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Applications of fractional calculus to anomalous transport, non-Fickian diffusion, nonexponen-
tial relaxation, critical phenomena of continuous phase transitions or non-Gaussian random
walks have found increasing scientific attention in recent years [1, 2]. Such applications raise a
crucial question: How does the noninteger order α of the fractional derivatives or integrals arise
from fundamental theory, and can it be measured in an independent experiment? Many works,
particularly in the engineering literature, ignore this question and treat the fractional order as
a phenomenological parameter that cannot be measured in an independent experiment. The
first concrete example of an answer to the question above was obtained within the classification
theory of continuous phase transitions where the fractional order of derivatives was shown to
be related to the asymptotic properties of equilibrium measures at critical points [3–8]. The
second example concerns fractional time derivatives, and it answers the related question: How
can fractional time derivatives arise in equations of motion, when it is an elementary fact that
all the fundamental laws of physics are time translation invariant, and the infinitesimal gen-
erator of time translations are first order time derivatives ? This question was addressed and
investigated extensively by several different methods in [6, 9–13]. Recently, these results and
methods have been used to generalize a theorem by Ruelle within the thermodynamic formalism
of Markov shifts [14]. A concrete and mathematically rigorous example for the identification
of the fractional order α within a microscopic model was found for continuous time random
walks with Mittag-Leffler waiting time density in [15] and it has been discussed extensively in
[16–18]. Continuous time random walks with Mittag-Leffler waiting time density correspond
rigorously to a diffusion equation, and more generally to a generalized master equation, with
fractional time derivative.
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