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D02 - Ordinary Differential Equations DO2RAF

DO2RAF - NAG FORTRAN Library Routine Document

NOTE: before using this routine, please read the appropriate implementation document to check the interpretation of
bold italicised terms and other implementation-dependent details. The routine name may be precision-dependent.

1. Purpose

DO2RAF solves the two-point boundary-value problem with general boundary conditions for a system of
ordinary differential equations, using a deferred correction technique and Newton iteration.

2. Specification

SUBROUTINE DO2RAF (N, MNP, NP, NUMBEG, NUMMIX, TOL, INIT, X,
1 Y, IY, ABT, FCN, G, IJAC, JACOBF, JACOBG, DELEPS,
2  JACEPS, JACGEP, WORK, LWORK, INORK, LIWORK, IFAIL)

¢ INTEGER N, MNP, NP, NUMBEG, NUMMIX, INIT, IY, IJAC, LWORK,

c 1 IWORK(LIWORK), LIWORK, IFAIL

c real TOL, X(MNP), Y(IY,MNP), ABT(N), DELEPS, WORK(LWORK)

¢ EXTERNAL FCN, 6, JACOBF, JACOBG, JACEPS, JACGEP

3. Description then these should be included in the initial mesh.

DO2RAF solves a two-point boundary-value
problem for a system of N ordinary differential
equations in a range (A,B) with B > A. The
system is written in the form
Y; = fi(x,yl,yz,...,yN), i= 12, N
M
and the derivatives f; are evaluated by a
subroutine FCN supplied by the user. With the
differential equations (1) must be given a system
of N (nonlinear) boundary conditions

g;(y(A)y(B)) = 0, i=12..N
where .
¥X) =1y, (0,5, @),y ©1 7T )

The functions g, are evaluated by 2 subroutine G

supplied by the user. The solution is computed
using a finite-difference technique with deferred
correction allied to a Newton iteration to solve
the finite-difference equations. The technique
used is described fully in [1].

The user must supply an absolute error tolerance
and may also supply an initial mesh for the
finite-difference equations and an initial
approximate solution (alternatively a default
mesh and approximation are used). The
approximate solution is corrected using Newton
iteration and deferred correction. Then,
additional points are added to the mesh and the
solution is recomputed with the aim of making

the error everywhere less than the user’s’

tolerance and of approximately equidistributing
the error on the final mesh. The solution is
returned on this final mesh.

If the solution is required at a few specific points

{NAGFLIB:1827/0:Mk10:1st December 1982]

If, on the other hand, the solution is required at
several specific points then the user should use
the interpolation routines provided in the EO1
chapter if these points do not themselves form a
convenient mesh.

The Newton iteration requires Jacobian matrices

of; ag; dg;
| ——1 and | —={.
an a)’j(A) an(B)
These may be supplied by the user through

3

subroutines JACOBF for —&'—J and JACOBG

j
for the others. Alternatively thé Jacobians may
be calculated by numerical differentiation using
the algorithm described in [2].
For problems of the type (1) and (2) for which it
is difficult to determine an initial approximation
from which the Newton iteration will converge, a
continuation facility is provided. The user must
set up a family of problems

y = f(x,y,e),

g(y(A),y(B),e) = 0 3)
where f = [f, ,fz,...,fN]T etc., and where ¢ is a
continuation parameter. The choice ¢ = 0 must
give a problem (3) which is easy to solve and
¢ = 1 must define the problem whose solution is
actually required. The routine solves a sequence
of problems with ¢ values

0=c1<c2<...<ep=l 4)

The number p and the values ¢; are chosen by the

routine so that each problem can be solved using
the solution of its predecessor as a starting

Page 1
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DO2RAF

approximation. Jacobians g—f and %E are
required and they may be supplied by the user
via routines JACEPS and JACGEDP respectively
or may be <computed by numerical

differentiation.

4. References

[1] PEREYRA, V.

PASVA3: An Adaptive Finite-Difference
Fortran Program for First Order Nonlinear,
Ordinary Boundary Problems. In Childs, B.,
Scott, M., Daniel, J.W., Denman, E., and
Nelson, P. (eds.)

‘Codes for Boundary Value Problems in
Ordinary Differential Equations’, Lecture
Notes in Computer Science, 76, 1979.

[2] CURTIS, AR, POWELL, M.J.D. and
REID, JK.
On the Estimation of Sparse Jacobian
Matrices.
J. Inst. Maths. Applics, 13, pp. 117-119,
1974, °

5. Parameters

N - INTEGER.

On entry, N must specify the number of
differential equations.

Unchanged on exit.

MNP - INTEGER.

On entry, MNP must be set to the maximum
permitted number of points in the
finite-difference mesh, MNP = 32. If
LWORK or LIWORK (see below) is too small
then internally MNP will be replaced by the
maximum permitted by these values. (A
warning message will be output if on entry
IFAIL is set to obtain monitoring
information.)

Unchanged on exit.

NP - INTEGER.

Before entry, NP must be set to the number of
points to be used in the initial mesh
4 < NP < MNP.

On exit, NP contains the number of points in
the final mesh.

NUMBEG - INTEGER.

On entry, NUMBEG must specify the number
of left hand boundary conditions (that is the

number involving y(A) only).
0 =< NUMBEG < N.

Unchanged on exit.

Page 2
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NUMMIX - INTEGER.

On entry, NUMMIX must specify the number
of coupled boundary conditions (that is the
number involving both y(A) and y(B)).

0 < NUMMIX;

NUMBEG + NUMMIX < N.

Unchanged on exit.

TOL ~ real.

On entry, TOL must specify a positive absolute
error tolerance. If

A=x,<x,<.<xyp =B
is the final mesh, z (x;) is the j(th) component
of the approximate solution at x;, and y.(x) is

the j(th) component of the true solution of (1)
and (2), then, except in extreme circumstances,
it is expected that

lzj (x;) — ¥ (x)|=TOL, i = 1,2,.,NP,
‘ j = 12,..N.
&)

Unchanged on exit.

INIT - INTEGER.

On entry, INIT must specify whether the user
wishes to supply an initial mesh and
approximate solution (INIT#0) or whether
default values are to be used, (INIT = 0).

Unchanged on exit.

X - real array of DIMENSION (MNP).

Before entry, the user must set X(1) = A and
X(NP) = B.IfINIT = 0 on entry a default
equispaced mesh will be used, otherwise the
user must specify a mesh satisfying

A = X(1) < X(2) < .. < X(NP) = B(6)
On exit, X(1),X(2),...,X(NP) define the final
mesh (with the returned value of NP)
satisfying (6).

Y - real array of DIMENSION (1Y,MNP).
If INIT=0 on entry, then Y need not be set.

If INIT#0 before entry, then the array Y
must contain an initial approximation to the
solution such that Y(J, I) contains an
approximation to
y-[(xl)9 I = 1,2,..,NP,
J=12,.,N.
On a successful exit Y contains the
approximate solution z, (x;) satisfying (5) on
the final mesh, that is
YD) = z5(xp), I = 12,..NP,
) = 1,2,.,N,

where NP is the number of points in the final

[NAGFLIB:1827/0:Mk10:1st December [982]
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mesh. If an error has occurred then Y contains
the latest approximation to the solution. The
remaining columns of Y are not used.

IY - INTEGER.

On entry, IY must specify the first dimension
of Y as declared in the calling (sub)program.
IY = N.

Unchanged on exit.

ABT - real array of DIMENSION (N).

On successful exit, ABT(I), I = 1,2,.,N,
holds the largest estimated error (in
magnitude) of the I(th) component of the the
solution over all mesh points.

FCN - SUBROUTINE, supplied by the user.
FCN must evaluate the functions f; (i.c., the
derivatives y’;) at the general point X for a

given value of EPS (see equation 3).
Its specification is:

SUBROUTINE FCN(X,EPS.Y,F,N)
INTEGER N
real X EPS,Y(N).F(N)

X - real.

On entry, X specifies the value of the
argument X. Its value must not be
changed.

EPS - real.
On entry, EPS specifies the value of the
continuation parameter, ¢. This is 1 if

continuation is not being used. Its value
must not be changed.

Y - real array of DIMENSION (N).

On entry, Y(’i) contains the value of the
argument y, for i = 1,2,.,N. These
values must not be changed.

F - real array of DIMENSION (N).
On exit, F(i) must contain the values of fi,
i= 12,.,N.

N - INTEGER.

On entry, N specifies the number of
equations. Its value must not be changed.

FCN must be declared as EXTERNAL in the
(sub)program from which DO2RAF is called.

G - SUBROUTINE, supplied by the user.
G must evaluate the boundary conditions in

equation (3) and place them in BC(i)

i= 12N

[NAGFLIB:1827/0:Mk10:1st December 1982}

DO2RAF

Its specification is:
SUBROUTINE G(EPS,YA,YB,BC N)

INTEGER N
real EPS,YA(N),YB(N).BC(N)

EPS - real.
On entry, EPS specifies the value of the
continuation parameter, ¢. This is 1 if
continuation is not being used. Its value
must not be changed.

YA - real array of DIMENSION (N).
On entry, YA(i) contains the value y,(A),

i= 12,..,N. These values must not be
changed.

YB - real array of DIMENSION (N).
On entry, YB(i) contains the value y,(B),
i= 1,2,..N. These values must not be
changed.

BC — real array of DIMENSION (N).

On exit, BC(i) must contain the value
g, (y(A),y(B).e),i = 1,2,...N. These must

. be ordered as follows:

"~ (i) First, the NUMBEG conditions
involving only y(A) (that is YA).

(ii) Next, the NUMMIX coupled
conditions involving both y(A) and
y(B) (that is YA and YB).

(iii) Finally, the
N - NUMBEG - NUMMIX
conditions involving y(B) (that is
YB).

N - INTEGER.

On entry, N specifies the number of
equations. Its value must not be changed.

G must be declared as EXTERNAL in the
(sub)program from which DO2RAF is called.

IJAC - INTEGER.

if, on eniry, IJAC = 0 then the Jacobian
matrices for the Newton iterations are
calculated by numerical differentiation, and
the parameters JACOBF, JACOBG, JACEPS
and JACGEP may be replaced by dummy
actual parameters in the call to DO2RAF. (The
NAG routines DO2GAZ, D02GAY, D02GAZ
and DO2GAX respectively may be used as the
dummy parameters.) If IIAC%0 then the user
must supply routines JACOBF and JACOBG
and also when continuation is used, routines
JACEPS and JACGEP.

Unchanged on exit.
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JACOBF - SUBROUTINE, supplied by the
user.

dy

of.
JACOBF must evaluate the Jacobian [-——‘-] at
j

the point (x,y) and place —- in F(ij),

%;
ij = 1,2,...,N.
Its specification is:
SUBROUTINE JACOBF(X,EPS,Y,F,N)

INTEGER N
real X EPS,Y(N).F(N,N)

X ~ real. _
On entry, X specifies the value of the
argument X. Its value must not be

changed.

EPS - real.

On entry, EPS specifies the value of the
continuation parameter e. This is 1 if
continuation is not being used. Its value
must not be changed.

Y - real array of DIMENSION (N).

On entry, Y(i) contains the value of the
argument y;, i = 1,2,..,N. These values
must not be changed.

F — real array of DIMENSION (N,N).

of.
On exit, F(i,j) contains the value of —

ay.,
i
evaluated at the point (x,y), for
ij = 1,2,...,.N.
N - INTEGER.

On entry, N specifies the number of
equations. Its value must not be changed.

JACOBF must be declared as EXTERNAL in
the (subjprogram from which DOZRAF is
called.

JACOBG - SUBROUTINE, supplied by the
user.

JACOBG must evaluate the Jacobians
( % and %
dy i (A) an (B)
and BJ respectively. The ordering of the rows
of AJ and BJ must correspond to the ordering

) and place them in AJ

of the boundary conditions described in the

specification of subroutine G above.

Page 4
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The specification of JACOBG is:

SUBROUTINE.JACOBG(EPS, YA, YB,
1 AJ.BJ.N)

INTEGER N

real EPS,YA(N),YB(N),

1 AJ(N,N),BJ(N.N)

EPS - real.

On entry, EPS specifies the value of the
continuation parameter, ¢. This is 1 if
continuation is not being used. Its value
must not be changed.

YA - real array of DIMENSION (N).
On entry, YA(i) contains y,(A),
i = 1,2,...N. These values must not be
changed.

YB - real array of DIMENSION (N).
On entry, YB(i) contains the value of
y;(B), i = 1,2,..,N. These values must
not be changed.

AJ - real array of DIMENSION (N,N).
: d,
On exit, AJ(ij) contains — 2\ _

ij = 1,2,.,N.

BJ - real array of DIMENSION (N,N).

ag.
On exit, BJ(i,j tains ———
exi (i,j) contains éyj ().
ij = 1,2.,N.

N - INTEGER.

On entry, N specifies the number of

equations. Its value must not be changed.
JACOBG must be declared as EXTERNAL in
the (sub)program ‘from which DO2RAF is
called.

DELEPS - real.

Before entry, DELEPS must be given a value
which specifies whether continuation is
required. If DELEPS < 0.0 or DELEPS =
1.0 then it is assumed that continuation is not
required. If 0.0 < DELEPS < 1.0 thenitis
assumed that continuation is required unless
DELEPS < machcps* (where macheps
macheps is the smallest number such that
1.0 + macheps > 1.0) when an error exit is
taken. DELEPS is used as the increment
e, —¢ (e (4) and the choice
DELEPS = 0.1 is recommended.

On exit, DELEPS contains an overestimate of
the increment S (in fact the value of

{NAGFLIB:1827/0:MKk10:1st December 1982]
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the increment which would have been tried if
the restriction &= 1 had not been imposed).
If continuation was not requested then
DELEPS = 0.0 on exit.

If continuation is not requested then the
parameters JACEPS and JACGEP may be
replaced by dummy actual parameters in the
call to DO2RAF. (The NAG routines
D02GAZ and DO2GAX respectively may be
used as the dummy parameters.)

JACEPS - SUBROUTINE, supplied by the
user.

of;
JACEPS must evaluate the derivative _3% at

thepomtXxfcontmuauonubein;med
Otherwise the user is advised to use DO2GAZ
as the actual parameter JACEPS.
The specification of JACEPS is:
SUBROUTINE JACEPS(X,EPS,Y,F,N)
INTEGER N
real X, EPS,Y(N),F(N)

X - real.

On entry, X specifies the value of the
argument X. Its value must not be

changed.

EPS - real.

On entry, EPS must specify the value of
the continuation parameter, e. Its value
must not be changed.

Y - real array of DIMENSION (N).

On entry, Y(i ) contains the solution values
y; at the point X, i = 1,2,..,N. These
values must pot be changed.

F - real array of DIMENSION (N).

af.
On exit, F(i) must contain —af at the point
(xy)i=12,.N.

N - INTEGER.
On entry, N specifies the number of
equations. Its value must not be changed.
JACEPS must be declared as EXTERNAL in
the (sub)program from which DO2RAF is
called.

JACGEP - SUBROUTINE, supplied by the
user. :

ag.
JACGEP must evaluate the derivatives Tsc‘- if

continuation is being used. Otherwise the user
is advised to use DO2GAX as the actual

[NAGFLIB:1327/0:Mk10:1st December 1982]
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parameter for JACGEP.
The specification of JACGERP is:
SUBROUTINE JACGEP(EPS,YA,YB,
1 BCEP.N)
INTEGER N

real EPS,YA(N),YB(N) ,BCEP(N).

EPS - real.
On entry, EPS must specify the value of
the continuation parameter ¢. Its value
must not be changed.

YA - real array of DIMENSION (N).

On entry, YA(i) contains the value of
y;(A), i= 1,2,..N. These values must not

be changed.

YB - real array of DIMENSION (N).

On entry, YB(i) contains the value of
¥;(B), i = 1,2,.,N. These values must

not be changed.
BCEP - real array of DIMENSION (N).

ag.
On exit, BCEP(i) must contain -:—el,
i=12,..,N.
N - INTEGER.

On entry, N specifies the number of
oquations. Its value must not be changed.

JACGEP must be declared as EXTERNAL in
the (sub)program from which DO2RAF is
called.

WORK -~ vresl array of DIMENSION
(LWORK).

Used as working space.

LWORK - INTEGER.

On entry, LWORK must specify the dimension
of the array WORK.

LWORK = MNP(3N2+6N+2)+4N2 +3N
Unchanged on exit.

IWORK - INTEGER array of DIMENSION
(LIWORK).

Used as working space.

LIWORK - INTEGER.
On entry, LIWORK must specify the

dimension of the array IWORK:
LIWORK = MNP X (2XN+1) + Nif
IJAC#0
Page 5
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and

LIWORK = MNP X (2XN+1) + N?
+ 4XN + 2,

if JAC = 0.
Unchanged on exit.

IFAIL - INTEGER.

For this routine, the normal use of IFAIL is
extended to control the printing of error
messages and monitoring information as well
as specifying hard or soft failure (see Chapter
PO1).

Before entry, IFAIL must be set to a value
with the decimal expansion cba, where each of
the decimal digits ¢, b and a must have the
value 0 or 1.
a = 0 specifies hard failure, otherwise soft
failure;
b = 0 suppresses error messages, otherwise
error messages will be printed (see
Section 6);
¢ = 0 suppresses monitoring information,
otherwise monitoring information
will be printed.
The recommended value for inexperienced
users is 110 (i.e. hard failure with all error
messages and monitoring information printed).
Unless the routine detects an error (see Section
6), IFAIL contains 0 on exit.

6. Error Indicators and Warnings

Errors detected by the routine:

r

IFAIL = 1

One or more of the parameters N, MNP,
NP, NUMBEG, NUMMIX, TOL,
DELEPS, LWORK or LIWORK has been
incorrectly set,

or X(1) = X(NP)

or the mesh points X(I) are not ordered as in
(6).

IFAIL = 2

A finer mesh is required for the accuracy
requested; that is MNP is not large enough.
This error exit normally occurs when the
problem being solved is difficuit (for
example, there is a boundary layer) and high
accuracy is requested. A poor initial choice of
mesh points will make this error exit more
likely.

Page 6
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IFAIL = 3

The Newton iteration has failed to converge.
There are several possible causes for this
error:
(i) Faulty coding in one of the
Jacobian calculation routines;

(ii) If IJAC = 0 then inaccurate
Jacobians may have been
calculated numericaily (this is a
very unlikely cause);

(iii) A poor initial mesh or initial
approximate solution has been
selected cither by the user or by
default or there are not enough
points in the initial mesh. Possibly,
the wuser should try the
continuation facility.

IFAIL = 4

The Newton iteration has reached roundoff
error level. It could be however that the
answer returned is satisfactory. The error is
likely to occur if too high an accuracy is
requested.

IFAIL = §

The Jacobian calculated by JACOBG (or the
equivalent matrix calculated by numerical
differentiation) is singular. This may occur
due to faulty coding of JACOBG or, in some
circumstances, to a zero initial choice of
approximate solution (such as is chosen when
INIT = 0).

IFAIL = 6

There is no dependence on & when
continuation is being used. This can be due to
faulty coding of JACEPS or JACGEP or, in
some circumstances, to a zero initial choice
of approximate solution (such as is chosen
when INIT = 0).

IFAIL = 7

DELEPS is required to be less than macheps
for continuation to proceed. It is likely that
cither the problem (3) has no solution for
some value near the current value of EPS
(see the advisory print out from DO2RAF )
or that the problem is so difficult that even
with continuation it is unlikely to be solved
using this routine. If the latter cause is
suspected then using more mesh points
initially may help.

IFAIL = 8
IFAIL = 9

Indicates that a serious error has occurred in

[NAGFLIB:1827/0:Mk10:1st December 1982}
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a call to DO2RAF or DO2RAR respectively.
Check all array subscripts and subroutine
parameter lists in calls to DO2RAF. Seek
expert help.

7. Auxiliary Routines

Details are distributed to sites in
machine-readable form.

8. Timing
There are too many factors present to quantify
the timing. The time taken is negligible only on
very simple problems. -

9. Storage
The storage occupied by internally declared
arrays is 250 real elements.

10. Accuracy
The solution returned by the routine will be
accurate to the user’s tolerance as defined by the
relation (5) except in extreme circumstances.
The final error estimate over the whole mesh for
each component is given in the array ABT. If too
many points are specified in the initial mesh, the
solution may be more accurate than requested

DOZRAF

and the error may not be approximately
equidistributed.

11. Further Comments

The routine uses a labelled COMMON block
ADO2RA.

The user is strongly recommended to set IFAIL
to obtain self-explanatory error messages, and
also monitoring information about the course of
the computation. The user may select the
channel numbers on which this output is to
appear by calls of X04AAF (for error messages)
or X04ABF (for monitoring information) — sec
Section 13 for an example. Otherwise the default
channel numbers will be used, as specified in the
implementation document.

In the case where the user wishes to solve a
sequence of similar problems, the use of the final
mesh and solution from one case as the initial
mesh is strongly recommended for the next.

12. Keywords
Boundary Value Problems,
Deferred Correction,

Differential Equations, ordinary,
Finite — Difference Method.

13. Example

We solve the differential equation
y” ==y’ = 2(-y"?)

with ¢ = 1 and boundary conditions
y(0) = y'(0) = 0, y'(10) = 1

to an accuracy specified by TOL = 1.0E-4. The continuation facility is used with the continuation
. parameter ¢ introduced as in the differential equation above and with DELEPS = 0.1 initially. (The
continuation facility, is not needed for this problem and is used here for illustration.)

Note the calls to X0O4AAF and X04ABF prior to the call to DO2RAF.

WARNING: This single precision example program may require amendment for certain implementations. The results produced
may not be the same. If in doubt, please scek further advice (see Essential Introduction to the Library Manual).

13.1. Program Text
c DO2RAF EXAMPLE PROGRAM TEXT

¢ MARK 8 RELEASE. NAG COPYRIGHT 1879.

c .. LOCAL SCALARS ..
REAL DELEPS, TOL

INTEGER I, IFAIL, IJAC, INIT, J, LINORK, LWORK, MNP, N, NOUT,

® NP, NUMBEG, NUMNIX
¢ .. LOCAL ARRAYS .

REAL ABT(3), WORK(2128), X(40), Y(3.40)

INTEGER IWORK(303)
¢ .. SUBROUTINE REFERENCES ..

[NAGFLIB:1827/0:Mk10:1st December 1982)
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C  DO2RAF, XO4AAF, XO4ABF

EXTERNAL FCN, G, JACEPS, JACGEP, JACOBF, JACOBG
DATA NOUT /6/
WRITE (NOUT,99997)
WRITE (NOUT,99996)
CALL XO4AAF(1, NOUT)
CALL XO4ABF(1. NOUT)
TOL = 1.0E-4
LWORK = 2128
LINORK = 303
UNP = 40
N=3
NP = 47
NUMBEG = 2
NUMMIX = 0
X(1) = 0.0
X(NP) = 10.0
INIT = 0
DELEPS = 0.1
IJAC =1
IFAIL = 111
CALL DO2RAF(N, MNP, NP, NUMBEG, NUMMIX, TOL, INIT, X, Y, 3,
® ABT, FCN, G, IJAC, JACOBF, JACOBG, DELEPS, JACEPS, JACGEP,
* WORK, LWORK, IWORK, LINORK, IFAIL)
IF (IFAIL.NE.O) GO TO 20
WRITE (NOUT,99999) NP
WRITE (NOUT,99998) (X(J).(Y(I.J).I=1,N),J=1,NP)
WRITE (NOUT,99995) (ABT(I),I=1,N)
20 STOP
99999 FORMAT (27HOSOLUTION ON FINAL MESH OF , I2, 7H POINTS/7X,
* 4HX(I), 5X, SHY1(I), 8X, SHY2(I). 8X, SHY3(I))
99998 FORMAT (1X, OPF10.3, 1P3E13.4)
99997 FORMAT (4(1X/), 31H DO2RAF EXAMPLE PROGRAM RESULTS/1X)
99996 FORMAT (1X/37HOCALCULATION USING ANALYTIC JACOBIANS)
99995 FORMAT (38HOMAXIMUM ESTIMATED ERROR BY COMPONENTS/1H , 10X,
* 1P3E13.4)
END
SUBROUTINE FCN(X, EPS, Y, F, M)
c .. SCALAR ARGUMENTS ..
REAL EPS, X
INTEGER M
c .. ARRAY ARGUMENTS ..
REAL F(M), Y(M)

F(1) = Y(2)
F(2) = Y(3)
F(3) = -Y(1)*Y(3) - 2.0%(1.0-Y(2)*Y(2))*EPS
RETURN
END
SUBROUTINE G(EPS, Y, Z, AL, M)
c .. SCALAR ARGUMENTS .
REAL EPS
INTEGER M
c .. ARRAY ARGUMENTS ..

Page 8 [NAGFLIB:1827/0:Mk10:1st December 1982]
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REAL AL(M), Y(M). Z(M)

AL(1) = Y(1)
AL(2) = Y(2)
AL(3) = 2(2) - 1.0
RETURN
END
SUBROUTINE JACEPS(X, EPS, Y, F, M)
¢ .. SCALAR ARGUMENTS ..
REAL EPS, X
INTEGER M
c .. ARRAY ARGUMENTS ..
REAL F(N), Y(M)

F(1) « 0.0
F(2) « 0.0
F(3) = -2.0°(1.0-Y(2)*Y(2))
RETURN
END
SUBROUTINE JACGEP(EPS, Y, Z, AL, M)
¢ .. SCALAR ARGUMENTS ..
REAL EPS
INTEGER M
¢ .. ARRAY ARGUMENTS ..
REAL AL(N). Y(M), Z(¥)

.. LOCAL SCALARS ..
INTEGER 1

(e 2N o ]

00 20 I=1,3
AL(I) = 0.0
20 CONTINUE
RETURN
END
SUBROUTINE JACOBF(X, EPS, Y, F, M)
c .. SCALAR ARGUMENTS ..
‘ REAL EPS, X
INTEGER M
c .. ARRAY ARGUMENTS .
REAL F(M.M). Y(M)

[ N 2]

.. LOCAL SCALARS ..
INTEGER I, J

DO 40 I=1,3
00 20 J=1.3
F(I.J) = 0.0
20 CONTINUE
40 CONTINUE

F(1.2) = 1.0

F(2.3) » 1.0

F(3.1) = -Y(3)

F(3.2) = 4.0°Y(2)*EPS
F(3.3) = -¥(1)

RETURN

{NAGFLIB:1827/0:Mkl0:1st December 1982}
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END
SUBROUTINE JACOBG(EPS, Y, Z, A, B, M)
c .. SCALAR ARGUMENTS ..
REAL EPS
INTEGER M
c .. ARRAY ARGUMENTS ..
REAL A(M.M), B(M,M), Y(M), Z(M)
C ..
¢ .. LOCAL SCALARS .
INTEGER I, J
c ..
DO 40 I=1,3
00 20 J=1,3
A(I,J) = 0.0
B(I.J) = 0.0

20  CONTINUE
40 CONTINUE
A(1.1) = 1.0
A(2.2) = 1.0
B(3.2) = 1.0
RETURN
END

13.2. Program Data
None.

13.3. Program Resalts
DOZRAF EXAMPLE PROGRAM RESULTS

CALCULATION USING ANALYTIC JACOBIANS
DO2RAF MONITORING INFORMATION
_ MONITORING NEWTON ITERATION

r
NUMBER OF POINTS IN CURRENT MESH = 17
CORRECTION NUMBER 0 RESIDUAL SHOULD BE .LE. 1.00E 00
ITERATION NUMBER 0 RESIDUAL = 1.00E 00
SQUARED NORM OF CORRECTION = 9.90E 01
SQUARED NORM OF GRADIENT = 1.00E 0O
SCALAR PRODUCT OF CORRECTION AND GRADIENT = 4.00E 00
ITERATION NUMBER 1 RESIDUAL = 5.58E-01
CONTINUATION PARAMETER EPSILON = 2.00E-01 DELEPS = 2.00E-01

MONITORING NEWTON ITERATION
. . . Monitoring information omitted.
NUMBER OF NEW POINTS $
MONITORING NEWTON ITERATION

NUMBER OF POINTS IN CURRENT MESH = 33

CORRECTION NUMBER 1 RESIDUAL SHOULD BE .LE. 1.22E-05
ITERATION NUMBER 0 RESIDUAL = 3.58E-04
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SQUARED NORM OF CORRECTION =
SQUARED NORM OF GRADIENT =
SCALAR PRODUCT OF CORRECTION AND GRADIENT =

ITERATION

NUMBER

MESH SELECTION

NUMBER OF NEW POINTS
CORRECTION NUMBER

1

1

RESIDUAL =

0

1.70E-06
2.88E-07

2.

70E-08

1.28E-07

ESTIMATED MAXIMUM ERROR = 6.92E-05

ESTIMATED ERROR BY COMPONENTS
1.81E-05 6.42E-05
SOLUTION ON FINAL MESH OF 33 POINTS

6.92E-05
X(1) Y1(1)
0.000 0.0000E
0.062 3.2142E-
0.125  1.2532E-
0.188  2.7476E-
0.250 4.7578E-
0.375  1.0149€-
0.506  1.7093E-
0.625 2.5299E-
0.703  3.0954E-
0.781  3.6950€-
0.938 4.9776E-
1.094 6.3461E-
1.250  7.7761E-
1.458  9.7480E-
1.667  1.1768E
1.875  1.3815E
2.031  1.5362E
2.188  1.6915E
2.500 2.0031E
2.656 2.1591E
2.813  2.3153F
3.125 2.6277E
3.750 3.2526E
4.375 3.8776E
5.000 4.5026E
5.625 5.1276E
6.250 5.7526E
6.875 6.3776E
7.500  7.0026E
8.125 7.6276E
8.750 8.2526E
9.375 8.8776E
10.000  9.5026E

00
03
02
02
62
01
01
01
01
01
01
01
01
01
00
60
00
00
00
00
co
00
00
00
00
00
00
00
00
00
00
00
00

MAXIMUM ESTIMATED ERROR

6.9244E-

05

Y2(I)
.0000E

.0000E
.0000E
.0000E
.0000E
.0000E
.0000E
.0000E
.0000¢E
.0000E
.0000E

B eh e ed e eh e A DO O DOWOOWOWE DN NDD L WN DLO

BY COMPONENTS

1.8051E-0S

.0155¢E-
.9536E-
.8159E-
.6049E-
.9760E-
.0865E-
.9891E-
.4673E-
.8708E-
.§129€E-
.8774E-
.3077€-
.5983E-
L7733~
.8758E-
.9224E-
.9523¢-
.9828E-
.9900E-
.9943E-
.9983E-
. 99898E-

00
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
00
00
00
00
60
00
00
00
00
00

WO AWM AN NNWWD2NWON . ANWLHRLVD 00 W <2 vd wd b b

6.

¥Y3(I)

.6872E 00
.5626E 00
.4398E 00
.3203€ 00
.2054E 00
.9235E-01
.0477E-01
.4376E-01
.5629E-01
.7842E-01
.4901E-01
.5017€-01
.7628E-01
.0768E-01
.3852E-02
.6741E-02
.3792€E-02
.5143E-02
.8470E-03
.5275€-03
.0894E-03
.0180E-04
.1337E-04
.5600E-06
.7085E-06
.2928E-06
.4482E-07
.2880E-07
.9176E-08
.S784E-08
.5339E-08
.7001E-08
.5393E-09

4213E-05

DO2RAF
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VAXIB
DATE & TIME PRINTED: TUESDAY, JULY 7, 1987 @ 09:06:32.

100 c PROGRAMMA VAXIB (TORSIE VAN AXIAAL INGEKLEMDE
110 c BALKEN VOLGENS DE ST. VENANT)

120 C NUM. OPL. VAN HET NIET-LINEAIRE

130 c TORSIE-PROBLEEM.

140 C RANDVOORWAARDEN : u(0)=u(1)=0

150 .C a“(0)=a“(1)=0

160 FILE 5(KIND=REMOTE)
170 FILE 6(KIND=REMOTE)
180 FILE 7(KIND=DISK,PROTECTION=SAVE,NEWFILE=TRUE,AREASIZE=15)

190 BLOCK GLOBALS

200 $ INCLUDE "NAGFLIB/FORTRAN/DECLARATION ON APPL"
210 END

220 c

230 $ INCLUDE “NAGFLIB/D/FORTRAN/DO2RAF ON APPL"
240 $ INCLUDE "NAGFLIB/X/FORTRAN/XQ4AAF ON APPL"
250 $ INCLUDE "NAGFLIB/X/FORTRAN/X04ABF ON APPL"
260 $ INCLUDE "NAGFLIB/D/FORTRAN/DQ2GAZ ON APPL"
270 $ INCLUDE "NAGFLIB/D/FORTRAN/DO2GAX ON APPL"
280 C

290 COMMON/GLOBAL/OP,TI ,EM,GM,GA,LE ,HO ,I0,MO
300 REAL OP,TI,EM,GM,GA,LE,HO,10,MO

310 C

320 REAL DELEPS,TOL

330 INTEGER I,IFAIL,IJAC,INIT,J,LIWORK,LWORK,MNP,N,
340 *NP, NUMBEG, NUMMIX, IY

350 INTEGER IWORK(2000)

360 REAL ABT(5),WORK(14000),X(100),Y(5,100),XWER(100),
370 *S0L(5,100),ERR(5)

380 c SUBROUTINES

390 EXTERNAL FCN,G,JACOBF ,JACOBG,D02GAZ,D02GAX
400 WRITE (6,600)

410 READ (5,/)TOL

420 1Y=5

430 LWORK=14000

440 LIWORK=2000

450 MNP=100

460 N=5

470 NP=15

480 NUMBEG=3

490 NUMMIX=0

500 INIT=1

510 DELEPS=2.0

520 1JAC=1

530 IFAIL=110

540 c

550 c

560 WRITE(7,500)

570 WRITE(6,100)

580 READ(5,/)0oP,TI,EM,GM,GA,LE ,HO,IO0

590 WRITE(7,200)0P,TI,EM,GM,GA,LE,HO,I0

600 WRITE(7,400)

610 WRITE(7,400)

620 C INLEZEN VAN DE MESH

630 DO 50 I=1,100

640 X(1)=0.0

650 50 CONTINUE

660 DO 30 I=1,NP

670 X(I)=(1-1)/((NP-1)*1.0)



680 30 CONTINUE

690 WRITE(7,400)

700 WRITE(7,400)

710 WRITE(6,110)

720 READ(5,/)MO

730 WRITE(7,210)MO

740 C STARTEN MET DE OPLOSSING VH LIN. PROBLEEM

750 CALL START(NP,Y,J,I)

760 C :

770 - 640 CALL DO2RAF(N,MNP,NP,NUMBEG,NUMMIX,TOL,INIT,X,Y,IY,
780 *ABT,FCN,G,1JAC,JACOBF ,JACOBG, DELEPS ,DO2GAZ,D02GAX ,

790 *WORK ,LWORK , IWORK ,L IWORK , IFAIL)

800 IF(IFAIL.NE.0) GO TO 20

810 WRITE (7,99) NP

820 po 70 J=1,NP

830 SOL(1,J)=Y(1,J)

840 SoL(2,J)=Y(2,J)/LE

850 SOL(3,J)=Y(3,J)

860 SOL(4,J)=Y(4,J)/LE

870 SOL(5,J)=Y(5,J)/(LE*LE)

880 XWER(J)=LE*X(J)

890 70 CONTINUE

300 WRITE (7,98) (XWER(J),(soL(1,J),I=1,N),J=1,NP)

910 ERR(1)=ABT(1)

920 ERR(2)=ABT(2)/LE

930 ERR(3)=ABT(3)

940 ERR(4)=ABT(4)/LE

950 ERR(5)=ABT(5)/(LE*LE)

960 WRITE (7,95) (ERR(I),I=1,N)

970 WRITE(7,400)

980 WRITE(7,400)

990 WRITE(6,300)
1000 READ(5,/)MO

1010 WRITE(7,210)MO

1020 IF (MO .NE. 0.0) GO TO 640

1030 20 STOP

1040 99 FORMAT(27H SOLUTION ON FINAL MESH OF , 12 , 7H POINTS/7X,
1050 *]HX,11X, 1HU ,14X , 2HU” ,13X , 1Ha,14X,2Ha”,13X

1060 *3Ha"",/)

1070 98 FORMAT (1X , F10.3,5E16.6)

1080 95 FORMAT (38H MAXIMUM ESTIMATED ERROR BY COMPONENTS/1H ,10X,
1090 *5E16.6)
1100 100 FORMAT(” TYPE DE WAARDEN VAN A,J,E,G,GAMMA,L,H,Io IN-,/)
1110 200 FORMAT(®~ A=",F18.5,/,” J=",F18.5,/,” E=",F18.5,/,” G=",F18.5,/,
1120 @° GAMMA=",Fl14.5,/,” L=",F18.5,/,” H=",F18.5,/,” 10=",F17.5,/)
1130 300 FORMAT(” GEEF EEN NIEUWE WAARDE VOOR MO (STOPPEN=0)"/)
1140 110 FORMAT(~ TYPE DE WAARDE VAN HET MOMENT IN",/)

1150 210 FORMAT(”~ MOMENT=",F12.5,/)

1 160 400 FQRMAT(’ RhhkERRkAhkKAhkkkhkhhkhkhkkhktkhk - . /)

1170 500 FORMAT(” SOLUTION OF THE TORSIONAL PROBLEM”,/,

1180 *~ WITH RESPECT TO THE CLASSICAL THEORY”,/)
1190 600 FORMAT(” GEEF DE TOL. ~,/)

1200 END

1210 c

1220 C

1230 SUBROUTINE FCN(X,EPS,Y,F,M)

1240 COMMON/GLOBAL/OP,TI,EM,GM,GA,LE,HO,I0,M0

1250 REAL EPS,X,TI,EM,GM,GA,LE,H0,I0,M0,0P

1260 INTEGER M

1270 REAL F(M),Y(M)

1280 c

1290 F(1)=Y(2)
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F(2)=-10*Y(4)*Y(5)/(OP*LE)

F(3)=Y(4)

F(4)=Y(5)

F(5)=-MO*LE*LE*LE/(EM*GA)+GM*TI*LE*LE*Y(4)/(EM*GA)
@+IO*LE*Y(2)*Y(4)/GA+HO*Y(4)*Y(4)*Y(4)/(2*GA)

RETURN

END

SUBROUTINE G(EPS,Y,Z,AL,M)
REAL EPS

INTEGER M

REAL AL(M),Y(M),Z(M)
AL(1)=Y(3)
AL(2)=Y(1)
AL(3)=Y(4)
AL(4)=2Z(1)
AL(5)=2(4)

RETURN

END

SUBROUTINE JACOBF(X,EPS,Y,F,M)
COMMON/GLOBAL/OP, TI ,EM,GM,GA, LE, HO, 10 ,MO
REAL EPS,X,0P,TI,EM,GM,GA,LE,HO,10,MO
INTEGER M,I,J
REAL F(M,M),Y(M)
DO 40 I=1,5
DO 20 J=1,5
F(1,J)=0.0
CONTINUE
CONTINUE
F(l )2)=1 0
F(2,4)=-10*%Y(5)/(OP*LE)
F(2,5)=-I10*Y(4)/(OP*LE)
F(3,4)=1
F(4,5)=1
F(5,2)=I0*LE*Y(4)/GA
F(5,4)=CM*TI*LEALE/(EM*GA)+IO*LE*Y(2) /GA+3*HO*Y(4)*Y(4)
@/(2*GA) '
RETURN
END
SUBROUTINE JACOBG(EPS,Y,Z,A,B,M)
REAL EPS
INTEGER M,I,J
REAL A(M,M),B(M,M),Z(M),Y(M)
DO 40 I=1,5
DO 20 J=1,5
A(1,J)=0.0
B(1,J)=0.0
CONTINUE
CONTINUE
A(1,3)=1.0
A(2,1)=1.0
A(3,4)=1.0
B(4,1)=1.0
B(5,4)=1.0
RETURN
END

SUBROUTINE START(NP,Y,N,M)
COMMON/GLOBAL/OP, TI,EM,GM,GA, LE, HO, I0,MO
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INTEGER I,NP,M,N
REAL Y(N,M),K,MO,LE,GM,TI ,EM,GA,X,MU,CHMU, SHMU ,CHMUX , SHMUX
MU=SQRT((GM*TI)/(EM*GA) )*LE
CHMU=(EXP(MU)+EXP(-MU))/2
SHMU=( EXP(MU)-EXP(-MU))/2
K=(MO*LE)/(GM*TI)
DO 10 I=1,NP
X=(1-1)/((NP~1)*1.0)
CHMUX=(EXP(MU*X)+EXP(~MU*X))/2
SHMUX=(EXP(MU*X)-EXP(-MU*X))/2
Y(1,1)=0.0
Y(Z ,I)-O 0
Y(3,1)=K*(X~SEMUX/MU+( CHMU~1)*( CHMUX~1)/(MU*SHMU ))
Y(4 ,1)=K*( 1-CHMUX+( CHMU-1 ) * SHMUX/ SHMU)
Y(5,1)=K*(-MU*SHMUX+( CHMU~1)*MU*CHMUX / SHMU )
CONTINUE
RETURN
END

I7
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RAXIB
DATE & TIME PRINTED: TUESDAY, JULY 7, 1987 @ 08:58:53.

100 C PROGRAMMA RAXIB (AXIAAL INGEKLEMDE BALKEN VOL
110 c GENS REISSNER TORSIE)

120 C NUM. OPL. V.H.NIET LINEAIRE

130 Cc TORSIE-PROBLEEM

140 c RANDVOORWAARDEN :u(0)=u(1)=0

150 c a(0)=a(1)=0;alfa(0)=0

160  FILE S5(KIND=REMOTE)
170 FILE 6(KIND=REMOTE)
180 FILE 7(XKIND=DISK,PROTECTION=SAVE ,NEWFILE=TRUE,AREASIZE=15)

190 BLOCK GLOBALS

200 $ INCLUDE "NAGFLIB/FORTRAN/DECLARATION ON APPL"
210 END

220 $ INCLUDE "NAGFLIB/D/FORTRAN/DO2RAF ON APPL"
230 $ INCLUDE "NAGFLIB/X/FORTRAN/XG4AAF ON APPL"
240 $ INCLUDE "NAGFLIB/X/FORTRAN/XO4ABF ON APPL"
250 $ INCLUDE "NAGFLIB/D/FORTRAN/DO2GAZ ON APPL"
260 $ INCLUDE "NAGFLIB/D/FORTRAN/DO2GAX ON APPL"
270 c

280 COMMON/GLOBAL/OP,TI ,EM,GM,GA,LE ,HO,10,MO
290 REAL OP,TI,EM,GM,GA,LE,H0,I0,MO0,DD

300 c

310 REAL DELEPS,TOL

320 INTEGER I,IFAIL,IJAC,INIT,J,LIWORK,LWORK,MNP,N,
330 % NP , NUMBEG , NUMMIX, IY

340 INTEGER IWORK(1500)

350 REAL ABT(4),WORK(10000),X(100),Y(4,100),XWER(100),SOL(4,100),
360 *ERR(4)

370 c

380 c SUBROUTINES

390 EXTERNAL FCN,G,JACOBF,JACOBG,D02GAZ,D02GAX
400 WRITE (6,500)

410 READ (5,/)TOL

420 IY=4

430 LWORK=10000

440 LIWORK=1500

450 MNP=100

460 N=4

470 NP=15

480 NUMBEG=2

490 NUMMIX=0

500 INIT=1

510 DELEPS=2.0

520 IJAC=1

530 IFAIL=110

540 MAXDIF=0

550 c

560 c

570 WRITE(7,120)

580 WRITE(7,400)

590 WRITE(7,400)

600 WRITE(6,100)

610 READ(5,/)oP,TI,EM,GM,GA,LE,HO,I0

620 DD=10-TI

630 WRITE(7,200)0P,TI,EM,GM,GA,LE,HO,10,DD
640 WRITE(7,400)

650 WRITE(7,400)

660 C INLEZEN V.D. MESH

670 DO 50 1=1,100
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X(I)'OOO
CONTINUE
DO 30 I=1,NP
X(1)=(1-1)/((NP-1)*1.0)
CONTINUE
WRITE(7,400)
WRITE(7,400)
WRITE(6,110)
READ(S,/)MO
WRITE(7,210)MO :
STARTEN MET DE OPL. V.H. LIN. PROBLEEM
CALL START(NP,Y,J,I)

CALL DO2RAF(N,MNP ,NP,NUMBEG,NUMMIX,TOL,INIT,X,Y,1Y,
*ABT ,FCN,G, 1JAC,JACOBF ,JACOBG, DELEPS ,D02GAZ ,DO2GAX,
*WORK , LWORK , IWORK ,LIWORK , IFAIL)
IF(IFAIL .NE. 0) GO TO 20
WRITE(7,99)NP
DO 70 J=1,NP
SOL(1,J)=Y(1,J)
SOL(2,J)=Y(2,J)/LE
SOL(3,J)=Y(3,J)
SOL(4,J)=Y(4,J)/LE
XWER(J)=LE*X(J)
CONTINUE
WRITE(7,98)(XWER(J),(SOL(1,3),I=1,N),J=1,NP)
ERR(1)=ABT(1)
ERR(2)=ABT(2)/LE
ERR(3)=ABT(3)
ERR(4)=ABT(4)/LE
WRITE(7,95) (ERR(I),I=1,N)
WRITE(7,400)
WRITE(7,400)
WRITE(6,300)
READ(5,/)MO
WRITE(7,210)MO
IF (MO .NE. 0.0) GO TO 640
STOP
FORMAT(27H SOLUTION ON FINAL MESH OF , 12 , 7H POINTS/7X,
*])HX,10X,1Ha,16X,2Ha",12X,4Halfa,]12X,5Halfa”,/)
FORMAT(1X,F10.3,4E16 .6)
FORMAT(38H MAXIMUM ESTIMATED ERROR BY COMPONENTS/1H ,10X,

*4E16.6)

FORMAT(” TYPE DE WAARDEN VAN A,J,E,G,GAMMA,L,H,Io IN7,/)
FORMAT(”~ A=",F18.5,/,” Jj=",F18.5,/,” E=",F18.5,/,” G=",Fl18.5,/,

@‘ GAMM-A" ,FIAOSQ/” LS’QFIBOS ,/,, H=',F18.5,/,

300
110
210
400
120
500

@’ Ioz',F1705,/,’ D=’,F18-5,/)

FORMAT(” GEEF EEN NIEUWE WAARDE VOOR MO (STOPPEN=0)",/)
FORMAT(” TYPE DE WAARDE VAN HET MOMENT IN~,/)

FORMAT(~ MOMENT=",F12.5,/)

FORMAT(~ #*kkkkkkkkkkkkkkkkkkhkkhkkkkkk~ /)

FORMAT(” SOLUTION OF THE PROBLEM POSTULATED BY REISSNER”,/)
FORMAT(” GEEF DE TOL. ~,/)

END

SUBROUTINEFCN(X,EPS,Y,F,M)
COMMON/GLOBAL/OP, TI ,EM,GM,GA, LE, HO, I0,MO
REAL EPS,X,0P,TI,EM,GM,GA,LE,H0,I0,M0,DD
INTEGER M

REAL F(M),Y(M)
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DD=10-TI
F(1)=Y(2)

F(2)=GM*DD*LE*(Y(1)*LE-Y(4) )/ (EM*GA)

F(3)=Y(4)
F(4)=(LE*DD*Y(2))/(EM/(GM*LE*LE)*(1.5%HO-I0*I0/0P)
@*Y(4)**2+10)

RETURN

END

SUBROUTINE G(EPS,Y,Z,AL,M)

COMMON/GLOBAL/OP,TI,EM,GM,GA,LE,HO,I0,MO

REAL EPS,OP,TI,EM,GM,GA,LE,HO,10,M0,DD

INTEGER M

REAL AL(M),Y(M),Z(M)

DD=IO-TI

AL(1)=Y(1)

AL(2)=Y(3)

AL(3)=2(1)

AL(4)=EM¥HO*Z(4)**3/(2*LE**3)
@+I0*GM*Z(4 ) /LE-MO

RETURN

END

SUBROUTINE JACOBF(X,EPS,Y,F,M)
COMMON/GLOBAL/OP,TI ,EM,GM,GA, LE, HO,I0,MO
REAL EPS,X,0P,TI,EM,GM,GA,LE,HC,I0,MO,DD
INTEGER M,I1,J
REAL F(M,M),Y(M)
DD=10-T1
DO 40 I=1,4
DO 20 J=1,4
F(I,J)=0.0
CONTINUE
CONTINUE
F( 1 s 2)=l 0
F(2,1)=GM*DD*LE*LE/(EM*GA)
F(2,4)=-GM*DD*LE/(EM*GA)
F(3,4)=1.0
F(4,2)=LE*DD/(3*EM*HO/ (2*LE*LE*GM)*Y(4)*Y(4)+10)
F(4,4)=-3%Y(2)*Y(4)*DD*EM*HO/ (( LE*GM)* (( 3*EM*HO*Y (4)*Y(4)
@/ (2*LE*LE*GM)+10)**2))
RETURN
END

SUBROUTINE JACOBG(EPS,Y,Z,A,B,M)
COMMON/GLOBAL /0P, TI ,EM,GM,GA, LE , HO, I0 ,MO
REAL EPS,OP,TI,EM,GM,GA,LE,H0,10,M0,DD
INTEGER M,I,J
REAL A(M,M),B(M,M),Z(M),Y(M)
DD=10-TI
DO 40 I=1,4
DO 20 J=1,4
A(1,J)=0.0
B(1,J)=0.0
CONTINUE

40 CONTINUE

A(1,1)=1.0
A(2,3)=1.0
B(3,1)=1.0
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B(4,4)=3*EMYHO*Z(4)*Z(4) /(2*LEX*3)+10*GM/LE
RETURN
END

SUBROUTINE START(NP,Y,N,M)
COMMON/GLOBAL/OP,TI ,EM,GM,GA,LE,HO, I0,MO
INTEGER I,NP,M,N
REAL Y(N,M),K,M0,LE,GM,TI,EM,GA,X,MU,CHMU ,SHMU ,CHMUX , SHMUX ,
@DD
DD=10-T1
MU=SQRT( (GM*TI*DD) /(EM*GA*I0))*LE .
CHMU=(EXP(MU)+EXP(~-MU))/2
SHMU=(EXP(MU)-EXP(-MU))/2
K=(MO*LE)/(GM*10)
DO 10 I=1,NP
X=(I~-1)/((NP-1)*1.0)
CHMUX=( EXP(MU*X)+EXP(-MU*X))/2
SHMUX= (EXP (MU*X)-EXP(~MU*X))/2
Y(1,1)=K*10/(TI*LE)*(1-CHMUX+( CHMU-1)*SHMUX/SHMU )
Y(2,1)=K*10/( TI*LE)*(~MU*SHMUX+( CHMU-1 ) *MU* CHMUX/ SHMU')
o Y(3,1)=K*DD/TI*(X-SHMUX/MU+(CHMU~1)* (CHMUX-1)/ (MU*SHMU) )
+K*X '
Y(4,1)=K*DD/TI*(1~CHMUX+( CHMU-1)*SHMUX/SHMU)+K

10 CONTINUE

RETURN
END



