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Program ODE
INTRODUCT I ON

ODE (Ordinary Differential Equation) is a general purpose routine for
solving sets of ordinary differential equations. The equations may be of
any complexity so long as they can be reduced to a first-order form and
the derivatives of the dependent variables can be calculated in a subroutine
given the present vector of system variables plus time and any other inde-
pendent variables. The program requires that the user write one or more
subroutines to evaluate these derivatives. The subroutine to find the
derivatives should be called DER. Other subroutines which must be provided
by the user to perform various options include INPUT, INIT, PL1, and DEBUG.
These are described below.

The output of ODE consists of a list of the values for the dependent
variables at various time points specified by the input data cards. In
addition, the values of the derivatives of the variables and of various
functions associated with the set of equations may be optionally printed
out. Plotted output can be provided through the use of user coded subroutine
PL1. ODE provides the user with an option of solving the differential
equations numerically using either a fifth-order Runge-Kutta procedure with
an automatic error determination algorithm or a first-order Euler method.
one of the two methods is selected by an input option card. The less
accurate but very fast Euler method is intended to be used during the de-
bugging stages of the program and the more accurate but slower Runge-Kutta
procedure is intended for production runs. Subroutine INPUT is designed
to read in constant parameters associated with the set of differential
equations. Subroutine INIT is designed also to read in parameters associated

with the differential equations. However, INIT is designed to be used for



parameters which the user might decide to modify between simulation runs.
The parameters read in by subroutine INPUT would be constant for all of a
series of simulations. Thus subroutine INPUT reads in data which is used
for the first and all subseguent simulations. However, In order to avoid
duplication of a large number of constant data points, subroutine INIT is
called to read in modifications of the equation coefficients for subseguent
simulations. The purpose of using both INIT and INPUT for coefficient input
is to make sensitivity analysis easier. The user has the option of calling
subroutine PL1 at each iteration of each simulation to provide plotted
output and also subroutine DEBUG. Reference to the following subroutine
format and the example at the end of this section should clarify the use

of these subroutines.

SUBROUTINE FORMAT

INPUT

Subroutine INPUT has one parameter, NP, which is read in on the parameter
card by the main program described below. Subroutine INPUT should contain an
input statement which reads values of parameters into variables and array
locations in a labeled common block. For purposes of later reference, assume
that this common block has been called Ll. The parameters which are read in
by input should be those that will be constant throughout a series of
simulations.
INIT

Subroutine INIT should also contain input statements reading data values
into locations of a common block. Assume this block is labeled L2, Parameters
read by INIT should be those which the user desires to change during each of

a sequence of simulation runs.



DER

Subroutine DER has three arguments - T, V, VP. V and VP should each be
dimensioned 10. T and V are Input parameters for subroutine DER. The sub-
routine must be FORTRAN coded to calculate the values of T and V and place
the derivatives in their respective components of FP and then return to the
main program. In general, a number of constant parameters will also be
required for this calculation. These are the parameters read in by subroutines
INPUT and INIT; DER should contain common blocks LI and L2 In order to commu-
nicate with the parameter values read in. DER may also make use of any other
user provided subroutines and functions which are desirable for efficient
programming and debugging.
PL1

This subroutine is called at each iteration of a simulation and should
be coded by the user to call plotting routines if plotted output is desired.
At this time no standard plotting routine has been provided.
DEBUG

This subroutine should be user coded and, if the option is selected,
will be called at each iteration step and should print out the values of

various functions which the user wishes to check out for program debugging.

PURPOSE AND EXAMPLES
ODE can be used to simulate any situation where a physical or biological
mechanism has been described by a set of ordinary differential equations.
For example, the linear compartment model as described:by Bledsoe and Van
Dyne (1969). The program is designed so as to enable easy and rapid sensi-

tivity analysis in terms of the parameters of the model. The enclosed



example Is a four-compartment linear constant coefficient compartment model,
and several runs provide a partial sensitivity analysis in terms of two of

the elements of the coefficient matrix.



Column

Card #1
I- 5
6-10

11-15

16-25

26-35
36-45

lie-55

56-60

11-20

21-30

Variable

NCOM

NP

NT

Tl

TDEL

ACC

DEL

ITER

DB

DESOLV

PLOT

DATA FORMAT

Description

Number of equations to be solved.

Number of parameters., This value
passed to INPUT as argument. May be
omitted.

Mumber of times for which printed
output is desired.

First time point for which output is
desired.

Time increment between output steps.

Accuracy desired in solution of DE's.
Not used 1f subroutine EULER is used
for solving equations. .0l specifies
1% accuracy.

Fraction to multiply by TDEL to deter-
mine the number of iterations which
the DE wolving subroutine will take
between output steps. .01 means 100
iterations.

Maximum number of times that KUTTA
will half or double the integration
time step in attempting to provide the
requested accuracy, not used by EULER.

YDEBUG" 1f subroutine DEBUG is to be
called at each output step; else blank
(left justify).

HWEULER'" if this subroutine is to be
used for the numerical integration,
else "KUTTA" (left justify).

VPLOT" if plotted output is desired
and subroutine PL1 has been provided
(left justify).

Format

15
15

15

F10.0

F10.0

F10.0

F10.0

15

Al0

AlD

AlD



DATA FORMAT (Continued)

Column Variable Description Format
Card #3
1-10 v Initial values of system dependent 8F10.0
11-20 variables. Extend to second card if
" necessary.
Cards #h

Insert those cards read in by subroutine INPUT at this point.

Cards #5

Insert those cards read in by subroutine INIT at this point.

Cards #6

|f another simulation run is desired, put a negative number (e.g., -1)
in columns 1-5 of one card.

Cards #7

Same as #3 - Initial values for this simulation.

Cards #B

Insert those cards read in by INIT at this point.

--------- Repeat cards 6 through 8 for each additional simulation desired.

Last Card

All blank.
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UE

INPUT DECK FOR SAMPLE RUN OF 0D

(_KAMPLE 4 VARIABLE LINEAR SYSTE

E

M -- SIN*%#2 DRIVING

4 0 1000. - .01 «01
DEBUG EULER
lnﬂ. G- n. ﬂ-
-.65 D« 2 0.
«5 -1:1 0. ﬂ-
-15 - | -.25 Da
0. 0. - 05 0.
0
-1
100. 0. 0. 0.
2
1 3 .4
3 3 =—.45
«1
100. 0. 0. 0.
2
1 3 .8
3 3 "ABE
-1
100« 0. O« 0.
2
1 3 1.
3 3 -1.05

—— SENS ANALYSIS, Fl1:3)
20
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