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Motivation and Aim: We study one piece-wise linear dynamical system which describes 
functioning of a gene network regulated by negative feedbacks in order to find conditions 
of existence and uniqueness of periodic regimes of its functioning and show existence and 
uniqueness of solution of an inverse problem of identification of parameters of this system. 
Methods and Algorithms: The approaches to modelling of similar gene networks, 
description of phase portraits of corresponding dynamical systems and detection of their 
periodic trajectories (cycles) are presented in [1, 2]. For some other non-linear dynamical 
systems, similar constructions were described in [3]. 
Results: For positive parameters A, m, α, where A > α, we consider symmetric piece-wise 
linear 3D dynamical system
dx
dt  = L(z) – mx; dy

dt  = L(x) – my; dz
dt  = L(y) – mz.

        (1)

Here  L:[0, ∞) → [0, ∞) is monotonic step-functions which corresponds in gene network 
to negative  feedback,  L([0, α)) = A,  L([α, ∞)) = 0. We show that the cube Q = [0, A]× 
[0, A]×[0, A] is invariant and decompose it to 8 blocks by hyperplanes x = α; y = α; z = α. 
Note, that the system (1) is symmetric with respect to cyclic permutation of the variables 
x → y → z → x.
Theorem 1. For the system (1), there exists unique piece-wise linear cycle C symmetric 
with respect to that cyclic permutation. This cycle C travels through six blocks of the 
decomposition of the invariant domain Q.
Let τ be the period of this cycle C which can be measured in experiments, and let the 
parameters A and m be known as well. Also, we assume that we can measure the time t1 
between two consecutive peacks of the graphs of the piece-wise linear functions x(t), y(t), 
z(t). At the same time these three functions are not assumed to be known.
Theorem 2. Let the parameter A and the times τ, t1 for the system (1) be known, and  
α  (0, A) be unknown. Then the inverse problem of determination of the parameter α has 
unique solution.
Conclusion: The main reason of our studied is the fact that the time measurements τ and t1 
of the oscillations in the gene network can be realized in non-invasive way. Similar inverse 
problem can be formulated for asymmetric dynamical systems of other dimensions as well. 
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