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0000000000000 DOO)O0ODOOdd Structure-Preserving Algorithms for Oscillatory
Differential Equations describes a large number of highly effective and efficient structure-preserving algorithms for
secondorder oscillatory differential equations by using theoretical analysis and numerical
validation.Structure-preserving algorithms for differential equations,especially for oscillatory differential
equations,play an important role in the accurate simulation of oscillatory problems in applied sciences and
engineering.The book discusses novel advances in the ARKN,ERKN,two-step ERKN,Falkner-type and
energy-preserving methods,etc.for oscillatory differential equations.
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Chapter 1 RungeKutta (Nystr.m) Methods for Oscillatory Differential Equationsin this chapter we .rst survey
Runge Kutta (RK) methods for initial value prob-lems of .rst-order ordinary differential equations. For the purpose
of deriving order conditions, the rooted tree theory is set up. For second-order differential equations, Runge Kutta
Nystr.m (RKN) methods are formulated, and their order conditions are obtained based on the Nystr.m tree
theory. For oscillatory differential equations, the dispersion and dissipation of classical numerical methods are
examined. We also recall the symplectic RK and RKN methods for Hamiltonian systems. Finally, we make some
comments on structure-preserving methods for solving oscillatory prob-lems.1.1 RK Methods, Rooted Trees,
B-Series and Order ConditionsWe start with an initial value problem of ordinary differential equations de.ned on
the interval [x0,xend]:y=f(x,y),y(x0)=y0,(1.1)where y[1 Rdand f:Rx Rd - Rd. From the existence theory of
ordinary differ-ential equations, the problem (1.1) has a unique solution on [x0,xend]if the function f(x,y)is
continuous in its .rst variable and satis.es a Lipschitz condition in its second variable (see Butcher [3]). However,
on most occasions, the true solution to the initial value problem (1.1) arising in applications, is not accessible even
though it exists. Therefore it becomes common practice to solve the initial value problem(1.1) by numerical
approaches, among which the classical RK methods are most popular.RK methods were developed by Runge [17],
Heun [12] and Kutta [14]. Although a number of different approaches have been employed in the analysis of RK
meth-ods, the one used in this chapter is that established by Butcher [1, 2], following on from the work of Gill [5]
and Merson [15].
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