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ABSTRACT

Having compact and expressive sentences that represent mathematical formulations has been
implemented by the Unified Form Language (UFL) [1]. The UFL language is a Python embed-
ded and quoted domain-specific language that is used for the automatic discretization of weak
formulations with Finite Elements using Fenics [2] and Firedrake [3].
In this talk, I will present a novel approach to handle automated symbolic variational formu-
lations in the case of IsoGeometric Analysis. Our new framework, unlike UFL, captures both
syntax and semantic of mathematical expressions when dealing with variational formulations.
Our approach decouples the continuous/abstract model from the discrete one, allowing, for ex-
ample, for callable expressions. In addition, we introduce strong typing on the linear/bilinear
expressions which helps the user finding semantic errors easily.
The mathematical expressions are then processed and a pure Python code is generated on the
fly. Our language is completly embedded in Python, and the user can pass Python functions
in addition to symbolic expressions. The generated Python code is then compiled, in run-time,
using different backend compilers, such as Numba, or our new static Python-Fortran compiler
(Pyccel). As a consequence, not only we allow the user to run his/her simulation efficiently, but
we also generate low-level code that can be integrated in production codes.
Last but not least, Generalized Locally Toeplitz (GLT) symbols are directly computed from the
weak formulations. Hence, the same mathematical expressions allow the user to assemble, solve,
in parallel, a system of partial differential equations and study the spectral properties of the
associated matrices or device ad-hoc preconditioners/robust solvers.
Finaly, different examples and case studies will be shown. For which, in some cases, we will also
provide robust and fast solvers.
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