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Computational complexity is the study of the computational resources, such as time and storage
space, needed to perform various tasks. It contains a host of interesting open problems, of which
the most famous is the question of whether P = NP, but also a number of very surprising results,
some of them unconditional and some of them conditional on hardness assumptions. The aim
of the course will be to introduce you to the area and to give some idea of what is out there if
you want to pursue it further.

The course will cover a selection of topics including most or all of the following. The first part
of the course will focus on hardness of problems, and the second part on unexpectedly efficient
algorithms.

• The definition of the complexity classes P and NP and the theory of NP-completeness.

• Counting problems and the #P-completeness of computing the permanent.

• Circuit complexity. Lower bounds for restricted circuit models.

• Why it is hard to prove lower bounds for circuit complexity.

• Randomized algorithms: polynomial identity testing, existence of perfect matchings, ap-
proximating the number of perfect matchings in a dense graph, testing for primality.

• Strassen’s algorithm. Fast integer multiplication.

Prerequisites

The course will from time to time appeal to definitions and results from other branches of
mathematics such as combinatorics, probability, and number theory, but these will not be very
advanced and should be covered in a typical undergraduate course.

Literature

The first book listed below contains proofs, while the second is more of a gentle overview.

1. Boaz Barak and Sanjeev Arora Computational complexity: a modern approach. 1st edi-
tion. CUP, 2009. Also available in draft form at https://theory.cs.princeton.edu/

complexity/book.pdf.

2. Avi Wigderson Mathematics and computation: a theory revolutionizing technology and
science. 1st edition. Princeton University Press, 2019. Also available in draft form at
https://www.math.ias.edu/files/Book-online-Aug0619.pdf.

Additional support

Three examples sheets will be provided and three associated examples classes will be given.
There will be a one-hour revision class in the Easter Term.
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