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PREFACE

The Euroconference held at El Escorial, Spain, in September 1996, was the second of two
aimed at addressing the issues of Nonlinearity and Disorder. The 19%6 one was devoted to the
simulation and parallel computing related to nonlinear problems. The Euroconference was
organized around main lectures in each area to introduce the basic concepts and stimulate
discussions.

The simulation studies covered a description of relevant topics in Physics from the
dynamical problems in accelerators to molecular dynamics simulations through the numerical
integration of stochastic differential equations. The parallel computing lectures analyzed the
basic associated questions and methodologies associated with applications.

K. M. Decker presented the state of the art in Problem-Solving Environments (PSEs).
After presenting a general definition of PSE, he analyzed the user requirements and presented
the various steps involved in the problem-solving procedure.

S. McCormick presented methods for solving large-scale problems in fluid mechanics,
The fundamental approach taken in the paper is to pose the fluid flow equations in their first
order form, incorporate additional equations where they improve the character of the
formulation, and define the objective as that of minimizing the L° norm of the defect of these
equations.

The numerical methods based on the multigrid technique were presented by K. Stliben
analyzing the parallel robust implementation of these metheds. K Stiiben also presented the
results of Europort, a two-year ESPRIT initiative for porting industrial codes to parallel
computers.

Several issues of program optimization on vector processor were described by M.
Valero, in particular he presented measurement about degree of vectorization, vector length and
operation use in SPEC{i92 programs.

The main issues raised during the parallelization of iterative and direct sparse solvers in
distributed memory multiproccesors were addressed by E. L. Zapata.

R. Mannella made a deep and extensive presentation of the numerical algorithms for the
integration of stochastic differential equations.

R.Vilela-Mendes presented the description of four relevant problems in Computational
Physics: the boundary layer control; the stochastic ground state simulations; the methods to
analyze non-Gaussian data and algorithms for particle track recognition.

In the context of the molecular dynamics simulations W.AB. Evans described an
NEMD method to determine the full dielectric properties ot a simulated polar droplet confined
within a spherical wall and perturbed by an external field.
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(3. Rickayzen presented a review of one particular approach to the molecular theory of
fluids: that using o density functional for the determination of the structure of an
inhomogeneous fluid.

The dynamical problems in accelerators were analyzed by M Giovannozzi and W.
Scundale. They studied the casc of the CERN-L.HC. M. Giovannozzi revicwed the theory
developed to compute the dynamic aperture, as well as the paralle]l implementation and
performance of different algorithms. W. Scandale described the sorting procedure (o correet the
eflects of the unavoidable random multipolar errors. A special sorting strategy is described: that
based on the analysis of the 4 1D betatron motion through the one turn map and its normal form.

Also the Proceedings contain different contributions that were presented in short talks as
well as a summary of the different posters shown in the Euroconference .

We gratefully acknowledge the substantial financial support [rom the Euroconference
grant (1940234 of the European Human Capital and Mobility Programme. We also thank the
financial support received [fom the Direccion General de Investipacion Clentifica y Técnica of
Spain (grant APC95-002%) and the Comunidad Auténoma de Madrid .

We are very grateful to 8. Jiménez, S. Molina and V.M. Pérez-Garcia of the Organizing
Committee for their help and support in the preparation of the Euroconference. We thank the
students 1. Leyva, D. Usero and M. P. Zorzane for their assistance during the Luroconference.

Special thanks are also due to Mr. A. Guisado of Florida IHotel which hosted the
Euroconference for the continuous assistance that made the organization work easier. Finally,
we are indebted to Mr. C. Pefa for the photo and press covering of the Euroconference.

Luis Vazquer.
Francisco Tirado
[gnacio Martin



BIBLIOTHEQUE DU CERIST

CONTENTS

Problem-Solving Environments: Status and Perspectives
K. M. Decker
1 Introduction
2 What are Problem-Solving Environments?
2.1 Definition and classification
2.2 User requirements
2.3 The problem solving procedure
3 The Developer’s Perspective
3.1 Distributed heterogeneous hardware platforms
3.2 Client-serve architectures
3.3 Object-oriented technology
3.4 Specification languages
3.5 Artificial intelligence
3.6 Compiler technology
4 Examples
5 PSE-Related Activities at CSCS/SCSC

5.1 The Annai parallel application engineering environment
5.2 The intelligent program development environment PDE

5.3 Interactive scientific computing over networks
6 Summary and Conclusions

Multilevel First-Order System Least Squares Methodology
S. McCormick

Introduction

First-Order System Least Squares (FOSLS)

Multilevel Projection Method (PML)

Nonlinear INTustration: Eigenproblems

Other Applications

5.1 Helmbholtz

5.2 Cauchy-Riemann

6 Concluding Remarks

P S

Parallel and Robust Multigrid with Applications
K. Stiiben

1 Introduction

2 HPC and Optimal Methods

e e Y S S

PO bY o oem — —
[ = (R S = 2R = V=)

25

25
27
29
31
32
33
34
36

37

37
38



BIBLIOTHEQUE DU CERIST

Xii

3.2 Some alternative algorithms
3.3 Quasi conservative systems
4 Conclusions

Topics in Computational Physics
R. Vilela-Mendes
1 Introduction
2 Boundary Layer Control. A Problem in Fluid Dynamics
2.1 The boundary layer equations
2.2 Scaling solutions
2.3 Numerical results
3 Stochastic Ground State Simulations
3.1 Quantum Monte-Carlo and the sign problem
3.2 Ground state processes
4 Handling non-Gaussian Data. Characteristic Function and
[arge Deviations
4.1 Non-Gaussian data and the neural computation of the
characteristic function
4.2 Large deviation analysis of experimental data
5 A Method for Fast Track Recognition in High-Energy Colliders
6 Adaptive Monte Carlo Integration

The Dielectric Properties of a Stockmayer Fluid by “NEMD”
W A. B. Evans and I. G. Powles

1 Introduction

2 Theory

3  The Model and Simulation Details

Nonlinear Equations in the Molecular Theory of Fluids;
a Model for Molecular Fluids
G. Rickayzen and M. Calleja
1 Introduction
2 Theory
2.1 Density functional
2.2 The direct correlation function
2.3 The algebraic model
2.4 The variational method
2.5 The homogeneocus fluid
2.6 The fluid confined to a slit

121
124
126

130

131
132
135
137
141
144
144
147

153

153
161
171
174

181
181

182
183



BIBLIOTHEQUE DU CERIST

3

Numerical and Computational Methods

3.1 Monte-Carlo computer simulation

3.2 The determination of the direct correlation function
33 Afluid in a slit

Results

4.1 The equation of state

4.2 Is there an isotropic-nematic phase transition?

4.3 Density profiles in the inhomogenecus fluid

4.4 Summary

Evaluation of the Dynamic Aperture of the CERN-LHC Using
Fast Indicators of Long Term Stability

1
2

M. Giovannozzi

Introduction

Dynamic Aperture: Definition and Numerical Computation

2.1 Method I: direct integration

2.2 Method 2: integration over the dynamics

Farallel Algorithms to Evaluate the DA

3.1 Parallel algorithm 1: direct approach

3.2 Parallel algorithm 2: integration over the dynamics

3.3 Load balance

3.4 Implementations considerations

Performance of the Parallel Algorithms

Automated Early Indicators

5.1 Lyapunov exponent

5.2 ‘Tune variation

5.3 Failures of the indicators: intermittency and stable chaos

Survival Plots as Early Indicators

6.1 Interpolation of dynamic aperture vs. number of turns and
Nekhoroshev theorem

6.2 Long-term prediction

Dynamic Aperture Prediction

7.1 4DLHC

7.2 6DILHC

Issues of Non-Linear Dynamics in the LHC

1
2

W. Scandale and R. Bartolini
Introduction
Non-Linear Beam Dynamic in the LHC

xiii

203
203
204
205
205
205
207
209
210

213

213
215
216
216
217
217
218
219
220
220
222
223
224
225
226

226
228
228
229
229

233

233
236



BIBLIOTHEQUE DU CERIST

Xiv

2.1 Field errors in the magnetic elements
2.2 Dynamical effect of the field errors
3 Sorting of the Random Field Errors
4  Analytic Techniques
4.1 The one-turn-map
4.2 The one-turn-map in normal form
5 Applications
5.1 The 8 LHC cells mede
5.2 The SPS for diffusion experiment
6 Concluding Remarks

Contributions

On the y*-Equation and its Generalizations
G. L. Alfimov

Practical Parallelization Strategies of a Thermohydraulic Code
J. M. Alvarez, M. Diaz, L. Llopis, J. L. Pastrana, F. Rus,
E. Soler and J. M. Troya

New Characteristic-Finite Element Schemes for the Navier-Stokes

Equations
R. Bermejo and J. Conde

Nonlinear Wave Interactions in Media with Translation Symmetry
A. A. Bulgakov

Instability of Steady-State Solution of Nonlinear Schrodinger Equation
with Variable Parameters
S. Darmanyan

Symmetric Split of Exponential Operators and Finite Difference Schemes
G. Dattoli, M. Quattromini, A. Torre and P. I. Ottaviani

Numerical Study of a “Unique” Sine-Gordon “Breather” in (2+1)

Dimensions
W, A. B. Evans and L. Vdzquez

236
237
238
239
240
240
243
243
243
247

250

254

258

264

268

272

278



BIBLIOTHEQUE DU CERIST

Cellular Automata in the Simulation of Wave Propagation in Solids.
Nonlinear Phenomena
J. C. Fabero, A. Bautista and L. Casasiis

NF_lib: A Package for Fast Computation of 2N-Dimensional
Normal Forms
D. Frattini, A. Bazzani and G. Servizi

Symmetry Reductions of a Generalized Boussinesq Equation
M. L. Gandarias and M. S. Bruzon

Swing Effect Soliton Demultiplexer
F. Garzia, C. Sibilia and M. Bertolotti

Electromagnetic Wave Interaction with a Nonlinear Photonic Lattice:
Numerical Algorithms and Physical Results
L. Gilles, §. Jiménez, S. Bulgakov and L. Vdzguez

A PVM Parallel Implementation of the Nuclear Transient Analysis
Code TRAC-BF1
V. Herndndez, A. Vidal, I Blanquer, J. Romdn, S. Flich,
J. Mudioz-Cobo, G. Verdi, X. Sancho, A. Escrivd, J. Serra and A, Gomez

Movable Intrinsic Localized Modes
V. V. Konotop and 8. Takeno

A Trefftz Spectral Method for Incompressible Viscous Fluid Flows
§. A. Lifits, S. Yu. Reutskiy and B. Tirozzi

The Multigrid Machine
L. Martin and F. Tirado

Loop Optimization Techniques: An Overview of Software Pipelining
R. Moreno

Parallel Simulation of Semiconductor Laser Arrays
L. F Romero, E. L. Zapata and J. I. Ramos

XV

287

292

298

302

306

310

314

318

322

330

335



BIBLIOTHEQUE DU CERIST

xvi

Hybrid Simulated Annealing
R Salazar and R. Toral

Solving the Eigenvalues of Symmetric Sparse Matrices Applying

Parallelism
M. A. Trenas, R. Asenjo and E. L. Zapata

Operator-Splitting Integrators for Gaussian Thermostated Systems
FE Zhang

Posters

Numerical Solution of a Reaction-Diffusion System
R. Bermejo and M. Seaid

Symmetric Decomposition of Exponential Operators and
Evolution Problems
G. Dattoli, L. Giannessi, M. Quattromini and A. Torre

Object Oriented Modeling and Simulation of Dynamic Systems:
Application in the Hydrologic Domain
M. Delhom, J. F. Santucci, P. Bisgambiglia and A. Alello

Integral Equations: An Application in Nuclear Physics
P, Folgarait, A. Fabrocini and E. Migli

Combined Envelope-Envelope Solitons on Two Dimensionaf Lattices
R. Huss, F. G. Mertens and Yu Gaididei

Simulation of MIMD Topologies
R. 8. Monteiro and A. R. Borges

Contribution of Coherent Structures in Drift-Wave Turbulence
to Particle Transport
V. Naulin and K. H. Spatschek

343

347

352

356

359

363

363

368

370

373



BIBLIOTHEQUE DU CERIST

Comparison of Trigger Waves and Waves of Transition from an Unstable
State in Disordered Media
J. M. Noriega, M. A. Rodriguez and L. Pesquera

Spatio-Temporal Patterns in a 3D Chaotic Neura! Network
V. Pérez-Muiiuzuri, M. A. Matias, I.P. Marifio and V. Pérez-Villar

The Instruction Set Architecture of the Multigrid Machine
M. Prieto, I. Martin and F. Tirado

Numerical Solution of Nonlinear Equations for the Classical and
Semiclassical Models of Anisotropic Laser Systems
8. V. Sergeev, G. G. Krylov, J. M. Guerra and V. M. Pérez-Garcia

Instability of Waves Propagating in a Highly Birefringent Fiber
E. Seve, P. Tchofo-Dinda, G. Millot and M. Haelterman

Nonlinear Schridinger Plane Waves
D. Usero and L. Vdzquez

Numerical Solution for Fokker Planck Equations in Accelerators
M. P. Zorzano, H. Mais and L. Vdizquez

xXvii

375

377

381

388

391

393

397





