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Verifiability:
Either the verifier outputs ?,
OR she is outputting the correct outcome of the
computation (with very high probability).

Blindness:
The final state of the server and his view

of the transcript don’t depend

on the verifier’s input to the protocol.
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Single-Prover delegation



• (Slightly)	Quantum	verifier,

• Single	prover	bound	by	quantum	mechanics,

• Verifier	interacts	(quantumly)	with	provers

Single-Prover delegation



Complexity of delegating m-gate circuit:

[Aharonov, Ben-Or, Eban 2010]

[Broadbent 2015]

[Fitzsimons, Kashefi 2017]

[Morimae 2014]

[Morimae, Fitzsimons 2016]

O(m)
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Two-provers delegation



• Classical	verifier

• Two	provers	bound	by	quantum	mechanics,	
and	non-communicating.

• Verifier	interacts	(classically)	with	provers.

Two-provers delegation
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CHSH Game

A0 = �Z , A1 = �X

B0 =
�Z + �X

2
, B1 =

�Z � �X

2
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O(m8192)
Complexity of delegating m-gate circuit:



O(m8192)
Complexity of delegating m-gate circuit:

⌦(m4)



Our result in one sentence:

We develop new rigidity results, and use them

to turn a single-prover delegation protocol

into a two prover protocol with overall

complexity scaling as O(m logm).
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Rigidity Game

Soundness: If Alice and Bob win with probability 1� ✏, their
strategy must be within O(✏c) of the honest strategy.

Completeness: Honest Alice and Bob win with probability 1.

Features:

• Can test that provers measure any product of

single-qubit Cli↵ord observables.

• Robustness independent of number of EPR pairs tested.

([Natarajan, Vidick 2016] tests for Pauli X and Z

measurements)
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• Round complexity: O(1)
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Summary

• O(m logm) protocols for classical verifier to

delegate m-gate circuit to two quantum provers.

• new rigidity theorems with robustness

independent of number of EPR

pairs tested.

!! OO

OHH OXX

!



• Avoiding	the	non-communication	assumption	
(while	keeping	the	client	classical)?	

Open Questions



• Avoiding	the	non-communication	assumption	
(while	keeping	the	client	classical)?	

Open Questions

[Grilo 2017]

- Single-Round	Protocols:



• Avoiding	the	non-communication	assumption	
(while	keeping	the	client	classical)?	

Open Questions

[Grilo 2017]

- Single-Round	Protocols:

[Mahadev 2017]
- Single-server	Protocols	(with	classical	client):



• Avoiding	the	non-communication	assumption	
(while	keeping	the	client	classical)?	

Open Questions

[Grilo 2017]

- Single-Round	Protocols:

[Mahadev 2017]
- Single-server	Protocols	(with	classical	client):

• Noise	tolerance?



• Avoiding	the	non-communication	assumption	
(while	keeping	the	client	classical)?	

Open Questions

[Grilo 2017]

- Single-Round	Protocols:

[Mahadev 2017]
- Single-server	Protocols	(with	classical	client):

• Noise	tolerance?
- [Arnon-Friedman, Yuen 2017]




