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1
Registration, lectures and tea breaks

Registration is on Monday 3 April 2006 from 8:00 to 8:50 in the Foyer of General Engineering
Building (on the corner of Banghoek and Joubert roads). Then proceed to Room 303A where all
the plenary talks will be held. All tea breaks will also be held in the Foyer of General Engineering
Building.

Lunches

Lunch will be at Die Bloukamer, in the Neelsie student center (marked with a cross on the map)
and are included for all regular and student conference participants.

Conference Dinner

The conference dinner is scheduled for Tuesday, 04 April 2006 and will be held at the Devon Valley
Hotel. We will leave from the parking in front of the General Engineering Building at 18h00 to
arrive at the restaurant at 18h30. All those who needs a lift and those who can offer a lift must
please meet in front of the General Engineering Building in time to leave at 18h00.

The dinner is included in the regular registration fee, but not in the student registration fee.
However, a few extra dinner tickets are available (for accompanying persons or student registration)
at an extra cost of R170 per head.

Email

Email and internet access is available in room A218, 2nd floor (eastern wing) of the General
Engineering building (see map). Login and passwords will be provided by the organisers.
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Opening 3
FAST IMAGE INPAINTINGFolkmar Bornemann (Te
hni
al University of Muni
h, Germany)Inpainting turns the art of image restoration, retou
hing, and diso

lusion into a 
omputer-automated trade.Mathemati
ally, it may be viewed as an interpolation problem in some fan
y fun
tion spa
es thought suitablefor digital images. It has re
ently drawn the attention of the numeri
al PDE 
ommunity, whi
h has led toimpressive results. However, stability restri
tions of the suggested s
hemes yield 
omputing times so farthat are next to prohibitive in the realm of intera
tive digital image pro
essing. We address this issue by
onstru
ting an appropriate transport equation that 
ombines a fast solver with high per
eptible quality ofthe resulting inpainted images.The talk will survey the ba
kground of the inpainting problem and prominent pde-based methods beforeentering the dis
ussion of the suggested new methods. Many images will be shown along the way, in partswith online demonstrations.

M11



4 Monday 3 AprilEMBEDDED CUBATURE FORMULASRonald Cools (University of Leuven, Belgium)In many situations one is not happy with just one quadrature formula to approximate an integral. One usespairs, or longer sequen
es, to obtain error estimates. It is 
onvenient if the di�erent formulas have somepoints in 
ommon; it saves fun
tion evaluations. The Gauss-Kronrod-Patterson sequen
e is the well knownillustration of this.Gauss quadrature formulas are well study and the theory of orthogonal polynomials plays an important rolein that. The multivariate setting is more 
ompli
ate. Generalizing the theory of orthogonal polynomialsto 
ubature formulas didn't work out that well. Work on embedded 
ubature formulas is very limited. In
ubature, many quality 
riteria are around nowadays and espe
ially quasi-Monte Carlo methods, in
ludinglatti
e rules, re
eived a lot of attention re
ently.In the �rst part of this talk I will survey what is known about 
onstru
ting embedded 
ubature formulasthat are exa
t for algebrai
 polynomials. Not mu
h happened in that area re
ently. Re
ently however, a fastalgorithm was developed to 
onstru
t latti
e rules for high dimensions and with a huge number of points.The algorithm 
an easily be adapted to 
onstru
t embedded latti
e rules. The se
ond part is devoted to thisre
ent work.One of the beauties of mathemati
s is that it 
an un
over 
onne
tions between seemingly disparate appli-
ations. One of the most fertile grounds for unearthing 
onne
tions is 
omputational algorithms where oneoften dis
overs that an algorithm developed for one appli
ation is equally useful in several others. One su
halgorithm is 
entroidal Voronoi tessellations (CVTs) whi
h are spe
ial Voronoi diagrams for whi
h the gen-erators of the diagrams are also the 
enters of mass (with respe
t to a given density fun
tion) of the Voronoi
ells. CVTs have many uses and appli
ations, several of whi
h we dis
uss. These in
lude data 
ompression,image segmentation, 
lustering, 
ell biology, territorial behavior of animals, resour
e allo
ation, grid gener-ation in volumes and on surfa
es, meshless 
omputing, hyper
ube sampling, and redu
ed-order modeling.We also dis
uss deterministi
 and probabilisti
 methods for determining CVTs.
M21

NOVEL GRADIENT-BASED ALGORITHMS FOR SOLVING NON-LINEARDESIGN OPTIMIZATION PROBLEMS IN ENGINEERINGJan Snyman (University of Pretoria, South Afri
a)Classi
al gradient-based algorithms are not generally suitable for engineering design optimization problems,be
ause they may involve a very large number of variables, and/or require the evaluation of 
omputationallyvery expensive obje
tive and 
onstraint fun
tions. The presen
e of numeri
al noise and dis
ontinuities in thefun
tions, further 
ompli
ate the appli
ation of standard methods. In addition multiple lo
al optima mayexist. This paper reviews a suite of novel gradient-based traje
tory and approximation algorithms developedby the author [1℄, whi
h allows for over
oming some of the above di�
ulties. A number of examples of theappli
ation of these numeri
al methods to pra
ti
al engineering design problems is presented. These in
ludeoptimal stru
tural design problems, the optimization of multi-body dynami
al systems, and the solution ofoptimization problems in 
omputational �uid dynami
s (CFD).1. Jan A. Snyman: Pra
ti
al Mathemati
al Optimization basi
 optimization theory and 
lassi
al and newgradient-based algorithms, Springer, Cambridge, Massa
husetts, 2005, (ISBN 0-387-24348-8), 257 pages.
M22



Dirk Laurie's Birthday I 5
PROPORTIONAL SEPARATORSCarl Rohwer (Department of Mathemati
al S
ien
es, University of Stellenbos
h)
hr�sun.a
.zaA separator S is an axis- and s
ale independent operator that is idempotent and 
o-idempotent, or SS=S and(I-S)(I-S)=I-S . This is as near as one 
an hope to get to a proje
tion if S is nonlinear. Su
h an operator hasonly two eigenvalues, 0 and 1.Many important 
ases are not homogeneous. The simple properties demandedyield some trivial 
onsisten
ies as well as some 
urious in
onsisten
ies. Some separators for image pro
essingyield a stronger 
onsisten
y that is inherited by 
ompositions, and proves that a wide 
lass of Dis
rete PulseTransforms (DPTs) a
ts linearly on the 
one generated by the pulse 
omponents of a parti
ular sequen
e.This is useful for a "Mathemati
s of Vision" as envisaged by Marr. M31

THE DISCRETE PULSE TRANSFORM IN IMAGE PROCESSINGJ.P. du Toit (University of Stellenbos
h)jaak�sun.a
.zaThe LULU-operators and related dis
rete pulse transform has proven useful in the analysis of one-dimensionalsignals. Now, the same methods are applied on a real-world image pro
essing problem. In the se
ondharmoni
 (SH) imaging of PBx Cd1−x Te ternary alloys, two 
rystal types are observed: Pb-ri
h 
rystalsand Cd-ri
h 
rystals. Two SH images with di�ering azimuthal angles are obtained of the same area. TheCd-ri
h phase 
omes in two growth dire
tions, whi
h manifests as di�erent strength responses in the two SHimages. Combining the information from the two images makes it is possible to identify the 
rystal typespresent. The dis
rete pulse transform was helpful with noise removal, edge dete
tion and determining the
rystal types. M32



6 Monday 3 April
ALGORITHMIC IMPROVEMENTS OF THE DISCRETE PULSE TRANS-FORMJ.P. du Toit (University of Stellenbos
h)D. Laurie (University of Stellenbos
h)C.H. Rohwer (University of Stellenbos
h)The dis
rete pulse transform has proved a useful tool in the multi-resolution analysis of signals. A naiveimplementation of the operators involved results in O(n2) running time. Re
ently O(n log n) and O(n)algorithms have been developed. This allows the dis
rete pulse transform to be useful in many 
ases wherethe long running time of the naive algorithm is a hindran
e.M33



Parallel I 7
ON A-STABLE SYMMETRIC ONE-STEP METHODS OF ORDER FOURS.K. Shindin (S
hool of Comp. & Appl. Math., Wits University)G.Yu. Kulikov (S
hool of Comp. & Appl. Math., Wits University)In the paper we present a new family of one-step methods whi
h are su�
iently a

urate. These methodsare of the Runge-Kutta type. However, they have only expli
it internal stages that leads to a 
heap pra
ti
alimplementation. On the other hand, the new methods are of 
lassi
al order 4 and stage order 2 or 3. They areA-stable and symmetri
. All of these mean that they are appli
able to solve both nonsti� and sti� ordinarydi�erential equations (in
luding reversible problems) and possess all the ne
essary pra
ti
al features makingthem quite attra
tive. M41

VARIABLE STEP SIZE NORDSIECKMETHODS: STABILITY AND ORDERREDUCTION PHENOMENONG.Yu. Kulikov (University of the Witwatersrand, Johannesburg)S.K. Shindin (University of the Witwatersrand, Johannesburg)In this paper we study an order redu
tion phenomenon arising in Nordsie
k methods when they are appliedto ordinary di�erential equations on nonuniform grids. It 
auses some di�
ulties of using stepsize sele
tionstrategies in pra
ti
al 
omputations. We prove that the problem mentioned above is just a 
onsequen
eof the fa
t that the 
on
epts of 
onsisten
y and quasi-
onsisten
y are not equivalent for su
h methods.Therefore we show how to improve Nordsie
k methods with this property in order to avoid order redu
tion.We 
onsider both expli
it and impli
it ways of doing this and study zero-stability of modi�ed Nordsie
kAdams-Moulton methods. The paper is also supplied with numeri
al examples whi
h 
learly 
on�rm thepresented theory.
M42



8 Monday 3 April
PRACTICAL TESTSWITH GLOBAL ERROR EVALUATION TECHNIQUESIN MULTISTEP METHODSA. Ramanantoanina (S
hool of Comp. & Appl. Math., Wits University)G. Yu. Kulikov (S
hool of Comp. & Appl. Math., Wits University)In this talk, we present numeri
al tests for di�erent global error evaluation te
hniques in multistep methods.The algorithms in
lude Ri
hardson extrapolation, using two di�erent methods, solving for the 
orre
tion,Zadunaisky's te
hnique and solving the linearized dis
rete variational equation. The tests are performed ondi�erent grids, 
overing both uniform and non-uniform ones, and using di�erent test problems with knownsolutions to be able to 
ompare the global error with its estimate. We dis
uss their pra
ti
al performan
efor weakly and strongly stable multistep methods and make 
on
lusions.M43



Dirk Laurie's Birthday II 9
SPURIOUS BEHAVIOUR OF LEAPFROG SCHEMES FOR SOME PER-TURBED HARMONIC OSCILLATORSS
halk S
hoombie (University of the Free State)Eben Mare (University of Pretoria)We 
onsider a spe
ial leapfrog s
heme for the perturbed harmoni
 os
illator ẍ+ω2x = ǫf(x, (̇x)). For the vander Pol equation it leads to an interesting but spurious amplitude modulation. This 
an be explained usinga dis
rete multiple s
ales te
hique, 
ombined with a phase plane analysis. For other equations of this typethere is no spurious behaviour. It would be interesting to �nd out what are the 
onditions on the fun
tion fwhi
h would 
ause spurious behaviour. In this talk we report the results of some preliminary investigations. M51

COMPUTING INFINITE RANGE INTEGRALS OF PRODUCTS OF BESSELFUNCTIONSJoris van Deun (Katholieke Universiteit Leuven)Ronald Cools (Katholieke Universiteit Leuven)We present an algorithm to 
ompute in�nite range integrals of an arbitrary produ
t of Bessel fun
tions of the�rst kind and real order. The main ingredients in this algorithm are the well-known asymptoti
 expansionand the observation that the in�nite part of the integral 
an be approximated using the in
omplete gammafun
tion. A

urate error estimates are in
luded in the algorithm, whi
h is implemented as a Matlab program. M52



10 Monday 3 April
A NEW FIVE STAGE CONTINUOUS RUNGE-KUTTA METHOD FOR INI-TIAL VALUE PROBLEMSFatokun Johnson Oladele (Nasarawa State University, Ke�, Nigeria / AIMS)johnson�aims.a
.zaA �ve-step impli
it Runge-Kutta method is presented in this paper. The 
ontinuous s
heme for this isformulated using the power series approa
h. To make the mxn matrix 
onsistent, a perturbation termwas introdu
ed for e
onomisation thus leading to a (k+2) by (k+2) system of equations. The method isself-starting, of order �ve and it is 
onvergent. The error 
onstant is approximately-1/73 whi
h guaranteesbetter a

ura
y than the 
onventional Adams methods of the same order. Keywords: Impli
it Runge-Kuttamethods, Legendre polynomial and fun
tions, power series, perturbation term, e
onomisation, Convergen
e.M53



Parallel II 11
SUPPORT TO ROCK EXCAVATIONS PROVIDED BY THIN ADHESIVELINERSDavid P Mason (S
hool of Computational and Applied Mathemati
s, University of the Wit-watersrand, Johannesburg)dpmason�
am.wits.a
.zaShot
rete has been used for support in mines for about �fty years.Re
ently, the use of thin sprey on linershas in
reased. The support me
hanism for thin sprey on liners is investigated. A 
ylindri
al ro
k ex
avationis 
onsidered. The fra
tured ro
k near the surfa
e of the ex
avation is modelled as a thin layer with di�erentYoung's modulus from that of the surrounding ro
k. When the liner is applied it penetrates the fra
tures andreturns the ro
k to approximately its original strength.The ex
avation is perturbed by shear �eld and by atensile �eld. Using plane strain theory in linear elasti
ity the stress 
on
entration fa
tor at the surfa
e of theex
avation without the liner and with the liner are 
al
ulated and 
ompared.It is found that the appli
ationof the liner redu
es the stress 
on
entration fa
tor.

M61

GEOTECHNICAL STRESS MODELLING USING THE MATERIAL POINTMETHODFran
ois Malan (Modelling Unit, ISS International Ltd. Stellenbos
h, South Afri
a)fran
oism�issi.
o.zaThe modelling of deformation and stress is of major importan
e in many �elds of enigeering, in
ludingresear
h in mining and ro
k me
hani
s. Two major approa
hes for dis
retizing and modelling a 
ontinuumare the Finite Element Method and the Finite Di�eren
e Method. We will fo
us on the Material PointMethod (also 
alled the Parti
le in Cell method), whi
h is a Finite Di�eren
e 
ode. The working of theMPM method will be explained, and some examples will be shown of appli
ations in whi
h it is useful. Are
ently developed 
onstitutive model 
alled IDRM (Integrated Damage Rheology Model) , whi
h we willbe implementing in MPM, will be brie�y des
ribed, and some appli
ations dis
ussed. M62



12 Monday 3 April
MODELLING THE PISTON EFFECT OF ROCK FALLSDr A Sjoberg (University of Johannesburg (APK 
ampus))Members of MISGSA2006 studygroup (University of Johannesburg (APK 
ampus))This talk presents an overview of the results obtained by a studygroup at MISGSA2005. In mining, large
averns often form. When the roof of su
h a 
avern 
ollapse, it 
auses air blasts in 
onne
ting tunnels whi
h
an 
ause loss of lives and destroy equipment. We present a few models to des
ribe the air pressure in the
avern during 
ollapse.M63
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14 Tuesday 4 April
OPTIMIZATION-BASED METHODS FOR REDUCED-ORDER MODELINGJe� Borggaard (Department of Mathemati
s, Interdis
iplinary Center for Applied Mathe-mati
s, Virginia Te
h)jborggaard�vt.eduRedu
ed-order modeling is a te
hnique for developing low-dimensional models for large- or in�nite-dimensional systems. For nonlinear problems, the method of 
hoi
e is proje
tion with the low-dimensionalbasis obtained using proper orthogonal de
omposition of a given set of simulations. Redu
ed-order modelinghas found its way into a number of useful appli
ations in
luding weather fore
asting, 
ontrol theory andunderstanding fundamental me
hanisms in 
omplex �ows. There are a number of limitations with the te
h-nique, however. It is inherently sensitive to the basis that is used (whi
h also depends on whi
h simulationsare 
hosen). In this talk, we give an overview of redu
ed-order modeling and the proper orthogonal de
om-position (essentially the singular value de
omposition). Following this overview, we des
ribe a number ofimprovements to the traditional basis sele
tion method based on the underlying optimization problem usedfor traditional proper orthogonal de
omposition. We 
onsider a straight-forward optimization problem anda te
hnique known as the pri
iple interval de
omposition.

T11

IDEAL COORDINATES FOR PATTERN FORMING REACTION DIFFU-SION EQUATIONS OF GINZBERG-LANDAU TYPEJohn Norbury (Oxford University, United Kingdom)We look for good meshes on whi
h to solve numeri
ally for patterns with steep moving internal interfa
es.Themeshes are in spa
e,and may evolve in time.Analyti
al solutions on the slow manifold for the system arealso found,as these are attra
tors for the dynami
s,and 
an be used to test numeri
al solutions for a

ura
y.Robustness of the model is dis
ussed, espe
ially as a key small di�usion parameter tends to zero.T12



Plenary 15
MODELLING AND SIMULATION ISSUES IN CELL BIOLOGYKevin Burrage (University of Queensland, Australia)The Sto
hasti
 Simulation Algorithm (SSA) is a 
ru
ial dis
rete modeling te
hnique for simulating theintera
tions of small numbers of mole
ules in 
ellular environments and in parti
ular geneti
 regulation.In this talk we dis
uss modi�
ations to the SSA that will allow us to model external noise with respe
tto geneti
 regulation (through errors in trans
ription), delays in trans
ription and translation and addressmultis
ale issues asso
iated with spatial heterogeneity (due to spatial ultrastru
ture within a 
ell). We willalso attempt to give a brief overview of how noise arises and is modelled in a Cell Biology setting. T21



16 Tuesday 4 April
A LOG LIKELIHOOD GRADIENT EVALUATION BY USING THE EX-TENDED SQUARE-ROOT INFORMATION FILTERM. V. Kulikova (University of the Witwatersrand, Johannesburg)mkulikova�
am.wits.a
.zaA newly developed algorithm for evaluating the Log Likelihood Gradient (s
ore) of linear dis
rete-timedynami
 systems is presented, based on the extended Square-Root Information Filter (eSRIF). The newresult 
an be used for e�
ient 
al
ulations in gradient-sear
h algorithms for maximum likelihood estimationof the unknown system parameters. The theoreti
al results are given with the examples showing the superiorperfoman
e of this 
omputational approa
h over the 
onventional one.T31

APPLICATION OF STATISTICAL CONTRASTS TO MEAN REFRACTIVESTATEDr Shirley Abelman (University of the Witwatersrand, Johannesburg)abelman�
am.wits.a
.zaTesting for di�eren
es between spe
i�
 groups or 
ombinations of groups is referred to as 
omparison or
ontrast testing. Statisti
al signi�
an
e of 
omparisons 
an be assessed by �rst forming 
ontrasts and thentesting for their signi�
an
e. A 
ontrast essentially tests whether or not two means are signi�
antly di�erent,where ea
h mean 
ould be a weighted average of two or more means. The aim of this talk is to introdu
emutually orthogonal linear 
ontrasts of sample data to optometri
 resear
h. By 
onstru
ting parti
ular
ontrasts, mean refra
tive states are 
ompared before instillation, before and after instillation, and afterinstillation of a 
y
loplegi
 into the right eye of a subje
t.T32



Parallel I 17
SWARMING MODELED BY PARTIAL DIFFERENTIAL EQUATIONSPaul Milewski (Department of Mathemati
s, University of Wis
onsin)milewski�math.wis
.eduWe introdu
e a new 
ontinuum model for swarming behavior in organisms. The model is written as a 
on-servation law for the density of organisms that in
ludes a nonlo
al, anisotropi
 aggregation term (modellingthe motion of the organisms due to a dire
tionally biased sample of the nearby population) and a lo
al non-linear di�usion term (modelling the repulsion of organisms in regions of very high density). Numeri
al andasymptoti
 analysis shows a wealth of dynami
s in
luding 
ompa
tly supported travelling waves (swarms).The speed of the swarm is bounded above and de
reases as the total mass of the swarm in
reases. Theseswarms are singular at both their leading and trailing edge, and this has to be treated with 
are in numeri
al
omputations. Although the work 
onsiders a one-dimensional one-way model, we point out how to extendit to more physi
al situations.

T41

DETERMINISTIC DYNAMICS IN QUESTIONNAIRES IN SOCIAL SCI-ENCESProfessor David Sherwell (S
hool of Computational and Applied Mathemati
s, University ofthe Witwatersrand)Charles Lebon Mberi Kimpolo (S
hool of Computational and Applied Mathemati
s, Univer-sity of the Witwatersrand)We present models to translate a questionnaire into a sequen
e of "Yes/No" replies, or "zero/one" digits.Su
h a sequen
e is a point in a mathemati
al sequen
e spa
e. A longitudinal questionnaire is then a pointthat evolves in that spa
e. Distan
es 
an be de�ned and the point jumps in this spa
e. We have developed amathemati
al apparatus to analyse this abstra
t motion and to map the abstra
t spa
e to the real line andother planes. If the motion is random then one 
an apply a di�usion equation. We will apply these ideas indemographi
 studies. To illustrate, migration is not well-modelled by a di�usion pro
ess be
ause individualsdo not random walk, geographi
ally. Yet their so
ial 
onditions as revealed by a questionnaire may randomwalk. Then the deterministi
 equation of applied mathemati
s might apply. As formulated above, we willextend the formulation and apply it to real demographi
 data.
T42



18 Tuesday 4 April
MESH INDEPENDENCE OF KLEINMAN-NEWTON ITERATIONS FORRICCATI EQUATIONSLizette Zietsman (Department of Mathemati
s, Interdis
iplinary Center for Applied Math-emati
s, Virginia Te
h)lzietsma�vt.eduIn this talk we 
onsider the 
onvergen
e of the in�nite dimensional version of the Kleinman-Newton al-gorithm for solving the algebrai
 Ri

ati operator equation asso
iated with the linear quadrati
 regulator(LQR) problem. In parti
ular, we establish mesh independen
e for this algorithm. The importan
e of dual
onvergen
e and preservation of exponential stability (POES) with regard to strong 
onvergen
e of the fun
-tional gains and mesh independen
e of the algorithm are dis
ussed. These results are applied to systemsgoverned by delay equations and numeri
al results are presented.T51

WEAK SOLUTIONS OF SECOND ORDER HYPERBOLIC PARTIAL DIF-FERENTIAL EQUATIONSN F J van Rensburg (University of Pretoria)nvrens�s
ientia.up.a
.zaConsider an initial boundary value problem for a se
ond order hyperboli
 partial di�erential equation. Theproblem may have a 
lassi
al solution, a weak solution or a `very" weak (mild) solution. Mild solutions arenot merely of a
ademi
 interest. Mathemati
al models for the motion of elasti
 bodies 
an be extremely
omplex. These 
omplex model problems rarely have 
lassi
al solutions and mild solutions are likely too

ur. It is important to be aware of this fa
t sin
e the rate of 
onvergen
e of numeri
al approximationsdepends on the `smoothness" of solutions. The wave equation is used as an example. Here it is easy to
onstru
t solutions with di�erent `degrees of smoothness". For a general linear vibration problem, a mildsolution is not a solution of the usual variational problem. We present a weaker variational form and 
onsiderimplementation of the �nite element method.
T52



Mathemati
s in Biology II 19
A NUMERICAL STUDY OF A PLATE-BEAM SYSTEMA J van der Merwe (Cape Peninsula University of Te
hnology)vandermerwea�
put.a
.zaThe 
lassi
al models for plates and beams whi
h are derived from linear elasti
ity, are not suitable forappli
ations where the higher order natural frequen
ies are of importan
e. In su
h 
ases the 
omplexitiesof three dimensional models are sometimes avoided by using lower dimensional models 
ontaining sheare�e
ts, i.e. the Timoshenko beam model and Reissner-Mindlin plate model. The eigenvalue problem usedfor 
al
ulating the natural frequen
ies for the Reissner-Mindlin plate model, is a system of three planardi�erential equations. For the Timoshenko beam model the asso
iated eigenvalue problem is a system oftwo one dimensional ordinary di�erential equations. In a numeri
al study of a plate-beam system someinteresting properties of the natural frequen
ies are investigated. T53



20 Tuesday 4 April
THE ROLE OF NOISE IN BIOLOGYDr Pamela Burrage (University of Queensland)pmb�maths.uq.edu.auIn this talk I dis
uss three approa
hes to mathemati
al modelling of biologi
al appli
ations, 
overing the
ases where there are small numbers, intermediate numbers and large numbers of mole
ules. The resultingmathemati
al models require numeri
al simulation, and in parti
ular, I will dis
uss weak and strong numeri
alsolutions of sto
hasti
 di�erential equations, in
luding the implementation of a splitting te
hnique. Thenumeri
al solution of sto
hasti
 di�erential equations requires a set of random numbers, and when there aretwo or more Wiener pro
esses, it is 
riti
ally important to sample the random numbers 
arefully to ensurethe required statisti
al properties are satis�ed. I will dis
uss this in relationship to both strong and weakorder solutions. I will 
on
lude the talk by presenting numeri
al simulations for two biologi
al appli
ations.T61

GENERALIZED SENSITIVITY FUNCTIONS AND PARAMETER ESTIMA-TIONFranz Kappel (Institute for Mathemati
s and S
ienti�
 Computation)franz.kappel�uni-graz.atRealisti
 models for the 
ardiovas
ular-respiratory system des
ribing rea
tions of the system to externalin�uen
es, as for instan
e ergometri
 work loads, orthostati
 stress or hemorrhage, have to be rather 
omplex.Validation of su
h models typi
ally involves estimation of a large number of parameters on the basis of alimited number of measurements. Generalized sensitivity fun
tions as introdu
ed in [Th-C℄ 
hara
terize thedependen
e of the estimated parameters on the measurements. This is in 
ontrast to 
lassi
al sensitivitieswhi
h 
hara
terize the dependen
e of the model output on the parameters. Generalized sensitivities also allowto determine time intervals where the measurements 
arry the most information for a spe
i�
 parameter. Inthe presentation we demonstrate these possibilities for the example of a basi
 model for the rea
tion of the
ardiovas
ular system to an ergometri
 work load (for the model see [K-P℄). Referen
es 1. Kappel, F., andPeer, R. O., A mathemati
al model for the fundamental regulation pro
esses in the 
ardiovas
ular system,J. Math. Biology 31(1993), 611 - 631. 2. Thomaseth, K., and Cobelli, C., Generalized sensitivity fun
tionsin physiologi
al system identi�
ation, Annals of Biomedi
al Engineering 27(1999), 607 - 616.
T62



Parallel II 21
REFINABLE FUNCTIONS REGULARITY BY MEANS OF FOURIERANALYSISAkwum Onwunta (University of Stellenbos
h)onwunta�sun.a
.zaIn this talk, we present the regularity (or smoothness) of a given 
ontinuous 
ompa
tly supported re�nablefun
tion by using two methods whi
h are based on the de
ay rate of its Fourier transform. We shall a
hievethis by �rst studying the embedding of 
ertain Sobolev spa
es into a Hölder regularity spa
e. Our �rstmethod is based on maximizing the mask symbol (Laurent polynomial) on the unit 
ir
le in the 
omplexplane, whereas our se
ond method uses the spe
tral radius of a 
ertain transfer matrix obtained from themask symbol. We also 
ompare our Fourier-based results with those obtained from a subdivision-basedresult. Illustrative numeri
al examples are provided. T63



22 Tuesday 4 April
HERMITE INTERPOLATION AND A METHOD FOR EVALUATINGCAUCHY PRINCIPAL VALUE INTEGRALS OF OSCILLATORY KI [IN-COMPLETE℄George Oke
ha (University of Fort Hare)GOke
ha�ufh.a
.zaAn alternative method to the method proposed in [10℄ for the numeri
al evaluation of integrals of the form
∫ 1

−1
exp(iφt)f(t)dt,where f(t) has a simple pole in [-1,1℄ and φ ∈ R may be large,has been developed. Themethod is based on a spe
ial 
ase of Hermite interpolation polynomial and it is 
omparatively simpler andentails fewer fun
tion evaluations and thus faster, but the two methods are 
omparable in a

ura
y. Thevalidity of the method is demonstrated in the provision of two numeri
al experiments and their results.T71

ASYMPTOTIC ZERO DISTRIBUTION OF SOME HYPERGEOMETRICPOLYNOMIALSSarah Jane Johnston (S
hool of Mathemati
s, University of the Witwatersrand)sjohnston�maths.wits.a
.zaIn re
ent papers Martínez-Finkelshtein and Kuijlaars and their 
o-authors have used Riemann-Hilbertmethods to derive the asymptoti
 zero distribution of Ja
obi polynomials P
(αn,βn)
n when the limits A =

limn→∞
αn

n
and B = limn→∞

βn

n
exist and lie in the interior of 
ertain spe
i�ed regions in the AB-plane.We prove that the zeros of 2F1

(

−n, n+1
2 ; n+3

2 ; z
) asymptoti
ally approa
h the se
tion of the lemnis
ate

{

z :
∣

∣z(1− z)2
∣

∣ = 4
27 ;Re(z) > 1

3

} as n→∞. Our result 
orresponds to one of the transitional or boundary
ases for Ja
obi polynomials in the Kuijlaars Martínez-Finkelshtein 
lassi�
ation.T72



Parallel III 23
THE ROLE OF ATAGES OF PROGRESSION IN MODELS FOR HIV PREVA-LENCEAngelina Mageni Lutambi (Physi
al and Mathemati
al Analysis, University of Stellenbos
h)Fritz Hahne (Physi
al and Mathemati
al Analysis, University of Stellenbos
h)We present two models that des
ribe the transmission and spread of the HIV epidemi
 in the human pop-ulation. In the �rst model all infe
ted people are assumed to 
ause the same infe
tion rate, while in these
ond model the rate depends on the stage of infe
tion. The stability anaysis and the numeri
al results arepresented for the general 
ase of a varying population. T81

ASPECTS OF USING A PORTAL X-RAY TO CONFIRM PATIENT POSI-TIONNeil Muller (Univeristy of Stellenbos
h)Leendert van der Bijl (iThemba Labs)Jantine Frahn (iThemba Labs)Evan de Ko
k (iThemba Labs)Proton therapy is well suited to the treatment of several lesions, but requires that the patient be a

uratelypositioned. Current pra
ti
e at iThemba Labs relies on the manual veri�
ation of the position using a portalX-Ray. This is both slow and potentailly error-prone. In this paper, we examine some of the problems thatarise when looking to repla
e this with automated image registration. T82
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Opening 25
COOLING OF THERMOPLASTIC MATERIAL IN AN INFLATABLESPACECRAFTEugene M. Cli� (Virginia Te
h)J. T. Borggaard (Virginia Te
h)On-orbit assembly of very large spa
e
raft, su
h as the International Spa
e Station, is 
ostly in time, moneyand risk. Advan
ed thermoplasti
s o�er the possibility to e�
iently 
ompress/pa
kage the stru
ture forlaun
h and then to deploy it on-orbit. In this talk we des
ribe an analysis of post-deployment 
oolingin a spa
e environment. We 
onsider a 
ylindri
al stru
tural 
omponent (a truss longeron) 
omposed ofseveral thin shells. The resulting formal model in
ludes a pair of unsteady, two-dimensional heat equations,with sour
e terms that a

ount for 
ondu
tive, 
onve
tive and radiative intera
tions. Several 
oupled,ordinary di�erential equations a

ount for thermal behaviour of the metalli
 end-
aps and of the en
losed gas.Numeri
al dis
retization uses �nite-elements in spa
e and ba
kwards (impli
it) Euler in time. Experimentalresults from a va
uum 
hamber test are used to tune parameters in the numeri
al model and 
omparisonsare shown. Thermal response near the jun
tions with the end-
aps is of parti
ular interest.

W11

WAVES IN SHALLOW WATERHarvey Segur (University of Colorado, Boulder, USA)The Korteweg-de Vries (KdV) equation has been studied extensively over the last 40 years, be
ause it isthe prototype of an "integrable" partial di�erential equation. As su
h, it has many mira
ulous properties,in
luding exa
t N-soliton solutions, in�nitely many 
onservation laws, et
. The Kadomtsev-Petviashviliequation is a higher-dimensional generalization of the KdV equation, and it shares this list of mira
ulousproperties. But both equations were originally derived as models of long waves in shallow water. Thepurpose of this talk is to explore what these integrable models tell us about o
ean waves in shallow water.Appli
ations in
lude the 2004 tsunami, and rip 
urrents. W12



26 Wednesday 5 April
MULTIWAVELETS, GAUSSIANS AND GREEN'S FUNCTIONS: A NEWKIND OF FAST ALGORITHMS FOR PDESFernando Perez (University of Colorado, Boulder, USA)Wavelet bases provide sparse representations of a wide 
lass of integral and pseudo-di�erential operators (forreasons similar to those whi
h lead to their use in image 
ompression). Thanks to this, they 
an be used to
onstru
t fast algorithms for the appli
ation of su
h operators in one spatial dimension.When 
ombined with a te
hnique for 
onstru
ting Gaussian-based approximations of fun
tions, it be
omesfeasible to extend the above ideas to multidimensional problems. I will dis
uss how the union of these twoideas permits the development of very �exible fast algorithms for the appli
ation of Green's fun
tions andother operators in multiple dimensions, with 
ontrolled a

ura
y and no 
onditioning problems.These new te
hniques have been already tested in problems ranging from Poisson's equation to S
hrodinger'sequation. We 
ontinue to develop both the basi
 algorithmi
 ideas and their implementation, looking todevelop a very �exible set of methods for the fast and a

urate solution of PDEs of interest in physi
alappli
ations.

W21



Parallel I 27
SECOND-ORDER NUMERICAL SCHEME FOR SINGULARLY PER-TURBED REACTION�DIFFUSION ROBIN PROBLEMSSrinivasan Natesan (Department of Mathemati
s, Indian Institute of Te
hnology, Guwahati,India)Rajesh K. Bawa (Department of Computer S
ien
e and Engineering, Punjabi University,Patiala, India)Singular perturbation problems (SPPs) arise in several bran
hes of engineering and applied mathemati
swhi
h in
lude �uid dynami
s, quantum me
hani
s, elasti
ity, 
hemi
al rea
tor theory, gas porous ele
trodestheory, et
. To solve these types of problems various methods are proposed in the literature. In this work, wedevelop a hybrid numeri
al s
heme for singularly perturbed rea
tion�di�usion boundary�value problem withsmooth data. In general, the solution of these problems may exhibit two boundary layers of exponential typeat both end points. Here, we are interested in an hybrid s
heme whi
h is a 
ombination of the 
ubi
 splines
heme with the 
lassi
al 
entral di�eren
e s
heme on a pie
ewise Shishkin mesh. The newly developed
ubi
 spline s
heme satis�es dis
rete maximum prin
iple only in the boundary layer regions and fails inthe regular region. This is be
ause the mesh intervals are 
oarse in the regular region and to satisfy thedis
rete maximum prin
iple one has to restri
t the mesh size in relation with the perturbation parameter. Toover
ome this di�
ulty, we use the 
ubi
 spline s
heme only in the boundary layer regions and the 
lassi
al
entral di�eren
e s
heme in the regular regions. Trun
ation errors are derived, and the present methodprovides se
ond�order uniform 
onvergent result throughout the domain of interest. Numeri
al exampleshave been 
arried out to show the e�
ien
y of the method.

W31

NUMERICAL METHODS FOR SINGULARLY PERTURBED DIFFEREN-TIAL DIFFERENCE EQUATIONSKailash C. Patidar (Department of Mathemati
s and Applied Mathemati
s, University ofthe Western Cape)Mohan K. Kadalbajoo (Indian Institute of Te
hnology Kanpur)Kapil K. Sharma (MAB Université Bordeaux 1, Fran
e)We 
onsider some problems arising from singularly perturbed di�erential di�eren
e equations. First we
onstru
t (in a new way) and analyze a `�tted operator �nite di�eren
e method (FOFDM)� whi
h is �rstorder UNKNOWN LATEX SYMBOL-uniformly 
onvergent. With the aim of having just one fun
tionevaluation at ea
h step, attempts have been made to derive a higher order method via Shishkin mesh towhi
h we refer as the `�tted mesh �nite di�eren
e method (FMFDM)�. This FMFDM is a dire
t methodand UNKNOWN LATEX SYMBOL-uniformly 
onvergent with the nodal error as O(n−2 ln2 n) whi
h is animprovement over the existing dire
t methods (i.e., those whi
h do not use any a

eleration of 
onvergen
ete
hniques, e.g., Ri
hardson's extrapolation or defe
t 
orre
tion, et
.) for su
h problems on a mesh ofShishkin type that lead the error as O(n−1 lnn) where n denotes the total number of sub-intervals of [0, 1].
W32



28 Wednesday 5 April
ON A PRIME NUMBER GENERATORJM Manale (UNISA)manaljm�unisa.a
.zaStudies show that the most promising approa
hes to �nally establishing a prime number generator may not
ome from pure mathemati
s, but from physi
ists. This is after resear
hers dis
overed a deep 
onne
tionbetween Riemann zeros and energy levels of a quantum me
hani
al system. To test this hypothesis, we seekhere a fun
tion f(x) su
h that the roots of the equation φ′′ = f(x)φ satisfy prime numeri
al 
onditions. Theastouding results we got after giving this equation a Lie group theoreti
al methods treatment is that f(x)assumes values of the form 1/x, thus redu
ing this equation into a S
hrodinger type equation.W41

TO BE ANNOUNCEDEmli-Mari Nel (DSP Laboratory, University of Stellenbos
h)emnel�dsp.sun.a
.zaW42



Parallel III 29
SOLUTION OF WATER WAVE SCATTERING PROBLEM WITH VARYINGOCEAN DEPTH BY FINITE FOURIER COSINE TRANSFORMSwaroop Nandan Bora (Indian Institute of Te
hnology, Guwahati)Subahs Chandra Martha (Indian Institute of Te
hnology, Guwahati)In this paper, the problem of oblique water wave di�ra
tion by a small deformation of the bottom of alaterally unbounded o
ean is 
onsidered using linear water wave theory. It is assumed that the �uid isin
ompressible and invis
id, and the �ow irrotational. A perturbation analysis is employed to obtain thevelo
ity potential, re�e
tion and transmission 
oe�
ients up to the �rst order in terms of integrals involvingthe shape of fun
tions representing the bottom deformation by using the Green's integral theorem. Twoparti
ular forms of the shape fun
tion are 
onsidered and the integrals for the re�e
tion and transmission
oe�
ients are evaluated for these two di�erent fun
tions. Among those 
ases, for the parti
ular 
ase ofa pat
h of sinusoidal ripples at the bottom, the re�e
tion 
oe�
ient up to the �rst order is found to bean os
illatory fun
tion in the quotient of twi
e the wave number along x-axis and the ripple wave number.When this quotient be
omes one, the theory predi
ts a resonant intera
tion between the bed and free surfa
e,and the re�e
tion 
oe�
ient be
omes a multiple of the number of ripples and high re�e
tion of the in
identwave energy o

urs if this number is large. Known results for the normal in
iden
e are re
overed as spe
ial
ases. The numeri
al solutions for the re�e
tion and transmission 
oe�
ients are also evaluated against wavenumbers and angles of in
iden
e.

W51

TURBULENCE SIMULATION USING RAPID DISTORTION THEORYMosa Chaisi (Maths & Computer S
ien
e Dept., National University of Lesotho, Roma 180,Lesotho)Derek D Stret
h (Department of Civil Engineering, University of KwaZulu-Natal, KingGeorge V Avenue, Durban 4041)A fairly simple method of simulating a turbulent domain of a �uid body is demonstrated; whi
h is also fairlyinexpensive in terms of 
omputing resour
es needed to 
arry it out. The underlying theory employed indealing with the Navier-Stokes (N-S) equations is what is referred to as Rapid Distortion Theory - linearisedN-S equations. Amongst the many physi
al s
enarios where this 
an be useful, momentum ex
hange a
rossa liquid-liquid interfa
e, turbulent mixing and surfa
e renewal are explored with the help �ow visualizationin the form of ve
tor plots, �ow animation and parti
le tra
king te
hniques. W52
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STEADY FLOW IN TUBES OF VARYING CROSS-SECTION: EFFECT OFVARIABLE VISCOSITYKgomotshwana Thosago (A
ademi
 Development Unit, University of Limpopo � Tur�oopCampus)kgomotshwanat�ul.a
.zaIn this paper, I examine steady �ow of a variable vis
osity in
ompressible �uid in a tube of small aspe
tratio. On the basis of 
ertain simplifying assumptions, the governing equations of 
ontinuity and momentumare obtained. Analysis has been 
arried out for low Reynolds number �ow and the expressions for various�ow 
hara
teristi
s are obtained using perturbation te
hnique. It has been observed that an elevation in�uid vis
osity will in
rease the magnitude of wall shear stress and pressure drop. The e�e
t of initial for
eson these �ow 
hara
teristi
s varies with the tube geometry.W53
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POLYNOMIAL CONTAINMENT AND QUASI-INTERPOLATION IN RE-FINEMENT SPACESDésirée Moubandjo (Department of Mathemati
s, University of Stellenbos
h)Johan de Villiers (Department of Mathemati
s, University of Stellenbos
h)In wavelet 
onstru
tion methods based on multi-resolutional analysis, it is important that the re�nementspa
e, de�ned as the span of the integer shifts of the underlying re�nable fun
tion, lo
ally 
ontains thepolynomials up to a 
ertain degree. Using a purely time-domain approa
h, we show here that it su�
esto demand merely that the 
orresponding Laurent polynomial mask symbol possesses a zero of order N at
−1, to guarantee polynomial 
ontainment up to degree (N − 1) for the asso
iated re�nement spa
es. In thepro
ess, we derive a generalised Marsden identity for re�nable fun
tions, in whi
h all the 
oe�
ients 
an be
omputed re
ursively. Moreover, we provide an expli
it formulation of the optimally lo
al quasi-interpolationoperator mapping the spa
e of real-valued fun
tions on R into the re�nement spa
e. Illustrative exampleswill be given.

W61

ON THE CONVERGENCE OF THE CASCADE ALGORITHMGuy Blaise Dongmo (Stellenbos
h University)Johan de Villiers (Stellenbos
h University)We present, separately for the s
alar and ve
tor 
ases, su�
ients 
onditions on the Laurent polynomial masksymbol and the initial iterate for 
as
ade algorithm 
onvergen
e, and therefore also for re�nable fun
tionexisten
e and subdivision 
onvergen
e. Moreover, we obtain expli
itly the geometri
 
onstant appearing inthe estimate for the geometri
 
onvergen
e of the 
as
ade iterates to the 
orresponding re�nable fun
tion.For the ve
tor 
ase, we 
onsider an appli
ation of our result to the issue of Hermite subdivision 
onvergen
e.For the s
alar 
ase, we apply our result to a one-parameter family of mask symbols to obtain a re�nablefun
tion existen
e and subdivision 
onvergen
e parameter interval, yielding in parti
ular also masks with atleast one negative 
oe�
ient. W62
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INTEGRABILITY PROPERTIES AND EXACT SOLUTIONS OF THEKHOKHLOV-ZABOLOTSKAYA EQUATIONJ C Ndogmo (University of the Western Cape)jndogmo�uw
.a
.zaWe investigate the integrability properties of the Khokhlov-Zabolotskaya equation and show that it sat-is�es 
ertain ne
essary 
onditions for the Painlev� 
© property. We also perform some 
lassi
al similarityredu
tions and obtain exa
t solutions. Although the symmetry algebra of this equation depends on threedistin
t arbitrary fun
tions, we do not impose any restri
tions on them in the similarity analysis, and thislead to more general results whi
h are 
ompared with those obtained using the dire
t method of Clarksonand Kruskal.W63
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OBJECT ORIENTED EXTENSION OF LEGACY NUMERICAL SOFTWAREWITH PYTHONNeilen Marais (CEMAGG group, E&E Engineering, Stellenbos
h)David B. Davidson (CEMAGG group, E&E Engineering, Stellenbos
h)Software Engineering aspe
ts in Computational Ele
tromagneti
s (CEM) are be
oming more importantas the 
omplexity of CEM 
odes 
ontinue to in
rease. Obje
t Orientated Programming (OOP) methodspromise to alleviate the 
hallenges posed by more 
omplex software systems, but o�er little help for lega
y
odes. Python, an obje
t-oriented very high level language (VHLL) is both easy to learn and a produ
tiveenvironment for experien
ed programmers. It has extensive standard and third party libraries and veryliberal Free Open Sour
e (FOSS) li
ensing. Python itself is an interpreted language, but has easy to usefa
ilities for in
orporating external 
ompiled 
ode into a Python program by means of language wrappers.Thanks to Python's powerful namespa
e features, it is relatively easy to use a program stru
ture in Pythonthat di�ers 
ompletely from the stru
ture of the original external 
ode. This 
an be used to retroa
tivelyprovide obje
t oriented stru
ture to a lega
y 
ode written in a programming language that does not supportobje
t orientation. The appli
ation of this method is des
ribed in the 
ontext of eMAGUS, a mi
rowaveFinite Element Method 
ode written in Fortran 90.

W71

DECOMPOSITION OF THE FIRST-ORDER RAVIART-THOMAS SPACEON A TETRAHEDRAL MESH, WITH AN APPLICATION IN [INCOM-PLETE℄Matthys M. Botha (Department of Ele
tri
al and Ele
troni
 Engineering, University of Stel-lenbos
h)mmbotha�sun.a
.zaThe standard, Raviart-Thomas, fa
e-asso
iated basis fun
tions of mixed �rst-order are 
ommonly employedto model divergen
e-
onforming �elds on tetrahedral meshes. The fun
tion spa
e being modeled 
ontainsboth solenoidal- and non-solenoidal �eld 
omponents. In this presentation, a s
heme is des
ribed whereby anequivalent, alternative set of basis fun
tions may be 
onstru
ted, su
h that these two 
onstituent sub-spa
esare ea
h represented expli
itly (similar to the tree-
otree de
omposition in the 
url-
onforming setting). Asan appli
ation, an approa
h to stabilizing the �nite element method (FEM) for solving the linearized a
ousti
ve
tor wave equation, is presented. Using the standard basis, this formulation's 
onditioning deterioratesas the frequen
y is lowered. Using the new basis, with its property of expli
itly modeling the divergen
eoperator's null-spa
e, one may render the FEM system matrix positive de�nite in the low-frequen
y limitvia simple diagonal normalization. Some numeri
al results will be shown.
W72
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CALCULATION OF THE INVARIANTS OF PSEUDO-ORTHOGONALGROUPSJ C Ndogmo (University of the Western Cape)jndogmo�uw
.a
.zaAlthough I.M. Gel'fan has given a formula for an expli
it determination of the invariants of orthogonal andpseudo-orthogonal groups, only a very little number of these invariants have a
tually been 
omputed in theliterature, probably due to the level of 
omplexity of this formula, and the 
omputed invariants are usuallyerroneous and only for low dimensional groups. We propose an algorithm that returns a fundamental setof invariants for any given pair (p,q) of indi
es of the pseudo-orthogonal group. We also present anotheralgorithm that 
an be useful for 
he
king the invariants of any system of operators.W81

CORRECTED ROOT AND BELL'S DISK ITERATIONMETHODS FOR THESIMULTANEOUS DETERMINATION OF THE ZEROS OF A POLYNOMIALMno Ikhile (AIMS)mnoikhilo�yahoo.
omThis paper 
onsiders the Root and Bell's disk iteration methods enhan
ed by in
orporating a 
orre
tionterm and a 
hoi
e of a disk inversion formula in the methods for the simultaneous 
omputation of the zerosof a polynomial. The error propagation is proved to be the same in both methods. When the re�nementpro
ess of 
orre
tion is e�
ient, it is this mode of 
orre
tion we have desired to propose.W82
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