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I work in theoretical computer science. This is the study of the reach of efficient com-
putation, carried with mathematical tools. Theoretical computer science provides – or aims
to provide – the foundations for the computer technology we enjoy every day, ranging from
algorithmic efficiency to security of electronic transactions. More generally, it gives a com-
putational viewpoint that is increasingly relevant to all of science, as articulated for example
in Avi Wigderson’s recent book [Wig19] titled “Mathematics and Computation: A Theory
Revolutionizing Technology and Science.”

In theoretical computer science I have worked in a wide variety of areas, including pseu-
dorandomness (see Section 1), cryptography, communication complexity, group theory (these
last three are discussed in Section 1.1), data structures (Section 2), and “Complexity Lower
Bounds for Distributions” (Section 3), an area I initiated. My research has influenced not
only computer scientists, but also leading researchers in mathematics and finance. Recently
I received three long-term invitations to the Simons Institute for computing, and accepted
two.

I describe a few of the research directions I pursued in the following sections, and I finish
with a brief discussion of future plans.

1 Pseudorandomness

Background. A pseudorandom generator is an efficient procedure that stretches a short
input seed into a much longer sequence that “looks random.” These fascinating objects
challenge our intuition of randomness and have a striking variety of applications. For ex-
ample, ever since researchers in the 1940’s have been employing the Monte Carlo method to
obtain efficient randomized algorithms [MU49], it has been important to produce very long
sequences that are “random enough” for those algorithms to work correctly. This need has
spurred the development of pseudorandom generators, whose use has evolved over time and
has also led to algorithmic breakthroughs such as “Undirected Connectivity in Logarithmic
Space” [Rei08] or more recently the solution to long-standing open problems in coding theory
[Ta-17].

Obtaining unconditional generators, i.e. generators that do not rely on any unproven
assumption, is one of the ultimate goals of complexity theory, closely related to proving
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P 6= NP. The current ability in this direction is confined to restricted computational models.
However, even generators for restricted models have a wide variety of applications. For
example, the breakthroughs mentioned above are related to such generators.

My work. I have done extensive work on unconditional pseudorandom generators. I ob-
tained in [Vio09b] a new generator for the important class of tests given by polynomials of
low degree. Generators for the special case of linear polynomials had been known since the
90’s [NN93], and are one of the most useful tools in theoretical computer science, with ap-
plications ranging from algorithm design to expander graphs and probabilistically checkable
proofs. However, an extension to higher-degree polynomials had been an open problem ever
since. My work gives the first such generators, and was awarded the Best Paper Award at
the Computational Complexity Conference in 2008. After more than ten years and consid-
erable effort by the community, my generator for low-degree polynomials [Vio09b] remains
the state of the art. This result has been taught in classes offered at institutions such as UT
Austin [Zuc17], and is devoted a section in the textbook [O’D14].

Moreover, this line of work – started with collaborator Andrej Bogdanov [BV10] – sparked
a fruitful interaction between computer scientists and mathematicians such as Terence Tao,
contributing to the solution of an outstanding conjecture in combinatorics [GT07, LMS08].
This conjecture is related to a certain norm introduced by Gowers in [Gow98, Gow01] and
independently by Alon et al. in [AKK+03]. Our work had multiple impacts. First, it for-
mulated and promoted the study of a special case of the conjecture which was then shown
to be false via a counterexample (thus disproving the more general conjecture). Second,
it simplified both the proof of the conjecture over large domains (the counterexample only
holds over small domains) and the proof of the counterexample, see [GT09].

For another example, a pseudorandom generator I have constructed [DGJ+10] with a
team of researchers gives as a byproduct a result of independent interest in probability
theory. Recall that the central limit theorem asserts that the sum of independent random
variables behaves approximately like a normal random variable. Our result implies the
same conclusion starting from the weaker assumption that the variables enjoy only limited
independence. Over the years, this result has found a number of applications, including an
application to extractors which is mentioned below in Section 3.

I have also designed pseudorandom generators for various types of circuits [Vio07, FSUV13];
for the work [Vio07] I received the 2006 SIAM Student Paper Prize.

In the last few years, together with my Ph.D. student Chin Ho Lee (now a postdoc
at Columbia University) and postdoc Elad Haramaty (subsequently a postdoc at Harvard
University) we have published a series of papers [LV17, HLV18, LV, Lee19] on a paradigm
in pseudorandomness which we called “bounded independence plus noise.” In an equivalent
form, this paradigm goes back to the influential works [AW89, GMR+12]; our works gives it
a different rendering. My team and I have in particular obtained new generators for several
models, including small-space algorithms, and read-once polynomials (of any degree), a
model which had been highlighted by researchers as a bottleneck for further progress [Tre10].
Our results have already been used by several other researchers in follow-ups, including
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[MRT18] and [FK18]. Very recently, I have used these results to give a new pseudorandom
generator for Turing machines [Vio19c], improving on a classical result [INW94].

In another direction, recently my collaborators and I have analyzed an important method
to construct pseudorandom generators, based on “amplifying” a function which high circuit
complexity to a pseudorandom generator in a generic way. We have shown in [GSV18, Viob]
that, given the state of circuit complexity, such methods have essentially been exhausted,
and cannot be used to obtain new pseudorandom generators from the circuit complexity
results that we have. These results close a line of research which I initiated in my Ph.D.
thesis [Vio06], and improve on a number of incomparable previous works.

1.1 From cryptography to group theory via communication com-
plexity

Motivated by successful attacks on cryptographic hardware, an exciting line of work known
as leakage-resistant cryptography considers models in which the adversary obtains more in-
formation from cryptographic algorithms than just their input/output behavior. A general
goal is to compile any circuit into a new “shielded” circuit such that any attack exploit-
ing the internals of the circuit during its computation can in fact be carried out just using
input/output access (and hence does not succeed under standard hardness assumptions).

Together with my first Ph.D. student, Eric Miles, subsequently a postdoc at UCLA, I
gave a new construction of shielded circuits [MV13] based on finite groups. This construction
resists stronger computational attacks than previous works, such as those computable in
stronger circuit classes [Mil14]. Also, the construction was candidate to simultaneously
resisting another type of attacks considered in the literature, known as “only computation
leaks” attacks [MR04].

The proof of correctness hinged however on a communication complexity conjecture. The
setting of the conjecture is that several collaborating parties wish to compute the product
of a tuple of elements from a group. The twist is that each party doesn’t know a few of the
elements (the so-called “number-on-the-forehead” model). The missed elements are arranged
in a specific, interleaved fashion. The conjecture was that computing this product requires
the parties to exchange a lot of communication. The validity of the conjecture critically
relies on the underlying group: for example the conjecture is completely false for abelian
groups, for which constant communication suffices.

Together with Timothy Gowers, I have made progress [GV19, GV15] on understanding
interleaved group products. In particular, we have proved the conjecture in [MV13], thus
enabling the motivating application in cryptography. These works by Gowers and myself
have brought a new set of mathematical tools to bear on communication complexity and
cryptography, including the “trace method,” simple groups, and algebraic geometry. I pre-
sented these works at invited talks for the FOCS 2014 workshop on higher-order Fourier
analysis and the Harvard 2017 workshop on additive combinatorics. Some of this mate-
rial also appeared in a SIGACT survey I wrote upon invitation [Vio19b], and which was
based on lectures from an advanced class I taught at Northeastern [Vio17], and posts on my
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Wordpress blog [Vio16a, Vio16b]. Finally, our work has also sparked the interest of other
mathematicians [Sha16].

2 Succinct data structures

Background. For many systems collecting massive amount of data, it is important to
store it with only a negligible redundancy (i.e., overhead) in memory. Even a small factor
redundancy in memory is a significant disadvantage when dealing with gigabytes of data.
At the same time, we would like to retrieve the data or even answer various queries about it
as fast as possible. These two goals are in tension, and the aim of succinct data structures
is to achieve both simultaneously.

Researchers have recently developed new data structures with surprisingly good tradeoffs
between redundancy and retrieval [LY08, Pǎt08, DPT10]. To illustrate, consider the common
problem of storing a tuple of elements from the ternary alphabet {0, 1, 2}. The obvious
difficulty is that computer memory is organized as bits, but we have to store “trits.” Via
so-called arithmetic coding, you can store the trits using the minimum number of bits, but
then to retrieve a trit you need to read all the bits. Or you can use two distinct bits per trit,
but then you waste a linear amount of memory.

A breakthrough work by Pǎtraşcu, later with Dodis and Thorup [Pǎt08, DPT10], gives a
data structure whose redundancy decays exponentially with the number of bits read. This ex-
ponential decay gives a vast improvement over the parameters achieved by previous construc-
tions, typically allowing for constant query time and negligible overhead. Similar succinct
data structures have been obtained for a number of other problems. For another example
consider the famous “rank/select” problem. Here we want to store succinctly a vector of bits
so as to retrieve partial sums with few cell probes. This problem is the bread-and-butter of
succinct data structures: It finds use in many other data structures (for representing dictio-
naries, trees, etc.). The trivial solution that allocates one cell for each partial sum results in
constant retrieve time, but has large redundancy, superlinear in the input length. Pǎtraşcu
in [Pǎt08] again shows how to reduce the redundancy exponentially in the retrieve time.

Given the surprising nature of these results, it is natural to ask if they can be further
improved, or to establish a lower bound. However, on the lower-bound side the progress had
been slower. Pǎtraşcu in [Pǎt08] notes that proving lower bounds for these problems “seems
beyond the scope of current techniques.”

My work. I have proved first and tight lower bounds for various fundamental data struc-
ture problems in [Vio12a, Vio09a] and, together with Pǎtraşcu, in [PV10]. Among these
problems are both the ones mentioned above: the problem of storing ternary elements and
the problem of storing partial sums. For both problems, my lower bounds match the upper
bounds [DPT10, Pǎt08].

Recently I worked more on succinct data structures. I proved a first lower bound for
the well-studied problem of storing permutations [Vio20]. I have also designed several new

4



succinct data structures. In [Vio19a] I designed a new data structure for storing error-
correcting codes. The parameters of the data structure essentially match a seminal lower
bound in the area [GM07]. My data structure is obtained by drawing a new connection
between data structures and circuits with few wires. I show that every problem which
can be solved by a circuit with few wires admits an efficient data structure. Plugging in an
efficient encoding circuit that I developed with coauthors [GHK+13] gives the data structure.
My connection with circuits has already been used in other works such as [KW19]. Finally,
my coauthors and I have obtained a new succinct data structure for storing walks on graphs
[VWY20]. The parameters obtained are similar to those in the breakthrough work mentioned
above, in particular we can answer queries in constant time while still having very small
redundancy. But our setting generalizes some previous work by allowing more complex
dependencies among queries.

3 The complexity of distributions

In 2010 I initiated [Vio12b] the study of “Complexity Lower Bounds for Distributions” and I
have been advocating it ever since. The object of this study is the computational complexity
of sampling (also known as generating) probability distributions, given random numbers.
This is in contrast with the more traditional study of the complexity of computing a function
on a given input. While some related works existed in the literature, e.g. [ASTS+03, GGN10],
this area was largely uncharted. Since I published [Vio12b], a number of studies followed up
building on this paper: [LV12, DW11, Vio14, BIL12, BCS14, Vio12c, Vio20], and in 2018 I
gave a survey talk at the Simons Institute [Vioa].

Recently, I exhibited [Vio20] an explicit boolean function whose input-output distribution
cannot be sampled by small-depth circuits significantly better than picking a uniform input
and guessing the output bit at random. This result resolves a question that I asked in
my earlier papers [Vio12b, Vio14], and is the strongest sampling lower bound to date for
small-depth circuits.

My work has also laid out new connections between sampling lower bounds and several
other areas, including data structures and randomness extractors. For example, I showed
that if a problem admits an efficient data structure then it can also be sampled somewhat
well. The data structure lower bound for permutations [Vio20] mentioned in Section 2
is obtained using this connection. Moving to the connection to extractors let us first recall
that a randomness extractor is an algorithm that can convert distributions with high entropy
into a nearly uniform distribution. Using the connection from my work I obtained the first
extractor for high-entropy distributions that are sampled by small-depth circuits [Vio14].

My work has also had an impact on recent breakthrough constructions of two-source ex-
tractors. Specifically, in [Vio14] I introduced a new class of sources (some bits have bounded
independence, the others are adversarially chosen), gave the first extractor for them (ma-
jority, analyzed using our previous work in pseudorandomness [DGJ+10]), and finally asked
if better extractors exist. Answering my question affirmatively is a main step in the break-
through construction of two-source extractors for polylogarithmic entropy [CZ16]. Follow-up
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work [Li16] gives better yet extractors for the sources I introduced. Interestingly, subsequent
papers leading to better and better two-source extractors [CS16, Coh16, BDT16] use instead
the original extractor I gave in [Vio14].

4 Research goals

In the future, I will continue to work on questions about pseudorandom generators. For
example, my generator for polynomials is proved correct only for polynomials of degree that
is logarithmic (in the number of variables). However, it could work for higher degrees as well.
Proving that this is indeed the case would have dramatic consequences, including solving
major problems in circuit complexity (via [Raz87]). Another direction that I will pursue is
to understand better the power of “bounded independence plus noise.” Despite a surge of
interest in recent years, basic questions remain, and the power of the method is unknown.

I will also continue to work on several problems at the intersection of communication
complexity and group theory. Some such problems are candidate for solving long-standing
open problems in communication complexity. For example in the work [GV19] we conjec-
ture that a certain problem is hard even for communication protocols with more than a
logarithmic number of parties, a well-known barrier in the area.

Finally, I also intend to continue to work on data structures and to develop the study of
the complexity of distributions and its ramifications to other areas.
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