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Decomposition in terms of original variables 
Biological Network ODE Model: 

Key question – how to decompose? Clearly this depends on the application. In the following 

example, reactions classed as fast or slow. Normally, singular perturbation requires 

transformation, but we can keep this system in its original variables by layered decomposition. 



Layered Singular Perturbation 



Dynamics under Nonlinear, Tuneable Constraints 

The genetic layer is designed 
by Ri(x) while the fast PIN (i.e. 
nonlinear constraint) is tuned 

separately. 


