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Abstract

This document describes how to use the deSolve package (Soetaert, Petzoldt, and
Setzer 2010a) to solve models that are written in FORTRAN or C.
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1. Introduction

deSolve (Soetaert et al. 2010a; Soetaert, Petzoldt, and Setzer 2010b), the successor of R
package odesolve (Setzer 2001) is a package to solve ordinary differential equations (ODE),
differential algebraic equations (DAE) and partial differential equations (PDE). One of the
prominent features of deSolve is that it allows specifying the differential equations either as:

e pure R code (R Development Core Team 2008),

e functions defined in lower-level languages such as FORTRAN, C, or C++, which are
compiled into a dynamically linked library (DLL) and loaded into R.

In what follows, these implementations will be referred to as R models and DLL models
respectively. Whereas R models are easy to implement, they allow simple interactive devel-
opment, produce highly readible code and access to Rs high-level procedures, DLL models
have the benefit of increased simulation speed. Depending on the problem, there may be a
gain of up to several orders of magnitude computing time when using compiled code.

Here are some rules of thumb when it is worthwhile or not to switch to DLL models:

e As long as one makes use only of Rs high-level commands, the time gain will be modest.
This was demonstrated in Soetaert et al. (2010a), where a formulation of two interacting
populations dispersing on a 1-dimensional or a 2-dimensional grid led to a time gain of
a factor two only when using DLL models.

e Generally, the more statements in the model, the higher will be the gain of using com-
piled code. Thus, in the same paper (Soetaert et al. 2010a), a very simple, 0-D, Lotka-
Volterrra type of model describing only 2 state variables was solved 50 times faster when
using compiled code.
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e As even R models are quite performant, the time gain induced by compiled code will
often not be discernible when the model is only solved once (who can grasp the difference
between a run taking 0.001 or 0.05 seconds to finish). However, if the model is to be
applied multiple times, e.g. because the model is to be fitted to data, or its sensitivity is
to be tested, then it may be worthwhile to implement the model in a compiled language.

Starting from deSolve version 1.4, it is now also possible to use forcing functions in compiled
code. These forcing functions are automatically updated by the integrators. See last chapter.

2. A simple ODE example

Assume the following simple ODE (which is from the LSODA source code):

dyp

ot - Ki-y1+ka-y2-y3
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where Y1, Y2 and y3 are state variables, and ki, ko and k3 are parameters.

We first implement and run this model in pure R, then show how to do this in C and in
FORTRAN.

2.1. ODE model implementation in R

An ODE model implemented in pure R should be defined as:
yprime = func(t, y, parms, ...)

where t is the current time point in the integration, y is the current estimate of the variables in
the ODE system, and parms is a vector or list containing the parameter values. The optional
dots argument (...) can be used to pass any other arguments to the function. The return
value of func should be a list, whose first element is a vector containing the derivatives of y
with respect to time, and whose next elements contain output variables that are required at
each point in time.

The R implementation of the simple ODE is given below:

R> model <- function(t, Y, parameters) {

+ with (as.list(parameters),{

+

+ dyl = -k1*Y[1] + k2*Y[2]*Y[3]
+ dy3 = k3*Y[2]*Y[2]

+ dy2 = -dyl - dy3



+ + + +

}

D
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list(c(dyl, dy2, dy3))

The Jacobian (%ly) associated to the above example is:

R> jac <- function (t, Y, parameters) {
with (as.list(parameters),{

+ + + + + + F + + + + + o+

}

b))

PD[1,1] <- -kl

PD[1,2] <- k2*Y[3]

PD[1,3] <- k2*Y[2]

PD[2,1] <- k1

PD[2,3] <- -PD[1,3]

PD[3,2] <- k3*Y[2]

PD[2,2] <- -PD[1,2] - PD[3,2]
return(PD)

This model can then be run as follows:

R>
R>
R>
R>
R>

par
Y
tim
PD
out

ms <-
<—
es <-
<—
<-

c(kl = 0.04, k2 = le4, k3=3e7)

c(1.0, 0.0, 0.0)

c(0, 0.4*107(0:11))

matrix(nrow = 3, ncol = 3, data = 0)

ode(Y, times, model, parms = parms, jacfunc = jac)

2.2. ODE model implementation in C

In order to create compiled models (.DLL = dynamic link libraries on Windows or .so =
shared objects on other systems) you must have a recent version of the GNU compiler suite
installed, which is quite standard for Linux. Windows users find all the required tools on http:
//www.murdoch-sutherland.com/Rtools/. Getting DLLs produced by other compilers to
communicate with R is much more complicated and therefore not recommended. More details
can be found on http://cran.r-project.org/doc/manuals/R-admin.html.

The call to the derivative and Jacobian function is more complex for compiled code compared
to R-code, because it has to comply with the interface needed by the integrator source codes.

Below is an implementation of this model in C:

/* file mymod.c */
#include <R.h>
static double parms[3];


http://www.murdoch-sutherland.com/Rtools/
http://www.murdoch-sutherland.com/Rtools/
http://cran.r-project.org/doc/manuals/R-admin.html
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2. Function derivs then calculates the values of the derivatives. The derivative function
is defined as:

void derivs (int *neq, double *t, double *y, double *ydot,
double *yout, int *ip)

where *neq is the number of equations, *t is the value of the independent variable, *y
points to a double precision array of length *neq that contains the current value of the
state variables, and *ydot points to an array that will contain the calculated derivatives.

xyout points to a double precision vector whose first nout values are other output
variables (different from the state variables y), and the next values are double precision
values as passed by parameter rpar when calling the integrator. The key to the elements
of *yout is set in *ip

*ip points to an integer vector whose length is at least 3; the first element (ip[0])
contains the number of output values (which should be equal or larger than nout),
its second element contains the length of *yout, and the third element contains the
length of *ip; next are integer values, as passed by parameter ipar when calling the
integrator.

Note that, in function derivs, we start by checking whether enough memory is allo-
cated for the output variables (if (ip[0] < 1)), else an error is passed to R and the
integration is stopped.

3. In C, the call to the function that generates the Jacobian is as:

void jac(int #*neq, double *t, double *y, int *ml,
int *mu, double #*pd, int *nrowpd, double *yout, int *ip)

where *ml and *mu are the number of non-zero bands below and above the diagonal of
the Jacobian respectively. These integers are only relevant if the option of a banded
Jacobian is selected. *nrow contains the number of rows of the Jacobian. Only for full
Jacobian matrices, is this equal to *neq. In case the Jacobian is banded, the size of
*nrowpd depends on the integrator. If the method is one of 1sode, lsoda, vode, then
*nrowpd will be equal to *mu + 2 * *ml + 1, where the last *m1 rows should be filled
with Os.

For radau, *nrowpd will be equal to *mu + *ml + 1

See example “odeband” in the directory doc/examples/dynload, and chapter 4.6.

2.3. ODE model implementation in FORTRAN
Models may also be defined in FORTRAN.

1Readers familiar with the source code of the ODEPACK solvers may be surprised to find the double
precision vector yout and the integer vector ip at the end. Indeed none of the ODEPACK functions allow this,
although it is standard in the vode and daspk codes. To make all integrators compatible, we have altered the
ODEPACK FORTRAN codes to consistently pass these vectors.


doc/examples/dynload
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dyn.unload(paste("radaudae", .Platform$dynlib.ext, sep = ""))

4.4. The root function from integrators Isodar and lsode

lsodar is an extended version of integrator 1lsoda that includes a root finding function. This
function is spedified via argument rootfunc. In deSolve version 1.7, 1sode has also been
extended with root finding capabilities.

Here is how to program such a function in a lower-level language. For code written in C, the
calling sequence for rootfunc must be:

void myroot(int *neq, double *t, double *y, int *ng, double *gout,
double *out, int *ip )

where *neq and *ng are the number of state variables and root functions respectively, *t is
the value of the independent variable, y points to a double precision array that contains the
current value of the state variables, and gout points to an array that will contain the values
of the constraint function whose root is sought. *out and *ip are a double precision and
integer vector respectively, as described in the ODE example above.

For code written in FORTRAN, the calling sequence for rootfunc must be as in following
example:

subroutine myroot(neq, t, y, ng, gout, out, ip)
integer :: neq, ng, ip(*)
double precision :: t, y(neq), gout(ng), out(*)

gout(l) = y(1) - 1.e-4
gout(2) = y(3) - 1le-2
return

end

4.5. jacvec, the Jacobian vector for integrator lsodes
Finally, in integration function lsodes, not the Jacobian matriz is specified, but a wvector,
one for each column of the Jacobian. This function is specified via argument jacvec.

In FORTRAN, the calling sequence for jacvec is:

SUBROUTINE JAC (NEQ, T, Y, J, IAN, JAN, PDJ, OUT, IP)
DOUBLE PRECISION T, Y(*), IAN(x), JAN(*), PDJ(*), OUT(*)
INTEGER NEQ, J, IP(*)

4.6. Banded jacobians in compiled code

In the call of the jacobian function, the number of bands below and above the diagonal (m1,
mu) and the number of rows of the Jacobian matrix, nrowPD is specified, e.g. for FORTRAN
code:
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