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 A B S T R A C T

In this paper, we present a new polygonal finite element method, called the Zipped Finite 
Element Method, for star-shaped polygons. The proposed approach constructs high-order shape 
functions as linear combinations of standard finite element basis functions defined on a local 
trivial sub-triangulation of each element. This refinement is used solely for the construction of 
the shape functions and does not affect the final number of degrees of freedom. The resulting 
finite element space includes polynomials of the desired order and preserves conformity across 
elements. Consequently, the method inherits the convergence properties of the finite element 
framework under suitable mesh assumptions. Numerical experiments confirm the expected rates 
of convergence.

. Introduction

The simulation of physical phenomena plays a crucial role in many engineering applications, where the numerical solution of 
artial differential equations is often required. Among the available numerical techniques, the Finite Element Method (FEM) [1,2] 
s one of the most widely used, due to its solid theoretical foundations. However, standard FEM formulations are constrained by the 
equirements of domain discretization. In two-dimensional problems, such as those considered in this work, the mesh is typically 
estricted to triangular or convex quadrilateral elements.
Among the strategies proposed to expand the set of admissible elements are unfitted methods [3,4], IsoGeometric Analysis 

IGA) [5–7], Scaled boundary Finite Element Methods (SBFEM) [8–11], and Unsymmetric Finite Element Method (UFEM) [12–14]. 
here also exist several discretizations employing polygonal elements, such as Discontinuous Galerkin (DG) [15,16], High-Hybrid 
rder methods (HHO) [17], and Virtual Element Methods (VEM) [18,19], that, however, resort to stabilization techniques for the 
vident complexity of defining shape functions over generic polygons.
Since the pioneering work of Wachspress [20], who first introduced the concept of constructing nodal shape functions on general 

olygonal domains that form a partition-of-unity and are polynomial-complete, numerous studies have sought to generalize this 
dea [21]. A non-exhaustive list of representative works, limited to low-order basis functions, includes Mean Value Coordinates 
MVC) [22,23], Maximum Entropy coordinates (MAXENT) [24], Natural Neighbor-based coordinates [25–27], a formulation for 
onvex polygons with interior nodes [28], Smoothed Finite Element Method (SFEM) [29–31], the Lightning Virtual Element 
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