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A number of practical problems in physics can be solved by using accurate
higher-order derivatives. One example is the double ionization of a molecule
modeled using Brauner’s method [1]. This method is based on Hylleraas type
wavefunctions
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whose terms are derivatives (in a, b and ¢) of the complex function ¥; =
e~ ebr2g=em2 - Quch derivatives can be obtained with automatic differen-
tiation. However, one has to be concerned with the complexity of computing
higher-order derivative tensors even for a modest order and number of indepen-
dents.

The initial impetus for developing Rapsodia [2] came from the practical need to
compute higher-order derivatives in complex arithmetics. Like AD02 and Adol-
C, Rapsodia relies on operator overloading as the vehicle of attaching derivative
computations to the elementary operations provided by the programming lan-
guage. The main idea of Rapsodia is to combine operator overloading with code
generation. The Python generator creates a library consisting of active types
and operators overloaded for these active types for a given number n of input
variables and a given derivative order o. Because n and o are fixed, the gener-
ator can create a specialized code which yields a performance advantage. Not
surprisingly, very few differences exist between general-purpose languages such
as Fortran and C/C++ in the representation of the elementary operations that
have to be overloaded. Therefore, the idea to use a single generator to produce
both, a Fortran and a C++ library, is plausible. Rapsodia provide a Fortran
and a C++ implementation of the efficient approach to compute a derivative
tensor [3].

Initial experiments using univariate Taylor polynomials with interpolation and
operator overloading with unrolled loops showed better runtimes than using
other automatic differentiation tools. The generator and the library are open
source and can be downloaded under the LGPL terms at [4].
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