Lecture Notes in Computer Science

Commenced Publication in 1973
Founding and Former Series Editors:
Gerhard Goos, Juris Hartmanis, and Jan van Leeuwen

Editorial Board

David Hutchison

Lancaster University, UK
Takeo Kanade

Carnegie Mellon University, Pittsburgh, PA, USA
Josef Kittler

University of Surrey, Guildford, UK
Jon M. Kleinberg

Cornell University, Ithaca, NY, USA
Alfred Kobsa

University of California, Irvine, CA, USA
Friedemann Mattern

ETH Zurich, Switzerland
John C. Mitchell

Stanford University, CA, USA
Moni Naor

Weizmann Institute of Science, Rehovot, Israel
Oscar Nierstrasz

University of Bern, Switzerland
C. Pandu Rangan

Indian Institute of Technology, Madras, India
Bernhard Steffen

TU Dortmund University, Germany
Madhu Sudan

Microsoft Research, Cambridge, MA, USA
Demetri Terzopoulos

University of California, Los Angeles, CA, USA
Doug Tygar

University of California, Berkeley, CA, USA
Gerhard Weikum

Max Planck Institute for Informatics, Saarbruecken, Germany

7442



Vladimir P. Gerdt Wolfram Koepf
Ernst W. Mayr Evgenii V. Vorozhtsov (Eds.)

Computer Algebra
1n Scientific
Computing

14th International Workshop, CASC 2012
Maribor, Slovenia, September 3-6, 2012
Proceedings

@ Springer



Volume Editors

Vladimir P. Gerdt

Joint Institute for Nuclear Research (JINR)
Laboratory of Information Technologies (LIT)
141980 Dubna, Russia

E-mail: gerdt@jinr.ru

Wolfram Koepf

Universitit Kassel

Institut fiir Mathematik

Heinrich-Plett-Strae 40, 34132 Kassel, Germany
E-mail: koepf @mathematik.uni-kassel.de

Ernst W. Mayr

Technische Universitidt Miinchen

Institut fiir Informatik

Lehrstuhl fiir Effiziente Algorithmen
BoltzmannstraBe 3, 85748 Garching, Germany
E-mail: mayr@in.tum.de

Evgenii V. Vorozhtsov

Russian Academy of Sciences

Institute of Theoretical and Applied Mechanics
630090 Novosibirsk, Russia

E-mail: vorozh@itam.nsc.ru

ISSN 0302-9743 e-ISSN 1611-3349

ISBN 978-3-642-32972-2 e-ISBN 978-3-642-32973-9
DOI 10.1007/978-3-642-32973-9

Springer Heidelberg Dordrecht London New York

Library of Congress Control Number: 2012944896

CR Subject Classification (1998): F2, G.2,E.1,1.1,1.3.5, G.1,F.1

LNCS Sublibrary: SL 1 — Theoretical Computer Science and General Issues

© Springer-Verlag Berlin Heidelberg 2012

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is
concerned, specifically the rights of translation, reprinting, re-use of illustrations, recitation, broadcasting,
reproduction on microfilms or in any other way, and storage in data banks. Duplication of this publication
or parts thereof is permitted only under the provisions of the German Copyright Law of September 9, 1965,
in its current version, and permission for use must always be obtained from Springer. Violations are liable

to prosecution under the German Copyright Law.

The use of general descriptive names, registered names, trademarks, etc. in this publication does not imply,
even in the absence of a specific statement, that such names are exempt from the relevant protective laws

and regulations and therefore free for general use.

Typesetting: Camera-ready by author, data conversion by Scientific Publishing Services, Chennai, India

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



Preface

One of the directions of research at the Center of Applied Mathematics and
Theoretical Physics, University of Maribor (CAMTP), is the application of
methods and algorithms of computer algebra to studying some long-standing
problems of the theory of differential equations, such as the Poincaré center
problem and Hilbert’s 16th problem. In the work of the group, led by Valery
Romanovski, efficient computational approaches to studying the center problem
and the closely related isochronicity problem have been developed. It allowed
the group to completely solve the problems for many classes of polynomial sys-
tems of ODEs. In recent work (with V. Levandovskyy, D.S. Shafer, and others),
they also developed a powerful algorithmic method to obtain some bounds on
the number of small limit cycles bifurcating from elementary singular points of
polynomial systems of ODEs, i.e., to evaluate algorithmically the cyclicity of the
elementary center and focus. Research on applications of computer algebra to
differential equations and dynamical systems at CAMTP is carried out in col-
laboration with colleagues worldwide working in similar directions; among them
we can mention X. Chen, M. Han, W. Huang, Y.-R. Liu and W. Zhang (China),
V. Edneral (Russia), J. Giné (Spain), and A. Mahdi and D.S. Shafer (USA).
Some goals and features of the approaches mentioned above are described in a
recent book [V.G. Romanovski, D.S. Shafer. The center and cyclicity problems: a
computational algebra approach. Boston, Basel-Berlin: Birkhauser, 2009; ISBN
978-0-8176-4726-1].

In 2010, CAMTP, in collaboration with the Institute of Mathematics, Physics,
and Mechanics (IMFM), the Faculty of Natural Science and Mathematics of the
University of Maribor, and with the support of the Slovenian Research Agency,
organized the conference “Symbolic Computation and Its Applications” (SCA).
The concept of this meeting was to bring together researchers from various areas
of natural sciences, who employ and/or develop symbolic techniques, and to
provide a platform for discussions and exchange of ideas. Following the success
of the meeting, a second conference was organized in May 2012 at RWTH Aachen
University, thus turning SCA into a series of conferences.

In connection with the above, it was decided to hold the 14th CASC Work-
shop in Maribor. The 13 earlier CASC conferences, CASC 1998, CASC 1999,
CASC 2000, CASC 2001, CASC 2002, CASC 2003, CASC 2004, CASC 2005,
CASC 2006, CASC 2007, CASC 2009, CASC 2010, and CASC 2011 were held,
respectively, in St. Petersburg (Russia), in Munich (Germany), in Samarkand
(Uzbekistan), in Konstanz (Germany), in Yalta (Ukraine), in Passau (Germany),
in St. Petersburg (Russia), in Kalamata (Greece), in Chigindu (Moldova), in
Bonn (Germany), in Kobe (Japan), in Tsakhkadzor (Armenia), and in Kassel
(Germany), and they all proved to be very successful.



VI Preface

This volume contains 28 full papers submitted to the workshop by the
participants and accepted by the Program Committee after a thorough reviewing
process. Additionally, the volume includes two abstracts of invited talks.

One of the main themes of the CASC workshop series, namely, polynomial al-
gebra, is represented by contributions devoted to new algorithms for computing
comprehensive Grobner and involutive systems, parallelization of the Grobner
bases computation, the study of quasi-stable polynomial ideals, new algorithms
to compute the Jacobson form of a matrix of Ore polynomials, a recursive Lev-
errier algorithm for inversion of dense matrices whose entries are monic polyno-
mials, root isolation of zero-dimensional triangular polynomial systems, optimal
computation of the third power of a long integer, investigation of the complexity
of solving systems with few independent monomials, the study of ill-conditioned
polynomial systems, a method for polynomial root-finding via eigen-solving and
randomization, an algorithm for fast dense polynomial multiplication with Java
using the new opaque typed method, and sparse polynomial powering using
heaps.

The invited talk by K. Yokoyama deals with the usage of modular techniques
for efficient computation of ideal operations. The following applications of mod-
ular techniques are considered: Grébner bases computation and computation of
minimal polynomials. The methods for recovering the true result from the results
of modular computations are also discussed.

Several papers are devoted to using computer algebra for the investigation
of various mathematical and applied topics related to ordinary differential equa-
tions (ODEs): algebraic methods for investigating the qualitative behavior of
bio-chemical reaction networks, algorithms for detecting the Hopf bifurcation in
high-dimensional chemical reaction networks, the solution of linear ODEs with
rational coefficients, also known as D-finite (or holonomic) series, the calculation
of normal forms and the first integrals of the Euler—Poisson equations, conditions
for the first integral of the cubic Lotka—Volterra system in a neighborhood of
the origin, and the analysis of the asymptotic stabilizability of planar switched
linear ODE systems.

Two papers deal with applications of symbolic computation in mechanics: the
investigation of stability of equilibrium positions in the spatial circular restricted
four-body problem of celestial mechanics, and the investigation of stability of a
gyroscopic system with four degrees of freedom and with three parameters.

New symbolic-numeric algorithms presented in this volume deal with the
solution of the boundary-value problem for the Schrédinger equation in cylin-
drical coordinates and the solution of the Navier—Stokes equations for the three-
dimensional viscous incompressible fluid flows.

Other applications of computer algebra systems presented in this volume
include the investigation of the questions of existence of polynomial solutions for
linear partial differential equations and (g-)difference equations, new algorithms
for rational reparameterization of any plane curve, Maple-based algorithms for
determining the intersection multiplicity of two plane curves, and the reduction



Preface VII

of the solution of the combinatorial problem of rainbow connectivity to the
solution of a certain system of polynomial equations.

The invariant theory, which is at the crossroads of several mathematical dis-
ciplines, is surveyed in the invited talk by G. Kemper. Some examples are given,
in which invariant theory is applied to graph theory, computer vision, and cod-
ing theory. The talk also gives an overview of the state of the art of algorithmic
invariant theory.

The CASC 2012 workshop was supported financially by the Slovenian Re-
search Agency and CAMTP. Our particular thanks are due to the members
of the CASC 2012 local Organizing Committee in Slovenia: M. Robnik and
V. Romanovski (CAMTP, Maribor) and M. Petkovsek (University of Ljubl-
jana), who ably handled local arrangements in Maribor. Furthermore, we want
to thank the Program Committee for their thorough work. Finally, we are grate-
ful to W. Meixner for his technical help in the preparation of the camera-ready
manuscript for this volume.

July 2012 V.P. Gerdt
W. Koepf

E.W. Mayr

E.V. Vorozhtsov
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