
Quantum Physics of Information Workshop
Shanghai Jiao Tong University —Institute of Natural Sciences

27-28 August 2012

Welcome! Since the proximity in time and space of AQIS2012, "The 12th Asian Quantum
Information Science Conference" at Soochow University, Suzhou, we thought it was a good idea
to organize a satellite research workshop here in the neighbouring Shanghai, at the Institute of
Natural Sciences, Shanghai Jiao Tong University (SJTU). The scope of the workshop is to catalyze
research on related topics at SJTU and foster collaborations.

We wish to all the participants a productive and pleasant time!

David Cai, Runyao Duan, Simone Severini, and Andreas Winter (Program committee)
Yaokun Wu, Xi Ye, Guihua Zeng, Zhihao Ma (Organizing committee)

Sandy Nie (Admin)

Sponsored by the Institute of Natural Sciences and Zhiyuan College, Shanghai Jiao Tong University
Venue: Rm 601 Pao Yue-Kong Library, Minhang Campus, Shanghai Jiao Tong University
Directions: http://math.sjtu.edu.cn/Conference/SCAC/direction.html, borrowed from the "2012
Shanghai Conference on Algebraic Combinatorics"
Web: http://ins.sjtu.edu.cn/
(Please notice that the days 24, 25, and 26 are devoted to a school open only to local students.)

Program

Monday 27 Tuesday 28
9:30 Opening

Morning Session Chair (Charlie Bennett) Morning Session Chair (Shunlong Luo)
9:40 Andreas Winter Richard Jozsa
10:30 Break Break
10:40 Shunlong Luo Renato Renner
11:30 Break Break
11:40 David Poulin Guihua Zeng
12:30 Lunch and free discussion Lunch and free discusssion

Afternoon Session Chair (Richard Jozsa) Afternoon Session Chair (Fernando Brando)
14:00 Mingsheng Ying Giannicola Scarpa
14:50 Break Break
15:00 Fernando Brando Stephanie Wehner
15:50 Poster session and free discussion Wrap-up
16:00 Poster session and free discussion
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Abstracts: Monday 27

Andreas Winter (University of Bristol and National University of Singapore)
http://www.maths.bris.ac.uk/~csajw/
Towards limiting non-additivity: possible role of entanglement theory
This talk is about the (non-)additivity problems besetting quantum Shannon theory: numerous

capacities and entanglement measures are no known to be non-additive, starting with the unpleas-
ant state of the matter that the information-theoretic, operational quantities are only captured
as regularisations of "simple" quantities: the Holevo capacity generates the classical capacity of a
channel, the entanglement of formation the so-called entanglement cost, etc. It is unknown how
different single-letter quantity and regularisation can be, even in the simplest case of the mini-
mum output entropy of a channel. By way of an analogy with non-local games and their parallel
repetition, i want to outline a strategy to delimit the ratio between these numbers, based on the
conjectured existence of entanglement measures with certain properties.

Shunlong Luo (Chinese Academy of Sciences)
http://www.mathstat.uoguelph.ca/people/1004
Correlative Capacities of Quantum Systems
How strongly can a system be correlated with another? In the classical world, this basic question
concerning correlative capacity has a very satisfying answer: The "effective size" of the marginal
system, as quantified by the Shannon entropy, sets a tight upper bound to the correlations, as
quantified by the mutual information. Although in the quantum world, bipartite correlations, like
their classical counterparts, are also well quantified by mutual information, the similarity ends here:
The correlations in a bipartite quantum system can be twice as large as the marginal entropy. In
this talk, we will review various aspects of correlative capacities of quantum systems, including clas-
sical correlations, entanglement, and quantum correlations, and highlight some subtle and unusual
features of quantum correlations.

David Poulin (University of Sherbrooke)
http://www.physique.usherbrooke.ca/poulin/
Practical characterization of quantum devices without tomography
Quantum tomography is the main method used to assess the quality of quantum information
processing devices, but its complexity presents a major obstacle for the characterization of even
moderately large systems. However, tomography generates much more information than is usually
sought. Taking a more targeted approach, we develop schemes that enable (i) estimating the fi-
delity of an experiment to a theoretical ideal description [1], (ii) learning which description within
a reduced subset best matches the experimental data [2-3]. Both these approaches yield a sig-
nificant reduction in resources compared to tomography. In particular, we show how to estimate
the fidelity between a predicted pure state and an arbitrary experimental state using only a con-
stant number of Pauli expectation values selected at random according to an importance-weighting
rule. In addition, we propose methods for identifying a state inside interesting variational classes
such as matrix product states (MPS) [2], which include GHZ, W and cluster states, and multi-
scale entanglement renormalisation ansatz (MERA) [3], which describes critical quantum systems.
[1] da Silva, Landon-Cardinal and Poulin, PRL 107, 210404 (2011). [2] Cramer, Plenio, Flam-
mia, Somma, Gross, Bartlett, Landon-Cardinal, Poulin, Liu, Nature Commun. 1, 149 (2010). [3]
Landon-Cardinal, Poulin, arXiv:1204.0792
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Mingsheng Ying (UTS and Tsinghua University)
http://datasearch2.uts.edu.au/qcis/members/detail.cfm?StaffId=7417
Reachability and Termination Analysis of Concurrent Quantum Programs
We introduce a Markov chain model of concurrent quantum programs. Some characterizations of

the reachable space, uniformly repeatedly reachable space and termination of a concurrent quantum
program are derived. Based on these characterizations, algorithms for computing the reachable
space and uniformly repeatedly reachable space and for deciding the termination are given.

Fernando Brandao (ETH, Zurich, and National University of Singapore)
https://www1.ethz.ch/qit/people/index
New variants of the quantum de Finetti theorem with applications
The quantum de Finetti theorem, in its several variants, says that a small number of particles
chosen at random from a large collection of particles behave - up to a small error - as if the particles
were chosen from an (unknown) independent and identically distributed probability measure. The
theorem has found many applications in quantum information theory, including security proofs in
quantum key distribution, the analysis of tomographic schemes, and the study of multiple provers
protocols in quantum complexity theory. Yet the known versions of quantum de Finetti theorem
have two properties that limit its applicability in many cases: (i) the error term depends linearly
on the dimension of the particles, and (ii) one must select the particles at random. In this talk I
will show how we can prove new versions of the quantum de Finetti theorem that by-pass these
two limitations and show how we can use them to obtain the following new results: 1) The NP–
hardness of approximating to constant error the maximum quantum value of a Bell inequality.
Scaling up the result we obtain a simpler proof of the recent result by Ito and Vidick that NEXP
is contained in MIP*. 2) The optimality of Chen and Drucker Bell QMA protocol with O(sqrt(n))
proofs each of size O(log(n)) qubits (assuming that there is no subexponential time algorithm for
SAT). 3) A polynomial time approximation scheme for estimating (up to small extensive error)
the groundenergy of dense quantum local Hamiltonians. 4) A new proof of the Arora—Barak—
Steurer subexponential time algorithm for the Small Set Expansion problem (a close variant of the
Unique games problem). 5) An extension of Aaronson’s pretty good tomographic scheme to any
permutation symmetric state. The new versions of the quantum de Finetti theorem have elementary
proofs and are based on exploring the chain rule of the quantum conditional mutual information.
The talk is based on joint work with Aram Harrow.
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Abstracts: Tuesday 28

Richard Jozsa (University of Cambridge)
http://www.damtp.cam.ac.uk/people/r.jozsa/
Classical simulation of quantum computations illustrated by Clifford circuits
The notion of classical effi cient simulation of a quantum computation provides an explicit tool

for exploring the rich relationship between classical and quantum computational complexity. In
this talk we will introduce the formalism of classical simulations and consider simulation properties
of extended Clifford circuits. The Gottesman-Knill theorem asserts that Clifford computations
can be classically effi ciently simulated but this is true only in a suitably restricted setting. We
will consider Clifford computations with the following additional distinctions: (a) strong vs. weak
classical simulation, (b) inputs being computational basis states vs. general product states, (c)
adaptive vs. non-adaptive choices of gates for circuits involving intermediate measurements, (d)
single line outputs vs. multi-line outputs. Of the sixteen combinations of these four ingredients, we
find that eight are not classically effi ciently achievable (subject to common complexity assumptions
such as P not equal to #P and BPP not equal to BQP). This case study indicates that the power
of quantum computational resources is likely to be highly sensitive to the exact specification of
ingredients.

Renato Renner (ETH, Zurich)
http://www.itp.phys.ethz.ch/people/renner/
Randomness amplification
Are there fundamentally random processes in nature? Theoretical predictions, confirmed exper-

imentally, such as the violation of Bell inequalities, point to an affi rmative answer. However, these
results are based on the assumption that measurement settings can be chosen freely at random,
so assume the existence of perfectly free random processes from the outset. Here we consider a
scenario in which this assumption is weakened and show that partially free random bits can be
amplified to make arbitrarily free ones. More precisely, given a source of random bits whose cor-
relation with other variables is below a certain threshold, we propose a procedure for generating
fresh random bits that are virtually uncorrelated with all other variables. We also conjecture that
such procedures exist for any non-trivial threshold. Our result is based solely on the no-signalling
principle, which is necessary for the existence of free randomness.

Guihua Zeng (SJTU)
http://ccs.sjtu.edu.cn/index.php?mod=8&ix=4
Quantum channel: From information transmission to capacities
A basic issue in both quantum communication and computation is that one needs to transmit

information from one point to another in a reliable way. Quantum channel is just the way which
acts as an information bridge. Hence the studies of quantum channels, which include information
transmission and capacities evaluation, are very important topics. In the way of information trans-
mission, the entanglement and other types of correlations are found to suffer different dynamics
under nondissipative and dissipative decoherence channels. Especially, the transfers of the entan-
glement and correlations between the system and environment for different types of initial states are
shown to be different under the amplitude damping decoherence, and the quantum dissonance can
be found to keep unchanged under the action of depolarizing decoherence. Such different dynamic
behaviors of different noisy quantum decoherence channels reveal distinct transmission performance
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of classical and quantum information. When the quantum channels are non-Markovian, the non-
Markovian effects of the transmission channel are found to have a positive impact on the security
of discrete-variable QKD, and the secret key rate may fluctuate near the secure point when the
coupling strength of the system with the environment is high. Moreover, we show that, only un-
der assumption of the weak system-reservoir interaction, the evolution of teleportation fidelity can
be analytically derived. The results reveal that the fidelity of teleportation is a monotonically
decreasing function for Markovian interaction in Ohmic-like environments, while it oscillates for
non-Markovian ones, and teleportation with better performances can be implemented by selecting
the appropriate time. In the way of capacities of quantum channels, we investigated the amount of
coherent quantum information which can be reliably transmitted down the memory Pauli channels
with Markovian correlated noise. Two methods for evaluating the quantum capacity of the mem-
ory Pauli channels are proposed to try to trace the memory effect on the transmissions of quantum
information. The results show that increasing the degree of memory of the channels has a positive
effect on the increase of their quantum capacities. While for the multiple-access (MA) channel,
we show purely quantum superadditivity of quantum capacity regions of quantum memoryless MA
channels, which are not entanglement breaking. Also, we find that the superadditivity holds when
the MA channel extends to the quantum butterfly network, which can achieve quantum network
coding.

Giannicola Scarpa (Centrum Wiskunde & Informatica)
http://homepages.cwi.nl/~scarpa/
Generalized Kochen-Specker sets, Quantum Coloring and Channel Capacity
We introduce two generalizations of Kochen-Specker (KS) sets: projective KS sets and gener-

alized KS sets. We survey the area of quantum coloring games, defining the quantum chromatic
number of a graph and some of its properties. We then show that projective KS sets character-
ize all the graphs for which the chromatic number is strictly larger than the quantum chromatic
number. We further show that from any graph with separation between these two quantities, one
can construct a classical channel for which entanglement assistance increases the one-shot zero-error
capacity. As an example, we exhibit a new family of classical channels with an exponential increase.

Stephanie Wehner (National University of Singapore)
http://www.comp.nus.edu.sg/~wehner/
A real de Finetti theorem with applications to polynomial optimization
A well known counterexample by Caves et al. shows that real de Finetti theorems cannot exist

in full generality. However, we show that it is in fact possible to prove a de Finetti theorem for
real valued matrices that are maximally symmetric - that is, they are both Bose symmetric as well
as invariant under all partial transposes. Our proof thereby relies on markedly different tools than
have been used previously in the construction of de Finetti theorems. More specifically, we use
harmonic analysis which may also be used to lead to an alternate proof of existing complex de
Finetti theorems. Our result has an immediate application to a proof of convergence of certain
SDP hierarchies employed in polynomial optimization. Joint work with Andrew Doherty.
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