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1 A Message from the Director

The Victoria University of Manchester (VUM) and UMIST merged in October 2004 t o create a new
institution, The University of Manchester, and the two Departments of Mathematics joined to create
the School of Mathematics, which with over 70 teaching sta® is one of the largest in the country. A very
positive e®ect for the Numerical Analysis Group was its co-location in the Maths and Social Sciences
Building on Sackville Street from January 2005, at which time the Oxford Road Mathematics Tower was
vacated prior to demolition (which is still in progress as I write). A new bui lding for the School, to be
located behind the Schuster building in the Booth Street East car park, is in the ¯nal stages of design
and is planned for completion in 2007. It will provide wonderful facilities for all aspects of the School's
activities.

This will be the last MCCM Annual Report, as David Silvester (Associate Director of MCCM) and
I have decided to discontinue MCCM from the end of 2005. Formed in October 1992 bythe numerical
analysts at VUM and UMIST, the purpose of MCCM is \to provide an environmen t for quality research
and postgraduate study in numerical and computational mathematics, encompassing researchers from
nearby institutions and those visiting the two groups". To this end, the main act ivities of MCCM have
been its technical report series, running the M.Sc. in Applied Numerical Computing, and organizing
conferences and workshops. The M.Sc. activity|previously the province of two departments across
which MCCM formed a bridge|now runs smoothly within the new School. The other activi ties are more
e±ciently and naturally subsumed into the activities of MIMS: the Manchester Instit ute for Mathematical
Sciences. MIMS, formed in 2004, is the research arm of the School and is concerned withencouraging
and supporting high quality mathematical research activity, both core and interdisciplinary. MIMS is
already averaging over one research meeting per month, ranging from small workshops to conferences of
over 100 people. The School currently has access to good facilities for such events, subject to competing
for space with teaching. But in the new building a wing dedicated to MIMS will have a seminar room and
a meeting room, as well as dedicated space for visitors and a research library,all adjacent to the School
common room. A MIMS Preprint Server is in the process of being set up, and the MCCM Numerical
Analysis Report series will become part of the MIMS series, with numerical analysis entries identi¯able
by their AMS Subject Classi¯cation of 65. A feature of the Numerical Analysis Report series is that
colleagues from outside Manchester but with a Manchester connection have been welcome to contribute,
and our colleagues at University College Chester have been particularly proli¯c inthis regard. It is
intended that the MIMS Preprint Series will have a similarly broad base of contributors.

Numerical Analysis Report Series

Since the Numerical Analysis Report series has been one of the most distinctive and long-running ac-
tivities of MCCM, I would like to pick out some aspects of its history and some key reports from the
series.

The two key movers in setting up the series were Ian Gladwell1, then a member of the VUM Depart-
ment of Mathematics, and Charlie Van Loan2, an SERC-funded postdoctoral visitor to the department
in 1974{1975. The series began in September 1974 with (see Fig. 1)

Charles F. Van Loan, Least Squares Problems with Emphasis Upon Singular ValueTech-
niques, Numerical Analysis Report No. 1, September 1974.

and Charlie wrote four of the ¯rst 10 reports. Particularly notable is (s ee Fig. 2)

Charles F. Van Loan. A study of the matrix exponential. Numerical Analysis Report No.
10, August 1975.

This was an early version of the classic, highly-cited articleNineteen Dubious Ways to Compute the
Exponential of a Matrix written with Cleve Moler and subsequently published in SIAM Review in 1978,
with an updated reprint in SIAM Review in 2003. Ian's early contributions include the often cited (see
Fig. 3)

J. L. Siemieniuch and I. Gladwell On time discretization for linear time-dependent partial
di®erential equations. Numerical Analysis Report No. 5, September 1974.

1Currently in the Department of Mathematics at Southern Meth odist University, Dallas.
2Currently Chair of the Department of Computer Science at Cor nell University, Ithaca.
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Figure 1: Front cover of Numerical Analysis Report No. 1 (left) and abstract of Numerical Analysis
Report No. 12 (right).

One of the main aims of the series has been to provide a vehicle for pre-publication of apreliminary
version of a piece of work, prior it to being submitted to a journal. Right fr om the start this aim was
achieved, with at least 15 of the ¯rst 20 reports known to have appeared in refereed journals. Nevertheless,
a number of important early reports, such as Number 5 mentioned above, werenot submitted but surely
would have been in today's academic climate.

The contents of the series naturally re°ect the interests of the numerical analystsat VUM and
UMIST over the years. The ¯rst 125 reports (taking us up to October 1986) include contributions
on sti® di®erential equations (George Hall, Jack Williams), complex approximation (Jack Williams),
Volterra integral equations (Christopher Baker), polynomial zero-¯nding (Len F reeman), methods for
second order ordinary di®erential equations (Ian Gladwell, Ruth Thomas), multigrid (Joan Walsh),
numerical linear algebra (Nick Higham), and numerical analysis of partial di®erential equations (Ian
Gladwell, David Silvester, Ron Thatcher, Joan Walsh).

As well as containing preprints of research papers, the series includes all 13 MCCMAnnual Reports
and the proceedings of two 1982 meetings:

Ian Gladwell (ed.), Proceedings of a One-Day Colloquium On Numerical Linear Algebra and
Its Applications. Numerical Analysis Report No. 78, July 1982.

George Hall and Jack Williams (eds), Proceedings of a One-Day Colloquium on theNumerical
Solution of Ordinary Di®erential Equations. Numerical Analysis Report No. 84, December
1982.

The reports illustrate the changes in typesetting mathematics since the 1970s. Early reports were
typewritten, sometimes with equations written in by hand. In the 1980s many of the reports were
wordprocessed using Vuwriter|a technical wordprocessor produced by Vuman Ltd., a spin-o®company
of VUM, targeted at the Apricot microcomputer. I wordprocessed several reports on a Commodore 64
microcomputer using an Epson printer, with graphics mode used for Greek letters and mathematical
characters. The ¯rst TEXed reports were around 1986/1987 by myself (TEX) and Ian Gladwell (LATEX)

2



Figure 2: Preface (left) and outline (right) of Numerical Analysis Report No. 10.

and by the early 1990s most reports were produced in LATEX, as they are today. PDF ¯les took over from
gzipped PS ¯les as the preferred ¯le format of report authors for posting reports on the Web relatively
recently, in 2002.

The printed reports retain their distinctive green card cover to the present day, but a major change
came in May 1993 when they were ¯rst made available over the internet|originall y by anonymous ftp
from vtx.ma.man.ac.uk and then from the MCCM web page set up in 1994. The web page from which
the reports are available is automatically created from a BibTEX bib ¯le, the latter being maintained by
me by hand, as is the repository of PDF and PS ¯les. Among the bene¯ts of transferring future reports
to the MIMS Preprint Server is that, being based on EPrints, the server allows individuals to upload
reports themselves, it supports XML and OAI-PMH:A, the latter ensuring proper i ndexing by search
engines, and it provides full search facilities so that one can, for example, searchfor the phrase \shooting
method" within the full text of all the reports.

A few other reports can be picked out for mention. In addition to Number 10, two others have been
published in SIAM Review (which has in the 2005 ISI Citation ratings by far the highest impact factor
among Applied Mathematics journals):

Nicholas J. Higham. A Survey of Condition Number Estimation for Triangul ar Matrices.
Numerical Analysis Report No. 99, February 1985. [SIREV 29(4):575{596, 1987]

Fran»coise Tisseur and Karl Meerbergen. The quadratic eigenvalue problem. NumericalAnal-
ysis Report No. 370, November 2000. [SIREV 43(2):235{286, 2001]

Two of the most highly cited PDE reports in the series are

David Silvester and A.J. Wathen. Fast iterative solution of stabilised Stokes systems part
II: using block preconditioners. Numerical Analysis Report No. 218, July 1992. [SINUM,
31:1352{1367, 1994].

Howard Elman and David Silvester. Fast nonsymmetric iterations and preconditioning for
Navier-Stokes equations. Numerical Analysis Report No. 263, June 1995. [SISC, 17(1):
33{46, 1996].

And Ian Gladwell was probably the ¯rst to suggest how to vectorize and parallelizequadrature software
in
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Figure 3: Numerical Analysis Report No. 5.

Ian Gladwell. Vectorisation of one dimensional quadrature codes. Numerical Analysis Report
No. 125, October 1986.

Quite appropriately, the series approaches its end as it started, with contributions from visitors:

Peter Lancaster and Panayiotis Psarrakos. A note on weak and strong linearizations of
regular matrix polynomials. Numerical Analysis Report No. 470, June 2005.

Rajendra Bhatia. In¯nitely divisible matrices. Numerical Analysis Report No. 471, August
2005.

I think it is fair to say that the Numerical Analysis Report series was one of the ¯rst, and has
been one of the most active, such series, even compared with series representing wholeUK mathematics
departments. As the series closes, the MIMS Preprint series starts up, and we expectnumerical analysis
contributions to form a major component of the MIMS series. Keep an eye onhttp://www.manchester.
ac.uk/mims for future developments.

Conclusions

The Numerical Analysis Group in the School of Mathematics currently comprises seven permanent
lecturing sta® (Nick Higham, Catherine Powell, Tony Shardlow, David Silvester, Ron Thatcher, Ruth
Thomas, and Fran»coise Tisseur). The activity of the group is growing, with, for example, the following
meetings and courses organized under the auspices of MIMS in 2005:

² 24 Feb 2005, Workshop on Polynomial Eigenvalue Problems.

² 4{5 Jul 2005, Workshop on Finite Elements and Fast Iterative Solvers.

² 5 Sep 2005, Workshop on Mathematics of Image Registration.

² 11{16 Sep, 2005, LMS/EPSRC Short Course on Computational Di®erential Equations.

We look forward to continuing the successful numerical analysis research activities in Manchester, in
future channelled through MIMS (http://www.manchester.ac.uk/mims )

Nicholas J. Higham
Director of MCCM

September 2005
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2 Members

Christopher T. H. Baker
Professor of Mathematics, University of Manchester
D.Phil., Oxford University, 1964

My position as Research Professor at Manchester, on a part-time salary, terminated in the Fall of
2004. The Department marked the occasion by presenting me with a pen that I shall keep safe for a
long time, and some ¯ne wine that will be consumed rather sooner. In the week in whichI joined the
unwaged, I attended a retirement dinner held at St John's College Oxford in honour of Dominic Donnelly
who was retiring from the Computing laboratory at Oxford. I am one of many in transition! These days,
I ¯nd that I often speak about events that took place before my listener was born.

For myself, the term retirement is an indication that I rely for support on my pension rather than a
salary; my professional activities continue. However, with the uni¯cation of the Victoria University and
UMIST, the School of Mathematics has been subject to something of a diaspora; in the immediate future
it is scattered across various sites and I ¯nd that links need maintenance to survive. However, my links
with University College Chester still thrive, and I completed a paper with Chri s Paul in Manchester,
a paper with Genna Bocharov (Chester & Moscow), and a paper with a number of my former PhD
students. The following list (supplemented by publications appearing in 2004, that are listed separately,
below) indicates the range of work that I have engaged in since the last Research Assessment Exercise
and my retirement from full-time employment.

1. Baker, C.T.H., Agyingi, E.O., Parmuzin, E.I., Rihan, F.A.R., and Yihong Song, Sense from Sensitivity
and Variation of Parameters, Appl. Numer. Math. (in press).

2. Baker, C.T.H. and Paul, C.A..H. Discontinuous solutions of neutral d elay di®erential equations, Appl.
Numer. Math. (in press).

3. Baker, C.T.H. and Buckwar, E. On Halanay-type analysis of exponential stability for the theta-Maruyama
method for stochastic delay di®erential equations, Stochastics and Dynamics 5 2 (2005) (pp. 1-9, to
appear).

4. Baker, C.T.H. and Buckwar, E., Exponential stability in p-th mean of solutions, and of convergent Euler-
type solutions, of stochastic delay di®erential equations. J. Comput . Appl. Math., (available on line 19th
March 2005) in press.

5. Baker, C.T.H. and Bocharov, G.A. Computational aspects of time-lag mo dels of Marchuk type that arise
in immunology, Russian J. Numer. Anal. Math. Modelling, 20 (2005) in press .

6. Baker, C.T.H. and Parmuzin, E.I., Identi¯cation of the initial func tion for discretized delay di®erential
equations, J. Comput. Appl. Math., 181, (2005), 420-441.

7. Baker, C.T.H. and Parmuzin, E.I., Identi¯cation of the initial func tion for nonlinear delay di®erential
equations, Russian J. Numer. Anal. Math. Modelling, 20 (2005) 45-66.

8. Baker, C.T.H., Bocharov, G.A., Paul, C.A.H., Rihan, F.A.R., Com putational modelling with functional
di®erential equations: identi¯cation, selection and sensitivity, A ppl. Numer. Math., 53 (2005) 107{129.

9{14 See publications 2004, below.

15. Baker, C.T.H. and Song, Yihong, Discrete Volterra operators, ¯xed point theorems and their application,
Nonlinear Stud., 10 (2003) 79-101.

16. Song, Yihong and Baker, C.T.H. Perturbation theory for discrete Volte rra equations, J. Di®erence Equ.
Appl., 9 (2003) 969-987.

17. Baker, C.T.H. and Paul, C.A.H. and Tian, H., Di®erential algebraic equ ations with after-e®ect, J. Comput.
Appl. Math., 140, 63-80, 2002

18. Baker, C.T.H., Bocharov, G.A., Filiz, A ., Paul, C.A.H., Rihan, F.A., Tang, A., Thomas, R M., Tian, H.
& Will¶e, D.R., Numerical modelling by retarded functional di®er ential equations, in E.A. Lipitakis (ed.)
Hellenic European Research on Mathematics and Informatics Science, 2(2001), 29-52.

19. Baker, C.T.H., Retarded di®erential equations, in Numerical Analy sis: Historical Developments in the
20th Century [C. Brezinski & L. Wuytack, eds.] (2001), pp. 479-505.

20. Baker, C.T.H., A perspective on the numerical treatment of Volter ra equations, in Numerical Analysis:
Historical Developments in the 20th Century [C. Brezinski & L. Wuy tack, eds.] (2001), pp. 415-447.
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Appointments and Professional Activities

I continue to endeavour to reduce the number of my commitments, but during the year I have been:

1. Professor emeritus, University of Manchester.

2. Visiting professor, Chester College

3. Founding-director, MCCM

4. Member of the College of the EPSRC Mathematic Programme

5. Member of the panel conducting a quinquennial review of CWI Amsterdam

6. Editor, Journal of Computational & Applied Mathematics

7. Member of the accreditation board, Computer Abstracts

8. Referee for a number of journals and publishers.

Publications 2004

9. Baker, C.T.H. and Evgeniy I. Parmuzin, Analysis via integral equationsof an identi¯cation problem
for delay di®erential equations, J. Integral Equations Appl. 16 (2004) 111{135.

10. Baker, C.T.H. and Song, Yihong, Qualitative behaviour of numerical approximations to Volterra
integro-di®erential equations, J. Comput. Appl. Math., 172 (2004) 101-115.

11. Baker, C.T.H., Ford, Judith M., Ford, Neville, J. Bifurcations in appr oximate solutions of stochastic
delay di®erential equations, Internat. J. Bifur. Chaos Appl. Sci. Engrg., 14 (2004) 111{135.

12. Baker, C.T.H. and Song, Yihong, Periodic solutions of discrete Volterraequations, Math. Comput.
Simul., 64, 521-542, 2004

13. Song, Yihong and Baker, C.T.H., Perturbation of Volterra di®erence equations, J. Di®erence Equ.
Appl., 10 (2004) 379-397.

14. Song, Yihong and Baker, C.T.H., Linearized stability analysis of discrete Volterra equations, J.
Math. Anal. Appl., 294 (2004) 310-333.

Numerical Analysis Reports

Tech Rep 443. C T H Baker & E I Parmuzin Identi¯cation of the initial function fo r delay di®erential
equations. Part II: A discrete analogue of the data assimilation problem & computational results,
February 2004

Tech Rep 444. C T H Baker & E I Parmuzin Identi¯cation of the initial function fo r delay di®erential
equations. Part III: Nonlinear DDEs and computational results, February 2004

Tech Rep 448. C T H Baker & E Buckwar A note on Halany-type stability results for the µ-Maruyama
method for stochastic delay di®erential equations, April 2004

Tech Rep 451. Baker, C.T.H., Bocharov, G.A., Ford, J.M., Lumb, P.M., Norton, S.J., Paul, C.A.H., Junt,
T., Krebs, P., Ludewig, P., Computational Approaches to Parameter Estimation and Model Selection in
Immunology, June 2004

Lectures

1. Invited plenary talk, The Third International Conference on the Numerical Solut ion of Volterra
and Delay Equations, May 18 - 21, 2004
http://banach.la.asu.edu/~jackiewi/volterra2.html

Research Grants

Royal Society Travel Grant.
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J. Boyle
Research Associate
Ph.D. Salford, 1995

I started working on EPSRC funded project `E±cient parallel \black-box" preconditio ners for ¯nite
elements' in October 2004. The aim of the project is to develop preconditioners, based on parallel
algebraic multigrid (AMG), for Krylov subspace solvers. A review of the literature has revealed a range
of di®erent serial and parallel AMG strategies for solving ¯nite element problems, and their various pros
and cons. The main thrust of my work in 2004 was to write MATLAB AMG sol vers and preconditioners
to generate convergence data for the di®usion and convection-di®usion problems.

J. T. Edwards
Head of Department, University College Chester
Ph.D. University of Birmingham, 1972

I have continued to work on numerical and analytical solutions of integro-di®erential equations, sin-
gular integral equations and various discrete problems. I collaborated withNeville Ford, Jason Roberts,
Sophy Thomas and Charles Simpson at Chester on various numerical stability and qualitative analyses
for both continuous and discrete problems. Some of my work was presented at the IWANASP meeting
in Lisbon in November 2004. I have continued to work with Gennady Bocharovon some problems in
mathematical immunology.

Appointments and Professional Activities

Head of Mathematics Department, University College Chester.

Honorary Research Fellow, University of Manchester.

Publications

J T Edwards and N J Ford. Solution map methods for stability analysis of nonlinear Volterra
di®erence equations.International Journal of Applied Science and Computations11 (2004), 35-52.

Neville J. Ford
Professor of Computational Applied Mathematics, University College Chester;
Honorary Research Fellow, Manchester University
Ph.D. University of Liverpool, 1991

My research continues to focus on numerical and analytical approaches to deterministic and stochastic
functional di®erential equations. I have continued to work on simulations relating to materials with
memory through collaboration with scientists at NASA and elsewhere. I lead the Applied Mathematics
Research Group at University College Chester, and co-ordinate our programme of international visits
and visitors. We have an occasional seminar day programme organised jointly with Christopher Baker.

We have several international co-operations that are current:
with Gennady Bocharov (INMRAS, Moscow) we are developing an active group working on problems

in mathematical immunology.
with Teresa Diogo and Pedro Lima (IST, Lisbon) we are working on numericalsolutions of some

singular integral equations which do not have a unique solution. The work links to the project of Sophy
Thomas, a Chester PhD student.

with Sjoerd Verduyn Lunel (Leiden) we continue to work on the detection of small solutions. With
my former PhD student, Pat Lumb, we have developed a versatile computer softwarepackage to detect
the presence of small solutions automatically.

with Kai Diethelm and Marc Weilbeer (Braunschweig) and Alan Freed (NASA), I hav e been devel-
oping e±cient algorithms for the solution of di®erential equations of fractional order.

Within the Chester group, I have continued to work with John Edwards and Jason Roberts on
bifurcating solutions to integro-di®erential equations and their discrete analogues. I have also worked
with Christopher Baker and Judy Ford on Stochastic Delay Di®erential Equations (and bifurcating
solutions). Finally, I have been working with John Edwards on the qualitative behaviour of Volterra
Di®erence Equations.
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I visited Kai Diethelm and Marc Weilbeer (Braunschweig), and Teresa Diogo and Pedro Lima (Lis-
bon). I was visited by Gennady Bocharov (Moscow), Pedro Lima (Lisbon) and Alan Freed (NASA).

Appointments and Professional Activities

Director, Applied Mathematics Research Group, University College Chester.

Honorary Research Fellow, University of Manchester.

Director of Chester-Manchester Research Unit on Problems with Memory and After-e®ect.

Member of EPSRC Peer Review College

Reviewer for Zentralblatt Mathematik and Mathematical Reviews

Publications

K Diethelm and N J Ford. Multi-order fractional di®erential equations and their numeri cal solution.
Applied Mathematics and Computation, 154 (2004) 621-640.

T Diogo, N J Ford, P Lima, S Valtchev. Numerical methods for a nonuniquely solvable Volterra in-
tegral equation. Proceedings of 24th Iberian Latin-American Congress on Computational Methods in
Engineering (CD-ROM).

J T Edwards and N J Ford. Solution map methods for stability analysis of nonlinear Volterra di®erence
equations. International Journal of Applied Science and Computations11 (2004), 35-52.

Christopher T. H. Baker, Judith Ford, and Neville J. Ford. Bifurcations in Appr oximate Solutions of
Stochastic Delay Di®erential Equations.Internat. J. Bifur. Chaos Appl. Sci. Engrg. 14 (2004), 2999-3021.

J. M. Ford, N. J. Ford, and J. Wheeler. Simulation of Grain Boundary Di®usion Creep: Analysis of some
New Numerical Techniques.Proc. Royal Soc. LondonSeries A, 460 (2004) 2395-2413.

K Diethelm, N J Ford and A Freed. Detailed error analysis for a fractional Adams method. Numerical
Algorithms. 36, (2004), 31-52.

B. Ludewig, P. Krebs, T. Junt, H. Metters, N.J. Ford, R.M. Anderson, and G. Bocha rov. Determining
control parameters for dendritic cell-cytotoxic T lymphocyte interaction. Eur. J. Immunol. 34, (2004),
2407-2418.

Lectures

Invited lecture during visit to the University of Braunschweig.

Invited lecture during visit to UTL Lisbon.

Invited lecture at Hunbolt University zu Berlin.

I co-organised (with Christopher Baker) various seminar days in Chester.

Invited lectures at Stochastics and Delay meeting in Wittenberg, February 2004 and at IWANASP
(Portugal) November 2004.

Research Grants

I was the host academic for the Leverhulme International Professor Gennady Bocharov who was based
in Chester. My group also received an Science Collaboration grant from NATO.
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Nicholas J. Higham
Richardson Professor of Applied Mathematics, University of Manchester
Ph.D. University of Manchester, 1985

I am writing a research monograph provisionally titled Functions of a Matrix: Theory and Computa-
tion. While working on a chapter about the matrix exponential I realised that the standard implemen-
tation of the scaling and squaring algorithm (as in MATLAB's expm), which uses a ¯xed-degree Pad¶e
approximant, is non-optimal. I found a way to choose the Pad¶e degree dynamically, based on the norm
of the matrix, in such a way as to minimize the computational cost. Some once-and-for-all symbolic
calculations are needed to obtain a set of constants that guide the choice of degree. The improved algo-
rithm turns out to be both faster and more accurate than the existing one. This work therefore provides
another example of the surprising phenomenon that speed and accuracy are not always con°icting goals
in matrix computations.

During the year Des Higham and I revised our 2000 bookMATLAB Guide to re°ect MATLAB 7. As
well as improving and amplifying the existing text, we added new material, mostnotably a new chapter,
\Case Studies", that presents more substantial examples of the use of MATLAB in a variety of problem
areas. One aspect of writing a book about software is that you are aimingat a moving target. The bulk
of our work was done with beta versions of MATLAB 7, so we had to keep a closeeye on changes and
additions (not always clearly documented) leading up to the release version, and beyondwith Service
Pack 1.

With Dario Bini and Beatrice Meini from Pisa I worked on iterative methods for computing the
matrix pth root. We obtained several new methods, based on Wiener-Hopf factorization of matrix
Laurent polynomials and the matrix sign function, and analyzed the convergence ofNewton's method
for the inverse pth root.

We enjoyed stimulating visits from Peter Lancaster (Calgary) for three-months in the ¯rst part of
the year, Rajendra Bhatia (New Delhi) for two weeks in early summer, and Roy Mathias (College of
William and Mary) from April to December, the latter visit funded by an EPSRC Visiting Fellowship,
and all these visits were also supported ¯nancially by my Royal Society-Wolfson Research Merit Award.

Appointments and Professional Activities

Director of Research, School of Mathematics

Director of Manchester Institute for Mathematical Sciences,

Director of Manchester Centre for Computational Mathematics.

Head of Numerical Analysis Group.

Member of Executive Committee of the Centre for Novel Computing in the Department of Computer
Science, University of Manchester.

(Founding) Editor-in-Chief of SIAM Fundamentals of Algorithms book series,

Editorial board, SIAM Journal on Matrix Analysis and Applications.

Editorial board, IMA Journal of Numerical Analysis.

Editorial board, Linear Algebra and Applications.

Editorial board, Foundations of Computational Mathematics.

Editorial board, Numerical Algorithms

Editorial board, SIAM News.

Member of Executive Committee of Foundations of Computational Mathematics.

Member of EPSRC Peer Review College.

Member of organizing committee of Householder Symposia.

Member of SIAM Program Committee.
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Member of SIAM Book Committee.

External panel member for Mathematics Research Review, University of Dundee, November 2004.

Organizer, with Dr F. Tisseur, Dr T. Shardlow and Prof. D. J. Silvester, of 2-day workshop \New
Frontiers in Computational Mathematics", University of Manchester, Janua ry 2004.

Organizer of minisymposium \Recent Advances in Matrix Eigenvalue Problems", SIAM Annual Meeting,
Oregon Convention Centre, Portland, July 2004.

Member of Newly Appointed Lecturers Committee, Nu±eld Foundation, 2004-.

Publications

(These publications are available from my Web page athttp://www.ma.man.ac.uk/~higham/ )

N. J. Higham. The numerical stability of barycentric Lagrange interpolation. IMA J. Numer. Anal. , 24
(4):547{556, 2004.

N. J. Higham, M. Konstantinov, V. Mehrmann, and P. Petkov. The sensitivity o f computational control
problems. IEEE Control Systems Magazine, 24(1):28{43, Feb. 2004.

N. J. Higham, D. S. Mackey, N. Mackey, and F. Tisseur. Computing the polar decomposition and the
matrix sign decomposition in matrix groups. SIAM J. Matrix Anal. Appl. , 25(4):1178{1192, 2004.

D. A. Bini, N. J. Higham, and B. Meini. Algorithms for the matrix pth root. Numerical Analysis Report
No. 454, Manchester Centre for Computational Mathematics, Manchester, England, August 2004. 26
pp. (In Numerical Algorithms, 39(4):349{378, 2005.)

N. J. Higham, D. S. Mackey, N. Mackey, and F. Tisseur. Functions preserving matrix groups and itera-
tions for the matrix square root. Numerical Analysis Report 446, Manchester Centre for Computational
Mathematics, Manchester, England, March 2004. 30 pp. Revised June 2004. (InSIAM J. Matrix Anal.
Appl., 26(3):849{877, 2005.)

N. J. Higham. The scaling and squaring method for the matrix exponential revisited. Numerical Analysis
Report No. 452, Manchester Centre for Computational Mathematics, Manchester, England, July 2004.
15 pp. Revised September 2004. (InSIAM J. Matrix Anal. Appl. , 26(4):1179{1193, 2005.)

I. Graham and N. J. Higham. UKIE applied/computational mathematicians greet the y ear in She±eld,
Manchester. SIAM News, 37(4):12, May 2004.

Lectures

Fifth International Workshop on Accurate Solution of Eigenvalue Problems, Hagen, Germany, June 2004.
\The Scaling and Squaring Method for the Matrix Exponential Revisited".

SIAM Annual Meeting, Oregon Convention Centre, Portland, July 2004. Talk in minisymposium \Re-
cent Advances in Matrix Eigenvalue Problems": \The Scaling and Squaring Method for the Matrix
Exponential Revisited".

Conference on Structured Numerical Linear Algebra Problems: Algorithms and Applications, Cortona,
Italy, September 2004. \Computing the Matrix Square Root in a Matrix Group" .

Workshop on Pseudospectra and Structural Dynamics, University of Bristol, December 2004. \The
Conditioning of Polynomial Eigenproblem Linearizations".
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Research Grants

Principal investigator on project \Numerical Analysis of Matrix Functions" funded by EPSRC Mathe-
matics Committee for three years from February 2001 (value$129,092). Grant GR/R22612.

Principal investigator on Masters Training Package \Applied Numerical Computing" funded by EP-
SRC for ¯ve years from April 2002 (value $564,602). Co-investigator Prof. D. J. Silvester. Grant
GR/R59984/01.

Principal investigator (with co-investigator Dr F. Tisseur) on EPSRC V isiting Fellowship for Professor R.
Mathias (College of William and Mary) on project \Topics in Matrix Com putations", April 2004{August
2004. Grant GR/T08739 (value $10239).

Co-investigator (PI Dr. F. Tisseur) on EPSRC grant \Model Compaction a nd Model Reduction Methods
for Large-Scale Dynamic Systems in Engineering" (value$132,498) funded by Computational Engineer-
ing Mathematics (6th call) for three years from October 2003. Grant GR/S31693/01.

Royal Society-Wolfson Research Merit Award holder, 2003{2008,$175,000.

Catherine Elizabeth Powell
Lecturer in Applied Mathematics.
Ph.D. UMIST, November 2003.

In 2004, I continued to post-process and publish results obtained during my Ph.D studies and moved
into two new areas of research. In the ¯rst half of the year, I collaborated with two postdoctoral students
with expertise in electrical engineering on a short project focusing on numerical linear algebra for an
image processing problem in electrical resistance tomography. During the summer vacation period, I
began to implement some a posteriori error estimators for the ¯nite elementcodes I developed during
my PhD studies. This period of research produced many interesting numerical results. I subsequently
secured a grant to begin research into e±cient iterative methods for solving linear systems of equations
arising in the stochastic spectral ¯nite element discretisation of partial di®erential equations with random
material parameters. This is currently a `hot topic.' In Autumn, I delivered a seri es of talks to a Ph.D
study group on numerical linear algebra and preconditioning techniques for image processing problems.
I also became the organiser of the informal applied mathematics seminar series,a role which involves
encouraging Ph.D students to give talks to their peers.

In 2005, I plan to bring some of the above research projects to fruition andwill supervise an MSc
dissertation on numerical linear algebra for image processing problems.

Conference Talks

`Optimal Preconditioning for Mixed Finite Element Formulation of Second Order Ell iptic PDEs.' New
Frontiers in Computational Mathematics, Manchester, UK, 2004.

`Preconditioning Lowest-Order Raviart-Thomas Problems: Hdiv versus H1' Copper Mountain Confer-
ence on Iterative Methods, Colorado, USA, 2004.

Seminars

`Algebraic Multigrid Methods', UMIST, 2004

`A Numerical Study of Residual-Based A Posteriori Error Estimators for Raviart-Thomas Finite Ele-
ments', University of Manchester, 2004.

Publications

Powell, C.E., Soleimani, M., Polydorides, N. Improving the forward solver for the complete electrode
model in EIT using algebraic multigrid. IEEE Transactions on Medical Imaging. 2004. To appear.

Powell, C.E. Parameter-free H(div) preconditioning for a mixed ¯nite element formulations of di®usion
problems. IMA, J. Numer. Anal. 2005. To appear .
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Research Grants

Nu±eld Foundation Grant to Newly Appointed Lecturers. `E±cient preconditioning and it erative solu-
tion methods for stochastic ¯nite element formulations.' ($ 5; 000.)

Tony Shardlow
Lecturer
Ph.D. Stanford, 1997

My research interests are centered on stochastic di®erential equations, where Ihave a number of
active projects. I am interested in simulating and analysing stochastic PDEs that model excitable
media and recently published two papers in this area. My postdoc Yubin Yan ¯nished and moved on
to She±eld University after proving the erogodicity of the system of stochastic di®erential equations
known as Dissipative Particle Dynamics. The results only apply in one spatial dimension and we hope
in the future to understand the problem further. In addition, I recently ¯nished a paper on backward
error analysis for stochastic di®erential equations. This has been a very successful technique in linear
algebra and molecular dynamics, and my paper provides some insight into its application for stochastic
problems.

Research Grants

Principal Investigator on project \Implicit Methods for Dissipative Part icle Dynamics, EPSRC, funding
postdoc Yubin Yan.

Principal Investigator on project \Mathematics of Image Registration, E PSRC, for meeting September
2005.

Publications

Tony Shardlow. Modi¯ed equations for stochastic di®erential equations. Numerical Analysis Report No.
455, September 2004.

Tony Shardlow and Yubin Yan. Geometric ergodicity for dissipative particle dynamics. Numerical Anal-
ysis Report No. 456, September 2004.

Evelyn Buckwar and Tony Shardlow. Weak approximation of stochastic delaydi®erential equations.IMA
J. Numer. Anal. , 25, 57{86, 2005.

Tony Shardlow. Numerical simulation of stochastic PDEs for excitable media. J. Comput. Appl. Math. ,
vol. 175, no. 2, 429{447, 2005.

Tony Shardlow. Nucleation of waves in excitable media by noise.SIAM Multiscale Model. Simul., vol. 3,
number 1, 151{167, 2004.

David J. Silvester
Professor
Ph.D. University of Manchester, 1984

This was a notable year for me. We ¯nally ¯nished writing our reference book: Finite Elements and
Fast Iterative Solvers with applications in incompressible °uid dynamics. It has since been published by
Oxford University Press within their Numerical Mathematics and Scienti¯c Computa tion Series. The
book provides an introduction to ¯nite elements, iterative linear solvers and scienti¯c computing aimed
at graduates in engineering, numerical analysis, applied mathematics and interdisciplinary scienti¯c
computing. The material is organized into four groups of two chapters each, covering the Poisson
equation (chapters 1 and 2); the convection-di®usion equation (chapters 3 and 4); theStokes equations
(chapters 5 and 6); and the Navier-Stokes equations (chapters 7 and 8). These equations represent
important models within the domain of computational °uid dynamics, but they also arise in many other
settings. For each PDE model, there is a chapter concerned with ¯nite element discretization, and a
companion chapter concerned with e±cient iterative solution of the algebraic equations obtained from
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discretization. For each problem and associated solvers there is a description ofhow to compute along
with theoretical analysis which guides the choice of approaches.

Jonathan Boyle started working with me as a research assistant in October. He is working on a
two year project funded by the EPSRC by the High Performance Computing panel. The objective is
to design algebraic multigrid solvers for use as \black-box" preconditioningcomponents for large-scale
problems arising in Engineering. The project is joint work with Dr Milan Miha jlovic from the School of
Computer Science and Dr Jennifer Scott from the Rutherford Appleton Laboratory in Oxfordshire.

Other research avenues that I am actively exploring at present include: image registration algorithms
(with Catherine Powell and Tony Shardlow); stability of mixed ¯nite elements on stretched grids (with
Professor Mark Ainsworth from the University of Strathclyde); anisotro pic mesh re¯nement (with Dr
David Kay from the University of Sussex); and adaptivity for the Navier-Stok es equations (with David
Kay, Dr David Gri±ths and Dr Philip Gresho, latterly an EPSRC visiting fel low at UMIST).

Professional Activities

Editorial board, SIAM Journal on Scienti¯c Computing.

Editorial board, International Journal for Numerical Methods in Fluids.

Member of EPSRC Peer Review College 2000{present.

Research Grants

Principal Investigator on project \E±cient parallel `black-box' preconditioners for ¯nite element prob-
lems", grant GR/C000528 , October 2004{September 2006 ($ 103,000).

Investigator on MTP project \Applied Numerical Computing", EPSRC funded M.Sc prog ramme, April
2002|September 2007. Grant GR/R59984/01 (value $ 565,000).

Publications

All of these publications are available via the WWW, seehttp://www.ma.umist.ac.uk/djs/

Mihajlovi¶c, M. and Silvester, D. E±cient parallel solvers for the biharmonic equation, Parallel Comput-
ing, 30, pp. 35{55, 2004.

Silvester, D. and Mihajlovi¶c, M. A black-box multigrid preconditioner for the biharmonic equation, BIT,
44, pp. 151{163, 2004

Lectures

Seminar at the University of Reading, February 2004.

Contibuted talk at the Copper Mountain Conference on Iterative Methods,held in Colorado, USA, in
April 2004.

Ron Thatcher
Senior Lecturer
Ph.D. London, 1972

My period of o±ce as Head of Department at UMIST came to an end in September 2004 andI have
been on study leave since that time. The last academic year has been an extremely busy adminstrative
time with matters concerning the dissolution of both the University of Manchester and UMIST and the
creation of a School of Mathematics within the new University of Manchester.

My work on least squares methods for °uid °ow has continued with one paper, joint with Paul
Bolton, accepted for publication and a second paper on the Navier Stokes equations written. But
my main research work has been concerned with numerical modelling of combustion concentrating on
cellular °ames and °ame edges. A research student, Iman Al-Sarairah, is working on°ame edges with a
simpli¯ed one-step chemistry. In particular, she has been modelling a premixed °ame ina counter°ow in
the presence of heatloss on a project in collaboration with Joel Daou. I have beenworking on °ame edges
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with two-step, chain branching chemistry in collaboration with John Dold and Kim Jong Soo at KIST,
South Korea. Also, in collaboration with Rodney Weber, Canberra, Australia I have been working on
drifting °ame balls.

Research Grants

1. Awarded a Visiting Fellowship (AU 7500) to visit Rob Weber in Canberra.

Publications

Multiple speeds of triple °ame propagation at Lewis numbers above one, (with A. A. Oman-Arancibia),
accepted for publication in Combustion Theory and Modelling.

On mass conservation in least squares methods, (with P. Bolton), accepted for publication.

Ruth M. Thomas
Senior Lecturer
Ph.D. University of Manchester, 1979

In 2004, I worked on two main research projects. The ¯rst project concerns the numerical solution
of periodic initial value problems with oscillatory solution. I collaborated with Dr. John Coleman of the
University of Durham and with a Ph.D. student, Paul Roberts, on developing collocation methods for
solving problems of this type.

In the second project, I worked on moving mesh methods for parabolic partial di®erential equations,
in particular for problems arising when modelling the propagation of a narrow °ame in a detonator delay
element. This work was in collaboration with Dr. Thebe Basebi of the University of Botswana.

Appointments and Professional Activities

External Examiner, M.Sc. Course in Computational Mathematics and Modelling, University of Brunel.

Referee of numerous papers for academic journals.

Referee of several research proposals for the EPSRC.

Departmental responsibilities included being Assistant Head of Department, Director of Undergraduate
Studies and Undergraduate Tutor.

Fran»coise Tisseur
Lecturer in Numerical Analysis
Ph.D. University of St. Etienne, 1997

Over the last year, I continued my work on structured matrices and generalized and polynomial
eigenvalue problems. I was on maternity leave for six months from November2004.

In collaboration with Niloufer Mackey and Steve Mackey (Western Michigan University) we carried
on our work on structured matrices belonging to automorphism groups, Lie algebras and Jordan algebras
associated with a scalar product. This includes, for example, complex symmetric, pseudosymmetric,
persymmetric, skew-symmetric, Hamiltonian, symplectic, and orthogonal matrices. We considered the
question: When A is factored, to what extent do the factors inherit structure from A? and answered it
for the principal matrix square root, the matrix sign decomposition, and the polar decomposition. We
also studied eigendecompositions and structured singular value decompositions, considering in particular
the structure in eigenvalues, eigenvectors and singular values that persists across a wide range of scalar
products. For general A, we considered a particular generalized polar decomposition, and related it
to other such decompositions in the literature. A key feature of our analysis isthe identi¯cation of
two particular classes of scalar products, termed unitary and orthosymmetric, which serve to unify
assumptions for the existence of structured factorizations.

With Nick Higham, Niloufer Mackey and Steve Mackey we also answered the question: For which
functions f does A 2 G ) f (A) 2 G when G is the matrix automorphism group of a bilinear or
sesquilinear form? For example, if A is symplectic when is f (A) symplectic? Our results enabled us
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to characterize all meromorphic functions that map everyG into itself. The principal square root is an
important example of a function that preserves every automorphism groupG. By exploiting the matrix
sign function, a new family of coupled iterations for the matrix square root were derived and shown to be
numerically stable via a novel Fr¶echet derivative-based analysis. A rewrittenform of Newton's method
for the square root of A 2 G was also derived. Unlike the original method, this new form has good
numerical stability properties, and we argued that it is the iterative method of choice for computing
A1=2 when A 2 G.

I was awarded an EPSRC Visiting Fellowship for Professor Roy Mathias (College of William and
Mary, Williamsburg, USA), April 2004{August 2004. Mathias remained in Manchester until the end of
2004 as a MIMS Distinguished Visitor. We worked together with Nick Higham on quadratic eigenvalue
problems (QEPs) with Hermitian coe±cient matrices. We considered practical ways to check whether a
given QEP is hyperbolic and to determine how far a hyperbolic system is from not being hyperbolic. The
same questions were answered for elliptic systems, too. We also investigated the perturbation theory of
the generalized polar decomposition. Papers on these two subjects are in preparation.

Professional Activities

Organizer, with Professor N. J. Higham, Dr T. Shardlow and Professor D. J.Silvester of 2-day workshop
\New Frontiers in Computational Mathematics", University of Manchester, 2 004.

Publications

(These publications are available from my Web page athttp://www.ma.man.ac.uk/~ftisseur/ )

D. S. Mackey, N. Mackey and F. Tisseur.G-Re°ectors: Analogues of Householder Transformations in
Scalar Product Spaces.Linear Algebra and its Applications, 385: 187-213, 2004.

N. J. Higham, D. S. Mackey, N. Mackey and F. Tisseur. Computing the Polar Decomposition and the
Matrix Sign Decomposition on Matrix Groups; SIAM J. Matrix Anal. Appl. , 25(4):1178-1192, 2004.

N. J. H Higham, D. S. Mackey, N. Mackey and F. Tisseur. Functions Preserving Matrix Groups and
Iterations for the Matrix Square Root; SIAM J. Matrix Anal. Appl. 26(3):849-877, 2005.

F. Tisseur. Tridiagonal-Diagonal Reduction of Symmetric Inde¯nite Pairs. SIAM J. Matrix Anal. Appl. ,
26(1):215-232, 2004.

D. Bini, L. Geminiani and F. Tisseur. The Ehrlich-Aberth Method for the Nonsymm etric Tridiagonal
Eigenvalue Problem; Numerical Analysis Report 428, Manchester Centre for Computational Mathemat-
ics. Revised April 2004.To appear in SIAM J. Matrix Anal. Appl. .

D. S. Mackey, N. Mackey and F. Tisseur. Structured Factorizations in Scalar Product Spaces; Numerical
Analysis Report 421, Manchester Centre for Computational Mathematics, November 2004.To appear in
SIAM J. Matrix Anal. Appl. .

Lectures

Public lecture. \Can You `Count' on Your Computer?", for students from Foundati on Course, Xaverian
College, University of Manchester, February 2004.

Rutherford Appleton Laboratory (Didcot), March 2004, \Structured Matrix Computations"

Fifth International Workshop on Accurate Solution of Eigenvalue Problems, Hagen, Germany, June 2004.
\Symmetric Inde¯nite Generalized Eigenproblems"

Conference on Structured Numerical Linear Algebra Problems: Algorithms and Applications, Cortona,
Italy, September 2004. \Structured Condition Numbers and Backward Errors in Scalar Product Spaces".
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Research Grants

Principal Investigator on project \Numerical Analysis of Polynomial Eig envalue Problems" funded by
EPSRC Mathematics Committee under the \Fast Stream" scheme for three years fromSeptember 2001
(value $62,553). Grant GR/R45079/01.

Principal Investigator on project \Model Compaction and Model Reduction Methods for Large-Scale
Dynamic Systems in Engineering" funded by EPSRC under the Computational Engineering Mathematics
scheme (6th call) for three years form September 2003 (value$132,498). Grant GR/S31693/01.

Co-investigator (with principal investigator Prof. N. J Higham) on E PSRC Visiting Fellowship for
Professor R. Mathias (College of William and Mary) on project \Topics i n Matrix Computations", April
2004{June 2004. Grant GR/T08739 (value$10239).

Yubin Yan
Research Associate
Ph.D. Chalmers, Goteborg, 2003

I have successfully completed the EPSRC-funded project \Geometric ergodicity for dissipative par-
ticle dynamics". During this year, I worked with Dr. Tony Shardlow about the g eometric ergodicity
for dissipative particle dynamics. Dissipative particle dynamics is a system of stochastic di®erential
equations modelling complex °uid °ows. We consider the problem of N particles evolving onthe one
dimensional periodic domain of length L and, if the density of particles is large, prove geometric con-
vergence to a unique invariant measure. The proof uses minorization and drift arguments, but allows
elements of the drift and di®usion matrix to have compact support where hypoellipticity arguments are
not directly available.

We also start to consider the postprocessing Galerkin spectral method and ¯niteelement method(FEM)
for stochastic partial di®erential equations both in convergence theory and numerical implementation.

I have also done some ¯nite element numerical experiments for the parabolic stochastic partial dif-
ferential equations.

I left the University of Manchester on November, 2004 and came to the University of She±eld. I
am now a research associate in the Department of Automatic Control and System Engineering at the
University of She±eld. My present project is about the stabilization and controllability for deterministic
and stochastic partial di®erential equations.

Professional Activities

Referee for \Journal of Computational Physics", "Applied Mathematics and Computation".

Publications

Tony Shardlow and Yubin Yan Geometric Ergodicity for Dissipative Particl e Dynamics, NA Report 456,
Mathematics Department, The University of Manchester, 2004.

Yubin Yan. Semidiscrete Galerkin Approximation for a Linear Stochastic Parabolic Partial Di®erential
Equation Driven by an Additive Noise BIT 44:829{847, 2004.

Yubin Yan. Smoothing properties in multistep backward di®erence method and time derivative approx-
imation for linear parabolic equations IJMMS , 4(2005) 523{536.

Yubin Yan. Galerkin Finite element methods for stochastic parabolic partial di®erential equations. To
appear in SIAM Journal of Numerical Analysis, 2005.

Conferences

New Frontiers in Computational Mathematics , Manchester, UK, January 10 - 11, 2004. Poster title
"Postprocessing the ¯nite element method for convection-di®usion equations".
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3 Long-Term Visitors

Sven Hammarling
Simon Industrial and Professional Fellow, University of Manchester
NAG Ltd, Oxford

I completed my period as Simon Fellow during the academic year, and subsequently becamean
Industrial Consultant. I continued to give lectures on the MSc in Applied Numerical Computing, and
to collaborate with Craig Lucas on his PhD studies. I attended the Workshop onNew Frontiers in
Computational Mathematics, organized by the School of Mathematics, and presenteda poster on \Level
3 BLAS Facorizations for Pivoted Cholesky and Matrix Updating" jointl y with Craig Lucas. Work on
LAPACK has continued, with the additional motivation that the LAPACK and Sca LAPACK projects
are once again active, so that a new release, mainly of corrections and improvements, will be available
in the summer of 2005, and a further release with many enhancements due probably in 2007.

Peter Lancaster
Hon. Senior Research Fellow
Faculty Professor and Professor Emeritus, University of Calgary

I was resident in Machester for the months of January, February, March and December of 2004. I
summarise my research activities for the whole year.

1. Together with two fellow-authors, Israel Gohberg and Leiba Rodman, work was nearly completed
on a graduate text entitled \Inde¯nite Linear Algebra with Applications". This wi ll be published by
BirkhÄauser Verlag in 2005. This volume is based on an earlier monograph, but contains much new
material.

2. Closely connected with item 1 is work on two review papers written with LeibaRodman. They
concern the simultaneous reduction of two forms by strict equivalence and by congruence. Thērst
paper will appear in \SIAM Review" and the second in \Linear Algebra and its Applicat ions". They
also appear as Manchester Numerical Analysis Reports numbers 460 and 463.

3. I continued investigations of inverse quadratic eigenvalue problems. A total of 4 papers have been
prepared. The ¯rst (with Uwe Prells) is listed below and concerns systems with symmetry and no real
eigenvalues. The second concerns the spectral method for isospectral systems and will appear in Linear
Algebra and its Applications. The third (with Prells) concerns structure preserving transformations and
will appear in a volume of \Operator Theory: Advances and Applications" dedicated to Heinz Langer.
The fourth gives a more comprehensive view of elliptic, hyperbolic, and mixed (semi-simple) systems.
They appear as Manchester Numerical Analysis Reports numbers 458, 459, and 462.

4. Following on from a publication with P. Psarrakos on pseudo-spectra (listed below) investigations
continue (with Psarrakos and L. Boulton) on the nature of the boundary of pseudo-spectra, and questions
concerning the proximity to systems with multiple eigenvalues.

5. Work continues (with E. Bohl) on a Markov chain model for phylogenetic trees. A second paper
implementing our earlier numerical process has been submitted.

Research Grants

1. Natural Sciences and Engineering Research Council of Canada. \Discovery Grant" of$19,000 per
annum, 2005-2009.

Publications

Lancaster, P., and Prells, U., Inverse problems for damped vibrating systems, Jornal of Sound and Vi-
bration, 283, 2005, 891-914

Guo, Chun-Hua, and Lancaster, P.,Algorithms for hyperbolic quadratic eigenvalue problems, Math. of
Computation, (to appear).

Lancaster, P., and Psarrakos, P.,On the pseudospectra of matrix polynomials, SIAM J. Matrix Anal. and
Appl., (to appear). (Numerical Analysis Report 445, Manchester Centre for Computational Mathematics,
Feb. 2004.)
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Lectures

\Simultaneous Reduction of two Forms by Strict Equivalence and Congruence," Manchester,January,
2004.

\An Inverse problem for Vibrating Systems," Vienna, Austria, March, 2004.

\An Inverse problem for Vibrating Systems," Coimbra, Portugal, July 200 4.

\The Boundary of the Pseudospectrum, " Bristol, December 14, 2004.
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4 Joint University of Manchester Applied Mathematics and
Numerical Analysis Seminars

Oct 13, 2004. Joel Daou (School of Mathematics University of Manchester)
A research oriented introduction to mathematical combustion: modelling, solving and current problems.

Oct 27, 2004. Michael Berry (Bristol)
Physics of nonhermitean operators

Nov 10, 2004 Mark Blyth
(School of Mathematics, UEA) E®ect of surfactant on the stability of two-layer channel °ow

Nov 17, 2004. Anne Greenbaum (Univ. Washington, Seattle)
Alternatives to Eigenvalues: Describing the Behavior of Nonnormal Matrices andLinear Operators

Nov 24, 2004. Paul Houston (Dept of Mathematics, University of Leicester)
Discontinuous Galerkin Methods for the time-harmonic Maxwell's equations

Dec 1, 2004 Jacqueline Ashmore (DAMTP, Univ. of Cambridge)
Breaking symmetry in low Reynolds number °ows, and resulting hydrodynamic forces on objects

Dec 15, 2004. Robert Scheichl (Dept of Mathematics, University of Bath)
Preconditioning Techniques for 3D sedimentary basin simulations

Feb 9, 2005. David Broomhead (University of Manchester)
The discretely-forced cable equation - Finite dimensional fractal attractors ina Hilbert space.

Feb 16, 2005. Helen Wilson (UCL)
When Particles Touch: The Dynamics of Rough Suspensions Feb 23, 2005

Mar 2, 2005 Peter Lancaster (Univ. of Calgary)
Back and forth with quadratic eigenvalue problems

Mar 9, 2005. Elmer Rees (University of Edinburgh)
How to pick up an object

Mar 16, 2005. Will Parnell (University of Manchester)
An overview of homogenization theory with an application to thermoelasticity

Apr 4, 2005 C. Laing (Massey University New Zealand)
Mode locking in a periodically forced 'ghostbursting' neuron

Apr 13, 2005. Pierre Haldenwang (Universite d'Aix-Marseille)
Highly accurate numerical methods for low speed combustion: application to the propagation of spray-
°ames

Apr 20, 2005. Chris Hills (University of Exeter).
The asymptotics of neutral curve crossing in Taylor-Dean °ow

Apr 27, 2005 Beatrice Pelloni (University of Reading)
An integral transform method for solving boundary value problems for integrable PDEs

May 11, 2005. Stefan A. Funken (Brunel University)
Can averaging techniques be reliable for oscillating data?

May 25, 2005. Mike Shearer (NCSU)
Waves in Thin Liquid Films
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5 Numerical Analysis Reports (January 2004{August 2005)

The following reports have ISSN numberISSN 1360-1725and are available in hard copy (contact The
Secretaries, School of Mathematics, The University of Manchester, Manchester, M139PL, England) and
in electronic form from http://www.maths.man.ac.uk/~nareports . Many reports form the basis of
papers subsequently published in journals. The reports are listed in reverse chronological order.

[1] Fran»coise Tisseur and Stef Graillat. Structured condition numbers and backward errors in scalar
product spaces. Numerical Analysis Report No. 473, Manchester Centre for Computational Math-
ematics, Manchester, England, September 2005.

[2] Manchester Centre for Computational Mathematics. Annual report: January{December 2004. Nu-
merical Analysis Report No. 472, Manchester Centre for Computational Mathematics, Manchester,
England, September 2005.

[3] Rajendra Bhatia. In¯nitely divisible matrices. Numerical Analysis Report No. 471, Manchester
Centre for Computational Mathematics, Manchester, England, August 2005.

[4] Peter Lancaster and Panayiotis Psarrakos. A note on weak and strong linearizations of regular
matrix polynomials. Numerical Analysis Report No. 470, Manchester Centre for Computational
Mathematics, Manchester, England, June 2005.

[5] Michael Berhanu. Perturbation bounds for hyperbolic matrix factorizat ions. Numerical Analysis
Report No. 469, Manchester Centre for Computational Mathematics, Manchester, England, June
2005.

[6] Nicholas J. Higham. An interview with Peter Lancaster. Numerical Analysis Report No. 468,
Manchester Centre for Computational Mathematics, Manchester, England, June 2005.

[7] Michael Karow, Daniel Kressner, and Fran»coise Tisseur. Structured eigenvalue condition numbers.
Numerical Analysis Report No. 467, Manchester Centre for Computational Mathematics, Manch-
ester, England, April 2005.

[8] D. Steven Mackey, Niloufer Mackey, Christian Mehl, and Volker Mehrmann. Palindromic polynomial
eigenvalue problems: Good vibrations from good linearizations. Numerical Analysis Report No. 466,
Manchester Centre for Computational Mathematics, Manchester, England, April 2005.

[9] Nicholas J. Higham, D. Steven Mackey, and Fran»coise Tisseur. The conditioning of linearizations
of matrix polynomials. Numerical Analysis Report No. 465, Manchester Centre for Computational
Mathematics, Manchester, England, April 2005.

[10] D. Steven Mackey, Niloufer Mackey, Christian Mehl, and Volker Mehrmann. Vector spaces of
linearizations for matrix polynomials. Numerical Analysis Report No. 464, Manchester Centre for
Computational Mathematics, Manchester, England, April 2005.

[11] Peter Lancaster and Leiba Rodman. Canonical forms for symmetric/skew-symmetric real matrix
pairs under strict equivalence and congruence. Numerical Analysis Report No. 463, Manchester
Centre for Computational Mathematics, Manchester, England, March 2005.

[12] Peter Lancaster. Inverse spectral problems for semi-simple damped vibrating systems. Numerical
Analysis Report No. 462, Manchester Centre for Computational Mathematics, Manchester, England,
March 2005.

[13] Gareth I. Hargreaves and Nicholas J. Higham. E±cient algorithms for the matrix cosine and sine.
Numerical Analysis Report 461, Manchester Centre for Computational Mathematics, Manchester,
England, February 2005.

[14] Peter Lancaster and Leiba Rodman. Canonical forms for hermitian matrix pairs under strict equiv-
alence and congruence. Numerical Analysis Report No. 460, Manchester Centre for Computational
Mathematics, Manchester, England, January 2005. To appear in SIAM Review.
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