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Research Topics

Theoretical computer science seeks better understanding of fundamental computing techniques and their
limitations. Algorithms and complexity theory are core areas in this field, and needless to say have a multitude
of applications. We are interested in everything related to algorithms and complexity, and especially in the
topics described below.

1. Algorithm design and analysis

We are currently working on a wide variety of algorithms. One of our main interests is algorithms for
algebraic problems, in particular algorithms for multiplying matrices, a very fundamental task in
mathematics and computer science. Several breakthroughs happened in this field during the past five
years, including the discovery of faster algorithms for matrix multiplication (the first improvements for
matrix multiplication in more than twenty years!) -- we are working actively on such recent developments.
Other subjects we are focusing on are algorithms for graph-theoretic problems, distributed algorithms (i.e.,
algorithms for problems in distributed computation), as well as streaming algorithms or property testers.
Students are not limited to this short list of examples. On the contrary, they are encouraged to choose
themselves their problem.

2. Complexity theory

Complexity theory has two main goals: classifying computational problems according to their difficulty
by investigating the amount of resource needed to solve them, and analyzing the computational power of
models of computation. We have been working on complexity theory for many models of computations,
from finite automata to non-deterministic Turing machines (and often even much stronger models of
computation), and many kinds of resource (time complexity, space complexity, communication
complexity...). While the field of complexity theory is well known for its intimidating open problems,
like the celebrated P vs. NP problem, there do exist many accessible interesting questions just waiting to
be tackled with the appropriate tools.

3. Quantum computation

Quantum computation is a new computation paradigm based on the laws of quantum mechanics. Among
the most celebrated achievements of quantum computations are the development of perfectly secure
cryptosystems (quantum key distribution) and the design of quantum algorithms for integer factoring and
other number-theoretic computational problems faster than the best current algorithms. Our main areas of
research are quantum algorithms, which studies algorithms for quantum computers, and quantum
complexity theory, which seeks to understand how quantum computers are more powerful than traditional
computers. Research on quantum computation is accessible to students who do not have any background
in quantum mechanics or any prior exposure to quantum computation but do have enough motivation.
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