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This Oberwolfa
h workshop showed the surprisingly diverse topi
s 
urrently 
overed

under the 
ommon theme of least-squares �nite element methods. The �rst phase of

heavy a
tivity in this 
lass of methods a
tually dates ba
k to the early 1980s. Sadly, one

mathemati
ian who was among the �rst to embra
e least-squares �nite element methods,

George Fix, died before he 
ould attend this workshop. He was deeply missed at the

workshop and mentioned almost 
onstantly. Most of the groundwork for the re
ent gain

in interest in least-squares �nite element method was done in the 1990's, mu
h of it by

parti
ipants of this workshop. After this period of intense e�orts to develop new least-

squares variational formulations for di�erent appli
ation problems, the �eld had rea
hed a

mature state.

The presentations given at this workshop were devoted to a new generation of resear
h

proje
ts whi
h rest upon the foundations laid in the last two de
ades. This in
ludes new ap-

pli
ations in ele
tri
al impedan
e tomography (Hugh M
Millan), for hyperboli
 equations

(Thomas Manteu�el), engineering problems (Bo-nan Jiang) and to transmission problems

in the 
oupling of �nite elements and boundary elements (Ernst Stephan). Least-squares

methods for optimization and 
ontrol were des
ribed (Pavel Bo
hev and Max Gunzburger)

as well as solvers espe
ially tailored for nonlinear least-squares problems (Johannes Ko-

rsawe). A least-squares based minimal residual s
heme was also presented (Ching-Lung

Chung). Moreover, the 
ombination of the wavelet methodology with least-squares �-

nite element methods was dis
ussed (Angela Kunoth). The proper treatment of systems

with div-dominated or div-
url stru
ture by the 
onstru
tion of appropriate �nite element

spa
es was the subje
t of a number of talks (Travis Austin, Joe Pas
iak, Gerhard Starke).

Alternative approa
hes working with standard �nite elements are the so-
alled dis
rete

least-squares (Zhiqiang Cai) and FOSLL* (Jens Georg S
hmidt) methods. The viewpoints

about the relationship of these two approa
hes ranged from \the same" to \
ompletely

di�erent". The truth lies somewhere in the middle.

Most importantly, due to the rather small s
hedule there was plenty of time for individ-

ual dis
ussions during the week of the meeting. Also, the Friday was held 
ompletely free

of talks in order to have a \round-table" dis
ussion future trends and developments in this

�eld. This dis
ussions showed that the following two trends dominate 
urrent resear
h on

least-squares �nite element methods. First, the least-squares �nite element methodology

seems to be well-suited to 
ompli
ated systems, in parti
ular, arising from 
oupled prob-

lems. This opens new appli
ation areas for these methods. The se
ond fo
us is 
urrently

on the development of re-usable software for least-squares �nite element 
omputations.

1



Abstra
ts

An approximation te
hnique for div-
url systems

Joe Pas
iak

(joint work with James H. Bramble)

In this talk, I will des
ribe an approximation te
hnique for div-
url systems based in

(L

2

(D))

3

where D is a domain in IR

3

. Div-
url systems arise, for example, in ele
tromag-

neti
 appli
ations. These systems are troublesome as they appear to be not ellipti
 and a


rude 
ounting indi
ates that there are more equations than unknowns. We formulate this

problem as a general variational problem with di�erent test and trial spa
es. The analysis

requires the veri�
ation of an appropriate inf-sup 
ondition. This results is a very weak

formulation where the solution spa
e is (L

2

(D))

3

and the data resides in various negative

norm spa
es. The advantages of setting up the problem in su
h a weak spa
e will be

dis
ussed.

Subsequently, we 
onsider �nite element approximations based on this weak formulation.

We present two possible approa
hes. The �rst involves the development of "stable pairs"

of dis
rete test and trial spa
es. With this approa
h, we enlarge the test spa
e so that the

dis
rete inf-sup 
ondition holds and use a least-squares formulation to redu
e to a uniquely

solvable linear system. The se
ond approa
h uses a smaller test spa
e and adds terms to the

form to stabilize the method. Both methods lead to optimal order estimates for problems

with minimal regularity. This is important as it is easy to 
onstru
t magnetostati
 �eld

appli
ations whose solutions have low Sobolev regularity (e.g., (H

s

(D))

3

with 0 < s <

1=2).

Least-Squares Methods for Transmission Problem with FEM and BEM

Ernst P. Stephan

(joint work with Matthias Mais
hak)

We analyze a least squares formulation for the numeri
al solution of se
ond order linear

transmission problems in two and three dimensions, whi
h allow jumps on the interfa
e.

The se
ond order partial di�erential equation is rewritten as a �rst order system in a

bounded domain, and the unbounded exterior domain is treated by means of boundary

integral equations. The least squares fun
tional is given in terms of negative order as well

as half integer Sobolev norms, whi
h are 
omputed by using multilevel pre
onditioners for

se
ond order ellipti
 problems and for Symm's integral equation. As pre
onditioners we

use both multigrid and BPX algorithms. The 
ux variable is dis
retized by using pie
ewise


onstant elements, 
ontinuous and pie
ewise linear elements, or Raviart-Thomas elements.

The pre
onditioned system has bounded 
ondition number. Numeri
al experiments for

various 
ombinations of di�erent elements and pre
onditioners 
on�rm our theoreti
al re-

sults.
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FOSLL* for Irregular Boundaries

Jens G. S
hmidt

The standard FOSLS approa
h reformulates an ellipti
 PDE as a �rst order system LU =

F , whi
h is solved in a least-square sense. From both the theoreti
al and the pra
ti
al point

of view it is of great advantage to use the L

2

-norm and the standard H

1

�nite element

spa
es. If the solution of the PDE is not smooth enough (i.e. U 62 H

1

) these goals 
an not

be met.

For a 
ertain 
lass of non smooth solutions, namely the ones arising from dis
ontinuous


oeÆ
ients, it is known that solving the dual problem L

�

W = U 
an over
ome the above

mentioned problems, mainly sin
e W 2 H

1

holds. This approa
h is 
alled the FOSLL

�

method.

For irregular boundaries (e.g. reentrant 
orners) or irregular boundary 
onditions (e.g.

some types of mixed Diri
hlet and Neumann 
onditions) a straightforward appli
ation of

FOSLL

�

may yield a solution W of the dual problem, whi
h is not in H

1

as desired.

In this paper we des
ribe an approa
h that over
omes this diÆ
ulty and therefore allows

the use of standard �nite element spa
es in the dis
retization pro
ess. The eÆ
ien
y of

the improved FOSLL

�

method is illustrated by several numeri
al examples.

Robust Iterative Methods for Least-Squares Neutron Transport and Related

Appli
ations

Travis Austin

In this talk, we 
onsider a se
ond-order partial di�erential equation that is dominated by

the grad-div operator. A variational form of this equation arises in the 
ontext of a for-

mulation of the neutron transport equation using a s
aled least-squares formulation. We

present a dis
retization of the variational problem using a 
ubi
-quadrati
 �nite element

spa
e whi
h leads to optimal error estimates and a setting for whi
h an optimal multilevel

pre
onditioner 
an be 
reated. We then present numeri
al results for the multilevel algo-

rithm. Lastly, we explain the relationship of this se
ond-order equation to the displa
ement

formulation of linear elasti
ity. Dis
retization results and multilevel 
onvergen
e results

are presented for linear elasti
ity using the same 
ubi
-quadrati
 �nite element spa
e.

The Gauss-Newton Multilevel Method for Nonlinear Least-Squares Problems

Johannes Korsawe

This talk is about the solution of a �rst-order system least-squares ansatz for a nonlinear

partial di�erential equation of se
ond order. A standard way to solve su
h formulations

is the dis
retization of the solution spa
e H and the appli
ation of multilevel methods to

the linear systems whi
h arise from Newton-like approa
hes for the dis
retized nonlinear

problems. In this talk, possibilities are studied to dedu
e exa
tness bounds in the solution

of the �nite-dimensional systems as well as re�nement strategies for the dis
retization in

order to ensure 
onvergen
e at optimal 
ost. To this end, an overall 
onvergen
e theory

for the minimization of the nonlinear least-squares fun
tional in H is dedu
ed from the

extension of inexa
t Newton methods in IR

n

(Eisenstat/Walker) to the in�nite-dimensional


ase, whi
h makes use of two de
rease 
onditions to 
ontrol the overall 
onvergen
e. These


onditions 
an be ful�lled by suitably damped des
ent dire
tions, whi
h 
an be 
al
ulated

via the Gauss-Newton method applied to the least-squares fun
tional. The errors from

dis
retization and the only approximate solution of the linear systems then both 
ontribute
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to the inexa
tness of the method. As a 
onsequen
e of the surrounding 
onvergen
e theory,

exa
tness 
onditions for the 
ontrol of the algebrai
al error and re�nement 
onditions for

the transition to the next level 
an be easily obtained. The appli
ation of this method to a

realisti
 water in�ltration problem shows the 
ompetitiveness of this approa
h to standard

(heuristi
) trun
ation settings.

Dis
rete First Order System Least-Squares: Se
ond-Order Ellipti
 Boundary

Value Problems

Zhiqiang Cai

An L

2

-norm version of �rst-order system least squares (FOSLS) was developed by Cai,

Manteu�el, and M
Cormi
k for s
alar se
ond-order ellipti
 partial di�erential equations in

d = 2 or 3 dimensions. It was shown that the homogeneous FOSLS fun
tional is equivalent

to a V �H

1

(
) norm with V = H(div ; 
)\H(
urlA; 
) under general assumptions, where

A is the di�usion 
oeÆ
ient and 
 is the domain of the underlying problem. Moreover,

su
h a norm was shown to be in fa
t an H

1

(
)

d+1

norm under the assumption that the

original problem is H

2

-regular. This produ
t H

1

equivalen
e means that the minimization

pro
ess amounts to solving a loosely 
oupled system of Poisson-like s
alar equations. This

in turn implies that standard �nite element dis
retization and standard multigrid solution

methods admit optimal H

1

-like performan
e.

The limitation of this L

2

-norm FOSLS is the requirement of suÆ
ient smoothness of

the underlying problem. Su
h smoothness guarantees the equivalen
e of norms between V

and H

1

(
)

d

so that it 
an be approximated by standard 
ontinuous �nite element spa
es.

In general, when the domain 
 is not smooth or not 
onvex or the 
oeÆ
ient A is not


ontinuous, these two spa
es are not equivalent. In fa
t, V is equal to H

1

(
)

d

plus a

�nite dimensional spa
e whi
h 
onsists of singular fun
tions asso
iated with 
orners of the

boundary and interfa
es. Therefore, standard 
ontinuous �nite element spa
es are not

good approximation to V in general. In this paper, we will 
onstru
t an appropriate ap-

proximation spa
e for V based on the Helmholtz de
omposition. Sin
e our approximation

spa
e is dis
ontinuous and is not 
ontained in V , we then modify the FOSLS fun
tional

to a

ommodate su
h dis
ontinuity and non
onformity of �nite element spa
es. Under

general assumptions, we establish error estimates in the L

2

and H

1

norms for the ve
tor

and s
alar variables, respe
tively. Su
h error estimates are optimal with respe
t to the

required regularity of the solution. Pre
onditioner for the algebrai
 system arising from

this approa
h is also 
onsidered.

A Dire
t Minimal Residual Method for the Numeri
al Solution of Di�erential

Equations

Ching Lung Chang

Sin
e the early 90's, resear
h in numeri
al solution of partial di�erential equations yielded

many ex
ellent algorithms and error analysis studies for the linear and nonlinear equations

by using the least-squares �nite element methods. As a result, many problems 
an be solved

mu
h more e�e
tively than before. However, 
urrently it is still very time 
onsuming to

solve applied problems with large-s
ale, nonlinear partial di�erential equations. During the

1998 SIAM Annual Meeting in Toronto, Canada, several people in their talks estimated

that it still requires a modern 
omputer to run 
ontinuously for 20 to 60 years in order to
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solve the large-s
ale nonlinear Navier-Stokes equations by the least-squares �nite element

approa
h. Therefore we have to �nd a way to redu
e the 
omputer time we spend.

The main obje
tive of this resear
h is to study a 
lass of residual-based minimization

s
hemes, 
alled the minimal residual methods, for the numeri
al solution of some kinds

di�erential equations.

The idea is from the Least-squares FEM, whi
h minimized the norm of kLu � fk if

Lu = f has unique solution asso
iate with some boundary or initial 
onditions. After we

generate the grid for the domain then we 
an de�ne a set with �nite element to approximate

the solution with the 
hara
teristi
 h. If we also set the step of the 
oeÆ
ients k = �h and

set the upper and lower bounds for the solution, then we have a �nite number of numeri
al

solution

P

n

k=1

C

k

�

k

. By su
h idea, to solve a linear or non-linear ODE or PDE have no

essential di�eren
e of 
omputer time 
onsuming. A preliminary work has been done. we

solve the ODE with the form f(

du

dt

; u; t) = 0. Also we solve Lapla
e PDE in a simple

domain as well.

Least-Squares Finite Element Methods for Linear Hyperboli
 PDEs

Thomas A. Manteuffel

(joint work with Luke Olson)

In this talk we will present a least-squares formulation of s
alar, �rst-order, linear, hyper-

boli
 equations. A least-squares fun
tional will be presented and 
oer
ivity and 
ontinuity

of the fun
tional will be dis
ussed. The fun
tional in
ludes a weak form of the boundary


onditions. Then, a non
onforming fun
tional will be des
ribed that involves terms penal-

izing jumps a
ross 
ell edges not aligned with the 
ow. A uniform Poin
ar�e inequality is

established for the non-
onforming fun
tional. Numeri
al results on a simple test 
ase with

a dis
ontinuous solution will be presented using elements from bi-linear through bi-quarti


on quadrilateral grids and triangular grids. The results imply that higher-order elements

produ
ed faster 
onvergen
e per degree of freedom. It will also be shown that the least

squares solutions have minimal smearing of the dis
ontinuity and minimal overshoot and

os
illations. The non
onforming elements display similar behaviour, and thus, present no

apparent advantage over 
onforming elements. Finally, solution te
hniques for the result-

ing linear systems will be dis
ussed. Algebrai
 multilevel methods show great promise on

this 
lass of problems.

First Order System Least-Squares for Ele
tri
al Impedan
e Tomography

Hugh Ma
millan

(joint work with Thomas A. Manteu�el)

Ele
tri
al impedan
e tomography (EIT) belongs to a family of imaging te
hniques that

attempt to distinguish spatial variations in an internal ele
tromagneti
 parameter. The

standard approa
h to EIT is output least squares (OLS). Given a set of applied normal

boundary 
urrents, one minimizes the defe
t between the measured and 
omputed bound-

ary voltages asso
iated, respe
tively, with the exa
t impedan
e and its approximation. In

minimizing a boundary fun
tional, OLS impli
itly imposes the governing Poisson equa-

tion as an optimization 
onstraint. We introdu
e a new �rst-order system least squares

(FOSLS) formulation that in
orporates the ellipti
 PDE as an interior fun
tional in a global

minimization s
heme. We then establish equivalen
e of our fun
tional to OLS and to an

5



existing least-squares interior fun
tional due to Kohn and Vogelius. That the latter may

be viewed as a FOSLL* formulation suggests FOSLS as a unifying framework for EIT.

The limited 
apa
ity for resolution in EIT, due to the ne
essarily �nite set of inexa
t

boundary data and the di�usive nature of 
urrent 
ow into the interior, traditionally leads

to the 
on
lusion that re
onstru
ting the interior impedan
e is an ill-posed problem. EIT

inherits this diÆ
ulty from the simpli�ed inverse problem of re
onstru
ting the ele
tri
al


ondu
tivity. Sin
e quantifying the limited 
apa
ity is the fo
us of our theory, we begin

with the stati
 assumption and 
onsider the re
onstru
tion of 
ondu
tivity, leaving that

of the impedan
e as future work. We show that ea
h fun
tional in the FOSLS framework

is equivalent to a natural norm on the error of the approximate 
ondu
tivity. We analyze

the topology indu
ed by this norm to reveal the qualities of the exa
t 
ondu
tivity that

we should, in pra
tise, expe
t to re
over. Finally, we present preliminary numeri
al results

for the FOSLS formulation and observe that they are faithful to our theory.

Our approa
h represents a signi�
ant departure from 
onvention in that we do not

rely on a generi
 regularization term. Rather, we a

ept and in
orporate the underlying

physi
s, albeit inhibiting. Problem-spe
i�
 information, whi
h otherwise might be used to

\regularize" the \ill-posed" problem, 
an be in
luded by either introdu
ing an additional

term to the fun
tional or supplementing the spa
e of admissible 
ondu
tivity.

Wavelet Least-Squares Methods for Boundary Value Problems

Angela Kunoth

(joint work with Wolfgang Dahmen, Reinhold S
hneider)

For the numeri
al solution of stationary operator equations, least squares methods will

be 
onsidered. The primary fo
us is the 
ombination of the following 
on
eptual issues: the

sele
tion of appropriate least square fun
tionals, their numeri
al evaluation in the 
ontext

of wavelet methods and a natural way of pre
onditioning the resulting systems of linear

equations.

First the problem is formulated in a general setting to bring out the essential driving

me
hanisms. Spe
ial 
ases that �t into this framework are a transmission problem that

involves di�erential and integral operators, and saddle point problems where an ellipti


partial di�erential equations is to be solved subje
t to side 
onditions.

One primary motivation has been the well-known fa
t that a major obsta
le in the


ontext of least squares methods based on �nite element dis
retizations is the evaluation

of 
ertain norms su
h as the H

�1

{norm. In this regard the fa
t that weighted sequen
e

norms of wavelet 
oeÆ
ients are equivalent to relevant fun
tion norms arising in the least

squares 
ontext are exploited. Trun
ating the (in�nite) wavelet series appropriately leads

to stable Galerkin s
hemes.

Some New Appli
ations of the Least-Squares Finite Element Method

Bo-nan Jiang

It has be
ome standard pra
tise that di�erent numeri
al s
hemes are employed for ea
h

type of di�erential equations. In this talk I will I show that without any spe
ial treat-

ments by using only one formulation the LSFEM is able to simulate almost all kinds of

problems in 
uid dynami
s and ele
tromagneti
s. New examples from solid me
hani
s and

magnetohydrodynami
s (MHD) will be given to support my opinion. The LSFEM is able

to give simultaneous solutions for displa
ements, drilling rotation and stresses in elasti
ity
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in
luding in
ompressible materials, and for de
e
tion, slopes, moments and shear for
es

in plate bending with an optimal rate of 
onvergen
e for all variables. Without the use

of 
ompli
ated 
ux-splitting for sho
k-
apturing and an expensive Poisson solver for 
or-

re
ting magneti
 �eld the simple LSFEM 
an 
apture sho
ks and 
omplex 
ow patterns in


ompressible MHD.

Least-Squares Finite Element Methods for the Stress-Displa
ement

Formulation of Elasti
ity

Gerhard Starke

(joint work with Zhiqiang Cai)

A least-squares �nite element method for linear elasti
ity is developed. The least-squares

fun
tional is based on the stress-displa
ement formulation with the symmetry 
ondition of

the stress tensor imposed in the �rst-order system. Using the H(div)-
onforming Raviart-

Thomas spa
es for the stress 
omponents and non
onforming �nite elements for the dis-

pla
ements, this method is shown to be optimal in the H(div) and the (broken) H

1

norm,

respe
tively, uniformly in the in
ompressible limit. The lo
al evaluation of the least-squares

fun
tional therefore represents an a posteriori error estimator. Computational results ob-

tained with an adaptive re�nement strategy based on this estimator are presented for

a ben
hmark test problem. Moreover, the least-squares formulation is extended to geo-

metri
ally nonlinear elasti
ity where a Gauss-Newton method is des
ribed for solving the

nonlinear least-squares problems. Finally, an extension to a 
oupled problem asso
iated

with 
uid 
ow in deformable porous media is presented.

Least-squares �nite element methods for optimization and 
ontrol problems

for linear partial di�erential equations (Part 1)

Pavel Bo
hev

(joint work with Max Gunzburger)

For many years, optimization and 
ontrol problems for systems governed by partial di�er-

ential equations have been, in many appli
ations, a subje
t of interest to experimentalists.

For example, boundary layer 
ontrol in 
uid me
hani
s was studied by Prandtl as early as

1904. These problems also been a subje
t of theoreti
al interest and, for almost as long

as 
omputers have been around, of 
omputational interest as well. Most of the e�orts

in the latter dire
tion have employed elementary optimization strategies. For example, a

popular \brute for
e" strategy has been, in problems for whi
h one wishes to minimize a


ost or performan
e fun
tional, to evaluate that fun
tional for several values of the 
ontrol

variables or design parameters and then to simply sele
t those values whi
h result in the

smallest value for the fun
tional.

More re
ently, mathemati
ians, s
ientists, and engineers have turned to the appli
a-

tion of sophisti
ated optimization strategies for solving optimization and 
ontrol problems

for systems governed by partial di�erential equations. On the mathemati
al side, one

may 
redit J.-L. Lions and D. Russell for helping popularize and foment su
h approa
hes.

Today, many di�erent lo
al and global optimization strategies, e.g., Lagrange multiplier

methods, sensitivity or adjoint-based gradient methods, quasi-Newton methods, evolution-

ary algorithms, et
., are in 
ommon use.

The problems that we will dis
uss fall into the 
lass of 
onstrained optimization and


ontrol problems. The four ingredients that a de�ne a problem in this 
lass are:

7



� a set of state variables whi
h des
ribe the physi
al system of interest;

� a set of 
ontrol variables or design paramaters whi
h are at our disposal in order to

e�e
t the optimization;

� a 
ost, or performan
e, or obje
tive fun
tional whi
h depends on the state and/or


ontrol variables and whose minimization is the obje
t of 
ontrol; and

� a system of partial di�erential equations along with boundary and initial 
onditions

whi
h a
t as 
onstraints that 
andidate state and 
ontrol variables must satisfy.

Several popular approa
hes to solving su
h optimization and 
ontrol problems for sys-

tems governed by partial di�erential equations are based, one way or another, on optimality

systems dedu
ed from the appli
ation of the Lagrange multiplier rule. This may not be

surprising sin
e the Lagrange multiplier rule is, of 
ourse, a standard approa
h to solv-

ing �nite-dimensional optimization problems. Perhaps more surprising is that penalty

methods, whi
h are another popular approa
h for the latter setting, have not engendered

anywhere near as mu
h interest for the in�nite-dimensional problems whi
h are of interest

here. In this talk, we will see why naively de�ned penalty methods may not be pra
ti
al

and, using methodologies asso
iated with modern least-squares �nite element methods, we

will also see how pra
ti
al penalty methods 
an be de�ned. Moreover, we will see how

penalty methods o�er 
ertain eÆ
ien
y-related advantages 
ompared to methods based on

the Lagrange multiplier rule.

Least-Squares �nite element methods for optimization and 
ontrol problems

for linear partial di�erential equations (Part 2)

Max Gunzburger

(joint work with Pavel Bo
hev)

(same abstra
t as Part 1)

Edited by Gerhard Starke

8



Parti
ipants

Dr. Travis Austin

austint73�yahoo.
om

Institut f�ur Angewandte Mathematik

Universit�at Hannover

Welfengarten 1

D{30167 Hannover

Dr. Markus Berndt

berndt�lanl.gov

Los Alamos National Laboratory

Group T7

Mail Stop 284

Los Alamos, NM 87545 - USA

Prof. Dr. Pavel Bo
hev

pbbo
he�sandia.gov

Applied Mathemati
s Division

Sandia National Laboratories

Albuquerque, NM 87185 - USA

Prof. Dr. Zhiqiang Cai

z
ai�math.purdue.edu

Dept. of Mathemati
s

Purdue University

West Lafayette, IN 47907-1395 - USA

Prof. Dr. Ching-Lung Chang


.
hang�
suohio.edu

Dept. of Mathemati
s

Cleveland State University

Cleveland, OH 44115 - USA

Prof. Dr. Max D. Gunzburger

gunzburg�iastate.edu

Dept. of Mathemati
s

Iowa State University

400 Carver Hall

Ames, IA 50011 - USA

Prof. Dr. Bo-nan Jiang

bnjiang�yahoo.
om

Department of Mathemati
al S
ien
e

Oakland University

Ro
hester, MI 48309-4401 - USA

Dr. Johannes Korsawe

jkorsawe�ifam.uni-hannover.de

Institut f�ur Angewandte Mathematik

Universit�at Hannover

Welfengarten 1

D{30167 Hannover

Prof. Dr. Angela Kunoth

kunoth�iam.uni-bonn.de

Institut f�ur Angewandte Mathematik

Universit�at Bonn

Wegelerstr. 6

D{53115 Bonn

Dr. Hugh Ma
millan

hma
mill�M
Cammon.u
sed.edu

Department of Chemistry and

Bio
hemistry, University of

California at San Diego

La Jolla CA 92093-0365 - USA

Prof. Dr. Tom A. Manteu�el

tmanteuf�boulder.
olorado.edu

Program in Applied Mathemati
s

University of Colorado at Boulder

Campus Box 526

Boulder, CO 80309-0526 - USA

Prof. Dr. Seymour V. Parter

parter�
s.wis
.edu

Computer S
ien
es Department

University of Wis
onsin-Madison

1210 West Dayton St.

Madison, WI 53706-1685 - USA

9



Prof. Dr. Joseph E.P. Pas
iak

pas
iak�math.tamu.edu

Department of Mathemati
s

Texas A & M University

College Station, TX 77843-3368 - USA

Dr. Jens Georg S
hmidt

s
hors
h�
olorado.edu

Dept. of Applied Mathemati
s

University of Colorado at Boulder

Campus Box 526

Boulder, CO 80309-0526 - USA

Prof. Dr. Gerhard Starke

starke�ifam.uni-hannover.de

Institut f�ur Angewandte Mathematik

Universit�at Hannover

Postfa
h 6009

D{30060 Hannover

Prof. Dr. Ernst P. Stephan

stephan�ifa.uni-hannover.de

Institut f�ur Angewandte Mathematik

Universit�at Hannover

Postfa
h 6009

D{30060 Hannover

10


