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Abstract:

A matroidal entropy function is an entropy function in the form log v - tM , where v is an integer
exceeding one and rM is the rank function of a matroid M. For a matroid M, the characterization of
matroidal entropy function induced by M is to determine its probabilistic-characteristic set yM, i.e.,
the set of integers v such that log v - tM is entropic. To characterize matroidal entropy functions, we
introduce variable strength orthogonal arrays(VOA), which can be considered as special cases of
classic combinatorial structure orthogonal arrays(OA). We prove that whether log v - tM is entropic
depends on whether a VOA(M, v) is constructible. Leveraging the correspondences between
matroidal entropy functions and VOAs, we characterize the matroidal entropy functions induced by
matroids obtained from matroid operations such as deletion, contraction, minor, series and parallel
connection and 2-sum. Utilizing these results, we characterize two classes of matroidal entropy
functions, i.e., those induced by regular matroids and matroids with the same p-characteristic set as
uniform matroid U2,4. As the support of characterizing random vector of a matroidal entropy
function, i.e., the set of rows of the corresponding VOA is equivalent to the code book of an almost
affine code, they can be applied to solve coding problems in secret sharing, network coding, index
coding and locally repairable code.
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Proving linear inequalities and identities of Shannon's information measures, possibly with linear
constraints on the information measures, is an important problem in information theory. For this
purpose, ITIP and other variant algorithms have been developed and implemented, which are all
based on solving a linear program (LP). In particular, an identity $f = 0$ is verified by solving two
LPs, one for $f'\ge 0$ and one for $f\le 0S.

In this paper, we develop a set of algorithms that can be implemented by symbolic computation.
Based on these algorithms, procedures for verifying linear information inequalities and identities are
devised. Compared with LP-based algorithms, our procedures can produce analytical proofs that
are both human-verifiable and free of numerical errors. Our procedures are also more efficient
computationally. For constrained inequalities, by taking advantage of the algebraic structure of the
problem, the size of the LP that needs to be solved can be significantly reduced. For identities,
instead of solving two LPs, the identity can be verified directly with very little computation.

This is a joint work with Raymond W. Yeung and Xiao-Shan Gao.
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In the forthcoming 6G era, Extended reality (XR) is an emerging application with unique traffic
characteristics requirements, calling for innovative Ultra-Reliable and Low-Latency
Communication (URLLC) technologies. In this talk, we present a multi-user scheduling scheme to
meet hard-latency constraints for XR services. Specifically, we focus on a periodical XR traffic
model, where the latency constraint for transmitting each XR frame is less than the inter-arrival
time. To find an optimal multi-user scheduling scheme, we first describe the system as a periodic
Markov Decision Process (MDP), where the scheduling performance is expressed as the probability
of successful transmission within the latency constraint. Then, we obtain the maximum success
probability and the optimal scheduling based on the optimal value function. Inspired by the
properties of the optimal value function, we construct a lower bound of it and propose an online
multi-user scheduling scheme. This way, scheduling decisions under the proposed scheme are
determined by solving a series of nonlinear Knapsack Problem (KP) in polynomial time. Finally,
rigorous analysis and simulation results show that the proposed scheduler achieves nearly optimal
performance and outperforms other benchmark schedulers.
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In the problem of classical group testing one aims to identify a small subset (of size $d$) diseased
individuals/defective items in a large population (of size $n$). This process is based on a minimal
number of suitably-designed group tests on subsets of items, where the test outcome is positive iff
the given test contains at least one defective item.

Motivated by physical considerations, such as scenarios with imperfect test apparatus, we consider a
generalized setting that includes as special cases multiple other group-testing-like models in the
literature. In our setting the test outcome is governed by an arbitrary monotonically increasing
(stochastic) test function $f(\cdot)$, with the test outcome being positive with probability $f(x)S$,
where $x$ is the number of defectives tested in that pool.

For this generalized group testing, we derive upper and lower bounds on the number of tests
required to identify all defective items. We also prove that ourkl sample-complexity bounds are
information-theoretically near-optimal for a variety of sparse-recovery group-testing models in the
literature.
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