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Preface

The 8th International Conference on Large-Scale Scientific Computations
(LSSC 2011) was held in Sozopol, Bulgaria, June 6-10, 2011. The conference
was organized and sponsored by the Institute of Information and Communica-
tion Technologies at the Bulgarian Academy of Sciences.

The plenary invited speakers and lectures were:

E. Casas, Analysis of an Elliptic Control Problem with Non-differentiable

Cost Functional

O. Iliev, On Modeling and Simulation of Multiscale Filtration Processes

— U. Langer, A Non-standard Finite Element Method Based on Boundary
Integral Operators

— P. Vassilevski, Construction and Properties of Coarse Finite Element Spaces

by Algebraic Multigrid

W. Wagner, Stochastic Particle Methods

B. Wohlmuth, Do We Still Need Analysis in PDE-Based Simulation?

The success of the conference and the present volume in particular are out-
come of the joint efforts of many partners from various institutions and organi-
zations. First, thanks to all the members of the Scientific Committee for their
valuable contribution forming the scientific face of the conference, as well as for
their help in reviewing contributed papers. We especially thank the organizers
of the special sessions. We are also grateful to the staff involved in the local
organization.

Traditionally, the purpose of the conference is to bring together scientists
working with large-scale computational models of environmental and industrial
problems, and specialists in the field of numerical methods and algorithms for
modern high-performance computers. The invited lectures reviewed some of the
advanced achievements in the field of numerical methods and their efficient ap-
plications. The conference talks were presented by the university researchers and
practical industry engineers including applied mathematicians, numerical ana-
lysts, and computer experts. The general theme for LSSC 2011 was “Large-Scale
Scientific Computing” with a particular focus on the organized special sessions.

Special Sessions and Organizers:

— Robust Multigrid, Multilevel and Multiscale, Deterministic and Stochastic
Methods for Modelling Highly Heterogeneous Media — R. Lazarov,
P. Vassilevski, L. Zikatanov

Advanced Methods for Transport — P. Bochev, D. Ridzal, M. Shashkov

— Control and Uncertain Systems — M. Krastanov, V. Veliov

Applications of Metaheuristics to Large-Scale Problems — S. Fidanova,
G. Luque



VI

— Environmental Modeling — A. Ebel, K. Georgiev, Z. Zlatev

— Large-Scale Computing on Many-Core Architectures — G. Haase

Multiscale Industrial, Environmental and Biomedical Problems — O. Iliev,

P. Popov

— Efficient Algorithms of Computational Geometry — L. Dechevski, A. Laksa

— High-Performance Monte Carlo Simulations — A. Karaivanova, E. Atanassov,
T. Gurov

— Voxel-Based Computations — P. Arbenz, R. Blaheta, M. Neytcheva

More than 150 participants from all over the world attended the conference
representing some of the strongest research groups in the field of advanced large-
scale scientific computing. This volume contains 77 papers submitted by authors
from more than 20 countries.

The 9th International Conference LSSC 2013 will be held in June 2013.

January 2012 Ivan Lirkov
Svetozar Margenov
Jerzy Wagniewski



Table of Contents

Part I: Plenary and Invited Papers

Smoothed Aggregation Spectral Element Agglomeration AMG:
SA-PAMGE . .o 3

Marian Brezina and Panayot S. Vassilevski

Approximation of Sparse Controls in Semilinear Elliptic Equations . .. .. 16
Eduardo Casas, Roland Herzog, and Gerd Wachsmuth

A Non-standard Finite Element Method Based on Boundary Integral
OPETatOrS .« v ottt e 28
Clemens Hofreither, Ulrich Langer, and Clemens Pechstein

Part II: Robust Multigrid, Multilevel and Multiscale,
Deterministic and Stochastic Methods for
Modeling Highly Heterogeneous Media

Robust Solvers for Symmetric Positive Definite Operators and Weighted
Poincaré Inequalities ............ ..ot 43
Yalchin Efendiev, Juan Galvis, Raytcho Lazarov, and Joerg Willems

Additive Schur Complement Approximation for Elliptic Problems with
Oscillatory Coefficients ......... .. .. i i 52
J. Kraus

Part III: Advanced Methods for Transport

Optimization-Based Modeling with Applications to Transport:
Part 1. Abstract Formulation ... ....... ... ... .. ... .. ... ... ...... 63
Pavel Bochev, Denis Ridzal, and Joseph Young

Optimization-Based Modeling with Applications to Transport:
Part 2. The Optimization Algorithm .............. ... ... ... ...... 72
Joseph Young, Denis Ridzal, and Pavel Bochev

Optimization-Based Modeling with Applications to Transport:
Part 3. Computational Studies. . ....... ... ... i 81
Denis Ridzal, Joseph Young, Pavel Bochev, and Kara Peterson



VIII Table of Contents

Part IV: Control and Uncertain Systems

Newton’s Method and Secant Method for Set-Valued Mappings ........ 91
Robert Baier and Mirko Hessel-von Molo

Optimal Control of Multibody Systems in Resistive Media ............ 99
F.L. Chernousko

Classical and Relaxed Progressively Refining Discretization-

Optimization Methods for Optimal Control Problems Defined by

Ordinary Differential Equations......... ... ... ... o ... 106
1. Chryssoverghi, J. Coletsos, and B. Kokkinis

On the Asymptotic Stabilization of an Uncertain Bioprocess Model. . . . . 115
Neli S. Dimitrova and Mikhail I. Krastanov

Reachable Sets of Impulsive Control System with Cone Constraint on
the Control and Their Estimates ............ ... ... ... ... ... ...... 123
Tatiana F. Filippova and Oksana G. Matviychuk

Optimal Mass Transportation-Based Models for Neuronal Fibers .. ... .. 131
Antonio Marigonda and Giandomenico Orlandi

Optimal Controls in Models of Economic Growth and the
Environment .. ... 139
Elke Moser, Alexia Prskawetz, and Gernot Tragler

On the Minimum Time Problem for Dodgem Car-Like Bang—Singular
Extremals. ... ..o 147
L. Poggiolini and G. Stefani

Perturbation Bounds for the Nonlinear Matrix Equation
X+AIX A+ BEXTIB =T 155
Ivan Popchev, Petko Petkov, Mihail Konstantinov, and
Vera Angelova

Part V: Applications of Metaheuristics to Large-Scale
Problems

Sensitivity Analysis for the Purposes of Parameter Identification of a
S. cerevisiae Fed-Batch Cultivation .......... ... .. . .. ... ... .. 165
Maria Angelova and Tania Pencheva

A Matheuristic Algorithm for a Large-Scale Energy Management

Problem . ... 173
D. Anghinolfi, L.M. Gambardella, R. Montemanni, C. Nattero,
M. Paolucci, and N.E. Toklu



Table of Contents IX

On a Game-Method for Modelling with Intuitionistic Fuzzy
Estimations: Part 1 ... 182
Lilija Atanassova and Krassimir Atanassov

A Generalized Net with an ACO-Algorithm Optimization

COmPONENT . ..ot e 190
Vassia Atanassova, Stefka Fidanova, Panagiotis Chountas, and
Krassimir Atanassov

Time Series Prediction by Artificial Neural Networks and Differential
Evolution in Distributed Environment . ........... .. .. ... .. .. .... 198
Todor Balabanov, Iliyan Zankinski, and Nina Dobrinkova

Differential Evolution Applied to Large Scale Parametric Interval
Linear Systems .. ... ... 206
Jerzy Duda and Iwona Skalna

User-Centric Optimization with Evolutionary and Memetic Systems .... 214
Javier Espinar, Carlos Cotta, and Antonio J. Ferndandez-Leiva

Intuitionistic Fuzzy Estimation of the Ant Colony Optimization
Starting Points . ... .. 222
Stefka Fidanova, Krassimir Atanassov, and Pencho Marinov

Variable Neighborhood Search for Robust Optimization and
Applications to Aerodynamics .. ..... ... 230
A. Mucherino, M. Fuchs, X. Vasseur, and S. Gratton

Processor Array Design with the Use of Genetic Algorithm ............ 238
Piotr Ratuszniak

A Hybrid Genetic Algorithm for Parameter Identification of Bioprocess
Models . ..o 247
Olympia Roeva

A General Frame for Building Optimal Multiple SVM Kernels .. ....... 256

Dana Simian and Florin Stoica

Part VI: Environmental Modeling

Modeling of Toxic Substances in the Atmosphere — Risk Analysis and
Emergency Forecast ......... .. .. 267
A. Brandiyska, K. Ganev, D. Syrakov, M. Prodanova, and
N. Miloshev

Some Aspects of Impact in the Potential Climate Change on Ozone
Pollution Levels over Bulgaria from High Resolution Simulations. . ... .. 275
Hristo Chervenkov



X Table of Contents

New Parallel Implementation of an Air Pollution Computer Model —
Performance Study on an IBM Blue Gene/P Computer ...............
Krassimir Georgiev, Tzvetan Ostromsky, and Zahari Zlatev

Simulation of the 2009 Harmanli Fire (Bulgaria) .....................
Georgi Jordanov, Jonathan D. Beezley, Nina Dobrinkova,
Adam K. Kochanski, Jan Mandel, and Bedrich Sousedik

A Computational Approach for Remediation Procedures in Horizontal
Subsurface Flow Constructed Wetlands .............................
Konstantinos Liolios, Vassilios Tsihrintzis,
Konstantinos Moutsopoulos, Ivan Georgiev, and
Krassimir Georgiev

Parallel Computation of Sensitivity Analysis Data for the Danish
Eulerian Model . ... ...
Tzvetan Ostromsky, Ivan Dimov, Rayna Georgieva, and
Zahari Zlatev

Implementation of Two Different Shadow Models into EULAG Model:
Madrid Case Study . ..... ...
R. San Jose, J.L. Perez, and R.M. Gonzalez

Model Simulation of Air Pollution Due to April 2010 Iceland Volcano
Eruption . ... ..o
D. Syrakov and M. Prodanova

Automatic Data Quality Control of Environmental Data ..............
A. Tchorbadjieff

Part VII: Large-Scale Computing on Many-Core
Architectures

Computing Boundary Element Method’s Matrices on GPU ............
Gundolf Haase, Martin Schanz, and Samar Vafai

A Parallel Algorithm with Improved Performance of Finite Volume

Method (SIMPLE-TS) . ...ttt i
Kiril S. Shterev, Stefan K. Stefanov, and Emanouil I. Atanassov

Towards Distributed Heterogenous High-Performance Computing with
ViennaCL . ...
Josef Weinbub, Karl Rupp, and Siegfried Selberherr

High-Throughput-Screening of Medical Image Data on Heterogeneous
CIUSEETS .« vttt
Peter Zinterhof



Table of Contents

Part VIII: Multiscale Industrial, Enviromental and
Biomedical Problems

Preconditioning of Linear Systems Arising in Finite Element
Discretizations of the Brinkman Equation ...........................
P. Popov

Part IX: Efficient Algorithms of Computational
Geometry

Blending Functions for Hermite Interpolation by Beta-Function
B-Splines on Triangulations ........... .. .. ...
Bgrre Bang, Lubomir T. Dechevsky, Arne Laksa, and Peter Zanaty

Index Mapping between Tensor-Product Wavelet Bases of Different

Number of Variables, and Computing Multivariate Orthogonal Discrete

Wavelet Transforms on Graphics Processing Units. ...................
Lubomir T. Dechevsky, Jostein Bratlie, and Joakim Gundersen

Interpolation of Curvature and Torsion Using Expo-Rational
B-Splines . .. ..o
Lubomir T. Dechevsky and Georgi H. Georgiev

Hermite Interpolation Using ERBS with Trigonometric Polynomial
Local Functions. .. ... ... e
Lubomir T. Dechevsky and Rumen Uluchev

Triangular Beta-Function B-Spline Finite Elements: Evaluation and
Graphical Comparisons .. ..........o i
Lubomir T. Dechevsky and Peter Zanaty

Part X: High-Performance Monte Carlo Simulations

Sensitivity Study of Heston Stochastic Volatility Model Using
GPGPU ..o

Emanouil 1. Atanassov and Sofiya Ivanovska

A Monte Carlo Simulator for Non-contact Mode Atomic Force
AT 163 0170 o) 2P
Lado Filipovic and Siegfried Selberherr

Numerical Integration Using Sequences Generating Permutations . ... ..
Sofiya Ivanovska, A. Karaivanova, and N. Manev

XI



XII Table of Contents

Optimization of Intermolecular Interaction Potential Energy
Parameters for Monte-Carlo and Molecular Dynamics Simulations. .. ... 464
Dragan Sahpaski, Ljupco Pejov, and Anastas Misev

Phonon-Induced Decoherence in Electron Evolution .................. 472
Philipp Schwaha, Mihail Nedjalkov, Siegfried Selberherr, and

Tvan Dimov

Study of Human Influenza’s Spreading Phenomenon .................. 480
Romica Trandafir and Cornel Resteanu

Part XI: Voxel-Based Computations

Multilevel Solvers with Aggregations for Voxel Based Analysis of
Geomaterials . . ... ... 489
Radim Blaheta and Vojtéch Sokol

A Highly Scalable Matrix-Free Multigrid Solver for uFE Analysis
Based on a Pointer-Less Octree .. ........ .. ... . i .. 498
Cyril Flaig and Peter Arbenz

Aliasing Properties of Voxels in Three-Dimensional Sampling
Lattices. ... ..o 507
E. Linnér and R. Strand

Analysis of a Fast Fourier Transform Based Method for Modeling of
Heterogeneous Materials . ....... .. . i 515
Jaroslav Vondreje, Jan Zeman, and Ivo Marek

Part XII: Contributed Papers

Properties and Estimates of an Integral Type Nonconforming Finite
Element . ... ... 525
A.B. Andreev and M.R. Racheva

Quadratic Finite Element Approximation of a Contact Eigenvalue
Problem .. ... . 533
A.B. Andreev and M.R. Racheva

Optimization Methods for Calibration of Heat Conduction Models . .. .. 541
Radim Blaheta, Rostislav Hrtus, Roman Kohut, and Ondrej Jakl

Block-Preconditioners for Conforming and Non-conforming FEM
Discretizations of the Cahn-Hilliard Equation........................ 549
P. Boyanova, M. Do-Quang, and M. Neytcheva



Table of Contents XIII

Comparison of Two Numerical Methods for Computation of American
Type of the Floating Strike @sian Option . ... ... 558
J.D. Kandilarov and D. Sevéovi¢

A Kernel-Based Algorithm for Numerical Solution of Nonlinear PDEs
in Finance .. ... e 566
Miglena N. Koleva and Lubin G. Vulkov

Improving the Efficiency of Parallel FEM Simulations on Voxel
Domains .. ..ot 574
N. Kosturski, S. Margenov, and Y. Vutov

On the Robustness of Two-Level Preconditioners for Quadratic FE
Orthotropic Elliptic Problems ............ ... .. .. ... ... .. ... 582
J. Kraus, M. Lymbery, and S. Margenov

A Computational Approach for the Earthquake Response of

Cable-Braced Reinforced Concrete Structures under Environmental

AT oM - oo 590
Angelos Liolios, Konstantinos Chalioris, Asterios Liolios,
Stefan Radev, and Konstantinos Liolios

An Inverse Problem for the Stationary Kirchhoff Equation ............ 598
Tchavdar T. Marinov and Rossitza Marinova

An Improved Sparse Matrix-Vector Multiply Based on Recursive Sparse
Blocks Layout .. ... ..o 606
Michele Martone, Marcin Paprzycki, and Salvatore Filippone

On the Differences of the Discrete Weak and Strong Maximum
Principles for Elliptic Operators .......... .. .. . . ... 614
Miklos E. Mincsovics and Tamds L. Horvdth

Adaptive FEM Package with Decentralized Parallel Adaptation of
Tetrahedral Meshes ...... ... i 622
Tomasz Olas and Roman Wyrzykowski

Efficient Simulations of the Transport Properties of Spin Field-Effect
Transistors Built on Silicon Fins .. ......... ... ... ... ... ... ...... 630
D. Osintsev, A. Makarov, V. Sverdlov, and Siegfried Selberherr

Large-Scale Simulation of Uniform Load Traffic for Modeling of
Throughput on a Crossbar Switch Node ........ ... .. .. ... ... ... 638
Tasho Tashev and Viadimir Monov

Two-Phase Porous Media Flow Simulation on a Hybrid Cluster ........ 646
Marina Trapeznikova, Boris Chetverushkin, Natalia Churbanova, and
Dmatric Morozov



X1V Table of Contents

Petrov-Galerkin Analysis for a Degenerate Parabolic Equation in
Zero-Coupon Bond Pricing .. ... .o
R.L. Valkov

Agents in Grid System — Design and Implementation . ...............
Katarzyna Wasielewska, Michat Drozdowicz, Pawet Szmeja,
Maria Ganzha, Marcin Paprzycki, Ivan Lirkov, Dana Petcu, and
Costin Badica

Using Blue Gene/P and GPUs to Accelerate Computations in the
BEULAG Model ...t e e

Roman Wyrzykowski, Krzysztof Rojek, and Eukasz Szustak

Author Index . ... ...





