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This course is a first year graduate level introduction to Computational Complexity Theory.
I assume the students have the background knowledge roughly equivalent to that of CS 520, a

typical undergraduate course in Theory of Computing, including such concepts as Turing machines,
recursive functions, computability and incomputability, and the Church-Turing thesis. Students
without the formal prerequisite but who are mathematically capable generally are encouraged to
talk to the professor, and most likely will find themselves quite equal to the challenge.

My aim in this course is two-folded. On the one hand I would like to describe some basic results
in computational complexity theory. This is relatively standard. There is a loftier and perhaps more
elusive goal which is to impart to the students not only a body of basic knowledge in the field but
a feel for a complexity theorist’s approach to research. This is more difficult to achieve. Of course
these two aims are quite related to each other.

For the standard topics, we will introduce time and space bounded computation; determinis-
tic and non-deterministic time classes and space classes, LOGSPACE, NL, P, NP, PSPACE, etc;
Savitch’s theorem, Immerman-Szelepcsenyi Theorem, Cook-Levin Theorem, NP-completeness and
P-completeness, Karp’s problems. We will also introduce randomized complexity classes ZPP, RP,
BPP; polynomial time hierarchy; Sipser-Lautemann Theorem, interactive proofs, Arthur-Merlin
Games, LFKN protocol and Shamir’s Theorem (with a proof by Shen, using ”diagram chasing”),
probabilistically checkable proofs; non-uniform complexity, Karp-Lipton Theorem, graph non-isomorphism
problem; circuit lower bounds, bounded depth circuits; Counting problems and Valiant’s theory,
Permanent and determinant problem. If time permit we may also discuss other topics such as
pseudorandom generators and hardness versus randomness, or dichotomy theorems.

In order to achieve the second aim, I will occasionally go out of (logical) order of topics. I will
try to emphasize not only the results themselves, but the methods in achieving them.

There will be occasional homeworks. Students in teams of two are asked to sign up to scribe
for the lectures. I will hand out some reaesrch papers. And designate several of them as class
projects. Students are asked to pick one of them and write a research report, explaining what are
the important ideas, and to show that they have mastered the proofs. You can also propose another
paper to do your report on, provided that it is suitable, and in that case you should come and discuss
with me first.

You are encouraged to ask questions, in class or after class. You are encouraged to pair up with
one other student, and discuss the material in the class. Students are expected to attend all classes.
You are encouraged to come to my office hour to discuss your understanding of the course. Every
student should expect to visit me for a period of at least 30 minutes in the last several weeks during
the semester. I will use that period to let you demonstrate to me your understanding of the material
of the course. Class participation will also be taken into account for the final grade.


