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Changing research environment and topics

• Computational methods allow us to experiment

with abstract structures.

• Need to find algorithmic proofs for theorems.

• Implement the algorithmic proofs.

• Use these implementations to discover new
properties of your favorite mathematical objects.
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Compact Riemann surfaces are algebraic
curves

• A genus 2 compact Riemann surface is defined
by giving its uniformizing Fuchsian group G =
〈g1, g2, h1, h2〉.

• A genus 2 algebraic curve is defined by its equation
y2 = P (x) = (x−λ1) . . . (x−λ6) with distinct values
for the roots λj.
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Numerical Uniformization

• Find an algorithmic way to pass from the
uniformizing group G to the polynomial P and
back.

• Famous problem that has been studied a lot since
the discovery of uniformization.

• Can be (partially) solved by computational methods
too complex for computations without computers.
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New technology is penetrating most of old
mathematics

• Success of computational methods started with
Gröbner basis algorithm of Buchberger.

• Automatic integration complemented that.

• Other fields, like complex analysis, come next.

• Some areas will resist.
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• A new art for publishing mathematics will emerge.

• On–line mathematical material is not just
traditional printed material placed in the web.

• Lots of experimentation is needed.



Publishing mathematics



Publishing mathematics

• Everything about publishing educational and
research mathematics is going to change.



OpenMath and MathML



OpenMath and MathML

• MathML and OpenMath are standards for the
representation of mathematics in the internet.



OpenMath and MathML

• MathML and OpenMath are standards for the
representation of mathematics in the internet.

• MathML is a recommendation of the W3
consortium.



OpenMath and MathML

• MathML and OpenMath are standards for the
representation of mathematics in the internet.

• MathML is a recommendation of the W3
consortium.

• OpenMath extends MathML to so that any area
of mathematics can be covered.
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OpenMath and MathML

• OpenMath started in 1993 with ambitious general
goals.

• MathML emerged from OpenMath to allow K12
mathematics in the web quickly.

• Center of OpenMath activities is currently in
Oxford at NAG.
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Big bang of new technology in mathematics

• Greatest change will be in the publishing of both
educational and research mathematics.

• Basic mathematics courses will be offered online
through intelligent learning systems.

• Computational methods flourish and slowly
penetrate new areas of mathematics.
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Problems in mathematical education

• Difficult to find correct balance between manual
and automatic computations required from the
students.

• Every calculus student needs to be able to compute∫
sinxdx also in the future.

• How about
∫

arcsinxdx?
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Problems in mathematical education

• Black–box computing will cover lots of calculus.

• Need to stress understanding of mathematical
concepts.
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Technology problems in mathematical
research

• Implementation of algorithms is a new kind of
creative activity in mathematics and needs to be
acknowledged as such.

• What is a proof?
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