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In the recent past, fuzzy logic has been used
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gregation of the cycles with their interconnec-
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The resulting model is in the form of a differ-
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be considered and managed. To facilitate this
task, project A7 is unifying operations research
with cycle management. The goal is to find
methods to model the cycles and their interconnections, as well as methods for a subsequent analysis and derivation of actions.

𝑥𝑡+1 = 𝑓(𝑥𝑡 , 𝑢𝑡 )
which is suitable for simulation and analysis.
The variable 𝑥𝑡 describes the state of one or
multiple cycles at time step 𝑡 and 𝑢𝑡 represents
optional inputs into the cycle network. Methods for the analysis of this kind of systems have
been intensively developed in the past, some

Modeling cycle networks using difference equations

of them will be mentioned in the next section.
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times of industry 4.0.

Optimal control for cycle networks
The dynamical model serves as a basis for
both analysis and derivation of action. We

As an alternative, optimal control can be
solved for a parametrized controller. The controller is a function 𝑢𝑡 = 𝑔(𝑥𝑡 ; Θ) where Θ defines the parameters to be optimized. The
problem, in its simplest form is thus

leave out the analysis part in this place, interested people can refer to [3, 4]. The following

Θ∗ = argmin ∑𝑐(𝑥𝑡 , 𝑢𝑡 )
Θ

will deal with ways of generating an optimal

𝑠. 𝑡. 𝑥𝑡+1 = 𝑓(𝑥𝑡 , 𝑢𝑡 )

feedback or feedforward control for generic

𝑢𝑡 = 𝑔(𝑥𝑡 ; Θ)

systems described by difference equations.

𝑥0 = 𝑥̂0

A first method of deriving a feedforward optimal control is to directly optimize the model
inputs 𝑈 = [𝑢𝑡 , 𝑢𝑡+1 , … , 𝑢𝑡+𝑁 ] for a given start
state 𝑥̂0 . The goal of the optimization needs to
be clarified in a cost function 𝑐(𝑥, 𝑢). A simple
form of the optimization problem could be

The methods used to solve this problem use
are called policy gradient methods and have
their origins in the machine learning and game
theory communities. The optimization is computational expensive, but the evaluation of the
controller during operation is not. The policy
gradient methods are still object of current re-

written down as

search, and the application in operations re∗

𝑈 = argmin ∑𝑐(𝑥𝑡 , 𝑢𝑡 )
𝑈

𝑠. 𝑡. 𝑥𝑡+1 = 𝑓(𝑥𝑡 , 𝑢𝑡 )
𝑥0 = 𝑥̂0
Constraints can be added if necessary, and the
optimization problem can be solved e.g. using
interior point methods. The resulting sequence
is locally optimal can be used as feedforward
control. The same method can be sued to create a feedback control, by repeatedly solving
the optimization problem in each time step.
The starting state for the optimization has to be
updated with the observed state in that case.

search and cycle management is promising.
To conclude, cycle management as it is
treated by subproject A7 is part of classical operations research, with the focus on finding
suited methods for modelling, analysis and
control. The methods have to be very generic,
as the cycle network models are different for
each company.
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