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Application: Digital Communication Limits

2 Generalized Chebyshev and Gauss bounds

Application I: digital communication limits
Consider a set of possible symbols S = {s1, . . . , s

c

} ™ R2. The signals are transmitted
over a noisy communication channel and perturbed by additive white noise.
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where C

i

is the set of outputs that are decoded as s

i

is a Chebyshev problem.
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Figure 1: Upon transmitting the symbol s
t

, a noisy output s
o

= s
t

+ ⇠ is received and decoded
using a maximum likelihood decoder into the symbol s

r

.
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Figure 2: Figure 2(a) depicts the signal constellation S. The distribution of the outputs is
visualized by the dashed circles, while the detector is visualized by its Voronoi diagram. For
example, the green polytope represents the set of outputs s

o

which are decoded as s
1

. Figure 2(b)
shows the lower bounds on the correct detection probabilities as predicted by the Chebyshev
and Gauss inequalities.

where C
i

is the (polytopic) set of outputs that are decoded as s
i

. The generalized Chebyshev
bound of Theorem 2.1 and the generalized Gauss bound of Theorem 2.2 both provide e�ciently
computable lower bounds on p, which are plotted in Figure 2(b) as a function of the Channel
noise power �. Note that the generalized Gauss bound is substantially tighter because the
Chebyshev bound disregards the star-unimodality of the channel noise.

9 Conclusion

We have generalized the classical Gauss inequality to multivariate probability distributions by
reformulating the corresponding worst-case probability problems as tractable SDPs. It was
shown that the Chebyshev and Gauss bounds are intimately related and can be obtained from
the solutions of generalized ↵-unimodal moment problems for ↵ = 1 and ↵ = n, respectively.
The paper also provides a new perspective on the computational solution of generalized moment
problems. Instead of duality arguments, which are employed by the overwhelming majority
of the existing literature, we used Choquet representations of the relevant ambiguity sets to
derive tractable reformulations. We expect that the methods developed in this work might be
extendible to di↵erent types of structured ambiguity sets (e.g. for symmetric distributions) and
could thus spur a renewed interest in generalized moment problems.
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Tractable Extensions
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