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D The focus of -eur work is the understanding and possibly
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explicit mathematical solution of the physically realistic clas-
sical and quantum models of field theories in dimensions one to
four.-wézalm at the description of hidden symmetries and analy-
tic structures of the solutions of varjous physical systems in
dimensions one-four described by&systems of nonlinear p.d.e. in
cases when a system is suspected of being completely integrable,
or at the fnvestigation of obstructions to complete integrabili-
ty. ‘
We continued and expanded our earlier studies of the struc-
. ture of infinite-dimensional Lie algebras generated by B#cklund
transformations and the geometric interpretation of the structure
of S-matrices, applied to the extension of the Bethe Ansatz
determining the solutions of completely integrable quantum sys-
tems to three- and four-dimensional systems. Very little is

currently known in these cases, and there arise new multidimen-

sional generalizations of factorization egautions of S-matrices
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that have to be solved, A totally new area for mathematical

studies has been opened by recent progress in the physics of .. ).3A
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“superstrings, where we hope to apply our methods of multi-partic-
le and multi-string interactions, and where the use of methods
from algebraic topology and theta functions (some of which were
inroduced by us in lower-dimensional cases earlier) seems very

promising. ‘zf

Our work includes the theoretical and computer study of Pade
approximations and their applications, particularly to differen-
tial equations, differential a;éebra and number theory. Methods
of Padé approximations proved to be very powerful in the study of
completely integrable systems (particularly in the description of
Bicklund transformations). These methods allowed us to achieve a
ma jor progress in the study of the analytic and arithmetic pro-
perties of solutions of differential equations. Extending our
pevious work (e.g. the solution to Kolchin’s problem and the
proof of the "almost perfecness" of Padé approximations to algeb-
raic functions), we have solved in many cases the Grothendieck
conjecture. According to it, the monodromy structure of a linear
differential equation (more precisely, a Lie algebra of a Galois
group of an equation) can be determined from modp properties of
this equation for (a finite set of) primes p. This led to a
development and implementation of new algorithms that determine
the algebrafcity of solutions of differential equations, and
reduction of Abelian integrals. Methods of Padé approximations
in combination with formal groups made it possible for us to
solvn effectively Tate’s conjecture in many cases. The work on
formal groups and Padé approximations leads to many number-
theoretic applications, and to some more practical applications

to new classes of computer algorithms for primality testing.

Our work greately benefits from the use of various computer
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algebra systems, we are working on the design, optimization and
implementation of special ized computer algebra programs, particu-
larly for very fast power series manipulations, Pade and conti-

nued fraction approximations, and fast numeric and symbolic solu-

tions of differential equations.

During the period of the Grant (since 1984) we had prepared, with
the support of Air Force, and published 13 research papers, 2
papers were prepared for publications. We were authors or edi-

tors of 4 books or proceedings of seminars.

In 1984 we were among organizers and speakers of a conference
"Computer Algebra as a Tool for Research in Mathematics and
Physics”, held in New York (D.V. was a co-chairman of the Confe-
rence). There were more than 500 participants at the Conference.
A new conference on "Computers and Mathematics"” will be held in

July - August 1986 in Stanford.
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