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ABSTRACT 

This paper describes the design of Odyssee, a system for FORTRAN programs manipulations and 
its application to automatic differentiation. The Odyssee system manipulates FORTRAN programs 
as symbolic objects. It is an open system built as a toolkit, written in a high-level programming 
language adapted to this purpose. The use of a variational method to perform data assimilation 
requires the computation of the gradient of a cost function represented by a large-size FORTRAN 

program. The usual drawback in the reverse automatic differentiation method is the storage 
requirement. The Odyssee system allows one to implement storage/recomputation strategies in 
order to fit the needed compromizes. We present the implementation of the strategy used in the 
weather forecasting ARPEGE/IFS project to produce the adjoint code from the code representing 
the numerical model. Odyssee produces the same code as the hand-written adjoint code for the 
ARPEGE/IFS project. 

1. Introduction 

We are interested in applying computer algebra 
to numerical problems. The ARPEGE/IFS project 
(a joint work between Meteo-France and the 
European Centre for Medium-Range Weather 
Forecasts) uses a variational method to perform 
data assimilation (Courtier and Talagrand, 1987a) 
(Courtier and Talagrand, 1987b). This requires the 
computation of the gradient of a cost function. For 
this matter, O. Talagrand and Ph. Courtier have 
developed an efficient automatic differentiation 
method. This method has been applied by hand for 
now. The automation of the ARPEGE/IFS method 
was a good approach to test our ideas on the 
collaboration between numeric and symbolic com­
puting. This automatic differentiation technique is 
worth studying because it is up to now the only 
one working on such large size FORTRAN programs. 
This is due to a strategy of storage and recomputa­
tion adapted to their problem. 

* Corresponding author. 

We have developed a system, Odyssee, to mani­
pulate FORTRAN programs as symbolic objects. 
Odyssee is closer to symbolic manipulation 
systems (like Maple or Mathematica) than com­
mon automatic differentiation packages. The user 
can request built-in actions (such as producing the 
derivatives of a given subroutine, verifying some 
programming norms ... ) as well as programming 
its own transformations or analysis. This can be 
done in CAML, a polymorphic functional language, 
the implementation language of Odyssee. Odyssee 
is organized as a toolkit of components providing 
basic services (parsing FORTRAN programs, per­
forming various kind of iterations ... ). We also have 
implemented ready to use automatic differentia­
tion programs. A graphical user interface provides 
a convenient access to the system. 

This study has produced a prototype to test 
our approach: we can automatically obtain the 
same adjoint codes as those handwritten by the 
ARPEGE/IFS developers. It is not yet a general 
automatic differentiation tool. Until now, to 
adapt Odyssee to a particular code, one needs to 
program in CAML, but we hope that after several 
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