Jean VAILLANT2 Walguen OSCAR3

Eddie SAINTE-ROSE4

Guadalupe

Resumen/Abstract: We consider the general situation where spatio-temporal data are collected over a
study period in a spatial region and cluster detection is required for decision making. The classical Kull-
dorff scan method has to be adapted when the Poisson model assumption is not appropriate, for example
in case of overdispersion. We introduce a Cox process associated with environmental effects based on a
Gaussian copula and gamma distributed margins. Sampling properties are presented taking into account the
spatial covariate random field. The likelihood ratio test is developed. An illustration with data collected in
Martinique is made.

Palabras clave / Key words: Cox process, cluster detection, likelihood ratio test, copula; negative multi-
nomial distribution
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USING INFORMATION-THEORY QUANTIFIERS TO CHARACTERIZE
COVID-19 TIME-SERIES DATA1

Presentations (30 minutes)
Victoria Vampa2

Argentina

Resumen/Abstract:
The first cases of coronavirus disease (COVID-19) were reported in December 2019 in Wuhan, Chi-

na. After the initial outbreak, the COVID-19 spread very quickly to several provinces of China and most
countries around the world. It was declared a pandemic in March 2020. Up to now, more than two hundred
and twenty million cases of infected individuals have been confirmed in over 200 countries, having produ-
ced nearly five million deaths. In our research, the time series of daily infected cases and daily deaths are
analyzed and compared for different countries. We use entropic information-theory quantifiers to evaluate
unpredictability and disorder in those time series. We appeal to two different methodologies for defining
a probability distribution: i) Bandt-Pompe permutation method, and ii) Wavelet Analysis. The former is
based on computing the entropy associated with an ordinal pattern probability distribution and depends on
two parameters: the embedding dimension and the time delay. The Wavelet Analysis involves the use of a
discrete wavelet transform and the definition of a time-scale density function based on the decomposition
coefficients. The proposed mathematical tools allow us to characterize the COVID-19 time series of infec-
tions and deaths, following their evolution for each country. We aim to contribute to a better understanding
of the dynamics of the pandemic.

Palabras clave / Key words: Information Theory, Permutation Entropy, Bandt–Pompe Methodology, Wa-
velet Transform, Wavelet Entropy, pandemic

Referencias/References:

1 Kowalski A.M., Martín M.T., Plastino A.L., Proto A. and Rosso O.A.(2003).Wavelet statistical com-
plexity analysis of classical limit. Phys. Lett. A 311, 180-191.

2 Arenas A., Gómez-Gardeñes J., Granell C.and Soriano-Paños D., EPIDEMIC SPREADING: TAI-
LORED MODELS FOR COVID-19. https://doi.org/10.1051/epn/202050

3 Fernandez L.H.S., Araujo F.H.A.„ Silva M.A.R. and Acioli-Santos B. (2021). Predictability of COVID-
19 worldwide lethality using permutation-information theory quantifiers, Results in Physics, Volume
26,July, 104306.

4 Zanin M., Zunino L., Rosso O.A. and Papo D. (2012).Permutation entropy and its main biomedical
and econophysics applications: a review, Entropy, 14(8), 1553-1577.

1Jueves/Thursday 24, 9:00 – 9:40,Schedule (GMT-6)
2UIDET Matemática Aplicada, Facultad de Ingeniería, Universidad Nacional de La Plata ,Argentina, victoriavam-

pa@gmail.com

144

https://doi.org/10.1051/epn/202050


XXIII SIMMAC San José, Costa Rica 21 al 25 de febrero, 2022

5 Kowalski A.M., Portesi M., Vampa V., Losada M. and Holik F. (2021).Information contained in the
COVID-19 series of data, https://doi.org/10.13140/RG.2.2.14908.16007

145

https://doi.org/10.13140/RG.2.2.14908.16007


XXIII SIMMAC San José, Costa Rica 21 al 25 de febrero, 2022

ANÁLISIS MULTIVARIADO Y ESTABLECIMIENTO DE UNA
TIPOLOGÍA DE ESPECIES ARBÓREAS MEDIANTE LA

CATEGORIZACIÓN DE MODALIDADES1

Presentations (30 minutes)
Héctor Javier Vázquez2 Juganaru-Mathieu Mihaela3

México

Resumen/Abstract: Considerando los amplios beneficios de los árboles en el espacio urbano, es im-
portante considerar dentro de las políticas de plantación y programas de mantenimiento, guías para definir
que especies son más adecuadas para elegir el árbol más adecuado para el sitio de plantación más adecua-
do. En este trabajo se realiza un estudio exploratorio multivariado para establecer una tipología de especies
arbóreas, considerando un número de características relacionadas con el ambiente: tolerancia a la salinidad
del suelo, tolerancia a la temperatura, tolerancia a la sequía, tolerancia al maltrato; así como la tolerancia
o resistencia a diferentes niveles de contaminación. Dadas las características categóricas de la informa-
ción disponible, con modalidades ausentes, se propone el uso del Análisis de Correspondencias Múltiples
(ACM) para su estimación. La aplicación del ACM con las modalidades estimadas, la Clasificación Jerár-
quica Acumulada, y l categorización de sus modalidades, sugieren una tipología de nueve grupos para las
134 especies descritas, aunque se deja abierta la posibilidad de integrar otras características y criterios de
validación de expertos en arboricultura urbana.
Palabras clave / Key words: árboles, análisis multivariado, tipología, contaminación del aire, reforestación
urbana
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ESTUDIO EXPLORATORIO DE LA FORMA DE LA COPA DE LOS
ÁRBOLES1

Short presentations (20 min)
Héctor Javier Vázquez2

México

Resumen/Abstract: Sin duda uno de los elementos más visibles e importantes de los árboles es su
copa, pues es allí, donde se encuentran las hojas. Estos son los órganos dominantes, donde se realiza la
fotosíntesis, una de las funciones básicas para la vida en la tierra. El tamaño, la forma, la disposición, la
densidad de las hojas y ramas de la copa son elementos a considerar para evaluar la salud de los árboles,
su capacidad fotosintética y su capacidad para secuestrar carbono. El objetivo de este estudio es explorar la
variabilidad entre diversas formas de copas de un conjunto de especies de árboles, mediante la comparación
de puntos de referencia o “landmarks”, aplicando el Análisis de Procrustes y el Análisis de Componentes
Principales. Esto con el fin de evaluar si existen asociaciones entre la forma de la copa del árbol y modelos
alométricos.Las formas se comparan con los 22 modelos arquitecturales propuestos por Francis Hallé (Ha-
llé, 2010).

Palabras clave / Key words: morphometrics, multivariate analysis, copa de árbol, allometry.
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DOUBLE GENERALIZED PROCRUSTES ANALYSIS ON MULTI-WAY
PUBLIC EDUCATION EXPENDITURE DATA

Posters
María Concepción Vega-Hernández1 Carmen Patino-Alonso2

España

Resumen/Abstract: Society has always been very interested in what the government spends its money
on public education. However, at times, it is not easy to handle this volume of information. Therefore, the
aim of this paper is to study public education expenditure using Generalized Procrustes Analysis (GPA)
when working with multidirectional data. The data treated are a sequence of tables from several countries
where different public expenditures on education have been measured over time (2005-2019), and which
have been segmented into two datasets taking into account the nominal GDP in millions of U.S. dollars
(high income countries and low income countries). The application of GPA is proposed in two different
ways: one to represent the consensuses of high income countries and low income countries and another
for the consensuses of the expenditure variables. Finally, a coinertia analysis will be performed to plot the
co-inertia of the public education expenditure structures of high- and low-nominal GDP countries.

Palabras clave / Key words: Generalized Procrustes Analysis; multi-way; public education expenditure;
countries.
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A GRASSLAND METAECOEPIDEMIC MODEL WITH JUST
CONSUMERS’ MIGRATION1

Presentations (30 minutes)
EZIO VENTURINO2

Italy

Resumen/Abstract: This work presents a resource-consumer model with two patches.Consumers can
freely move among them. It is more general than a metapopulation system, in that it containsfungal disease
affecting resources of the second patch. The situation describes a grassland-herbivores environment,where
one patch is managed in an extensive way and has a wider plant diversity, while the other one ishighly fer-
tilized leading to an important forage production. Herbivores feed both on healthy or infected crop,moving
between the two patches.Behaviors emerging from some parts ofthe model, respectively formed by uncou-
pled patches and by the purely demographic coupled model are assessedthrough the characterization of the
system’s equilibria.Results are compared with the purely demographicmodel to highlight the role of the
disease in this dynamics. System bifurcations and the system equilibria response to parameters perturba-
tions have been explored.Disease eradication is possible under suitable circumstances.Coexistence of the
five populations through persistent oscillations is also possible,but not at a stable level.

Palabras clave / Key words: Eco-epidemiology, Metapopulation, Holling type-II, Stability analysis, Grassland-
herbivores model
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COMPUTING SPARSE SEMILINEAR MODELS FOR COVID-19
RELATED PROCESSES1

Presentations (30 minutes)
Fredy Vides2

Honduras

Resumen/Abstract: In this talk, the theoretical and computational aspects of the identification, classi-
fication and numerical simulation of some COVD-19 related processes, are presented. From an empirical
standpoint, sparse identification methods for semilinear time series models tend to allow the computation
of descriptive models corresponding to a given process under study, with a smaller amount of training da-
ta than standard nonsparse approximate model identification methods, due primarily to the fact that the
corresponding matrices of parameters to be identified have less entries to be determined. In addition, the
computational cost of the predictions corresponding to the behavior of a given system is reduced, due to the
sparsity of the matrices of parameters involved in the computation of the transition operators determined
by the sparse model identification algorithms. In this talk, some general results in operator approximation
theory with applications to sparse model identification of COVID-19 related processes are presented. The
approximation of the corresponding state-transition operators determined by matrices of parameters to be
identified, will be approached by proving the existence of easily computable integers that can be applied
to estimate the computability of approximate sparse representations of the matrices of parameters, and as
a by-product of the computation of these numbers one can obtain low-rank approximations of submatrices
of the trajectory matrices corresponding to some data measured from the processes under study, that can be
used to compute the sparse approximants of the matrices of parameters. Some connections of these theo-
retical and computational methods with the numerical simulation of COVID-19 related processes will be
presented.

Palabras clave / Key words: System identification, sparse representation, time series, recurrent neural net-
work, gated recurrent unit.
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CURVE FITTING FOR COVID-19 POPULATION DATA TREND USING
GENERALIZED LOGISTIC REGRESSION1

Presentations (30 minutes)
Mario Alberto Villalobos Arias2

Costa Rica

Resumen/Abstract: In this work, a proposal is presented for the estimation of populations using ge-
neralized logistic curve fitting. These types of curves are used to study population growth, in this case
population of people infected by the Covid-19 virus; and it can also be used to approximate the survival
curve used in actuarial and similar studies. The resulting model could also be used to approximate daily
cases and other data related to the pandemic, such as the number of hospitalized and ICU cases. In addition,
an adjustment method for the detection of second and subsequent waves is also proposed. Examples are
presented for some Latin American countries.

Palabras clave / Key words: COVID-19; non-linear regression; Logistic regression; curve fitting; trends;
forecast.
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COMPUTING HYPERELLIPTIC MODULAR INVARIANTS FROM
PERIOD MATRICES1

Presentations (30 minutes)
Christelle Vincent2

USA

Resumen/Abstract: We define the modular invariants of a hyperelliptic curve to be the value of certain
Siegel modular functions that correspond to classical invariants of hyperelliptic curves, evaluated at a period
matrix of the Jacobian of the curve. In this talk, we discuss this correspondence between modular functions
and invariants of curves, as well as certain computational considerations that arise when recognizing the
invariants as algebraic numbers from their floating point approximation. This is joint work with Ionica,
Kilicer, Lauter, Lorenzo Garcia, Massierer and Manzateanu.

Palabras clave / Key words: hyperelliptic Jacobians, Siegel modular forms, modular invariants
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STRUCTURING AND MODELING OF COMPLEX PROBLEMS USING
THE VALUE-FOCUSED THINKING (VFT) AND ELECTRE-MOR

METHODS: PRODUCTS CLASSIFICATION IN A BEVERAGE
WAREHOUSE

Posters
Lucas Vitorino1 Marcos Dos Santos2

Carlos Francisco Simões Gomes3 Igor Pinheiro de Araújo Costa4

Brazil

Resumen/Abstract: O armazém é um elemento fundamental da logística, que precisa de formas eficien-
tes de classificar e atribuir um local de armazenagem. O problema de atribuição de local de armazenamento
(slap) pode ser tratado como um problema de multicritérios através de métodos de tomada de decisão que
estabelecem a classificação de unidades de armazenamento (skus) influenciados pela opinião do tomador
de decisão. Este artigo visa aplicar o pensamento focado no valor (vft) e os métodos de eletrificação para
apoiar o processo de tomada de decisão (dm) estratégico na classificação de unidades de inventário através
de múltiplos critérios, em um armazém de uma empresa de distribuição. Os resultados encontrados mostra-
ram que, entre 100 skus, 8 % foram alocados na classe a de maior prioridade, 19 % na classe b de prioridade
intermediária e 73 % dos skus, a grande maioria, foram atribuídos à classe menos.

Palabras clave / Key words: MULTICRITERIA ANALYSIS; STORAGE LOCATION ASSIGNMENT
PROBLEM; ELECTRE-MOR; SLAP; VFT.
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ON THE SPECTRAL THEORY OF SCHRÖDINGER OPERATOR WITH
DYNAMICALLY DEFINED POTENTIAL1

Presentations (30 minutes)
El Hadji Yaya Tall2

Brazil

Resumen/Abstract: The commonly accepted mathematical model of an electron in a crystal with im-
purities is that of a Schrödinger equation resulting from a potential sum of a periodic oscillation to which is
added random noise. The mathematical study of this equation highlights, under certain assumptions on the
noise, that it gives rise to a strictly positive Lyapunov exponent, which also tends to exponentially localize
the wave function. Much of the mathematical study of Schrödingeroperator is motivated by an observation
made in 1958 by the American physicist Philip Anderson who args that while idela crystal are always con-
ductors, the presence of impurities should cause the crystal to loose all its conductivity properties and, thus
become an insulator : the electrons are trapped due to the crystal lattice disorder. This discovery earned An-
derson the Nobel Prize for Physics in 1977.We consider the discrete time independent Schrödinger operator
H defined in ℓ2(Z) by

[H(ψ)](n) = ψ(n+ 1) + ψ(n− 1) + V (n)ψ(n)

where V : Z → R is a bounded function. V is called the the potential it models the medium to which the
quantum state ψ is exposed.The term

∆ψ](n) = ψ(n+ 1) + ψ(n− 1)

in H is the discrete Laplacian, and it arises from the kinetic energy by quantization.The time-independent
Schrödinger equation describes the so-called orbitals or stationary waves in quantum mechanics. It is the
eigenvalue equation of Hamiltonian or Schrödinger operator H

Hψ = Eψ (3)

where ψ is the wave function, E is the energy of the quantum state ψ.In this talk we will study equation
3 when the potential is dynamically defined, by using tools coming from ergodic theory. More precisely
we will first introduce the notion of linear cocycle for the Schrödinger equation and study the associated
Lyapunov exponents and see what can we say about the solutions of 3.
Palabras clave / Key words:
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THE MODULI STACK OF PRINCIPAL ρ-SHEAVES AND
GIESEKER-HARDER-NARASIMHAN FILTRATIONS1

Presentations (30 minutes)
Alfonso Zamora2

Resumen/Abstract: Given a smooth projective variety X and a connected reductive group G defined
over a field of characteristic 0, we define a moduli stack of principal ρ-sheaves that compactifies the stack
of G-bundles on X . We apply a recent theory to construct a moduli space of Gieseker semistable principal
ρ-sheaves. This provides an intrinsic stack-theoretic construction of the moduli space of semistable singu-
lar principal bundles. An important outcome is the definition of a schematic Gieseker-Harder-Narasimhan
filtration for ρ-sheaves, which induces a stratification of the stack by locally closed substacks and refines
the previously known canonical slope parabolic reduction.
Palabras clave / Key words:
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