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ABSTRACT

Fixed point iterations are still the most common approach to dealing with a variety of numer-
ical problems such as coupled problems (multi-physics, domain decomposition,...) or nonlinear
problems (electronic structure, heat transfer, nonlinear mechanics, ...). For coupled problems,
this partitioning approach has the main advantage to enable the use of efficient numerical solvers
dedicated to each physic. However fixed point iterations converge generally only linearly and
very slowly. Methods to accelerate fixed point iteration convergence or more generally sequence
convergence have been extensively studied since the 1960’s. For scalar sequences, the most pop-
ular and efficient acceleration method remains the ∆2 of Aitken. Various vector acceleration
algorithms are available in the literature, which often aim at being multi-dimensional general-
izations of the ∆2 method.
In this presentation, we propose and analyze a generic residual-based formulation for accelerat-
ing vector sequences [1]. We show that through this formulation, various existing acceleration
algorithms for vector sequences are recovered [2] and many other ones can be generated.
The question of the dynamic use of this residual-based transformation during the fixed point
iterations for obtaining a online accelerated fixed point method is then raised. We show that
two main classes of dynamic iterative algorithms can be derived.
We show the efficiency of such acceleration algorithms on two kinds of tests. First, we com-
pare some of the residual-based acceleration algorithms in the field of nonlinear mechanics.
In particular, well-chosen accelerated algorithms combined with a quasi-Newton method based
on the elastic operator are prove to be competitive with respect to the standard second-order
Newton-Raphson algorithm. Then, we present some numerical results obtained using accelera-
tion techniques on a multi-physics thermal-mechanical-physical chemistral problem derived from
the simulation of nuclear fuel behavior [3] and solved thanks a Gauss-Seidel fixed point algorithm.
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