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Las inundaciones, uno de los
desastres naturales mas
peligrosos.

Se calcula que en el dltimo
siglo han causado mas de
100.000 muertes y miles de
millones de euros en pérdidas.

Aumentan en frecuencia y
gravedad debido
principalmente al cambio
climatico y por cambios en los
usos de suelo.
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Una adecuada gestion de los recursos hidricos
proporciona multiples beneficios como proteccion
frente a las inundaciones.

Esto requiere la obtencion de datos precisos y la
creacion de herramientas adecuadas.
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Modelo matematico
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Modelo CARPA
(E. Bladé Castellet, 2005)
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Modelo Turbilléon

Modelo un modelo
hidrodinamico 2D de
r aguas someras.

(L Cea, 200 5) 2D hydraulic modelling Orientado a simulacién
de flujos de lamina libre

estuarios no
estratificados.

+ (Bladé et al., 2014) en cuencas de rios y
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The universal, adaptative and user
friendly pre and postprocessing
system for computer analysis
in science and engineering




Validado en multiples escenarios

I Misma precision que codigos comerciales.
Computacionalmente ineficiente.

2D hydraulic modelling

No aphcable en escenarios en tiempo real.
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EuroHPC
Leading the way in European Supercomputing

EU, European countries and private partners to develop a World

—
The EuroHPC Joint Undertaking is a joint initiative between the i

|
Class Supercomputing Ecosystem in Europe. 1

] ©

Para mejorar la eficiencia se hace uso técnicas de computacion de altas
prestaciones, que permite emplear sistemas informaticos con una alta
capacidad de procesamiento para de resolver problemas complejos.

La importancia de este tipo de tecnologias es tal que la Unién Europea
reconoce la computacion de altas prestaciones como una capacidad
estratégica de cara a la economia y una herramienta esencial en casi todos los
ambitos de la investigacion.



48 Years of Microprocessor Trend Data
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La programacion paralela es compleja vy
presenta dificultades anadidas a la hora de
realizar un programa que funcione
correctamente y sea eficiente.

Los programas que no sean capaces de explotar el
paralelismo veran limitada su aplicacion.

APIs de programaciéon paralela

ZN

OPEN MPI

] Graphics Core + ? ; s
New Media Capabilities -




Calculo

GPGPU

General-Purpose computing on
Graphics Processing Units.

Originalmente las GPUs
estaban orientadas al
procesamiento de graficos.

Gran numero de ntcleos de
procesamiento y un gran ancho
de banda de memoria.

Disenadas ejecutar miles de
threads simultaneamente.

Ideales para procesamiento de
datos.
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Abstract: This paper presents Iber+, a new parallel code based on the numerical model Iber for
two-dimensional (2D) flood inundation modelling. The new implementation, which is coded in C++
and takes advantage of the parallelization functionalities both on CPUs (central processing units)
and GPUs (graphics processing units), was validated using different benchmark cases and compared,
in terms of numerical output and computational efficiency, with other well-known hydraulic software
packages. Depending on the complexity of the specific test case, the new parallel implementation
can achieve speedups up to two orders of magnitude when compared with the standard version.
The speedup is especially remarkable for the GPU parallelization that uses Nvidia CUDA (compute
unified device architecture). The efficiency is as good as the one provided by some of the most
popular hydraulic models. We also present the application of Iber+ to model an extreme flash flood
that took place in the Spanish Pyrenees in October 2012. The new implementation was used to
simulate 24 h of real time in roughly eight minutes of computing time, while the standard version
needed more than 15 h. This huge improvement in computational efficiency opens up the possibility
of using the code for real-time forecasting of flood events in early-warning systems, in order to help
decision making under hazardous events that need a fast intervention to deploy countermeasures.

Keywords: flood; numerical simulation; shallow water equations; Iber+; benchmark; CUDA;
OpenMP; finite volume
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IberWQ: A GPU Accelerated Tool for 2D Water
Quality Modeling in Rivers and Estuaries
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Abstract: Numerical models are useful tools to analyze water quality by computing the concentration
of physical, chemical and biological parameters. The present work introduces a two-dimensional
depth-averaged model that computes the most relevant and frequent parameters used to evaluate
water quality. High performance computing (HPC) techniques based on graphic processing unit
(GPU) parallelization have been applied to improve the efficiency of the package, providing speed-ups
of two orders of magnitude in a standard PC. Several test cases were analyzed to show the capabilities
and efficiency of the model to evaluate the environmental status of rivers and non-stratified estuaries.
IberWQ will be freely available through the package Iber.

Keywords: computational fluid dynamics; depth-averaged modeling; water quality; environmental
quality standards; high performance computing (HPC); graphic processing unit (GPU); CUDA
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Simulacion de calidad de aguas en la ria de Ferrol.
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Caso de aplicaciéon: evento de precipitacion en el rio Aragon
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Malla de 459,000 elementos.

17 simulaciones: una con valores de CN y Manning
de referencia. Y 16 variando estos parametros.

El tiempo total de simulacion con Iber+ es de 2h
20m.

El tiempo total de simulacién con Iber es de mas de
10 dias.




RIVERFLOOD

Prediccion de calado a las 20:00 horas
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Hidraulica

Turbulencia

Hidrologia

Calidad de aguas

Erosion de suelos

Transporte de troncos

Transporte de sedimentos
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Pick LEFTMOUSE to desplace view (ESC to quit).

Novedades Iber+:

Iber 8,2 Implementacién del médulo de erosién de suelos

Soporte para cubiertas.




Pick LEFTMOUSE to desplace view (ESC to quit).
i

Moédulo de transporte de troncos.

FUturOS desarr()]_]_()s Simulaciones no deterministas.

Los estudios requieren un gran numero de simulaciones.

20




Physical Domain Computational Cell

Modelado de submalla.

Futuros desarrollos

Incorpora informacion detallada del terreno al modelo sin
incrementar la malla computacional.
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Soporte computaciéon distribuida.

Futuros desarrollos

Soporte multi-gpu.
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Graclas por su atencion.




