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The Norwegian Academy of Science and Letters has decided to award the Abel Prize for 2012 to

Endre Szemerédi

Alfréd Rényi Institute of Mathematics, Hungarian Academy of Sciences, Budapest,
and Department of Computer Science, Rutgers, The State University of New Jersey, USA

“for his fundamental contributions to discrete mathematics and theoretical computer science,
and in recognition of the profound and lasting impact of these contributions on additive
number theory and ergodic theory.”

Discrete mathematics is the study of structures such as graphs, sequences, permutations, and
geometric configurations. The mathematics of such structures forms the foundation of theoretical
computer science and information theory. For instance, communication networks such as the
internet can be described and analyzed using the tools of graph theory, and the design of efficient
computational algorithms relies crucially on insights from discrete mathematics. The combinatorics of
discrete structures is also a major component of many areas of pure mathematics, including number
theory, probability, algebra, geometry, and analysis.

Endre Szemerédi has revolutionized discrete mathematics by introducing ingenious and novel
techniques, and by solving many fundamental problems. His work has brought combinatorics to the
center-stage of mathematics, by revealing its deep connections to such fields as additive number
theory, ergodic theory, theoretical computer science, and incidence geometry.

In 1975, Endre Szemerédi first attracted the attention of many mathematicians with his solution
of the famous Erdés—Turan conjecture, showing that in any set of integers with positive density,
there are arbitrarily long arithmetic progressions. This was a surprise, since even the case of



progressions of lengths 3 or 4 had earlier required substantial effort, by Klaus Roth and by
Szemerédi himself, respectively.

A bigger surprise lay ahead. Szemerédi’s proof was a masterpiece of combinatorial reasoning, and
was immediately recognized to be of exceptional depth and importance. A key step in the proof, now
known as the Szemerédi Regularity Lemma, is a structural classification of large graphs. Over time,
this lemma has become a central tool of both graph theory and theoretical computer science, leading
to the solution of major problems in property testing, and giving rise to the theory of graph limits.

Still other surprises lay in wait. Beyond its impact on discrete mathematics and additive number
theory, Szemerédi’s theorem inspired Hillel Furstenberg to develop ergodic theory in new directions.
Furstenberg gave a new proof of Szemerédi’s theorem by establishing the Multiple Recurrence
Theorem in ergodic theory, thereby unexpectedly linking questions in discrete mathematics to

the theory of dynamical systems. This fundamental connection led to many further developments,
such as the Green-Tao theorem asserting that there are arbitrarily long arithmetic progressions

of prime numbers.

Szemerédi has made many additional deep, important, and influential contributions to both discrete
mathematics and theoretical computer science. Examples in discrete mathematics include the
Szemerédi-Trotter theorem, the Ajtai-Komlds—Szemerédi semi-random method, the Erd6s-Szemerédi
sum-product theorem, and the Balog-Szemerédi-Gowers lemma. Examples in theoretical computer
science include the Ajtai-Komlds—Szemerédi sorting network, the Fredman—-Komlés—-Szemerédi
hashing scheme, and the Paul-Pippenger—-Szemerédi—Trotter theorem separating deterministic and
non-deterministic linear time.

Szemerédi’s approach to mathematics exemplifies the strong Hungarian problem-solving tradition.
Yet, the theoretical impact of his work has been a game-changer.



