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Abstracts:

NP-HARDNESS OF APPROXIMATING THE VALUE OF ENTANGLED 3-PLAYER
XOR GAMES

Thomas Vidick, Massachusetts Institute of Technology

The extensive study of Bell inequalities undergone since their introduction in the 1960s has
consistently stumbled upon an obvious difficulty: given an inequality, it seems hard in ge-
neral to determine an optimal entangled state and measurements violating the inequality.
In this talk I will present the first strong complexity-theoretic justification for this hardness, by
showing that approximating the largest possible violation of a tripartite Bell inequality to
within any constant factor is NP-hard. The result extends to NP-hardness of approximating
the value of tripartite correlation inequalities within any constant factor < 2. Since the lar-
gest possible violation of a bipartite correlation inequality can be computed in polynomial
time, this result shows a striking complexity-theoretic distinction between bipartite and tri-
partite inequalities. I will introduce the results using the equivalent language of multiplayer
games. The proof builds upon two main threads. The first is the original proof of the classical
PCP theorem, as well as further improvements made in the 90s and 00s, which established
analogous hardness results for the value of classical multiplayer games. The second thread
is the crucial role played by the monogamy of entanglement as a singular limitation cons-
training the strategies of entangled players. I will introduce these two threads and explain
how they can be combined to provide a robust and efficient encoding of any multiplayer
game into one that is automatically “entanglement-resistant”. Based on arXiv:1207.0550
(with T. Ito) and arXiv 1302.1242.

http://www.icmat.es/NTHA


RANK-ONE QUANTUM GAMES
Tom Cooney, Universidad Complutense de Madrid

Quantum games have received a lot of attention in recent years, due in part to their use
in studying the non-local correlations predicted by quantum mechanics. In rank-one quan-
tum games, both the referee’s questions and the two players’ answers are quantum states.
The referee’s decision whether the players win or lose is given by the outcome of a rank-
one projective measurement performed on the players’ answers as well as on the referee’s
private register. By considering the values of the game (the maximum probability of success
for the players over certain sets of strategies), one can quantify the advantage provided
by different quantum resources.

Rank-one quantum games form a class of games wide enough to display interesting
features but which remains amenable to study. We show that the entangled value of rank-
one quantum games can be efficiently approximated up to a multiplicative error of four.
Key tools here are the operator space Grothendieck inequality and operator space tensor
product norms. We also study the behaviour of the values of these games when several
copies of the same game are played in parallel. (Joint work with M. Junge, C. Palazuelos
and D. Pérez-Garcı́a).

NEAR-OPTIMAL AND EXPLICIT BELL INEQUALITY VIOLATIONS
Ronald de Wolf, Centrum Wiskunde & Informatica, Amsterdam

Entangled quantum systems can exhibit correlations that cannot be simulated classically.
For historical reasons such correlations are called “Bell inequality violations”. We give two
new two-player games with Bell inequality violations that are stronger, fully explicit, and
arguably simpler than earlier work.

The first game is based on the Hidden Matching problem of quantum communication
complexity, introduced by Bar-Yossef, Jayram, and Kerenidis. This game can be won with
probability 1 by a strategy using a maximally entangled state with local dimension n (e.g.,
log n EPR-pairs), while we show that the winning probability of any classical strategy differs
from 1/2 by at most O( logn√

n
).

The second game is based on the integrality gap for Unique Games by Khot and Vish-
noi and the quantum rounding procedure of Kempe, Regev, and Toner. Here n-dimensional
entanglement allows the game to be won with probability 1/(log n)2, while the best winning
probability without entanglement is 1/n. This near-linear ratio is almost optimal, both in terms
of the local dimension of the entangled state, and in terms of the number of possible out-
puts of the two players.

Joint work with H. Buhrman, O. Regev, and G. Scarpa (in Theory of Computing, 8(27):623-
645, 2012).

UNIVERSALLY OPTIMAL INPUT STATES FOR CHANNEL ESTIMATION/QUERY
COMPLEXITY PROBLEMS

Keiji Matsumoto, National Institute of Informatics, Tokyo

Statistical decision problems can be tought as a game between the enviroment and statis-
titian. This point of view turns out to be useful dealing with, for example, the optimization fo
input states of channel estimation. The optimal input state in general depends on the kind
of inference (estimation or test, etc.), on the error measure, and so on. But we can show
that sometimes, there is a universally optimal input state, or an input state best for all the
statistical inferences and for all the risk functions.



APPLICATIONS OF NON-LOCALITY TO MATHEMATICS AND ALGEBRAIC
COMPLEXITY

Harry Buhrman, Centrum Wiskunde & Informatica, Amsterdam

We will discuss the surprising link between quantum information and foundational physics
questions on the one hand and mathematics and computer science in the other. We will
show how the interplay of foundational questions in entanglement and non-locality give
rise to approximation algorithms, solve a 35 year old problem in Banach operator theory
and shed some light on the complexity of classical algorithms for matrix multiplication.

UNIVERSAL SCHEME FOR VIOLATION OF LOCAL REALISM FROM QUANTUM
ADVANTAGE IN ONE-WAY COMMUNICATION COMPLEXITY

Łukasz Czekaj, Uniwersytet Gdański / University of Gdańsk

Key element which distinguish classical and quantum world are quantum correlations. They
are resources which abridge ‘hardness’ of certain information processing tasks. Reduction
of communication cost of solving certain distributed computational problems is the result
on this ground which emphasized non-local character of quantum correlations. Here we
point out that communication complexity problems might be utilized in searching for corre-
lations violating local realism. We found equivalence between characteristics of protocols
used in that type of problems and non-signaling correlations. That enables us to construct
non linear Bell type inequalities. We achieve that providing general method of Bell inequali-
ties construction and showing that existence of gap between quantum and classical com-
plexity leads to violation of these inequalities.

MONOGAMY OF NON-SIGNALING CORRELATIONS
Aram Harrow, Massachusetts Institute of Technology

Monogamy relations and de Finetti theorems have broad application, including to quan-
tum key distribution, Hamiltonian complexity, analyzing non-local games and even classical
optimization algorithms. One limitation of most work in this space is that the number of sys-
tems needs to grow like a power of the dimension of each system. Brandao, Christandl
and Yard achieved a major breakthrough by making use of information theory to reduce
the number of systems needed to scale only like the logarithm of the local dimension. I will
describe a further improvement of their theorem which has a simpler proof and generalizes
to multipartite states and non-signaling distributions. Next I’ll describe several applications
to non-local games, quantum complexity theory, and other topics. Finally, I’ll explain how
conjectured improvements of these results could resolve several major open problems in
classical and quantum complexity theory.



DESCRIPTION OF VARIOUS SETS OF CORRELATIONS IN TERMS OF OPERATOR
SYSTEMS

Marcin Marciniak, Uniwersytet Gdański / University of Gdańsk

The talk will be devoted to the problem of comparing the sets of non-signaling, classical
and quantum correlations. Recently, to new approaches to the problem were described
in the literature. The first one is based on the operator space theory while the second one
use the theory of operator systems. We will follow the second approach. After recalling ba-
sic notions from the theory of operator systems we will describe concrete examples arising
from the sets of correlations mentioned above. It will turn out that they appear by consi-
dering various types of tensor products of some concrete operator systems (commutative
and noncommutative cubes). Further, we will describe relations between these systems and
construct some new examples which naturally arise from considering some sets of correla-
tions. Finally, we indicate the connection between operator system approach and Tsirelson
problem.

GROTHENDIECK, BELL, AND TSIRELSON
Marius Junge, University of Illinois at Urbana-Champaign

We will indicate how Bell type inequalities for joint probabilities can be reread from the pers-
pective of operator algebras. We will also sketch recent work of Ozawa on the connection
between Connes’ embedding problem and Tsirelson’s problem.


