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Nonlocal games

• Referee picks (s,t)   ̴ π and sends them
to the players

• Players provide answers a,b
• No communication allowed, but can   

share |ψ>

Entangled value ω*(G) = Max. Winning Prob.
(over all the player’s strategies and shared |ψ>)

• Framework to study Bell, Tsirelson inequalities
• Also arise in cryptography (device-independent QKD), 

testing, complexity theory (PCPs)….
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Classical value ω(G) = Max. Winning Prob.
(over all classical strategies)



Parallel repetition



A brief summary of a long history

• Modify the repeated game in order to facilitate analysis

→ Mostly interested in performing amplification



Feige-Kilian repetition 

• Repeated (classical deterministic) strategies

Q:

A: 

9 6 34 7 7

0 121 1 2

9 6 34 7 7

0 121 1 2

…or…

For every pair of questions and answer from 
Alice, there is a unique valid answer for Bob 



Confuse rounds, Game rounds

• Bob’s third answer depends on questions 1,3 and 4
• 1 and 4 are confuse rounds (but Bob doesn’t know): questions 

could be anything!
• Projection constraint: only one valid answer

→ Unlikely (over choice of 1st and 4th q.) that it is satisfied

Feige-Kilian, proof idea

2 6 47 5 8

2 101 1 0

9 6 34 7 7

0 121 1 2
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Entangled strategies (1)

2 6 47 5 8

2 101 1 0

9 6 34 7 7

0 121 1 2

BobAlice

• Bob’s answers can be random but still correlated with Alice’s

• Need a new criterion to distinguish honest product strategies 
from correlated ones.

• Suppose Bob measures twice, sequentially
- First as if q = (6,4,6,2,….)
- Second as if q= (9,4,6,7,…)

• Will he obtain the same outcome (to the third question)?
- Yes if uses honest, product, projective strategy 
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Entangled strategies (2)

9 6 34 7 7

0 121 1 2



Summary of results

• The value of nonlocal games can be reduced in parallel.

• Thm: If G is a projection game, FK-repetition decreases its 
entangled value at a polynomial rate
– If in addition G is a free game, then direct parallel repetition 

works

• If G is a general game, need to add “consistency” rounds in 
addition to “game”, “confuse” rounds
– Consistency round: same question, should give same answer

– Again, polynomial decrease in the value

– Value of G could go from 1 to < 1!

– Does not happen if honest strategy does not use any 
entanglement, or only the maximally entangled state.

The referee’s distribution on 
questions is product



Lots of open questions!

• Can we get an exponential rate?

• Would direct parallel repetition also work? 

• Can one prove “threshold” amplification?

• More players, more rounds, quantum messages? 

• Can extract “direct product test”; applications? 


