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Much of the groundbreaking in mathematics happens on
the border separating well-established areas. My research
takes place at the crossroads of optimisation, algebra,
geometry, and combinatorics, with all the pairwise
combinations of the four allowed, that is, combinatorial
optimisation, algebraic combinatorics, algebraic geometry,
geometric combinatorics, etc. | do not shy forays into
adjacent areas such as symbolic computation,
computational complexity, or number theory.

It is the interplay of these fields that attracts me most.

For instance, easiness of computing certain data related to
a given class of real algebraic sets indicates that their
topological invariants, such as Betti numbers, behave
nicely, while NP-completeness of checking non-emptiness
of these sets would to the contrary indicate “wild” topology.

Current projects include:
1. Algorithms and bounds for topological invariants of
semialgebraic sets defined over quadratic maps, in

particular with respect to needs of optimisation.

2. Use of classical algebraic geometry to understand

efficient decompositions of nonnegative
polynomials into sums of squares of rational
functions.

3. Semidefinite programming based approximation
algorithms for problems with symmetry that arise
in engineering, combinatorics, and graph theory.

4. Determinantal representations of polynomial

invariants of finite and classical groups, applied to
graph recognition and algebraic complexity.
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