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    Abstract

        
            The authors develop a family of fast methods approximating the solution to a wide class of static Hamilton-Jacobi partial differential equations. These partial differential equations are considered in the context of control-theoretic and front-propagation problems. In general, to produce a numerical solution to such a problem, one has to solve a large system of coupled non-linear discretized equations. The techniques use partial information about the characteristic directions to de-couple the system. Previously known fast methods, available for isotropic problems, are discussed in detail. They introduce a family of new Ordered Upwinding Methods (OUM) for general (anisotropic) problems and prove convergence to the viscosity solution of the corresponding Hamilton-Jacobi partial differential equation. The hybrid methods introduced here are based on the analysis of the role played by anisotropy in the context of front propagation and optimal trajectory problems. The performance of the methods is analyzed and compared to that of several other numerical approaches to these problems. Computational experiments are performed using test problems from control theory, computational geometry and seismology.
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                    New numerical algorithms are devised (PSC algorithms) for following fronts propagating with curvature-dependent speed. The speed may be an arbitrary function of curvature, and the front can also be passively advected by an underlying flow. These algorithms approximate the equations of motion, which resemble Hamilton-Jacobi equations with parabolic right-hand-sides, by using techniques from the hyperbolic conservation laws. Non-oscillatory schemes of various orders of accuracy are used to solve the equations, providing methods that accurately capture the formation of sharp gradients and cusps in the moving fronts. The algorithms handle topological merging and breaking naturally, work in any number of spacemore » dimensions, and do not require that the moving surface be written as a function. The methods can be used also for more general Hamilton-Jacobi-type problems. The algorithms are demonstrated by computing the solution to a variety of surface motion problems.« less
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                    We devise new numerical algorithms, called PSC algorithms, for following fronts propagating with curvature-dependent speed. The speed may be an arbitrary function of curvature, and the front also can be passively advected by an underlying flow. These algorithms approximate the equations of motion, which resemble Hamilton--Jacobi equations with parabolic right-hand sides, by using techniques from hyperbolic conservation laws. Non-oscillatory schemes of various orders of accuracy are used to solve the equations, providing methods that accurately capture the formation of sharp gradients and cusps in the moving fronts. The algorithms handle topological merging and breaking naturally, work in any number ofmore » space dimensions, and do not require that the moving surface be written as a function. The methods can be also used for more general Hamilton--Jacobi-type problems. We demonstrate our algorithms by computing the solution to a variety of surface motion problems. copyright 1988 Academic Press, Inc.« less
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                    Hybrid massively parallel fast sweeping method for static Hamilton–Jacobi equations
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                    The fast sweeping method is a popular algorithm for solving a variety of static Hamilton–Jacobi equations. Fast sweeping algorithms for parallel computing have been developed, but are severely limited. In this work, we present a multilevel, hybrid parallel algorithm that combines the desirable traits of two distinct parallel methods. The fine and coarse grained components of the algorithm take advantage of heterogeneous computer architecture common in high performance computing facilities. We present the algorithm and demonstrate its effectiveness on a set of example problems including optimal control, dynamic games, and seismic wave propagation. We give results for convergence, parallel scaling,more » and show state-of-the-art speedup values for the fast sweeping method.« less
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                    We prove a convergence theorem for a family of value functions associated with stochastic control problems whose cost functions are defined by backward stochastic differential equations. The limit function is characterized as a viscosity solution to a fully nonlinear partial differential equation of second order. The key assumption we use in our approach is shown to be a necessary and sufficient assumption for the homogenizability of the control problem. The results generalize partially homogenization problems for Hamilton-Jacobi-Bellman equations treated recently by Alvarez and Bardi by viscosity solution methods. In contrast to their approach, we use mainly probabilistic arguments, and discussmore » a stochastic control interpretation for the limit equation.« less
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                    Canonical transformations and the Hamilton-Jacobi problem for general first-order derivable from a variational principle
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                            Sarlet, W; Cantrijn, F - Hadronic J.; (United States)
                            

                    This paper is a continuation of a previous one on general first-order systems of ordinary differential equations derivable from a variational principle (self-adjoint systems). A class of transformations is introduced, comprising the solutions of self-adjoint systems as transformations to the initial state. This amounts to an enlargement of the formerly studied 1/sub c/-transformations, which leave the underlying symplectic matrix invariant, but fail to contain the solutions of the system, in case that matrix is time-dependent. Within the new class, called canonical transformations, the Hamilton-Jacobi problem is then properly posed. In general this turns out to give a coupled system ofmore » partial differential equations for the transformation formulas and the generating function. Finally it is shown how a doubling of the system in a very precise way can help to overcome this difficulty, and yields a true Hamilton-Jacobi equation for the generating function.« less
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