Prof. Nitin Saxena from IIT Kanpur awarded the Shanti Swarup Bhatnagar Prize 2018
for his work on algebraic circuits
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Prof. Nitin Saxena, Professor at the Department of Computer Science and Engineering,

Indian Institute of Technology Kanpur, has been awarded the 2018 Shanti Swarup Bhatnagar
Prize for his work in Algebraic Complexity Theory. One of the youngest awardees, Prof.
Saxena’s research interests include Computational Complexity and Algebraic Geometry.

The Shanti Swarup Bhatnagar Prize, named after the founder of the Council of Scientific and
Industrial Research (CSIR), is awarded for outstanding and notable research in the field of
science and engineering. It includes Rs 5,00,000 prize money, a citation plaque and a
fellowship till the age of 65.

“The award, with a long history of 61 years, has witnessed great scientists and engineers. I
feel very fortunate to have become part of this illustrious gathering. It inspires me to continue
working on hard problems in my field and to mentor the next generation of complexity
theorists,” says Prof. Saxena about this honour. He is thankful to his family for their love and
support; and teachers and friends for the motivation. “I would like to dedicate all my wins to
them,” he adds.

Prof. Saxena’s work deals with a topic in Mathematics called Polynomial Identity Testing
and certain mathematical objects called ‘algebraic circuits’. Some mathematical problems,
like solving a sudoku puzzle, could have fast and accurate approaches. However, a problem
like finding all possible ways to solve a sudoku puzzle of any size becomes an extremely
complex one. Such complex problems can be represented by polynomials—expressions that
involve variables and operations like addition, subtraction, multiplication and exponents.



Polynomial Identity Testing explores if two polynomials, involving multiple variables, are
equal. Algebraic methods help in determining how complicated it would be to solve this.
Theoretical research in the area of Polynomial Identity Testing could potentially help in
cryptography, error-correction, optimisation of algorithms and systems, and machine
learning.

Algebraic circuits are used to compute polynomial equations and for Polynomial Identity
Testing. A problem to be solved is represented as an algebraic circuit—a graph consisting of
nodes and gates to represent inputs and operations, with directed connections between them.
The number of nodes and edges represent the ‘size’ of the graph and is a representative of
how long a computer could take to solve the problem.

Given a polynomial equation, one needs to find some circuit that can compute the
polynomial, called upper bound problem, and also prove that a proposed circuit corresponds
to the fastest way to solve it, known as the lower bound problem. “Often, this structural 'size'
is more convenient to study than the sequential notion of 'time',” explains Prof. Saxena. A
lower bound problem can be described as finding the smallest algebraic circuit corresponding
to a polynomial.

Simple polynomial equalities, like (X-Y) (X+Y) = X? - Y2, can be established by solving
algebraically. However, when the polynomials of interest contain many variables and higher
powers, the complexity increases exponentially. Finding out the exact computational
complexity of Polynomial Identity Testing is one of the most important unsolved problems in
this subject area. Prof. Saxena took a step forward in solving this problem through
establishing that studying a very special type of circuit models would be enough to
understand the properties of general circuits.

In a related study, Prof. Saxena has also developed a new framework that helped to solve
another unsolved problem. He and his collaborators found a solution for Polynomial Identity
Testing for the model of an algebraic circuit that has very few input variables. Here, only the
inputs and outputs of a circuit are known, and the exact internal connections are not known.
The proposed technique to solve this problem is likely to be useful in addressing other
unsolved problems in mathematics.

The study of algebraic circuits also gives rise to new mathematical concepts. For example,
Prof. Saxena has proved that the roots or solutions of specific ‘small’ circuits will be ‘small
circuits’. The result is not obvious, as some small size circuits can compute very large
polynomials, and the solutions of those can be large. He has also developed a new algorithm
to find out whether a system of polynomial equations has a root which is very closely
approximate but not exact. The new algorithm is orders of magnitude better than previous
algorithms regarding computing resources and implementation time.



Prof. Saxena wishes to focus on other open problems in the area of algebraic circuits. “I

would like to continue working towards strengthening the techniques and increasing their

scope,” he concludes.
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