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Programme 
 
Monday  
 
10:00-10:40 Dimitris Goussis (Princeton) Plenary 

 
Analysis a Stiff Limit Cycle with CSP: Glycolysis in Saccharomyces cerevisiae 
 

11:15-11:45 
 

Manolis Georgoulis (Leicester) Rydal 

Discontinuous Galerkin Methods for Convection-Reaction-Diffusion systems with 
Transmission Conditions 
 

11:45-12:15 Daniela Schraeder (Sussex) Rydal 
 
Analytically Divergence-free Discretization Methods for Darcy's Problem 
 

12:15-12:45 Christian Fueursaenger (Bonn) Rydal 
 
Challenges of Sparse Grid Methods for Higher Dimensional Approximation 
 

14:00-14:50 
 

Robert MacKay (Warwick) Keynote 
 
Aggregation Procedures for Complex Systems 
 

15:00-15:30 Oleg Davydov (Strathclyde) Rydal 
 
Approximation power of piecewise polynomials on anisotropic partitions 
 

15:30-16:00 Xingping Sun (Missouri State University) Rydal 
 
The Approximation of a Probability Measure by Normalized Counting Measures 
 

16:30-17:00 Peter Giesl (Sussex) Rydal 

Determination of the basin of attraction in non-smooth dynamical systems using 

radial basis function 

17:00-17:30 Wolfgang Erb (Helmholtz, Munich) Rydal 

Optimally space localised polynomial approximation kernels on compact two-point 

homogeneous spaces 

17:30-18:00 Brian Li (Leicester) Rydal 

Fast, stable approximation of well data 
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Tuesday 

9:00-9:50  Grigory L. Litvinov (Independent University, Moscow) Keynote 
 
The Maslov dequantization, tropical mathematics, and geometry 
 

9:55-10:45 
 

Marshall Slemrod (Wisconsin) Keynote 
 
Fast dispersion slow diffusion multi-scale dynamics: theory and computation  
 

11:15-11:45 Armin Iske (Hamburg) Rydal 
 
Sparse representation of video data by adaptive tetrahedralizations 
 

11:45-12:15 Ivan Markovsky (Southampton)  Rydal 
 
Low Rank Approximation and Its Applications 
 

12:15-12:45 
 

Andrianarivo Rabarison (Strathclyde) Rydal 
 
A full characterization of interpolatory bivariate mask symbols 
 

14:00-14:40 Colin Fyfe (University of the West of Scotland) Plenary 
 
Bregman Divergences for Exploratory Data Analysis 
 

14:40-15:10 Maurice Cox (NPL)  Rydal (Metrology) 

Modelling sparse clinical decay data using exponential functions. 
 

15:10-15:40 Alistair Forbes (NPL) Rydal (Metrology) 

Parametrization of free form surfaces 

15:40-16:10 Xiangchao Zhang (Huddersfield) Rydal (Metrology) 
 
A Fast Point Projection Approach of NURBS surfaces 

16:40-17:10 Xin-She Yang (NPL) Rydal (Metrology) 
 
Model and Feature Selection in Metrology Data Approximation 
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Wednesday: Brain Workshop 

9:00-9:50  Stefan Rotter (Freiburg) Keynote 

Structure-induced correlations in cortical network dynamics  
 

9:50-10:20 
 

Roman Borysuk (Plymouth) 
 
Partial synchronization of neural activity and information processing 
 

10:20-10:50 Henk Nijmeijer (Eindhoven University of Technology) 
 
The electronic brain: does it synchronize? 
 

11:15-11:45 Marcus Kaiser (Newcastle)
 

 
Hierarchical Neural Systems: Linking Structure and Dynamics in Cortical Networks 
 

11:45-12:15 Yulia Timofeeva (Warwick) 
 
Mathematics of dendritic democracy  
 

12:15-12:45 
 

Viktor Kazantsev (Nizhny Novgorod ) 
 
Detecting correlated firing patterns and repeatable spike sequences in neuronal 
networks 
 

14:00-14:30 Jonathan Dawes (Bath) 
 
Robust heteroclinic cycles: dynamics and bifurcations 
 

14:30-15:00 Ivan Tyukin (Leicester) 
 
A Dreaming Machine with Ghost Memory States 
 

15:00-15:30 Grigory Litvinov (Independent University of Moscow ) 
 
A unifying approach to software and hardware design for scientific computations and 
a parallelization of nonlinear problems 
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Thursday 

9:00-9:50  Christopher Budd (Bath) Keynote 
 
Emergent behaviour: what is it, when does it happen and why 
 

9:55-10:45 
 

Yannis Kevrekidis (Princeton) Keynote 
 
Linking Diffusion Map variables 
 

11:15-11:55 Gilead Tadmor (Northeastern University) Plenary 
 
Physics-Based Low Order Galerkin Models in Fluid Dynamics & Flow Control 
 

16:15-16:45 Jeremy Levesley (Leicester) (LBM) 

A numerical analystôs view of the Lattice Boltzmann method and why this is not quite 
right 
 

16:45-17:15 
 

David Packwood (Leicester) (LBM) 
 
Controlling Entropy Production in Lattice Boltzmann Methods 
 

 
 
Friday 

9:00-9:50  Alexander Gorban (University of Leicester) Plenary 
 
Multigrid Integrators on Multiscale Reaction Networks 
 

10:00-10:30 
 

Chris Care (Sheffied Hallam) (LBM) 
 
TBA 
 

10:30-11:00 Taheer Khan (Leicester) (LBM) 

Implementing entropy limiters for LBM simulation of flow past a circular cylinder 
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Keynote and Plenary Talks 
 
Christopher Budd (Bath) Thursday 9:00 
 
Title of talk 
       Emergent behaviour: what is it, when does it happen and why 
 
Abstract 

Many complex systems are said to exhibit so called 'emergent behaviour'. However, this is often 
very hard to define in practice and many questions arise such as what is it and why do some 
systems have it and some dont? In this talk I will look at a particular example of a complex 
system that arises when looking at a novel material. By considering this one example we can ask 
very precise questions about exactly what emergence means, how it can be identified and the 
conditions under which it arises. The conclusions can then be not only used to help designers 
working with these materials, but also extend to much broader classes of (so called) complex 
systems. 
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Colin Fyfe (University of the West of Scotland) Tuesday 14:00 
 
Title of talk 
       Bregman Divergences for Exploratory Data Analysis 
 
Abstract 

We discuss the family of Bregman divergences and show links between the members of this 
family and the exponential families of distributions. Specifically we show that certain 
divergences are optimal for clustering samples from these distributions. We show how these 
divergences may be used to create topology preserving mappings which optimally capture the 
manifold on which the data lies. We also apply the divergences to create a Pseudo Metric 
Multidimensional Scaling which has the happy proprerty (like the Sammon Mapping) of 
discounting data which are far apart. Finally we show how Bregman divergences can be used 
to create projections of single and dual stream data. 
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Alexander Gorban (University of Leicester) Friday 9:00 
 
Title of talk 

Multigrid Integrators on Multiscale Reaction Networks 
Abstract 

The concept of the limiting step is extended to the asymptotology of multiscale reaction 
networks and Markov chains. Complete theory for linear networks with well separated 
reaction rate constants is developed. We present algorithms for explicit approximations of 
eigenvalues and eigenvectors of kinetic matrix. Accuracy of estimates is proven. Application 
of algorithms to nonlinear systems is discussed. The result is presented in the form of the 
multigrid integration on the reaction network with hierarchy of systems of different dimensions. 
The important parts of the algorithm are operations of ñCycle Gluingò and ñCycle Surgeryò. 
 
1. A.N. Gorban and O. Radulescu, Dynamic and static limitation in multiscale reaction 
networks, revisited, Advances in Chemical Engineering 34 (2008), 103-173. 
2. O. Radulescu, A. N. Gorban, A. Zinovyev, and A. Lilienbaum, Robust simplifications of 
multiscale biochemical networks, BMC Systems Biology 2008, 2:86 
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Dimitris Goussis (Princeton) Monday 10:00 
 

Title of talk 
Analysis a Stiff Limit Cycle with CSP: Glycolysis in Saccharomyces cerevisiae 

Abstract 
Complex mathematical models that describe a limit cycle behavior and are characterized by a 
wide spectrum of time scales are considered. Due to the action of the fast time scales, the 
limit cycle is constrained in a low dimensional subdomain of the phase space, where the 
solution evolves according to the slow time scales. It is demonstrated that significant physical 
understanding can be acquired if the fast and slow dynamics are analyzed separately. This 
type of analysis is applied on a 22-dimensional glycolysis model, by employing the 
Computational Singular Perturbation algorithm. It is shown that, due to fast dissipative time 
scales, the solution asymptotically approaches a 3-dimensional limit cycle; along the full 
length of which the characteristic time scale is of oscillatory nature. The motion around the 
limit cycle can be regulated by controlling the concentration of only three metabolites; i.e. 
[ATP], [G6P] and [FBP], which are associated to slow time scales. In the talk, the dynamics of 
the problem will first be explored, the emphasis placed on the type of the developing time 
scales and their significance to the construction of a simplified model. The size of possible 
reduced order models that can be constructed and the accuracy these models provide will 
then be discussed. Next, the dynamics and the couplings among the variables of the problem 
on the manifold will be analyzed. Finally, the major features of the simplified model will be 
discussed. 
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Yannis Kevrekidis (Princeton) Thursday 9:55 
 
Title of talk 

Linking Diffusion Map variables 
Abstract 

Developing effective descriptions of the microscopic dynamics of many physical phenomena 
can both dramatically enhance their computational exploration and lead to a more 
fundamental understanding of the underlying physics. Obtaining a good set of variables 
(macroscopic observables) becomes an important step of such a modeling task. We will 
illustrate this through the problem of a driven interface in the presence of mobile impurities, for 
which an effective reduced model was previously developed based on an Ising variant model 
and a single empirical coarse variable. The model was partially successful, yet it underlined 
the necessity of selecting additional coarse variables in certain parameter regimes. We now 
use a data mining approach to help identify the coarse variables required. We discuss the 
implementation of this Diffusion Map approach, the selection of a similarity measure between 
system snapshots required in the approach, and the correspondence between empirically 
selected and automatically detected coarse variables. We conclude by illustrating the use of 
the diffusion map variables in assisting the atomistic simulations, and we discuss the 
translation of information between fine and coarse descriptions using lifting and restriction 
operators. 
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Grigory L. Litvinov (Independent University, Moscow) Tuesday 9:00 
 
Title of talk 

The Maslov dequantization, tropical mathematics, and geometry 
Abstract 

Tropical mathematics can be treated  as  a result of a dequantization of the traditional 
mathematics as  the Planck constant  tends to zero  taking imaginary values,  see [1]-[4]. This 
kind of dequantization is known as the Maslov dequantization and it leads to a mathematics 
over tropical algebras like the max-plus algebra. The so-called idempotent dequantization is a 
generalization of the Maslov dequantization.  The idempotent dequantization leads to 
idempotent mathematics over idempotent semirings. For  example, the field of real or complex 
numbers can be treated as a quantum object whereas idempotent semirings can be examined 
as "classical" or "semiclassical" objects (a semiring is called idempotent  if the  semiring 
addition is idempotent, i.e. x + x  = x. Tropical mathematics is a part of idempotent 
mathematics. Tropical algebraic geometry can be treated as a result of the Maslov 
dequantization applied to the traditional algebraic geometry (O.Viro, G.Mikhalkin). There are 
interesting relations and applications to the traditional convex geometry [3]. In the spirit of 
N.Bohr's correspondence principle there is a (heuristic)  correspondence  between important, 
useful, and interesting  constructions  and  results over fields and similar results  over  
idempotent  semirings.  A systematic application of this correspondence  principle  leads  to  a 
variety  of theoretical and applied results, see, e.g., [1]-[6]. In the framework of idempotent 
mathematics, a new version of functional analysis is developed from idempotent variants of 
basic  theorems  (e.g.,  of the Hahn-Banach type) to  the theory of  tensor products,  nuclear 
operators and nuclear spaces in the spirit of  A. Grothendieck  as well as  basic concepts  and 
results  of the theory  of  representation of groups in idempotent linear spaces, see, e.g., [1]-
[4]. Last time the Maslov dequantization and related dequantization procedures are applied to 
different concrete mathematical objects and structures, see, e.g., [3]-[6]. 
 
     Examples: 
 
1. The Legendre transform can be treated as a result of the Maslov dequantization of the 
Fourier-Laplace transform (V.P. Maslov). 
 
2. If f  is a polynomial, then a dequantization procedure leads to the Newton polytope of f. 
Using the so-called dequantization transform it is possible to generalize this result to a wide 
class of functions and convex sets, see [3]. 
 
3. An application of dequantization procedures to linear operators leads to spectral properties 
of these operators, see [6]. 
 
4. An application of a dequantization procedure to metrics leads to the Hausdorff-Besicovich 
dimension including the fractal dimension, see [6]. 
 
5. An application of a dequantization procedure to measures and differential forms leads to a 
notion of dimension at a point, see [6]. This dimension can be real-valued (e.g., negative). 
 

   The work is supported by the RFBR/CNRS grant 05-01-02807 and RFBR grant 08-
01-00601. 
 
                      References 
 
[1]  G.L. Litvinov and V.P.  Maslov, Correspondnece principle for idempotent calculus and 
some computer applications. Preprint IHES, Bure-sur-Yvette, 1995;  
the same in: Idempotency/ J. Gunawardena (Ed.), Cambridge University Press, Cambridge, 
1998, p. 420ð443;  E-print arXiv:math.GM/0101021. 
 
[2] G.L. Litvinov and V.P. Maslov, eds., Idempotent  Mathematics and Mathematical Physics,  
Contemporary Mathematics, Vol. 377, Amer. Math. Soc., Providence, 
Rhode Island, 2005 -- 370 pp. 
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[3] G.L. Litvinov and G.B. Shpiz, The dequantization transform and generalized Newton 
polytopes. -- Ibid., 2005, p. 181ð186; E-print arXiv:math-ph/0412090. 
 
[4] G.L. Litvinov, The Maslov dequantization, idempotent and tropical mathematics: A brief 
introduction, Journal of Mathematical Sciences, Vol. 140,# 3, 2007, p. 426-444;  E-print 
arXiv:math.GM/0507014. 
 
[5] G.L. Litvinov, V.P. Maslov and S.N. Sergeev, Eds., International workshop IDEMPOTENT 
AND TROPICAL MATHEMATICS AND PROBLEMS OF MATHEMATICAL PHYSICS.  
Moscow, August 25--30, 2007, Vol I.  Moscow, Independent University of Moscow, 2007; E-
print arXiv:math.0710.0377. 
 
[6] G.L. Litvinov and G.B. Shpiz, Dequantization procedures related to the Maslov 
dequantization. -- Ibid., 2007, p. 99-104. 
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Robert MacKay (Warwick) Monday 14:00 
 
Title of talk 

Aggregation Procedures for Complex Systems 
Abstract 

A complex system is something with many interdependent components. An aggregation 
procedure consists in amalgamating selected groups of components into super-components 
with derived interactions between the super-components. No information is lost at the higher 
level and that at the lower level can be derived from the higher level by disaggregation. 
Aggregation can often be iterated, producing hierarchical aggregation. Aggregation can be 
useful for computation, by breaking the problem down into pieces and combining them later. It 
can be useful for planning, since the effects of localised changes can be examined without 
recomputing the rest of the system. In systems with iterated aggregation, asymptotic trends to 
higher scales may emerge. Illustrations will be given from statistical physics, Markov 
processes, selfish traffic flow, synchronisation in oscillator networks, and multi-agent games.  
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Stefan Rotter (Freiburg) Wednesday 9:00 

Title of talk 
Structure-induced correlations in cortical network dynamics 

Abstract 
Neurons in the neocortex of mammals typically fire action potentials at very low rates, while 
their spike trains are asynchronous and irregular, indicating a very complex dynamics. We 
attempt to relate these and other characteristics of idle brain dynamics to the physiology of 
neurons and the topology of the underlying network, currently known only in terms of gross 
statistical parameters. Three main issues will be addressed in this talk: (1) The state 
dependence of synaptic integration in non-linear neurons with conductance-based synapses, 
(2) Dale's law and the role of correlations for cortical population dynamics, and (3) the 
potential role of higher-order correlations for neuronal dynamics. 
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Marshall Slemrod (Wisconsin) Tuesday 9:55 
 
Title of talk 

Fast dispersion slow diffusion multi-scale dynamics: theory and computation  
Abstract 

This talk outlines research done by Z. Artstein, C.W. Gear, Y. Kevrekedis, M. Slemrod, and 
E.Titi on the analysis and numerical solution of a discrete system of ordinary differential 
equations modeling a KdV-Burgers' equation with periodic boundary conditions. The ideas are 
robust and will be applicable to larger classes of systems, e.g. slowly perturbations of fast 
completely integrable Hamiltonian systems. 
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Gilead Tadmor (Northeastern University) Thursday 11:15 
 
Title of talk 

Physics-Based Low Order Galerkin Models in Fluid Dynamics & Flow Control 
Abstract 

The order and complexity of computational fluid dynamic (CFD) models can be staggering. 
Yet while this complexity reflects the intricate multi-scale dynamics CFD models attempt to 
resolve, it is also a common observation in many practical cases that large scale flow 
structures are governed by a manageable, and relatively simple set of dynamic rules. Hence 
the wide spread quest to produce low order models for fluid flow systems: Models that 
encapsulate an insight into key governing mechanisms and that are useful for a systematic 
design procedures of feedback control laws. The proper orthogonal decomposition (POD), 
where Galerkin mode-sets are extracted from CFD or experimental data, is perhaps the most 
common approach. Yet, in their original forms, these nonlinear models are, all too often, very 
fragile and their domain of validity is limited to a small neighborhood of an attractor or a fixed 
point and nominal flow conditions, and even there, the accuracy of their dynamic predictions 
leaves much to be desired. In this, first of a two part talk with B. R. Noack we provide an 
overview of our effort to uncover a model structure that maintains the POD simplicity but 
possesses the robustness and dynamic range that are essential for control design. One key 
premise, underlying our approach is that for a successful, low order model of a physical 
phenomenon, it is essential to effectively represent the dominant physical mechanisms. We 
thus focus on the distillation of simplified versions of the governing physical first principles. A 
second premise is a realization that while standard Galerkin models are focused on a spatially 
and temporally limited ranges of length scales, dominating flow unsteadiness, both longer and 
smaller scales are essential for ample models of energy supply and consumption. Yet a third 
principle is the realization that governing flow structures deform along transients. Indeed, such 
deformations are typically the very objective of flow control. The bilateral interactions of 
unsteady fluctuations and mean field variations are essential to the Navier-Stokes 
representation of the  transition from an unstable steady solution to an attractor. A mean field 
model, essentially, a single state version of the Reynolds average equation, is established as 
an indispensable counterpart, representing these interactions at the Galerkin level. Cutting 
through long outstanding Gordian knot, a novel finite time thermodynamics (FTT) model 
provides a statistical closure to time-averaged energy dynamics of Galerkin modes, and gives 
rise to physically based, nonlinear sub-grid turbulence models, where standard linear modal 
eddy viscosities fail. Interestingly, the integration of both the mean field and sub-grid 
representations give rise to stability ensuring Landau-like models, while making connections 
with the classical theories of Landau and Stuart, on the one hand, and of Boltzmann, Jaynes 
and Kraichnan, on the other hand. The work described in this talk is a collaborative effort of 
the authors with many colleagues and students. Those most closely related to the discussed 
material are (alphabetically) B. Ahlborn, D. Bissex, T. Colonius, R. King, D. R. Luchtenburg, 
A. Mishra, M. Morzynski, B. Mutschke, M. Pastoor, C. W. Rowley, Z. Rusak and D. R. 
Williams. The work was supported by the US NSF and AFOSR. 

 

 

  



P a g e  | 17 

 

 

Contributed Talks 
 

Maurice Cox (NPL) Tuesday 14:40, Rydal 

Title of talk 
Modelling sparse clinical decay data using exponential functions. 
 

Abstract 
 Following initial administration of a drug, a cancer patient is monitored by taking a time 
sequence of measured response values constituting the level in serum of the relevant activity 
or enzyme. The ability to model such clinical data in a rigorous way leads to (a) an improved 
understanding of the biological processes involved in drug uptake, (b) a measure of total 
absorbed dose, and (c) a prediction of the optimal time for a further stage of drug 
administration. This paper studies the use of a sum of exponential functions for modelling 
such data. Each exponential function corresponds to a particular biological process that is 
specific to the patient concerned. Modelling data by exponential functions is a classical 
approximation problem in numerical analysis. Here the special features of the data and the 
application are taken into account to provide a viable solution algorithm. In terms of 
uncertainties associated with the clinical data, the algorithm also provides uncertainties 
associated with (i) the exponential parameters, (ii) the exponential approximation at any point 
and (iii) the parameters corresponding to (b) and (c) above. The approach has been tested on 
over thirty sets of clinical data from two hospitals. We report on these tests and suggest 
aspects for further study. 
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Oleg Davydov (Strathclyde) Monday 15:00, Rydal 
 
Title of talk 
              Approximation power of piecewise polynomials on anisotropic partitions 
 
Abstract 

 We investigate how the order of approximation of smooth functions by multivariate piecewise 
polynomials can be improved with the help of anisotropic partitions. 
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Wolfgang Erb (Helmholtz, Munich) Monday 17:00, Rydal 

Title of talk 
Optimally space localised polynomial approximation kernels on compact two-point 
homogeneous spaces 

Abstract 
Based on uncertainty principles for orthogonal expansions in terms of Gegenbauer and 
Jacobi polynomials and, in particular, the Dunkl operators used therein, we derive an 
uncertainty relation for compact two-point homogeneous spaces. Particularly interesting in 
these uncertainty relations is the formula for the space variance. Investigating this formula in 
more detail, we were able to find those harmonic polynomials of a fixed degree n that 
minimize the term for the space variance, i.e. those polynomials that are best localised in 
space with respect to the given uncertainty principle. Finally, using these optimally space 
localised polynomials as approximation kernels on the compact two-point homogeneous 
spaces, we investigate some of their properties. 
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Alistair Forbes (NPL) Tuesday 15:10, Rydal 

Title of talk 
Parametrization of free form surfaces 

Abstract 
Many modern engineering surfaces such as turbine blades, aircraft wings, are complex 
shapes often represented in computer-aided design (CAD) packages by parametric surfaces 
such as nonuniform rational B-slines (NURBS). NURBS surfaces have the distinct advantage 
in that they can represent standard geometrical elements such as spheres and cylinders as 
well as more complex geometries. A NURBS surface is described by control points, related to 
the spline coefficients. The control points in fact combine three roles specifying a) the position 
(location and orientation) of the surface, b) the shape of the surface and c) the mapping from 
two dimensions to three dimensions describing how the plane is mapped on to the surface. Of 
these three roles only the first two have real functional relevance; the engineer is only 
interested in the position and shape, not on the internal representation of points on the 
surface. Furthermore, the engineer often requires to separate out the shape component from 
the position component, particularly in assessing the extent to which a manufactured part 
faithfully represents the design intent specified by the CAD model. However, role c) comes in 
to play when we try to fit a NURBS surface to data as part of a reverse engineering or design 
optimisation exercise. The fact that there are multiple ways to represent the same shape by 
choosing different mappings leads to rank deficient optimisation problems. In this paper, we 
consider regularisation schemes that take into account the three roles of the control points in 
order to determine well-conditioned optimisation problems. 
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Christian Fueursaenger (Bonn) Monday 12:15, Rydal 
 
Title of talk 

Challenges of Sparse Grid Methods for Higher Dimensional Approximation 
Abstract 

High dimensional stochastic differential equations are useful in different fields such as 

oscillating systems, polymeric liquids or mathematical finance. Approximating the underlying 

probability density function by means of solving the associated fokker planck equation leads 

to the `curse of dimensionality'. In this talk, a sparse grid method is discussed with emphasize 

on its cost and approximation quality with respect to higher dimensional problems. We 

discuss why approximation of high dimensional (smooth) density functions remains a 

challenging problem and indicate relations to functions with "low effective dimension".  
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Manolis Georgoulis (Leicester) Monday 11:15, Rydal 

Title of talk 
Discontinuous Galerkin Methods for Convection-Reaction-Diffusion systems with 
Transmission Conditions 

Abstract 
We present the Discontinuous Galerkin (DG) finite element method for the solution of 
reaction-diffusion systems on partitioned domains. Kadem-Katchalsky-type [Biochim Biophys 
Acta, Volume 27, 1958] transmission conditions are imposed at the sub-domains interfaces. 
The use of DG methods for time-dependent parabolic problems, initiated in the seventies by 
Douglas and Dupont [Lect Notes Phys, 58 (1976)] and by Wheeler [SIAM J Numer Anal 
Wheeler, 15 (1978)], is by now well established. Among the good properties of discontinuous 
methods, local conservation and the block-diagonal structure of the mass matrix makes them 
particularly advantageous when solving time-dependent problems. Moreover, the DG method 
is particularly suited to the discretization of problems with transmission conditions as these 
can be imposed quite simply by the addition of appropriate elemental boundary terms in the 
bilinear form. The use of continuous finite elements on partitioned domains was proposed by 
Quarteroni et al. [SIAM J Numer Anal, 39 no. 5 (2001)] for the modeling of the dynamics of 
solutes in the arteries. We show that the optimal error analysis of the DG method by Suli and 
Lasis [SIAM J Numer Anal, 45 no. 4 (2007)] can be extended to semi-linear systems with 
transmission conditions under appropriate assumptions on the reaction terms growth. The 
problem considered is relevant to the modeling of chemical species passing through thin 
biological membranes. In particular, we consider applications in cellular signal transduction. A 
series of numerical experiments will be presented highlighting the performance of the method. 
This is joint work with Andrea Cangiani (Dipartimento di Matematica e Applicazioni, Università 
di Milano Bicocca, ITaly) and Max Jensen (Department of Mathematical Sciences, University 
of Durham, UK).  
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Peter Giesl (Sussex) Monday 16:30, Rydal 

Title of talk 
Determination of the basin of attraction in non-smooth dynamical systems using radial basis 
function 

Abstract 
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Armin Iske (Hamburg) Tuesday 11:15, Rydal 
 
Title of talk 

Sparse representation of video data by adaptive tetrahedralizations 
Abstract 

Natural videos are composed of a superposition of moving objects, usually resulting from 

anisotropic motions into different directions. By discretization with respect to time, a video 

may be regarded as a sequence of consecutive natural still images. Alternatively, when 

considering time as one dimension, a video may be viewed as a 3d scalar field. In this case, 

customized methods are required for capturing both the evolution of moving contours along 

the time axis and the geometrical distortions of the resulting sweep surfaces. Moreover, it is 

desirable to work with sparse representations. To this end, a novel adaptive approximation 

algorithm for video data is proposed. The utilized nonlinear approximation scheme is based 

on anisotropic tetrahedralizations of the 3d video domain, whose tetrahedra are adapted 

locally in space (for contour-like singularities) and locally in time (for anisotropic motions). The 

key ingredients of our approximation method, 3AT, are adaptive thinning, a recursive pixel 

removal scheme, and least squares approximation by linear splines over anisotropic 

tetrahedralizations. The approximation algorithm 3AT yields a new concept for the 

compression of video data. The proposed approximation method is first applied to prototypical 

geometrical motions, before numerical simulations concerning natural videos are presented. 

The talk is based on joint work with Laurent Demaret and Wahid Khachabi.  
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Taheer Khan (Leicester) Friday 10:30 

Title of talk 
Implementing entropy limiters for LBM simulation of flow past a circular cylinder 

Abstract 
In this talk we will look at LBM simulation of flow past a circular cylinder. In earlier work at 
Liecester stable simulation of flow around a square cylinder was achieved using entropy 
limiter, such as the Ehrenfestsô step. We aim to demonstrate that stable simulation for high 
Reynolds number can be achieved with a non rectangular boundary. 
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Jeremy Levesley (Leicester) Thursday 16:15 

Title of talk 
A numerical analystôs view of the Lattice Boltzmann method and why this is not quite right 

Abstract 
The Lattice Boltzmann method (LBM) for fluid flow is based on the dynamics of a probability 
density in phase space, which is integrated over the velocity distribution to give macroscopic 
fields such as mass, momentum and energy density. The dynamics of the probability 
distribution has a free flight phase and a collision phase in which diffusion is integrated into 
the model. From one point of view the LBM can be viewed as a discretisation of the Navier-
Stokes equations and convergence of the method with respect to some small parameter can 
be investigated. This would be a numerical analystôs point of view. On the other hand LBM 
can be viewed as an independent model for fluid flow. In this talk we will look at these points 
of view with the hope of starting a lively conversation. 
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Brian Li (Leicester) Monday 17:30, Rydal 

Title of talk 
Fast, stable approximation of well data 

Abstract 
We present an iterative algorithm for computing an approximation to data in wells using the 
norm function in three dimensions augmented with a tensor product of two dimensional 
Lagrange functions with one dimensional linear interpolants. This augmentation can be 
thought of as a trend. The algorithm avoids the stability problems associated with data which 
has very different separation in different directions. In this case, data is close in the vertical 
direction inside wells, but the wells are relatively far apart. We will give a estimate of the 
convergence rate of the algorithm in terms of the vertical point spacing and the horizontal well 
separation. 
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Ivan Markovsky (Southampton) Tuesday 11:45, Rydal 
 
Title of talk 

Low Rank Approximation and Its Applications 
Abstract 

Low rank approximation is a unifying theme in data modelling. A matrix constructed from the 
data being rank deficient implies that there is an exact low complexity linear model for that 
data. Moreover, the rank of the data matrix corresponds to the complexity of the model. In the 
generic case when an exact low-complexity model does not exist, the aim is to find an model 
that fits the data approximately. The approach that we present is to find small (in some 
specified sense) modification of the data that renders the modified data exact. The exact 
model for the modified data is an optimal (in the specified sense) approximate model for the 
original data. The corresponding computational problem is low rank approximation. In the 
numerical linear algebra literature this approach is referred to as "total least squares" and in 
the statistical literature as "errors-invariables modelling". In the second part of the talk, we 
argue that exploiting prior knowledge, i.e., adding constraints that are known to hold for the 
data generating system, is a key step of improvement of the basic low rank approximation 
method. This path of development leads to weighted, structured, and other constrained low 
rank approximation problems. The theory and algorithms of these new classes of problems 
are interesting in their own right and being application driven are practically relevant. Indeed, 
many well known concepts and problems from systems and control, signal processing, and 
machine learning reduce to low rank approximation. Generic examples in system theory are 
model reduction and system identification. The principal component analysis method in 
machine learning is equivalent to low rank approximation, so that related dimensionality 
reduction, classification, and information retrieval problems can be phrased as low rank 
approximation problems. Sylvester structured low-rank approximation has applications in 
computations with polynomials and is related to methods from computer algebra. The last part 
of the talk presents algorithms for low rank approximation. Many low rank approximation 
problems are nonconvex optimization problems, so that they are difficult to solve globally and 
efficiently. Two major categories of solution methods are suboptimal heuristics (subspace 
methods and convex relaxations) and local optimization methods. The latter are broadly 
subdivided into alternating projections and variable projections type methods. Variations of 
the algorithms are derived for large scale problems and real-time implementation, as well as 
for dealing with missing data, exact observations, and categorical data. 
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David Packwood (Leicester) Thursday 16:45 
 
Title of talk 

Controlling Entropy Production in Lattice Boltzmann Methods 
Abstract 

In general Lattice Boltzmann Methods are not thermodynamically correct in the following 
sense, they make no effort to control the production of entropy. In some cases this can even 
lead to negative entropy production. A separate issue which LBMs struggle with is the 
presence of oscillations in simulations near to shockwaves and other discontinuities.  
It has been proposed that different methods of applying entropy control can also suppress 
these non-physical oscillations in addition to their intended thermodynamic benefits. For 
comparison these methods are implemented and their effectiveness is tested on the 1-D 
shocktube benchmark, a classic example where the oscillations manifest 
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Andrianarivo Rabarison (Strathclyde) Tuesday 12:15, Rydal 
 
Title of talk 

A full characterization of interpolatory bivariate mask symbols 
Abstract 

Subdivision is an important tool in many areas such as computer aided geometric design, 
signal processing, and is very useful for the generation of curves and surfaces. In particular, 
in the context of approximation theory and signal processing, the concept of interpolatory 
subdivision are much demanded in order to preserve the initial data. Stationary subdivision 
requires a dilation matrix and a mask, or equivalently, a Laurent polynomial called the mask 
symbol. A full characterization of an interpolatory mask symbol is given for the bivariate 
setting with respect to the dilation matrix M=2I. 
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Daniela Schraeder (Sussex) Monday 11:45, Rydal 
 
Title of talk 

Analytically Divergence-free Discretization Methods for Darcy's Problem 
Abstract 

Radial basis functions are well known for their applications in scattered data approximation 

and interpolation. They can also be applied in collocation methods to solve partial differential 

equations. We develop and analyze a meshfree discretization method for Darcy's problem. 

Our approximation scheme is based upon optimal recovery, which leads to a collocation 

scheme using divergence-free positive definite kernels. Besides producing analytically 

incompressible flow fields, our method can be of arbitrary order, works in arbitrary space 

dimension and for arbitrary geometries. Details about Darcy's problem are given. To introduce 

the scheme, combined matrix-valued kernels and their reproducing kernel Hilbert spaces are 

applied. After deriving the scheme, we investigate the approximation error for smooth right-

hand-side data and derive optimal approximation orders. Furthermore, we develop Sobolev-

type error estimates for data rougher than the approximant and show that the approximation 

properties extend to those functions. To derive these error estimates, band-limited 

approximation is applied. Finally, we illustrate the method by giving numerical examples. 
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Xingping Sun (Missouri State University) Monday 15:30, Rydal 
 
Title of talk 

The Approximation of a Probability Measure by Normalized Counting Measures 
Abstract 

The major theme of the talk is the approximation in various senses of a given probability 

measure by a sequence of normalized counting measures. If the target measure is the 

uniform distribution on a manifold, then the approximation by normalized counting measures 

gives rise to the theory of uniform distribution of points and discrepancy estimates. If the 

target measure is the equilibrium measure on a manifold, then the approximation leads to the 

minimization of certain energy functionals, which have signi¯cant consequences in 

discretization of manifolds, best possible site selection for polynomial interpolation and Monte 

carlo method. We will discuss a new approach by introducing sequences of linear translation 

operators acting in various function spaces. This approach will be accompanied by the novel 

methodology of departing from multivariate polynomials and embracing radial basis functions 

(RBFs). By analyzing the actions of the operators on RBFs, we will obtain an optimal 

LeVeque type inequality and various optimal estimates for discrepancy and errors of 

numerical integration on manifolds.  
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Xin-She Yang (NPL) Tuesday 16:40, Rydal 
 
Title of talk 

Model and Feature Selection in Metrology Data Approximation 
Abstract 

For many data approximation problems in metrology, there are typically a number of 

competing models which can potentially fit the observed data. A crucial task is to quantify the 

extent to which one model performs better than others, taking into account the random 

influence effects present in the data. For example, for a given data set, we can use a series of 

polynomials of various degrees to fit the data. The selection of the best model (specified by 

degree) can be made according to a number criteria: the Akaike information criterion (AIC), 

the Bayesian/Schwarz information criterion (BIC), the AIC with a correction for small sample 

size (AICc) and the regularisation-type maximum a posteriori method (MAP). In this paper, we 

compare the performance of these criteria. Our case study shows that BIC is generally best; 

this is consistent with the Occam's razor principle. However, for a small sample with few data 

points, the modified AIC with the sample size correction outperforms the other criteria, which 

suggests that for small data sets, BIC needs a sample size correction. A second element of 

model selection is to determine from a set of feature vectors, the subset that defines a model 

space most suitable for describing the observed response. The LASSO algorithm, and the 

more general Least Angle Regression algorithm, are designed for feature selection. For the 

polynomial fitting case study, we have found that the LASSO algorithm gives similar but often 

better results that those determined by BIC and MAP. For a small data set, it even  utperforms 

AICc. This paper will report on these studies and will also discuss the implications for model 

selection in metrological applications.  



P a g e  | 34 

 

Xiangchao Zhang (Huddersfield) Tuesday 15:40, Rydal 
 
Title of talk 

A Fast Point Projection Approach of NURBS surfaces 
Abstract 

In precision metrology, the CAD model of a complex component is usually represented with 
NURBS. To evaluate the form quality of a measured surface, it is needed to fit the data with 
the NURBS template. Each measurement point needs to be projected onto the surface. It is a 
tedious task because NURBS is usually in a complex parametric form. In this paper we 
present a fast approach to calculate the corresponding foot-point parameters of the 
perpendicular projection point. A fast algorithm is utilized to simultaneously insert multiple 
knots into the u and v directions respectively, so that the entire NURBS surface is divided into 
ósimpleô cubic B®zier patches. The correct parameter-spans can thus be obtained by checking 
the relationship between the data point and the control polygon of each Bézier section in 
accordance with the convex-hull property of NURBS. Then an iterative Newton-Raphson 
process follows to refine the solution. The Hessian matrix is damped to guarantee it is positive 
definite and the solution converges at a global optimum. When the projection point is located 
near the boundary between Bézier patches or the data point is too far away from the NURBS 
surface, an improper update step may be generated during the iterative process and lead the 
solution come into an incorrect parameter interval. A ójumping mechanismô is established to 
help determine the correct switching direction between parameter-intervals. Finally numerical 
examples are given to demonstrate the validity and efficiency of this approach. 


