
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Grothendieck inequalities, nonlocal games and optimization

Briët, J.

Publication date
2011

Link to publication

Citation for published version (APA):
Briët, J. (2011). Grothendieck inequalities, nonlocal games and optimization. [Thesis, fully
internal, Universiteit van Amsterdam]. Institute for Logic, Language and Computation.

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, P.O. Box 19185, 1000 GD Amsterdam, The Netherlands.
You will be contacted as soon as possible.

Download date:08 Jun 2026

https://handle.uba.uva.nl/personal/pure/en/publications/grothendieck-inequalities-nonlocal-games-and-optimization(8c562d32-44ed-491b-aa95-3013b8a9f5c4).html


Bibliography

[AAR99] G. Andrews, R. Askey, and R. Roy. Special functions. volume 71
of Encyclopedia of Mathematics and its Applications. Cambridge Uni-
versity Press, 1999.

[ABH+05] S. Arora, E. Berger, E. Hazan, G. Kindler, and M. Safra. On non-
approximability for quadratic programs. In Proceedings of the 46th
Annual IEEE Annual Symposium on Foundations of Computer Science
(FOCS 2005), pages 206–215. IEEE Computer Society, 2005. doi:
10.1109/SFCS.2005.57.

[ABS10] S. Arora, B. Barak, and D. Steurer. Subexponential algorithms
for unique games and related problems. In Proceedings of the 51st
Annual IEEE Annual Symposium on Foundations of Computer Science
(FOCS 2010), pages 563–572. IEEE Computer Society, 2010.

[ADR82] A. Aspect, J. Dalibard, and G. Roger. Experimental test of
Bell’s inequalities using time- varying analyzers. Phys. Rev. Lett.,
49(25):1804–1807, 1982. doi:10.1103/PhysRevLett.49.1804.

[AGG05] A. Acín, R. Gill, and N. Gisin. Optimal Bell tests do not require
maximally entangled states. Phys. Rev. Lett., 95(21):1079–7114,
2005.

[AGM06] A. Acín, A., N. Gisin, and L. Masanes. From Bell’s theorem to
secure quantum key distribution. Phys. Rev. Lett., 97(12):120405,
2006. ISSN 1079-7114.

145



146 Bibliography

[AGR81] A. Aspect, P. Grangier, and G. Roger. Experimental tests of realis-
tic local theories via Bell’s theorem. Phys. Rev. Lett., 47(7):460–463,
1981. doi:10.1103/PhysRevLett.47.460.

[AGR82] A. Aspect, P. Grangier, and G. Roger. Experimental realization
of Einstein-Podolsky-Rosen-Bohm gedankenexperiment: A new
violation of Bell’s inequalities. Phys. Rev. Lett., 49(2):91–94, 1982.
doi:10.1103/PhysRevLett.49.91.

[AMMN06] N. Alon, K. Makarychev, Y. Makarychev, and A. Naor. Quadratic
forms on graphs. Invent. Math., 163(3), 2006. doi:10.1007/s00222-
005-0465-9.

[AN06] N. Alon and A. Naor. Approximating the Cut-Norm via
Grothendieck’s inequality. SIAM Journal on Computing, 35(4):787–
803, 2006. doi:10.1137/S0097539704441629.

[AS64] M. Abramowitz and I. Stegun. Handbook of mathematical functions
with formulas, graphs, and mathematical tables. Dover publications,
1964. ISBN 0486612724.

[AZ05] A. Avidor and U. Zwick. Rounding two and three dimen-
sional solutions of the sdp relaxation of max cut. In C. Chekuri,
K. Jansen, J. D. P. Rolim, and L. Trevisan, editors, Approximation,
Randomization and Combinatorial Optimization, volume 3624 of Lec-
ture Notes in Computer Science, pages 608–608. Springer Berlin /
Heidelberg, 2005.

[BB84] C. H. Bennett and G. Brassard. Quantum cryptography: Public
key distribution and coin tossing. In Proceedings of IEEE Inter-
national Conference on Computers, Systems, and Signal Processing,
pages 175–179. IEEE, 1984.

[BBC04] N. Bansal, A. Blum, and S. Chawla. Correlation clustering. Ma-
chine Learning, Special Issue on Clustering, 56:89–113, 2004. doi:
10.1023/B:MACH.0000033116.57574.95.

[BBLV09] J. Briët, H. Buhrman, T. Lee, and T. Vidick. Multiplayer XOR
games and quantum communication complexity with clique-
wise entanglement. 2009. ArXiv:0911.4007.



Bibliography 147

[BBLV11] J. Briët, H. Buhrman, T. Lee, and T. Vidick. All Schatten spaces
endowed with the Schur product are Q-algebras. 2011. Submit-
ted.

[BBT08] N. Bansal, S. Bravyi, and B. Terhal. Classical approximation
schemes for the ground-state energy of quantum and classical
ising spin hamiltonians on planar graphs, 2008. Available at
arXiv:0705.1115v4.

[BBT11] J. Briët, H. Buhrman, and B. Toner. A generalized grothendieck
inequality and nonlocal correlations that require high entangle-
ment. Comm. Math. Phys., 305(3):1–17, August 2011. ISSN 0010-
3616. 10.1007/s00220-011-1280-3.

[BCD01] H. Burhman, R. Cleve, and W. v. Dam. Quantum entanglement
and communication complexity. SIAM Journal on Computing,
30(6):1829–1841, 2001.

[Bel64] J. S. Bell. On the Einstein-Podolsky-Rosen paradox. Physics,
1:195–200, 1964.

[BFG06] S. Bravyi, D. Fattal, and D. Gottesman. GHZ extraction yield for
multipartite stabilizer states. J. Math. Phys., 47(062106), 2006.

[BGJR88] F. Barahona, M. Grötschel, M. Jünger, and G. Reinelt. An appli-
cation of combinatorial optimization to statistical physics and cir-
cuit layout design. Operations Research, 36(3):493–513, 1988. ISSN
0030-364X.

[Bha07] R. Bhatia. Positive definite matrices. Princeton University Press,
Princeton, New Jersey, USA, 2007.

[BHH+08] B. Barak, M. Hardt, I. Haviv, A. Rao, O. Regev, and D. Steurer.
Rounding parallel repetitions of unique games. In Proceedings of
the 49th Annual IEEE Annual Symposium on Foundations of Com-
puter Science (FOCS 2008), pages 374–383. IEEE Computer Society,
2008.

[BHK05] J. Barrett, L. Hardy, and A. Kent. No signaling and quantum key
distribution. Phys. Rev. Lett., 95:010503, 2005. Quant-ph/0405101.



148 Bibliography

[BKCD02] R. Blume-Kohout, C. Caves, and I. Deutsch. Climbing mount
scalable: Physical resource requirements for a scalable quantum
computer. Foundations of Physics, 32(11):1641–1670, 2002. ISSN
0015-9018.

[BL76] J. Bergh and J. Löfström. Interpolation spaces: An introduction.
Springer-Verlag, 1976.

[Ble79] R. C. Blei. Multidimensional extensions of the Grothendieck in-
equality and applications. Arkiv fur Matematik, 17:51–68, Decem-
ber 1979. doi:10.1007/BF02385457.

[BMMN11] M. Braverman, K. Makarychev, Y. Makarychev, and A. Naor. The
Grothendieck constant is strictly smaller than Krivine’s bound.
In Proceedings of the 52nd Annual IEEE Annual Symposium on Foun-
dations of Computer Science (FOCS 2011). IEEE Computer Society,
2011. Available at arXiv:1103.6161.

[BOFV10a] J. Briët, F. M. d. Oliveira Filho, and F. Vallentin. The posi-
tive semidefinite grothendieck problem with rank constraint. In
S. Abramsky, C. Gavoille, C. Kirchner, F. Meyer auf der Heide,
and P. Spirakis, editors, Automata, Languages and Programming,
volume 6198 of Lecture Notes in Computer Science, pages 31–42.
Springer Berlin / Heidelberg, 2010.

[BOFV10b] J. Briët, F. M. d. Olivera-Filho, and F. Vallentin. Grothendieck
inequalities for semidefinite programs with rank constraint,
November 2010. Submitted. Available at arXiv:1011.1754.

[BPA+08] N. Brunner, S. Pironio, A. Acin, N. Gisin, A. A. Méthot, and
V. Scarani. Testing the dimension of Hilbert spaces. Phys. Rev.
Lett., 100(21):210503, 2008.

[BPD+99] D. Bouwmeester, J. Pan, M. Daniell, H. Weinfurter, and
A. Zeilinger. Observation of three-photon Greenberger-Horne-
Zeilinger entanglement. Phys. Rev. Lett., 82(7):1345–1349, 1999.
ISSN 1079-7114.

[BRSW10] H. Buhrman, O. Regev, G. Scarpa, and R. d. Wolf. Near-Optimal
and Explicit Bell Inequality Violations. In Proceedings of the 26th
Annual IEEE Conference on Computational Complexity (CCC 2011).
IEEE Computer Society, 2010.



Bibliography 149

[BV04] S. Boyd and L. Vandenberghe. Convex Optimization. Cam-
bridge University Press, Cambridge, 2004. Available online at
http://www.stanford.edu/˜boyd/cvxbook/.

[Car80] T. K. Carne. Banach Lattices and Extensions of Grothendieck’s
Inequality. J. London Math. Soc., s2-21(3):496–516, 1980. doi:
10.1112/jlms/s2-21.3.496.

[CB97] R. Cleve and H. Buhrman. Substituting quantum entanglement
for communication. Phys. Rev. A, 56(2):1201, 1997.

[CHSH69] J. F. Clauser, M. A. Horne, A. Shimony, and R. A. Holt. Proposed
experiment to test local hidden-variable theories. Phys. Rev. Lett.,
23:880–884, 1969.

[CHTW04] R. Cleve, P. Høyer, B. Toner, and J. Watrous. Consequences and
limits of nonlocal strategies. In Proceedings of the 19th Annual
IEEE Conference on Computational Complexity (CCC 2004), pages
236–249. IEEE Computer Society, Amherst, Massachusetts, 2004.
ArXiv: 0404076 [quant-ph].

[CSUU08] R. Cleve, W. Slofstra, F. Unger, and S. Upadhyay. Perfect parallel
repetition theorem for quantum XOR proof systems. Computa-
tional Complexity, 17(2):282–299, 2008.

[CW04] M. Charikar and A. Wirth. Maximizing quadratic programs: ex-
tending Grothendieck’s inequality. In Proceedings of the 45th An-
nual IEEE Annual Symposium on Foundations of Computer Science
(FOCS 2004), pages 54–60. IEEE Computer Society Press, 2004.

[Dav73] A. Davie. Quotient algebras of uniform algebras. J. London Math.
Soc., 7:31–40, 1973.

[Dav84] A. M. Davie. Lower bound for KG, 1984. Unpublished note.

[Dav85] A. M. Davie. Matrix norms related to grothendieck’s inequality.
Banach Spaces, pages 22–26, 1985.

[DH03] W. v. Dam and P. Hayden. Universal entanglement transforma-
tions without communication. Phys. Rev. A, 67:060302(R), 2003.
doi:doi:10.1103/PhysRevA.67.060302.



150 Bibliography

[DJT95] J. Diestel, H. Jarchow, and A. Tonge. Absolutely summing oper-
ators. Number 43 in Cambridge Studies in Advanced Mathe-
matics. Cambrige University Press, New York, NY, 1995. ISBN
0521431689.

[Eke91] A. K. Ekert. Quantum cryptography based on Bell’s
theorem. Phys. Rev. Lett., 67(6):661–663, 1991. doi:
10.1103/PhysRevLett.67.661.

[EMOT54] A. Erdélyi, W. Magnus, F. Oberhettinger, and F. Tricomi. Tables of
integral transforms, Vol. 1. McGraw-Hill, New York, 1954.

[EPR35] A. Einstein, P. Podolsky, and N. Rosen. Can quantum-mechanical
description of physical reality be considered complete? Physical
Review, 47:777–780, 1935.

[Fei91] U. Feige. On the success probability of the two provers in one-
round proof systems. In Proceedings of the Sixth Annual IEEE Struc-
ture in Complexity Theory Conference, pages 116–123. IEEE Com-
puter Society, 1991. ISBN 0818622555.

[FS02] U. Feige and G. Schechtman. On the optimality of the random
hyperplane rounding technique for MAX CUT. Random Struct.
Algorithms, 20(3):403–440, May 2002.

[GHZ89] D. M. Greenberger, M. A. Horne, and A. Zeilinger. Going beyond
Bell’s theorem. Bell’s Theorem, Quantum Theory, and Conceptions
of the Universe, pages 73–76, 1989. Available at arXiv:0712.0921
[quant-ph].

[GJ76] M. R. Garey and L. Johnson. Some simplified NP-complete graph
problems. Theoretical computer science, 1(3):237–267, 1976.

[GKP94] R. L. Graham, D. E. Knuth, and O. Patashnik. Concrete Mathemat-
ics: A Foundation for Computer Science. Addison-Wesley, second
edition, 1994.

[GLS93] M. Grötschel, L. Lovász, and A. Schrijver. Geometric algorithms
and combinatorial optimization, volume 2 of Algorithms and Com-
binatorics. Springer-Verlag, Berlin, second edition, 1993. ISBN
3-540-56740-2.



Bibliography 151

[Got97] D. Gottesman. Stabilizer codes and quantum error correction. Ph.D.
thesis, California Institute of Technology, 1997. Available at
arXiv:9705052 [quant-ph].

[Gro53] A. Grothendieck. Résumé de la théorie métrique des produits
tensoriels topologiques (French). Bol. Soc. Mat. São Paulo, 8:1–79,
1953.

[GTHB05] O. Gühne, G. Tóth, P. Hyllus, and H. J. Briegel. Bell inequalities
for graph states. Phys. Rev. Lett., 95(12):120405, Sep 2005. doi:
10.1103/PhysRevLett.95.120405.

[GW94] M. X. Goemans and D. P. Williamson. .878-approximation al-
gorithms for MAX CUT and MAX 2SAT. In Proceedings of the
26th Annual ACM Symposium on Theory of Computing (STOC 1994),
pages 422–431. ACM Press, New York, 1994.

[GW95] M. X. Goemans and D. P. Williamson. Improved approximation
algorithms for maximum cut and satisfiability problems using
semidefinite programming. J. Assoc. Comput. Mach., 42(6):1115–
1145, 1995. ISSN 0004-5411.

[Haa87] U. Haagerup. A new upper bound for the complex Grothendieck
constant. Israel Journal of Mathematics, 60(2):199–224, 1987. ISSN
0021-2172.

[Hås99] J. Håstad. Clique is hard to approximate within n1−�. Acta Math-
ematica, 182:105–142, 1999.

[Hås01] J. Håstad. Some optimal inapproximability results. Journal of the
ACM, 48(4):798–859, 2001.

[Hel99] S. Helgason. The Radon Transform, volume 5 of Progress in Mathe-
matics. Birkhauser, 1999. ISBN 0817641092.

[Hol07] T. Holenstein. Parallel repetition: simplifications and no-
signaling case. In Proceedings of the 39th Annual ACM Symposium
on Theory of Computing (STOC 2007). ACM, 2007.

[HV04] J. Håstad and S. Venkatesh. On the advantage over a random as-
signment. Random Structures and Algorithms, 25(2):117–149, 2004.
doi:10.1002/rsa.20031.



152 Bibliography

[JL01] W. Johnson and J. Lindenstrauss. Basic concepts in the geometry
of Banach spaces. Handbook of the geometry of Banach spaces, 1:1–84,
2001. ISSN 1874-5849.

[JP11] M. Junge and C. Palazuelos. Large Violation of Bell Inequalities
with Low Entanglement. Comm. Math. Phys., pages 1–52, 2011.
ISSN 0010-3616. 10.1007/s00220-011-1296-8.

[Kar72] R. M. Karp. Reducibility among combinatorial problems. In R. E.
Miller and J. W. Thatcher, editors, Complexity of Computer Compu-
tations, pages 85–103. Plenum Press, New York, 1972.

[Kar96] H. Karloff. How good is the Goemans-Williamson MAX CUT
algorithm? In Proceedings of the 28th Annual ACM Symposium
on Theory of Computing (STOC 1996), pages 427–434. ACM, 1996.
ISBN 0897917855.

[Kar05] G. Karakostas. A better approximation ratio for the Vertex Cover
problem. In Proceedings of the 32nd International Conference on Au-
tomata, Languages, and Programming (ICALP 2005), volume 3580 of
Lecture Notes in Computer Science, pages 1043–1050. Springer, 2005.
doi:10.1007/11523468_84.

[Kho02] S. Khot. On the power of unique 2-prover 1-round games. In Pro-
ceedings of the 34th Annual ACM Symposium on Theory of Computing
(STOC 2002), pages 767–775. ACM Press, 2002.

[Kho10] S. Khot. Inapproximability of np-complete problems, discrete
fourier analysis, and geometry. In Proc. the International Congress
of Mathematicians. 2010.

[KKMO04] S. Khot, G. Kindler, E. Mossel, and R. O’Donnell. Optimal in-
approximability results for MAX-CUT and other two-variable
CSPs? In Proceedings of the 45th Annual IEEE Annual Symposium on
Foundations of Computer Science (FOCS 2004), pages 146–154. IEEE
Computer Society, 2004.

[KN08] S. Khot and A. Naor. Linear equations modulo two and the L1 di-
ameter of convex bodies. SIAM Journal on Computing, 38(4):1448–
1463, 2008.



Bibliography 153

[KN09] S. Khot and A. Naor. Approximate kernel clustering. Mathe-
matika, 55(1-2):129–165, 2009. ISSN 0025-5793.

[KN10] S. Khot and A. Naor. Sharp kernel clustering algorithms and
their associated grothendieck inequalities. In Proceedings of the
21st Annual ACM-SIAM Symposium on Discrete Algorithms, pages
664–683. Society for Industrial and Applied Mathematics, 2010.

[KN11] S. Khot and A. Naor. Grothendieck-type inequalities in combina-
torial optimization, August 2011. Available at arXiv: 1108.2464.

[KNS10] G. Kindler, A. Naor, and G. Schechtman. The UGC hardness
threshold of the Lp Grothendieck problem. Mathematics of Op-
erations Research, 35(2):267–283, 2010. ISSN 0364-765X.

[KO06] S. Khot and R. O’Donnell. SDP gaps and UGC-hardness for MAX-
CUTGAIN. In Proceedings of the 47th Annual IEEE Annual Sympo-
sium on Foundations of Computer Science (FOCS 2006), pages 217–
226. IEEE Computer Society, 2006.

[KO08] S. Khot and R. O’Donnell. SDP gaps and UGC-hardness for Max-
Cut-Gain. Theory of Computing, 0:1–35, 2008.

[Kön91] H. König. On the complex Grothendieck constant in the n-
dimensional case. In P. F. X. Müller and W. Schachermayer, ed-
itors, Geometry of Banach spaces: proceedings of the conference held in
Strobl, Austria, 1989, pages 181–198. Cambridge University Press,
1991. ISBN 0521408504.

[Kön01] H. König. On an extremal problem originating in questions of
unconditional convergence. In W. Haussmann, K. Jetter, and
M. Reimer, editors, Recent progress in multivariate approximation:
4th international conference, Witten-Bommerholtz (Germany), Septem-
ber 2000, volume 137 of International series of numerical mathemat-
ics, pages 185–192. Birkhauser, 2001. ISBN 3764365056.

[KR08] S. Khot and O. Regev. Vertex cover might be hard to approximate
to within 2 − �. Journal of Computer and System Sciences, 74:335–
349, 2008. Preliminary version in Proc. CCC’03.

[KR10] J. Kempe and O. Regev. No strong parallel repetition with entan-
gled and non-signaling provers. In Proceedings of the 25th Annual



154 Bibliography

IEEE Conference on Computational Complexity (CCC 2010), pages 7–
15. IEEE, 2010. ISSN 1093-0159.

[KR11] B. Klartag and O. Regev. Quantum One-Way Communication is
Exponentially Stronger Than Classical Communication. In Pro-
ceedings of the 43th Annual ACM Symposium on Theory of Computing
(STOC 2011). 2011. Available at arXiv:1009.3640.

[Kri77] J. L. Krivine. Sur la complexification des opérateurs de L∞ dans
L1. C. R. Acad. Sci., Ser. A, 284:377–379, 1977.

[Kri79] J. L. Krivine. Constantes de Grothendieck et fonctions de type
positif sur les sphères. Adv. Math., 31:16–30, 1979.

[KRT08] J. Kempe, O. Regev, and B. Toner. Unique games with entangled
provers are easy. In Proceedings of the 49th Annual IEEE Annual
Symposium on Foundations of Computer Science (FOCS 2008), pages
457–466. IEEE Computer Society, 2008. ISSN 0272-5428.

[KV11] J. Kempe and T. Vidick. Parallel Repetition of Entangled Games.
In Proceedings of the 43th Annual ACM Symposium on Theory of Com-
puting (STOC 2011). 2011. Available at arXiv:1012.4728.

[KVR90] D. Knuth, A. Vardi, and R. Richberg. The asymptotic expan-
sion of the middle binomial coefficient. The American Mathematica
Monthly, 97(7):626–630, August–Septmber 1990.

[Lit30] J. E. Littlewood. On bounded bilinear forms in an infinite
number of variables. Q J Math, os-1(1):164–174, 1930. doi:
10.1093/qmath/os-1.1.164.

[LM98] C. Le Merdy. The Schatten space S4 is a Q-algebra. Proc. Amer.
Math. Soc., 126:715–719, 1998.

[LO94] R. Latala and K. Oleszkiewicz. On the best constant in the
Khintchine-Kahane inequality. Studia Math, 109(1):101–104, 1994.

[Lov79] L. Lovász. On the Shannon capacity of a graph. Information The-
ory, IEEE Transactions on, 25(1):1–7, 1979.

[LP68] J. Lindenstrauss and A. Pełczyński. Absolutely summing opera-
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