
Ragnar Winther (Centre of Mathemati
s for Appli
ations, University of Oslo,Norway)Finite element exterior 
al
ulus { a link between algebrai
 topology and numer-i
al analysis(joint work with Douglas N. Arnold, University of Minnesota, and Ri
hard S.Falk, Rutgers University)Abstra
t: S
ienti�
 
omputing is today an indispensible tool in most bran
hesof s
ien
e and engineering. Furthermore, the modeling of in
reasingly 
om-plex phenomena 
ontinuously leads to a need for improved understanding ofthe numeri
al algorithms. As a 
onsequen
e, there is an in
reasing demand formathemati
al analysis of 
omputational pro
esses.The �nite element method is one of the greatest advan
es in numeri
al 
om-puting of the last 
entury. It has be
ome a key tool for simulations of a widevarity of phenomena modeled by partial di�erential equations. A tremendeousasset of �nite elements is that they not only provide a methodology to 
onstru
tnumeri
al algorithms, but also a theoreti
al framework for analyzing the algo-rithms. Still, the 
onstru
tion of a

urate �nite element methods for systems ofdi�erential equations is a rather subtle matter. A ne
essary requirement for 
on-stru
ting 
onverging numeri
al s
hemes is numeri
al stability, i.e., the dis
reteequations should be well{posed uniformly in the dis
retization parameters. Formany important problems, the development of stable �nite element methodsremains extremely 
hallenging, or even out of rea
h.Finite element exterior 
al
ulus is an approa
h to the design of stable �niteelement dis
retizations for a wide variety of systems of partial di�erential equa-tions. Stability is a
hieved by developing dis
retizations whi
h are 
ompatiblewith the geometri
 and algebrai
 stru
tures, su
h as de Rham 
ohomology andHodge de
ompositions, whi
h underlie well{posedness of the system of partialdi�erential equations being solved. Instead of 
onsidering the design of dis
reteapproximations for ea
h parti
ular problem separately, it has proved bene�
ialto simultaneously study approximations of an entire di�erential 
omplex. Inthis talk we will give an overview of �nite element exterior 
al
ulus, and explainhow this approa
h has led to improved algorithms for several important prob-lems.
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