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Quantum Complexity Theory

Tom Gur
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A story via a quiz: name the scientists
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Quantum Complexity Theory

Why care? 

Theory: Quantum computing as the “algebraic completion” of computing 

Practice: Discover new quantum algorithms! 

Interdisciplinary: Deep connections to  

                        physics and mathematics

Goal: Understand the power and limitations of quantum computing
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“if you teach a course on quantum mechanics, and the students don’t have nightmares for 
weeks, tear their hair out, wander around with bloodshot eyes, etc., then you probably didn’t 
get the point across.”

Cloning

Teleportation

Faster-than-light 
communication

Time travel
Parallel universes

Determinism
Chaos
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Course structure

Phase I Review/crash-course on quantum computing

Phase 2 Basics of quantum complexity theory

Phase 3 Advanced topics: Quantum PCP, learning algorithms, 

             zero-knowledge proofs, supremacy, lower bounds, and more...

The last phase will be covered in seminars

Supporting material: * https://www.youtube.com/playlist?list=PLm3J0oaFux3YL5qLskC6xQ24JpMwOAeJz 

                                                  * https://www.scottaaronson.com/qclec.pdf

(Complementing Cambridge’s Quantum Computing course)

https://www.youtube.com/playlist?list=PLm3J0oaFux3YL5qLskC6xQ24JpMwOAeJz
https://www.scottaaronson.com/qclec.pdf


6

Assessment

Final project (80%)

Seminars (20%)

1) Choose a topic

2) Planning meeting

3) Review meeting

4) Presentation in pairs

Builds on the presentation and lectures

Read a paper; summarize it; a small research project (MPhil/Part III)
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The plan (basics)

Lecture 1.  Introduction and basics of Quantum Mechanics

Lecture 2.  BQP and QMA

Lecture 3.  Bell’s inequality

Lecture 4.  Mixed states

Lecture 5.  Fourier sampling

Lecture 6.  Hidden subgroup problem
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The plan (topics)

Lecture 7.  Quantum Cook-Levin

Lecture 8.  Quantum PCP and NLTS

Lecture 9.  Quantum Interactive Proofs

Lecture 10.  MIP*=RE

Lecture 11.  Quantum Zero-Knowledge Proofs

Lecture 12.  Quantum Supremacy: Yamakawa-Zhandry

Lecture 13.  Tomography and learning

Lecture 14.  Bell Sampling

Lecture 15.  Polynomial method

Lecture 16.  Shallow circuits and Pauli analysis
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Anonymous feedback

https://www.cl.cam.ac.uk/teaching/2526/L330/materials.html

A chance to make a difference in time for this term!
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A crash course 
on 

Quantum Computing
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Quote of the day

What I cannot create, I do not understand — Richard Feynman


