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Bifurcations in a family of supply chain models
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In the past decade, physicists have become more and more interested in inter-
disciplinary applications of dynamical systems theory in fields such as biophysics,
sociophysics or econophysics. However, the dynamic behaviour of production and
logistics networks has only recently raised an increasing interest in the scientific
community [1, 2, 3].

Considering discontinuities in the processes and a generally non-synchronous
flow of material and information in network-like systems, modelling and understand-
ing of the dynamics of these complex systems is challenging. Several previous works
uncovered a variety of oscillatory and even chaotic behaviour in production systems
and supply chains [1, 4, 5]. Whereas traditional modelling approaches focussed on
stochastic queueing models, the recent formulation of continuous flow models for
the information and material flows in supply networks led to new insights. Helbing
et al. [3] found both, convective and absolute instabilities in continuous flow models
of supply chains, which induce in certain parameter regions increasing oscillations
along a supply chain. These observations may explain the so called bull-whip or
Forrester-effect from first principles.

While the above mentioned results for supply networks were obtained on lin-
earized dynamic equations, we focus on the effects of nonlinearities in supply chains,
caused by shortages in stocks and nonlinear relations in the adaptation of produc-
tion rates towards market demands. It turns out, that these nonlinearities give
rise to a rich variety of bifurcations. We investigate these bifurcation scenarios and
the related critical parameters in terms of workload, adaptation speeds and also
different rules wich can be interpreted as order policies.

The results provide explanations for period doublings which have been obtained
in supply chain data and may be used to optimize the structure of the material-
and information flow in order to obtain more reliable, stable and robust supply
networks.
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