
Joint talk by Matilde Baroni and Xiangling Xu 
17/07/2025, IWOTA25 Twente

Quantum soundness 
for compiled Bell games
(1) Quantitatively for all bipartite games 
(2) Asymptotically for all multipartite games
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Removing space-like separation
using cryptography
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Efficient provers cannot decrypt with 
more than  probability 𝗇𝖾𝗀𝗅(λ)
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 security parameterλ

Given a quantum strategy, we 
encrypt  without disturbing A B



Previous results

7



Previous results
1. Classical soundness for all games

7

1

0

Nonlocal Compiled

[KLVY22]

[KLVY22] arXiv: 2203.15877



Previous results
1. Classical soundness for all games

7

1

0

Nonlocal Compiled

[KLVY22]

[KLVY22] arXiv: 2203.15877



Previous results
1. Classical soundness for all games

2. Quantum completeness for all games

7

1

0

Nonlocal Compiled

[KLVY22]

[KLVY22]

[KLVY22] arXiv: 2203.15877



Previous results
1. Classical soundness for all games

2. Quantum completeness for all games

7

1

0

Nonlocal Compiled

[KLVY22]

[KLVY22]

[KLVY22] arXiv: 2203.15877



Previous results
1. Classical soundness for all games

2. Quantum completeness for all games

7

1

0

Nonlocal Compiled

[KLVY22]

[KLVY22]

[KLVY22] arXiv: 2203.15877



Previous results
1. Classical soundness for all games

2. Quantum completeness for all games

3. Quantum soundness for some bipartite games

7

1

0

Nonlocal Compiled

[KLVY22]

[KLVY22]

[KLVY22] arXiv: 2203.15877



Previous results
1. Classical soundness for all games

2. Quantum completeness for all games

3. Quantum soundness for some bipartite games

4. Asymptotic quantum soundness for all bipartite games

7

1

0

Nonlocal Compiled

[KLVY22]

[KLVY22]

[KMPSW24]

[KLVY22] arXiv: 2203.15877

[KMPSW24] arXiv: 2408.06711



Previous results
1. Classical soundness for all games

2. Quantum completeness for all games

3. Quantum soundness for some bipartite games

4. Asymptotic quantum soundness for all bipartite games

7

1

0

Nonlocal Compiled

[KLVY22]

[KLVY22]

[KMPSW24]

[KLVY22] arXiv: 2203.15877

[KMPSW24] arXiv: 2408.06711

for the lack of better photo



Previous results
1. Classical soundness for all games

2. Quantum completeness for all games

3. Quantum soundness for some bipartite games

4. Asymptotic quantum soundness for all bipartite games

7

1

0

Nonlocal Compiled

[KLVY22]

[KLVY22]

[KMPSW24]

[KLVY22] arXiv: 2203.15877

[KMPSW24] arXiv: 2408.06711

for the lack of better photo



Xiangling Xu (许湘灵), Inria Saclay

With Igor Kelp, Connor Paddock, Marc-Olivier Renou, Simon Schmidt, Lucas Tendick, Yuming Zhao

Quantitative quantum soundness for 
bipartite compiled Bell games
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• Bipartite Bell game , compiled , 
QPT strategy ,  efficient

𝒢 𝒢comp
S = (Sλ) Sλ

• Asymptotically sound, the score:
lim
λ→∞

ωλ(𝒢comp, S) ≤ ωqc(𝒢)
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• But how much more a cheating prover can win with  at finite ?Sλ λ

ωqc(𝒢)

λ → ∞
Infinitely secured


λ = 0
No encryption at 



Our main results

10



Our main results

•  with finite-dim optimal strategy: 𝒢 ωλ(𝒢comp, S) ≤ ωq(𝒢) + neglS(λ)

10



Our main results

•  with finite-dim optimal strategy: 𝒢 ωλ(𝒢comp, S) ≤ ωq(𝒢) + neglS(λ)

• For all , 𝒢 ωλ(𝒢comp, S) ≤ ωqc(𝒢) + ϵseqNPA(n) + neglS,n(λ)

10



Our main results

•  with finite-dim optimal strategy: 𝒢 ωλ(𝒢comp, S) ≤ ωq(𝒢) + neglS(λ)

• For all , 𝒢 ωλ(𝒢comp, S) ≤ ωqc(𝒢) + ϵseqNPA(n) + neglS,n(λ)

•  ~ approximation error of a novel sequential NPA hierarchyϵseqNPA(n)

10



Our main results
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• For all , 𝒢 ωλ(𝒢comp, S) ≤ ωqc(𝒢) + ϵseqNPA(n) + neglS,n(λ)

•  ~ approximation error of a novel sequential NPA hierarchyϵseqNPA(n)

• Plan: Recap of asymptotic paper, then sequential NPA, then main result revisit
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If  has a finite-dim optimal strategy, 
then Main Thm 2 (flatness condition) 
shows:


𝒢

ωλ(𝒢comp, S) ≤ ωq(𝒢) + neglS(λ)
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Maybe the dishonest prover 
can choose to play  and 
use  to cheat at ?

𝒢
S 𝒢comp
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Do we need approxmation error ?ϵseqNPA(n)

• High-scoring almost-commuting strategies  to cheat at ?S 𝒢comp

• Open question: Compile this  while preserving the high score?S

• Obstacle: “QHE correctness with auxiliary input” assumption works for tensor 
product quantum strategies, but unclear to almost-commuting ones.

• Need “QHE correctness with auxiliary input for weakly commuting registers.”
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• Sequential NPA vs standard NPA: are there games where seqNPA converges 

significantly slower? (E.g. tried  but doesn’t seem to be the case. )I3322

• Robust self-testing for compiled games at finite ? We note that current 
definition might need generalization.

λ

• Broader picture: operator algebraic techniques provide a unified language for

(1) Space-like separated provers (standard Bell games)

(2) Single provers with cryptographic assumptions (compiled games)

• Potential to translate other space-like separated protocols?
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• [Our results] “Quantitative quantum soundness for bipartite 
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• [KLVY23] Quantum advantage from any non-local game.                     
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Bounding the asymptotic quantum value  
of all multipartite compiled nonlocal games

Matilde Baroni

with Dominik Leichtle, Siniša Janković, Ivan Šupić
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From 2 to 3 : why do we care

1. For classical it has already been done


2. Multipartite (>2) correlations are interesting 
(e.g. post-quantum steering)


3. Crypto applications


4. Space-like separation for multiple players 
is problematic
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∼

Our results
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For all k-players games !
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1. The compiler
The first two interactions are encrypted, 
the third is in the clear

Classical soundness

Quantum completeness

Quantum soundness ?

[ ], ,⊗⊗
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Radon-Nikodym (RN) theorem

RN theorem for PL functionals

RN theorem for CP maps (adapted)

The Stinespring dilation of the 
dominant map can be used to 

represent the dominated.

Stinespring isometry
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4. From sequential to non-local
Radon-Nikodym (RN) theorem

Chain rule of RN (adapted)
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To sum up

KLVY compiler

+ Preparation 
equivalences

+ Stronger 
constraints 
from IND-CPA

λ → ∞

Sequential game

Non-local game +  Transformation 
equivalences
∼

New block-encoding 
theorem

New chain rule for RN

Universal C*algebra 
of sequential PVMs

[ ], ,⊗⊗
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Asymptotic quantum soundness of the KLVY compiler 
for all multipartite games

Convergence speed for finite levels of security? 

Is commuting operator the tightest bound we can get?

Many new techniques to characterize q-instruments
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Quantitative  
quantum soundness 

for all  
multipartite games?



Thanks for listening !
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