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Abstract. In this work, we have derived a novel generalized fractional cross-entropy (FCE).
To do so, we have differentiated the CE’s generating function (i.e., h(t) :=

∫
SX

fX(x)
fY (y) f

−t
Y (x) dx)

using a α-order Caputo fractional derivative. When the order of differentiation α → 1,
we recover the ordinary Shannon’s CE, which corresponds to the results from a first-order
ordinary differentiation.

Keywords: Cross-entropy (CE), Riemann-Liouville/Caputo fractional integral/derivative, fractional
calculus, entropy’s generating function, Tsallis/Rényi entropy, information measure.

Mathematics Subject Classification: 26A33 · 34A08 · 34K37

1 Introduction
In 1948, Shannon proposed the concept of entropy in the context of communication theory [1]. It

consists of a measure of surprise or uncertainty associated with the probability distribution of a random
variable (RV). For a discrete RV X taking values in X = {x1, x2, ..., xq} and having a probability mass
function pi = P (X = xi) with

∑q
i=1 pi = 1 and pi ≥ 0 for i = 1, ..., q, it is given by

H(X) = −
q∑

i=1

pi log pi. (1.1)

This suggested measure of uncertainty (i.e., Eq (1.1)) with its properties has shown an agreement with
the intuitive notions of randomness and justified its usefulness with respect to statistical problems in
communication theory.
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