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My main research area is computational complexity, which is the study of the reach
of efficient computation. Here I have made several fundamental contributions. I have also
developed connections with mathematics and finance, influencing leading researchers in both
disciplines. In this page I provide a sample of the research I have done with my coauthors.

We have worked extensively on pseudorandom generators, which are efficient, determin-
istic procedures that stretch a short seed into a longer sequence that “looks random.” These
fascinating objects are key to our understanding of the power of randomness in computa-
tion. For the model of polynomials, our generator [BV10, Vio09d] was the first progress after
15 years, and spurred interaction with mathematicians which led to progress [GT09] on a
famous conjecture in mathematics. An exciting aspect of this generator, and one which I
intend to explore, is that its power is still unknown: the generator is a candidate for solving
other long-standing problems in pseudorandomness. More recently, we constructed the first
generator for halfspaces [DGJ+10], obtaining along the way a result of independent interest
in probability theory: the central limit theorem continues to hold for random variables that
only enjoy limited independence. Our above works have been applied and extended widely
[MZ09, LRTV09, SLS10, GKS10, DKN10, MZ10, GOWZ10]. For two single-authored pa-
pers on generators I received the 2006 SIAM Student Paper Prize [Vio07a] and, at the 2008
Computational Complexity Conference, the Best Paper Award [Vio09d].

We have also worked in communication complexity, which is the study of the amount
of communication that players need to exchange to solve a problem. Here we focused on
the challenging and useful number-on-forehead model, where players’ inputs overlap. We
obtained a state-of-the-art separation for the analogue of the P vs. NP question in this
model [DPV09], and a lower bound for following a path in a graph [VW09] which solves a
decade-old problem.

Succinct data structures is another area we worked on. Here the goal is one that is
crucial to any computer system needing fast access to large data sets: store data using little
redundancy while allowing for fast retrieval. We proved first and tight lower bounds for
central problems such as storing non-binary arrays, sets, and trees [Vio, PV10].

Most recently, we have been working on a shift of paradigm in complexity. Rather than
focusing on the complexity of solving a problem instance, the idea is to study the complexity
of generating a random instance together with its solution. We have obtained several first-
of-their-kind results and also revisited problems in pseudorandomness and data structures
under this new angle [Vio10, LV10]. I plan to tackle the many problems left open by our
works, which point to an uncharted and possibly fertile research area.

I am also dedicated to expository writing. I wrote two invited surveys [Vio09a, Vio09c],
the latter containing unpublished material from a “Gems” class I developed [Vio09b]. A
third survey [Vio07b] makes advanced results in combinatorics accessible to non-experts. I
also collaborated to a popular-science book on finance [LH10], especially by writing a section
on randomness from a computational point of view, thus promoting the ideas of theoretical
computer science to a wider audience. I am in fact interested in connecting further finance
and computer science. For example, through a videogame we gathered evidence [HLV10] that
humans can tell price data from random. This refutes a folk belief, and raises the exciting
possibility of harnessing human skills for price prediction through computer systems.
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