How to Verify that a Small Device
iIs Quantum, Unconditionally

Giulio Malavolta

Based on joint work with Tamer Mour
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s my computer really quantum?

Can my gquantum computer calculate something that
classical computers cannot?
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QAOA / Quantum ML
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IDEA: CONSTRAIN SPACE INSTEAD OF TIME






QUANTUM EASY
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Alice

YES!

Efficiency: Memory of Alice and Bob o(/V)
Runtime of Alice and Bob O(/V)




CLASSICAL HARD

Soundness: Unconditional against classical
attackers with o(/V)-bits of memory
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THEOREM 3:

BQP verification against memory-bounded quantum
attackers
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Quantum Easy: 7?7
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Claw-State Generation
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Claw-State Generation

| xp) + | x1)

\/5 X0:X1

Completeness: It Is easy to obtain a copy of such state

Claw-Freeness: It is hard to output both X, and x;
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A quantum prover succeeds with probability cos” z/8 ~ 0.853

CHSH Test

0~ {—n/8, + n/8} 0

_—

measure In the basis
{cos@|0) +sind|1),cos@|0) —sind|1)}
,

e ———————

Accept Iif the most likely outcome IKMCVY22,BGK+23]



A quantum prover succeeds with probability cos” z/8 ~ 0.853

A classical prover can be used to extract a claw

CHSH Test
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NEXT: UNCONDITIONAL CLAW GENERATION
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Vi = (ai:’ (a;, 5)) |
5 Z |x,‘(x, V1 )y eees (X, V2))

Z |x’ xV) V= [:g+1><n+1
rank(V) = n
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Requires only O(n) qubits

Finding a claw implies learning s
Xo =X+ (s5,— 1)



OPEN PROBLEMS



OPEN PROBLEMS

1. Learning Parities with Quantum Memory



OPEN PROBLEMS

1. Learning Parities with Quantum Memory

Possible to get a Grover-like advantage



OPEN PROBLEMS

1. Learning Parities with Quantum Memory

Possible to get a Grover-like advantage

2. Communication Complexity



OPEN PROBLEMS

1. Learning Parities with Quantum Memory

Possible to get a Grover-like advantage

2. Communication Complexity

[ )
:




OPEN PROBLEMS

1. Learning Parities with Quantum Memory

Possible to get a Grover-like advantage

2. Communication Complexity

[ )
:

3. Experiments!



OPEN PROBLEMS

1. Learning Parities with Quantum Memory

Possible to get a Grover-like advantage

2. Communication Complexity

[ )
:

3. Experiments!




OPEN PROBLEMS

1. Learning Parities with Quantum Memory

Possible to get a Grover-like advantage

2. Communication Complexity
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:

3. Experiments!

THANK YOU!

https://arxiv.org/abs/2505.23978




THEOREM 2:
PoQ complete with O(poly log n) memory and sound

against classical attackers with o(n) memory
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Interactive
Hashing
y - h_l(y) = {Vp, V;} € |k}

Abort if {vy, v} # {V5, v}
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PROVER’S COMPUTATION

Ihe bits u, and u, are hard to guess!



CLAW-STITCHING
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CLAW-STITCHING

( [ v, uy, ) + [ V1, Mv1>) X ( [ W, ) + [ Wy, “w1>)

]

[ Vos Uy s Wos Uy, ) + [ V151, Wy, 18, )

Solution: Entangle by measuring the XOR of the bits



