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PROGRAMA / PROGRAM
Lunes / Monday

09:00 — 09:30: Inauguracion
Sesiéon: Optimizacion

11:00 —12:00: Khludnev, A.: Junction problem for thin elastic and volume rigid inclusions in elastic body
(pég. [63).

12:00 — 14:00 Tiempo para almuerzo / Time for lunch.

14:00 — 15:00: Rodriguez, O.: Conferencia Plenaria

15:00 - 15:20 Receso

15:20 — 16:00: Bernabé, M.: Busqueda Tabu en particionamiento con multiples objetivos (pag.

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. (pag. [I04)

Sesion: Workshop Kludnev-70

11:00-11:20: Khludnev, A.:Junction problem for thin elastic and volume rigid inclusions in elastic body.(pag.
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. (pag. [122)

11:40-12:00: Kovtunenko, V.: Poroelastic medium with non-penetrating crack driven by hydraulic fracture.

(pag.
Sesion: Ciencia de Datos

11:00 —11:30: Arce, J.: Optimized Symbolic Correspondence Analysis for Multi-Valued Variables. (pag.[20)
11:30 — 12:00: Martinez, P.: Kernel density estimations in the machine learning world. (pag. [83)

12:00 — 14:00 Tiempo para almuerzo / Time for lunch.

14:00 -15:00: Rodriguez, O.: Conferencia Plenaria.

15:00 — 15:20 Receso

15:20 — 15:40: Guerrero, M.: Crime in young mexicans: Statistical modeling and risk quantification.(pag.[59)
15:40 — 16:00: Ramirez, R.: Natural language processing, an application to the classification of economic
and political news in Mexico.(pag.

16:00 — 17:00: Erazo, C.: Short course: Introduction to Shiny.(pag. 43))

Martes 22 / Tuesday

Sesion: Analisis y Probabilidad

09:00 — 09:40: Cabral, G.: A fixed point theorem in the space of integrable functions and applications.
(pdg.28)

9:40 — 9:50 Receso

09:50 — 10:30: Campos, J.: Ellipticity criteria for random walks in 1.i.d. random environments. (pag.
10:30 — 11:00: Arredondo, J.: Fourier Analysis with generalized integration. (pag.

11:00 —12:00 Lauter, K.: Conferencia
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12:00 — 14:00 Tiempo para almuerzo / Time for lunch.
Sesion: Fisica

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

(pdg.[T40)
9:40 - 9:50 Receso

Sesion: Ciencia de Datos

8:00 — 8:20: Lopez, M.: Fuel type mapping through Al for wildfire simulations. (pag.

8:20 — 8:40: Lopez, A.: Quantile-based fuzzy clustering of multivariate time series in the frequency domain.
(pdg. B1)

8:40 — 9:40: Erazo, C: Short course: Introduction to Shiny (pag.

9:40 — 9:50 Receso

9:50 — 10:30: Murillo, A.: Data Analysis with Combinatorial Optimization Heuristics (dacoh): biblioteca
en R para anlisis de datos usando metaheuristicas (pag. [I42)

11:00 — 12:00: Plenaria SIMMAC

12:00 — 14:00 Tiempo para almuerzo / Time for lunch.

Sesion: 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). (pag. 24)).
14:40 — 15:00: Flores, M.: An algorithm for differentiating composite functions with a vector argument
repeatedly. (pag. 7).

15:00 — 15:40: Carlos Herndndez, A.: Speech spoofing detection using neural networks. (pag. [61]).

15:40 — 16:00 Receso

16:00 — 16:30: Alvarez, E.: El modelo de drbol més cercano aplicado en un tripode enraizado bajo Jukes-
Cantor y condicién de reloj molecular. (pag. [L6).

16:30 — 17:00: Garcia, P.: A Methodology for the Analysis of Cooperation and Conflict, in the Consensus-

Negotiation. (pag.[53).

Sesion: Estadistica
14:40 — 15:00: Vazquez, H.: Analisis Multivariado y Establecimiento de una Tipologia de Especies Arbo-
reas mediante la categorizacién de Modalidades. (pag. [146).
15:00 — 15:40: Roman, K.: Deep Gaussian Processes and Infinite Neural Networks for the Analysis of EEG
Signals in Alzheimer’s Diseases. (pag. [I19).
15:40 — 16:00 Receso

Sesion: Analisis numérico

14:00 — 14:20: Pagola, P.: A convergent and asymptotic Laplace method for integrals. (pag.[99)
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14:20 — 14:40: Lobao, D.: Linear New Approach for Trigonometric Inverse Series Applied to Newton-
Raphson Method. (pag.[78).

14:40 — 15:00: Funez, W.: Identificacién aproximada de sefiales en reconocimiento de patrones mediante la
descomposicién en modo dindmico (DMD) y la teorfa de Koopman. (pag. 49).

15:00 — 15:20: Soto, J.: Descomposicion Tensorial y sus Aplicaciones en Procesamiento de Imagenes.
(pdg. [136).

15:20 — 15:40: Torres, A.: Solucion Numérica de una Ecuacién de Difusién Bifraccional Mediante Funcio-
nes de Base Radial. (pag. [I41).

15:40 — 16:00 Receso

16:00 — 16:30: Fallas, J.: Aproximacion de la matriz de rango bajo mediante proyecciones bilaterales alea-
torias y su aplicacién a la compresién de imdgenes (pag. {4).

16:30 — 17:00: Chavarria, J.: El algoritmo GoDec y su aplicacion al procesamiento de videos (pag. [36)).

Sesion: Sistemas dinadmicos y modelacion

8:00 — 9:00: Silva, L.: Singular hyperbolicity and subsectional lyapunov exponents of various orders.
(pag. [130).

9:00 — 9:40: El Hadji Yaya Tall: On the spectral theory of Schrodinger operator with dynamically defined
potential.(pag. [I53).

9:40 — 9:50 Receso

9:50 — 10:30: Justen, V.: The van der pol equation: qualitative and numerical study. (pag. [67).

11:00 — 12:00: Plenaria SIMMAC

12:00 — 14:00 Tiempo para almuerzo / Time for lunch.

Sesion: Contribuciones a la modelizacion matematica del Covid-19

8:00 — 9:00: Lima, M. Epidemiologia Matematica: COVID-19. (pag.[76).

9:00 — 9:40: Menezes. R.: CoronaSurveys: Estimating Active Cases of COVID-19

(pdg. [B7).

9:40 — 9:50 Receso.

9:50 — 10:30: Nufiez, S.: Renormalization group theory and scheduler dependencies in Agent-Based Mo-
dels: two modeling aspects toward higher model fidelity. (pag. [96).

10:30 — 11:00: Montes, E.: Analysis and characterization of employment and its dynamics in Mexico before
and during the COVID-19 pandemic. (pag. [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.(pag. @3).
15:00 — 15:20: Castro, C.: On Outliers Detection and Censored Samples. (pag. [34)

Sesion: Aplicaciones a las Ciencias
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14:00 — 14:30: Flores, H.: Modeling Glucose Homeostasis Using OGTT Data: A Bayesian Approach.
(pag. [48).

14:30 — 15:00: Romero, C.: On the turnpike property of the numerical solutions in a stochastic Lotka-
Volterra model. (pag. [121].

15:00 — 15:30: Duarte, R.: Modelacion de medios filtrantes aplicando diagramas de Voronoi-Laguerre.
(pdg.[39).

15:40 — 16:00: Receso

16:00 — 16:20: Perez, B.: Ozone study in Mexico City. An application of the hidden Marcov processes.
(pdg.[103).

16:20 — 16:40: Campos, W.: Andlisis temporal del crecimiento del parque vehicular en San Salvador y mu-
nicipios aledafios. (pag.[30).

16:40 — 17:00: Palacios, W.: Metaheuristics for sorting permutations by prefix reversals (SPBR). (pag. [I00)

Sesion: Estadistica

8:00 — 8:40: Vaillant, J.: Spatio-temporal Cluster detection tests and stochastic modeling. (pag.

8:40 — 9:00: Alonzo, I.:Multiple degrees of freedom Gaussian processes. (pag. [I5)).

9:00 — 9:40: Castillo, L.: Estimation and Validation in Statistical Modeling of two Non Negative Random
Variables given Explanatory Variables based Bivariate Subcopula

(pdg. 33).

9:40 — 10:00 Receso

10:00 — 10:40: Vazquez, H.: Estudio Exploratorio de la Forma de la Copa de los Arboles. (pag. .
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. (pag. [I07).

Sesion: Modelacion

8:20 — 9:00: Venturino, E.: A grassland metaecoepidemic model with just consumers’ migration. (pag.[149).
9:00 — 9:40: Lumpuy, D.: Influence of stochastic noise on hematopoietic recovery after an autologous bone
marrow transplant. (pag. [82).

9:40 — 10:00 Receso

10:00- 10:30: Murillo, A.: Spatial Analysis Predicting Asthma Morbidity in Multiethnic Urban Rhode Is-
land Children. (pag.[95).

10:30 — 11:00: Arroyo, J.: Local interactions influence spread of prey in a predator-prey system with group
defense.(pag. [22).

11:00 — 12:00: Porter, M.: Opinion Dynamics on Social Networks. (pag. [I08).

12:00 — 14:00 Tiempo para almuerzo / Time for lunch.

Sesion: Algebra y Teoria de nimeros

13:40 — 14:00: Garcia, J.: Class Number Formula Based on the Floor of a Number. (pag. [ST).

14:00 — 15:00: Li, W.: A generalization to Elkies’s theorem. (p4g.

15:00 — 15:40: Vincent, C.: Computing hyperelliptic modular invariants from period matrices.(pag. [[52).
15:40 — 16:00 Receso

16:00 — 17:00: Serrano, A.: How do points on plane curves generate fields? Let me count the ways.

(pdg.[129).
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Sesion: Contribuciones a la modelizacion matematica del Covid-19

8:00 — 9:00: Lima, M.: Epidemiologia Matemdtica: COVID-19. (pag. [76).

9:00 — 9:40: Gonzalez, G.: The Statistics of the Covid-19 Pandemic in Mexico and the Problems for Buil-
ding Predictive Models. (pag. [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. (pag.[102).

10:40 — 11:20: Molina, R.: Los modelos cohorte-temporales de la dispersion del COVID-19. (pag. [89).
11:20 — 12:00: Sénchez, F.: Modeling Covid-19 in Costa Rica: A Multilayer Network Approach (pag. [124).
12:00 — 14:00 Tiempo para almuerzo / Time for lunch.

Sesion: Geometria y Topologia

9:00 — 9:40: Zamora, A.: The moduli stack of principal p-sheaves and Gieseker-Harder-Narasimhan filtra-
tions (pag. [156).

9:40 — 10:00 Receso

10:00 — 11:00: Minicurso TR. (pag. [60).

11:00 — 12:00: Oliveira, A.: A pair of dual branes on the singular locus of the Hitchin system (pag. 08).
12:00 — 14:00 Tiempo para almuerzo / Time for lunch.

Jueves / Thursday
Optimizacion

8:00 — 9:00: Khludnev, A.: Workshop dedicated to Prof. Alexander Khludnev 70th anniversary. (pag. [65)),
(pég. [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 (pag. [I03).
9:20 — 9:40: Bento, L.: AHP-Gaussian aligned with Value Focused Thinking for strategical decision making
in Brazilian Airforce load plane purchasing. (pag. [38).

9:40 — 10:00 Receso

10:00 — 10:30: Soria, I.: Logistica inteligente aplicada a sistemas de distribucién de productos de consumo
masivo. Un caso de estudio de distribucion de bebidas embotelladas en México. (pag. [134).

Ondas de agua: Modelado matematico de mares y océanos.

8:00 — 9:00: Andrade, D.: Water Waves: Mathematical modeling of seas and oceans. (pag.[19).

9:00 — 9:40: Santos, M.: Conformable spatial derivative modeling fluid flow. (pag. [126).

9:40 — 10:00 Receso

10:00 — 12:00: Roma, A.: A brief introduction to computational fluid dynamics: modeling, computational
simulation, and applications. (pag. [TT8).

12:00 — 14:00 Tiempo para almuerzo / Time for lunch.

Contribuciones a la modelizacion matematica del Covid-19
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8:00 — 9:00: Lima, M.: Epidemiologia Matematica: COVID-19. (pag. [76).

9:00 — 9:40: Vampa, V.: Using information-theory quantifiers to characterize COVID-19 time-series data.
(pdg. [T44).

9:40- 10:00 Receso

10:00 — 10:40: Gémez, A.: SEAIR Epidemic Spreading modeling of Covid-19 for Costa Rica. (pag. [56).
10:40 — 11:20: Solis, M.:Risk classifier for COVID-19 susceptible individuals using the patient previous
data. (pag. [I32).

11:20 — 12:00: Subirana, J.: Caracterizacién de la poblacién afectada por el COVID-19 en Santa Cruz de la
Sierra. (pag. [I38).

12:00 — 14:00 Tiempo para almuerzo / Time for lunch.
Riesgo y matematica financiera

13:20 — 15:40: Mesa redonda: Retos para la gestion 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. (pag. §3).

16:30 — 16:50: Morales, P.: Pricing Financial Options through Modified Black-Scholes Merton Model.
(pdg. 02).

16:50 — 17:10: Brenes, F.: Link between financial system development and economic growth in Costa Rica:
Cointegration and time series analysis. (pag. [26).

Geometria y Topologia

9:00 — 9:40: Sanchez, J.: Chain complexes and E-infinity operads. (pag.[123).

9:40 - 10:00 Receso

10:00 — 11:00: Minicurso TR. (pag. [60).

11:00 — 12:00: Jardim, M.: Distributions and foliations on the three dimensional projective space. (pag. [66).

Numerical PDE

14:00 — 15:00: Solano, M.: Numerical analysis of PDE’s and its role in alternative energies modelling.
(pdg. [I31).

15:00 — 15:40: Colmenares, E.: A fully-DG method for the stationary Boussinesq system. (pag. [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. (pag.[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. (pag. [I§).

Sesion: 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. (pag. [65)).
08:30-09:00: Lazarev, N.: Equilibrium of a thermoelastic plate with nonpenetration condition. (pag. [73).
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Viernes / Friday
Algebra y Teoria de niimeros

14:00 — 15:00: Krumm, D.: Classification of pre-periodic portraits for quadratic polynomials over quadratic
number fields. (pag. [71).

15:00 — 15:40: Duque, J.: Enumerating triangular modular curves of small genus. (pag. @41]).

15:40 — 16:00 Receso

16:00 — 17:00: Plenaria SIMMAC

Ondas de agua: Modelado matematico de mares y océanos.

8:00 — 9:00: Roma, A.: A brief introduction to computational fluid dynamics: modeling, computational si-
mulation, and applications. (pag. [[18).

9:00 — 9:40: Ribeiro, R.: Trapped Waves and Collisions. (pag. [1T4).

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. (pag. 46)).

10:40 — 11:20: Stuhlmeier, R.: Weakly nonlinear theory for deterministic wave forecasting. (pag.[137).
11:20—12:00: Rodriguez, P.: Asymptotic method applied to obtain shock waves solutions in Buckley—Leverett
Equations. (pag.[117).

12:00 — 14:00 Tiempo para almuerzo / Time for lunch.

Contribuciones a la modelizacion matematica 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. (pag. [I35).

8:20 — 9:00: Isea, R.: Hacia un modelo matemético multiescala que unifica la dindmica de propagacién del
Covid-19. (pag. [64).

9:00 — 9:40: Villalobos, M.: Curve Fitting for Covid-19 Population Data Trend using Generalized Logistic
Regression.(pag. [[51).

09:40 — 10:00 Receso

10:00 — 10:40: Vides, F.: Computing Sparse Semilinear Models for COVID-19 Related Processes. (pag.[I50).
10:40 — 11:20 Herrera, E.: Modeling of social contact patterns in Bogotd Colombia during the covid-19 pan-
demic. (pag. [62).

11:20 — 14:00 Tiempo para almuerzo / Time for lunch.

Geometria y Topologia

9:00 — 9:40: Komatsudani, M.: Baum Bott indexes and Vector Fields in the Projective Space.(pag. [69).
9:40 — 10:00 Receso

10:00 — 11:00: Minicurso TR. (pag. [60).

11:00 — 12:00: Garcia, M.: Generalized Ricci Flow. (pag.[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
PDE:s. (pag. [139).

14:30 — 15:00: Galvis, J.: Fast multiscale contrast independent preconditioner for linear elastic topology
optimization problems. (pag. [50).

15:00 — 15:40: Sequeira, F.: An Lp spaces-based mixed virtual element method for the two-dimensional
Navier-Stokes equations. (pag.[127).

15:40 -16:00 Receso

16:00 — 17:00: Plenaria SIMMAC
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Lista de contribuciones / Contribution list
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|Alvarez, M: A priori and a posteriori error analysis of a semi-augmented mixed finite element |
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[ riables| . ... e 20
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[Braz, E., De Araujo, A., Amaral, J., De Pina, J., Pires, J., Dos Santos, M. & De Araujo, I.:
| ‘The Importance of electric inteligence (ELINT) 1n the estimation and parameterization of

| electromagnetic pulses detected by electronic warfare support measures (EWSM)[ . . . . . 24
[Brenes, F. & Chou Chen, S.: Link between financial system development and economic growth |

| in Costa Rica: Cointegration and time series analysis| . . . . . .. .. .. ... ... ... 26
[Bolanos, R.:Averaging 2D Stochastic Wave Equation| . . . . . .. ... ... ... ....... 27
[Cabral, G.: A fixed point theorem 1n the space of integrable functions and applications|. . . . . . 28
[Campos, M. & Sanchez, R.: Humanitarian Logistics using Distributed and Coordinated Autono- |

| mous Agent Models|. . . . . . .. .. 29
[Campos, W.: Analisis temporal del crecimiento del parque vehicular en San Salvador y munici- |

[ pios aledanos| . . . . . .. L 30
[Campos, J.: Ellipticity criteria for random walks 1n 1.1.d. random environments| . . . . . . . . . . 31
[Cardo, R. & Corvalan, A.: Mathematical Models in Evoked Potential Analysis|. . . . . . .. .. 32
[Castillo, L.: Estimation and Validation 1n Statistical Modeling of two Non Negative Random |

| Variables given Explanatory Variables based Bivariate Subcopulal. . . . . . . ... .. .. 33
[Castro, C. & Leiva, V.: On Outliers Detection and Censored Samples| . . . . . . .. ... .. .. 34
[Chavarria-Molina, J., Fallas-Monge, J. & Soto-Quiros, J.: El algoritmo GoDec y su aplicacion al |

| procesamiento de videos| . . . . . ... L L oL e e 36
[Colmenares, E.: A fully-DG method for the stationary Boussinesq system| . . . . ... ... .. 37
[Dos Santos, R., R., Bento, L., & Dos Santos, M. :AHP-Gaussian aligned with Value Focused

[ Thinking for strategical decision making in Brazilian Airforce load plane purchasing| . . . 38
[Duarte, R. & Destephen, J.: Modelacion de medios filtrantes aplicando diagramas de Voronoi-

| Laguerre|. . . . . . . e e 39
[Duque, J.: Enumerating triangular modular curves of small genus|. . . . . . . . ... ... ... 41
[Eduarte, A. , Frutos, F. & Carboni, R.: Chaotic Behavior of Geodesics in Kerr-like Spacetime| . . 42
|[Erazo, C.: Introduction to Shiny| . . . . . . . .. .. Lo 43
[Fallas, J., Soto, J., & Chavarria, J.:Aproximacion de la matriz de rango bajo mediante proyeccio-
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MULTIPLE DEGREES OF FREEDOM GAUSSIAN PROCESSESE
Short presentations (20 min)
Alonzo Matamoros, Izhar Asael [}
Vehtari, Akiﬂ
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.

s 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.

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

MOLECULAR/
Short presentations (20 min)
Alvarez Gonzdlez, Ernesto [}

México

Resumen/Abstract: En filogenética importa recobrar las relaciones ancestrales de las especies actuales.
En esta charla hablaré de como ajustar 3 especies a dos tripodes enraizados: Jukes-Cantor sin condicion de
reloj molecular y Jukes-Cantor con condicion de reloj molecular. Un tripode enraizado es un drbol filoge-
nético con tres hojas, dos de éstas mas emparentadas entre si que con la tercera. Jukes-Cantor es el modelo
de evoluciéon molecular més simple, que propone iguales tasas de substitucidn entre nucleétidos entre cada
par de ramas del arbol filogenético. La condicidn de reloj molecular supone una tnica tasa de sustitucion,
fija, a lo largo de todo el arbol filogenético. El ajuste a un arbol filogenético fijo sin raiz para un conjunto
finito de secuencias de 2 estados se puede realizar mediante el método del arbol mds cercano. Esto impone
condiciones sobre los pardmetros del modelo, como las longitudes de los lados del arbol. En el presente
manuscrito, adaptamos dicho método a un conjunto de tres especies identificadas por sus secuencias de nu-
cledtidos (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 tripode
enraizado propuesto como modelo de evolucidn que explica todas sus relaciones ancestrales con un cuartet
sin raiz. Distinguimos dos tripodes de ajuste, Jukes-Cantor sin condicion de reloj molecular y Jukes-Cantor
con condicién de reloj molecular. En cualquier caso, proporcionamos la region del espacio de pardmetros
que garantiza la unicidad para el ajuste. La conjugacién de Hadamard juega un papel clave en tales descrip-
ciones.

Palabras clave / Key words: Método del arbol mds cercano, conjugacion de Hadamard, ajuste logaritmico
de verosimilitud, reconstruccion filogenética, proceso de reduccidn, algoritmo de cobertura de Grobner.

Referencias/References:

s Steel, M., and Hendy, M.D., and Penny, D. (1998). Reconstructing phylogenies from nucleotide pat-
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). Grobner bases for polynomial systems with parameters. Jour-
nal of Symbolic computation. Vol. 45. No.12, pp. 1391-1424.doi:10.1016/7j.3sc.2010.06.
017

= Steel, M.A., Hendy, M.D., Székely, L.A., and Erdos, 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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2Universidad Complutense de Madrid, Madrid, Espaiia, eralva0l @ucm.es
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= Chor, B., Hendy, M.D., and Snir, S. (2006). Maximum Likelihood Jukes-Cantor Triplets: Analytic
Solutions. Mol. Biol. Evol. Vol. 23. No. 3, pp. 626-632. do1:10.1093/molbev/msj069

= Hendy, M. (1991). A combinatorial description of the closest tree algorithm for finding evolutionary
trees. Discrete Mathematics. Vol. 96, pp. 51-58. https://doi.org/10.1016/0012-365X(91)
90469-1
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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 MEDIAE
Presentations (30 minutes)
Alvarez, Mario André
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 £ are used for approximating the pseudo-stress
tensor, piecewise polynomials of degree < k and < k41 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:

= M. Alvarez, G.N. Gatica, B. Gomez-Vargas and R. Ruiz-Baier,New mixed finite element methods for
natural convection with phase-change in porous media.J. Sci. Comput. 80 (2019), no. 1, 141-174.2.

= E. Colmenares, G.N. Gatica, R. Oyarzia,A posteriori error analysis of an augmented mixed-primal
formulation for the stationary Bousinessq model.Calcolo, vol. 54(2017), 3, 1055-1095.

1Jueves/Thursday 24, 16:30 - 17:00, Schedule (GMT-6)
2Universidad de Costa Rica, Sede de Occidente, Departamento de Ciencias Naturales, Secciéon de Matemadtica, ma-
rio.alvarezguadamuz @ucr.ac.cr
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WATER WAVES: MATHEMATICAL MODELING OF SEAS AND

OCEANS
Plenary lectures (50 minutes)
Andrade, David?| Stuhlmeier, Raphael|
Ribeiro, Robertd] Flamarion, Marceldp|
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, 1.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

SUniversidade Federal Rural de Pernambuco, marcelo.flamarion @ufrpe.br
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OPTIMIZED SYMBOLIC CORRESPONDENCE ANALYSIS FOR

MULTI-VALUED VARIABLES
Presentations (30 minutes)
Arce, Jorgd’| Rodriguez, Oldemarf]
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:

s 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 I’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/Mondaw 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 INTEGRATIONIH
Short presentations (20 min)
Arredondo Ruiz, Juarfy
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
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LOCAL INTERACTIONS INFLUENCE SPREAD OF PREY IN A

PREDATOR-PREY SYSTEM WITH GROUP DEFENS
Presentations (30 minutes)
Arroyo Esquivel, Jorgeﬂ Hastings, Allanﬂ
Baskett, Marissd|
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.
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3UC Davis, Davis, CA, USA ,amhastings @ucdavis.edu
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BUSQUEDA TABU EN PARTICIONAMIENTO CON MULTIPLES

OBJETIVOS/]
Presentations (30 minutes)
Bernabé Loranca, Maria Beatrizﬂ
México

Resumen: El particionamiento sobre datos geograficos es de gran utilidad para resolver problemas re-
lacionados con Disefio Territorial.Para instancias de tamafio pequeiio, este problema incluso es resuelto por
métodos exactos en un tiempo de respuesta aceptable. Sin embargo, para instancias de tamafio grande y
debido a la naturaleza combinatoria de este problema, la complejidad computacional aumenta y el uso de
métodos de aproximacion se ha hecho necesario.Un caso en particular de este tipo de problemas que ha
tenido nuestra atencién en los dltimos afios es el agrupamiento por particiones para Agebs (Areas Geoesta-
disticas Bdsicas). Algunos trabajos relacionados se han desarrollado para resolver la formacién de grupos
compactos de Agebs, pero la incorporacién de restricciones adicionales ha sido poco tratada. Un proble-
ma interesante de aplicacion muy demandado, es la extension del agrupamiento compacto para construir
grupos bajo el criterio de homogeneidad y/o balanceo en el nimero 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 programacién matemadtica y su asociada
implementacién para lograr el equilibrio entre compacidad y homogeneidad en la cardinalidad de objetos.
La metaheuristica incorporada a este problema de agrupamiento territorial multiobjetivo ha sido Bisqueda
Tabu. Maria Beatriz Berndbe Loranca, Carmen Cerén Garnica, Alberto Carrillo Candn, Rogelio Gonzdlez
Velazquez, Gerardo Martinez Guzman
Palabras clave / Key words: Biisqueda tabu, compacidad, disefio territorial, Homogeneidad, multiobjetivo,
particionamiento.

Referencias/References:
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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) ]

Short presentations (20 min)

Braz Alves, Edgarcﬂ De Araiijo Costa, Arthur Pinheimﬂ
Amaral Alves, Jorgeﬂ De Pina Corriga, José Victoﬂ
Pires Filho, Jorge Costd| Dos Santos, Marcos|
De Araiijo Costa, Igo
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.

s ALVES, E. B. MAGE MK3: O futuro da Guerra Eletronica na MB. Rio de Janeiro: Ed. Centro de
Instru¢ao Almirante Wandenkolk, aug. 2020. 15 p
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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 Parametro Amplitude no “Deinterleaving” de Pulsos Radar. Rio de Janeiro:
Ed. UFR]J, apr. 2005. 100 p.

= CAROLL L. H. DAN interviews the General Director of Marine Material - “Forca de Submarinos”.
Interview with Luiz Padilha. Rio de Janeiro, Available in
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LINK BETWEEN FINANCIAL SYSTEM DEVELOPMENT AND
ECONOMIC GROWTH IN COSTA RICA: COINTEGRATION AND TIME

SERIES ANALYSIS]]
Presentations (30 minutes)
Brenes, Fabiarf Chou-Chen, Shif|
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.

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

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

= Pfaff, B. (2008). Analysis of Integrated and Cointegrated Time Serieswith R. Springer, New York.
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AVERAGING 2D STOCHASTIC WAVE EQUATION]]
Plenary Talk (60 min)
Raiil Bolaiios 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 APPLICATIONS!]
Presentations (30 minutes)
Cabral Garcia, Gabriela de Jespisﬂ
México

Resumen/Abstract: We give sufficient conditions when a mapping 7' : £ — 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. Radenovi¢. (22 junio 2016). Fixed points of Ciri¢-Matkowski-type con-
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Appl 2015, 61 (2015). https://doi.org/10.1186/s13663-015-0312-7
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HUMANITARIAN LOGISTICS USING DISTRIBUTED AND

COORDINATED AUTONOMOUS AGENT MODELS
Posters

Campos Reyes, Maria Luisaﬂ Sdnchez Nigenda, Romeoﬂ
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 (Herndndez, 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.
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