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ABSTRACT: 

Hierarchical Model Reduction (HiMod) is a discretization method that allows to reduce a 3D/2D problem 
exhibiting a main directionality (e.g., flows in pipelines) to a system of coupled 1D problems [1]. HiMod 
relies on the separation of variables paradigm, by discretizing the leading and the transverse directions 
in a different way. Specifically, the leading direction is approximated by employing IsoGeometric 
Analysis [2], while the transverse direction is resolved through a customized modal basis [3], according 
to a hierarchal structure of function spaces. HiMod technique results in significant computational 
advantages that make this model order reduction particularly suitable for diverse application settings 
[2,4], where flows with a primary directionality play a crucial role.  

In this presentation, we provide a state-of-the-art overview of HiMod, highlighting recent advancements 
in both theoretical foundations and computational tools. We will focus on the modelling of fluid 
dynamics problems through the Stokes and the Navier-Stokes equations, by establishing a rigorous rule 
to select the HiMod approximation (i.e., the number of modes together with the IsoGeometric approach 
for both pressure and velocity) in order to guarantee the numerical stability of the HiMod discretization. 
In addition, some recent instances of application fields where HiMod modelling has been successfully 
employed will be provided. 

REFRENCES:  

[1] Perotto, S., Ern, A., Veneziani, A. (2010). Hierarchical local model reduction for elliptic problems: a 
domain decomposition approach. Multiscale Model. Simul., 8(4), 1102-1127. 

[2] Brandes Costa Barbosa, Y. A., Perotto, S. (2020). Hierarchically reduced models for the Stokes 
problem in patient-specific artery segments. Int. J. Comput. Fluid Dyn., 34(2), 160-171. 

[3] Aletti, M. C., Perotto, S., Veneziani, A. (2018). Himod reduction of advection–diffusion–reaction 
problems with general boundary conditions. J. Sci. Comput., 76, 89-119. 

[4] G. Garcia-Contreras, J. Córcoles, J.A. Ruiz-Cruz, M. Oldoni, G.G. Gentili, S. Micheletti, S. Perotto. 
Advanced modeling of rectangular waveguide devices with smooth profiles by hierarchical model 
reduction. IEEE Trans. Microw. Theory Techn. 71:11 (2023), 4692-4702. 

 


