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I will present a general method to coarse grain mas-
ter equations by eliminating fast decaying states1. The
method is based on the following recipe: states having a
typical lifetime shorter than a prescribed threshold are
identified, and it is imposed that the time spent in these
states is zero. This prescription removes these states from
the description of the system and renormalizes the other
transition rates, as illustrated in Fig. 1.

FIG. 1. Scheme of the algorithm for eliminating fast states

This procedure has a number of interesting properties.
It is commutative: the resulting system is independent
of the order in which states are eliminated. Further, an-
alytical results can be derived in simple cases (like one
dimensional systems), so that the coarse grained system
may be written in a simple closed form.

We apply the coarse graining algorithm to study the
following problem: what happens to the distribution of
entropy production in a non-equilibrium system after
coarse graining?

More precisely, we study several non-equilibrium sys-
tems and compute in each of them the distribution of the
Lebowitz-Spohn functional:

Ωt =
1
t

ln
Wω0→ω1Wω1→ω2 ...Wωm−1→ωm

Wω1→ω0Wω2→ω1 ...Wωm→ωm−1

. (1)

and its Cramer function, − log[P (Ωt)]/t, as a function of
the coarse graining level, i.e. of the fraction of eliminated
states.

In all cases, the result is that the distribution of en-
tropy production is very robust even to extreme coarse
graining, eliminating a large fraction of states from the
dynamics, as shown in Fig. 2. However, when the coarse
graining level passes some threshold, the entropy produc-
tion suddenly drops.
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FIG. 2. Cramer function and entropy production after pro-
gressive decimation

We interpret this result in terms of Schnakenberg’s net-
work theory: the entropy production can be decomposed
into contributions coming from loops in the transition
networks. Decimation shortens these loops, without af-
fecting much the entropy production. This happens until
current-carrying loops are destroyed, causing the entropy
production to drop down.

Finally, we apply this theory to a biophysics example,
a model of the Kinesin motor protein cycle.
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