
Complexity Theory

Quantum Complexity
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What is quantum computing

? The big idea:

Computers that rely on the 

Powerful, but unintuitive, 

principles of quantum mechanics
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Quantum computing is... nothing less than a distinctively new 

way of harnessing nature... it will be the first technology that 

allows useful tasks to be performed in collaboration between 

parallel universes.

David Deutsch 

—Fabric of reality
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“if you teach an introductory 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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Superposition, parallel worlds, and cats

Bit

1
0

Qubit

α |0⟩ + β |1⟩
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Quantum algorithms

Quantum Turing machines ...are not very nice to work with...

Instead, we typically work with quantum circuits.

We apply quantum gates (unitary maps) to qubits.

Measure at the end to get classical bits.
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Grover’s search

Given a string x ∈ {0,1}n , output i ∈ [n] such that xi = 1

Classical complexity? Ω(n) Quantum complexity Ω( n)

Quantum Fourier Transform

Given ( f1, f2, …, fN) ∈ ℂN , output the DFT ( ̂f1, ̂f2, …, ̂fN)

Classical complexity? O(N log N) Quantum complexity Õ(log N)



Ask Me Anything



A glimpse to 
research



Quantum Zero Knowledge Proofs
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Journal of the ACM



Zero Knowledge Proofs
[Goldwasser-Micali-Rackoff 89]

YESYES
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Sensitive information!

Key notion in cryptography
Numerous applications!



How to prove that a statement is correct

                    …without revealing any information?

Zero Knowledge — How?
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What is known? 

Power and limitations

Cryptographic

assumptions 


are

necessary

[Ostrovsky-

Wigderson 93]

YES

19

[Goldreich-Micali-

Wigderson 91]

Cryptographic

assumptions 

ZK for NP



Unconditional zero-knowledge

Multi-prover Interactive Proofs (MIP) [BenOr-Goldwasser-

Kilian-Wigderson 88]
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Spatial

isolation

Unconditional ZK

Uncorrelated strategies

What happens 
in a quantum world?

Spatial isolation

Uncorrelated strategies

In a quantum world



Quantum MIP (MIP*)

[Cleve-Hoyer-Toner-Watrous 04]
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Quantum Entanglement (oversimplified)
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~132KM
1.4 * 10^-15 light years

~0.4 ms for light to travel

measure one — the other would be immediately effected!

Similar to shared randomness — but much richer!

Is zero knowledge possible 
in a quantum world?



Unconditional zero-knowledge

in a quantum world

Proof in 2 steps:

Classical Algebraic 
ZK Proofs

Lifting lemma 
Classical ➙ Quantum
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ZK-preserving

Theorem: ZK-MIP* = MIP*
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[CFGS22,  GSY22]



The road ahead
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A grand question: Is quantum mechanics the “right” theory?

Complexity

Physical 
Theory 

Deterministic 

PSPACE

Randomised 

NEXP

Quantum 

RE

Non-signalling


