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002 - Ordinary Diffrreirtial Equations 

Dû2RAF - NAG FORTRAN Library Routine Document 

NOTE: kforc using this routine, please rud  the appropriate implementation document to check the interpretation of 
Add i t d i e i d  terms and other implementatim-dcpaidcnt detaib. Tbe routine name may be precision-dependent. 

1. hupose 
D02RAF 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 DOZRAF ( N ,  YNP. N P ,  NUYBEG,  NUYYIX,  T O L ,  I N I T ,  X .  

1 Y ,  IY. A B T ,  F C N .  G .  I JAC.  JACOBF.  JACOBG,  D E L E P S .  
2 J A C E P S .  JACGEP. WORK, LWORK, IWORK. LIWORK, IFAIL) 
INTEGER N ,  YNP,  N P ,  NUYBEG. NUYYIX.  I N I T .  IY. I J A C ,  LWORK, 

na1  T O L ,  X ( Y N P ) ,  Y(IY.UWP).  A B T ( # ) ,  D E L E P S .  WORK(LW0RK) 
EXTERNAL F C N ,  G .  J A C O B F ,  JACOBG. J A C E P S ,  JACGEP 

C 
C 1 IYORK(LIW0RK).  LIWORK, I F A I L  
C 
C 

3. Descripüon 
Dû2RAF 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 

u’i = fi(X,Y* ,Y,,....YN)’ i = 1,2, ..., N 
(1) 

and the derivatives fi 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 

i = 1,2, ..., N 
where r 

(2) 
The functions gi are evaluated by a subroutine G 
supplied by the user. The solution is computed 
using a finitedifference technique with deferred 
correction allied to a Newton iteration to solve 
the finite-difference equations. The technique 
used is described fully in [ 11. 
The user must supply an absolute error tolerance 
and may also supply an initial mesh for the 
finitedifference 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 tquidistributing 
the error on the final mesh. The solution is 
returned on this final mesh. 
If the solution is required at a few specifac points 

&O.(A),Y(B)) = 0, 

Y(X) -lul (X),Y,(X) ..... YN(X)IT~ 

then these should be included in the initial mesh. 
If, on the other hand, the solution is required at 
several specific points then the user should use 
the interpolation routines provided in the E01 
chapter if these points do not themselves form a 
convenient mesh. 
The Newton iteration requires Jacobian matrices 

[%I* [&] and [*I- 
These may be supplied by the user through 

subroutines JACOBF for 121 and JACOBG 

for the others. Alternativeb thd 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 
€RXE which the N ~ Z W ~ Q ~  iteration will converge, a 
continuation facility is provided. The user must 
set up a family of problems 

u’ = f(x,y,e)* 
g(y(A),y(B),e) = 0 (3) 

where f = [f,,f, ,..., fNIT etc., and where c is a 
continuation parameter. The choice E = O must 
give a problem (3) which is easy to solve and 
E - 1 must define the problem whose solution is 
actually required. The routine solves a sequence 
of problems with E values 

(4) 

The number p and the values ei are chosen by the 
routine so that each problem can be solved using 
the solution of its predecessor as a starting 

0 = E l  < E2  < ... <EP = 1 
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DO2 - Ordinary Differential Equations 

approximation. Jacobians and 2 are 
required and they may be supplied by the user 
via routines JACEPS and JACGEP respectively 
or may be computed by numerical 
differentiation. 

de 

4. References 
PEREYRA, V. 
PASVA3: An Adaptive Finite-Difference 
Fortran Program for First Order Noaiiiear, 
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. 

CURTIS, A.R., POWELL, M.J.D. and 
REID, J.K. 
On the Estimation of Sparse Jacobian 
Matrica. 
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 - I N T E E R .  
On entry, MNP must be set to the maximum 
permitted number of points in the 
finitedifference mesh, MNP 1 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.) 
Unchangtd on exit. 

NP - iBTEGEW. 
Befort entry, NP  must be set to the number of 
points to be used in the initial mesh 
4 I NP S h4NP. 
On exit, NP contains the number of points in 
the final mtsh. 

NUMBEG - INTEGER. 
On entry, NUMBEG must specify the number 
of left hand boundary conditions (that is the 
number involving y(A) only). 
O d NUMBEG < N. 
Unchanged on exit. 

NUMMIX - INTEGER. 
On entry, NUMMIX must specify the number 
of coupled boundary conditions (that is the 
number involving both y(A) and y(B)). 
O I NUMMIX; 
NUMBEG + NUMMIX I N. 
Unchanged on exit. 

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

is the final mesh, zj (xi) is the j(th) component 
of the approximate solution at xi, and yj(x) is 
the j(th) component of the true solution of (1) 
and (2), then, except in extreme circumstances, 
it is expected that 

i = 1,2 ,..., NP, 
j = 1,2 ,..., N. 

(5) 

A = x, <x2< ... <xNp = B 

Izj(xi) - yj(xi)l5TOL, 

Unchanged on exit. 

INIT - INTEGER. 
On entry, INIT must specify whether the user 
wishes to supply an initial mesh and 
approximate solution (INIT20) or whether 
default values are to be used, (INIT = O). 
Unchanged on exit. 

X - nal array of DIMENSION (MNP). 
Before entry, the user must set X( 1) = A and 
X(NP) = B.IfINIT = Oonentryadefault 
equispaced mesh will be used, otherwise the 
user must specify a mesh satisfying 

A = X(l) < X(2) < ... < X(NP) = B(6) 
On exit, X( l),X(2), ..., X(NP) def ie  the f i a l  
mesh (with the returned value of NP) 
satisfying (6). 

Y - red array of DIMENSION (IY,MNP). 
If INIT-O on entry, then Y a d  not be set. 
If INITZO before entry, then the array Y 
must contain an initial approximation to the 
solution such that Y(J, I) contains an 
approximation to 

I = 1,2 ,..., NP, 
J = 1,2 ,...,N. 

On a successful exit Y contains the 
approximate solution zj(xi) satisfying (5) on 
the final mesh, that is 

Y(J.1) zj (XI 1, I = 1,2 ,... ,NP, 
J = 1,2 ,..., N, 

where NP is the number of points in the final 

YJ 1, 

Page 2 [NAGFUB:l827/û:Mk I0:l st December i 982 J 
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Do2RAF 

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 doclarcd in the calling (sub)program. 
IY 1 N. 
Unchanged on exit. 

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

ABT - reuf array of DIMENSION (N). 

FCN - SUBROUTINE, supplied by the user. 
FCN must evaluate the functions fi (i.e., the 
derivativts fi) at the general point X for a 
given vaiue of EPS (sec equation 3). 
Its specification is: 

SUBROUTIQIE FCN(X,EPS.Y,F,N) 
IWTEGER N 
nal X,EPS.Y(N).F(N) 

X - ?d. 
On entry, X specifies the value of the 
argument X. Its value must not be 
Changed. 

EPS-& 
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. 

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

Y - red array of DIMENSION (N). 

F - rcol array of DIMENSION (N). 
On exit, F(i) must contain the values of ti, 
i - 1,2, ..., 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 Dû2RAF is called. 

G - SUBROUTINE, supplied by the uscr. 
G must evaluate the boundary conditions in 
equation (3) and place them in BC(i) 
i = 1,2, ... ,N. 

Its specification is: 
SUBROUTINE G(EPS.YA.YB.BC,N) 
INTEGER N 
reu1 EPS,YA(N),YB(W).BC(N) 

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

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

YB - d i m y  Of DIMENSION (N). 
On entry, YB(i) contains the value yi(B), 
i= 1,2 ,...,N. These values must not be 
Changed. 

BC - red array of DIMENSION (N). 
On exit, BC(i) must contain the value 

(y(A),y(B)p), i - 192 *...*N. These must 
, be dercd 89 f o l l ~ :  

(i) 

(ii) 

(iii) 

Fint, the NUMBEG conditions 
invdving only y(A) (that is YA). 
Next, the NUMMIX coupled 
conditions involving both y(A) and 
y(B) (that is YA and YB). 
Finally, the 

conditions involving y(B) (that is 
YB). 

N - NUMBEG - NUMMIX 

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 W2RAF is called. 

IJAC - INTEGER. 
If, on entry, UAC = U then the iriegbia~ 
matrices for the Newton iterations are 
calcuíatcd by numerical differentiation, and 
the parameters JACOBF, JACOBG, JACEPS 
and JACGEP may be replaced by dummy 
actual parameters in the call to Dû2RAF. (The 
NAG routines DûZGAZ, WZGAY, Dû2GAZ 
and Dû2GAX respectively may be used as the 
dummy parameta)  If IJAC#O then the user 
must supply routines JACOBF and JACOBG 
and also when continuation is used, routines 
JACEPS and JACGEP. 
Unchanged on exit. 

(NAGFLIB:1827/0:MkiO:lst DeCembCr 1982) Page 3 



DOLRAF Do2 - otdinary Differential Equationr 

JACOBF - SUBROUTINE, supplied by the 
user. 

JACOBF must evaluate the Jacobian at 
\ J  

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

i j  = 1.2 ,..., N. 
Its specification is: 

SUBROUTINE JACOBF( X , EPS , Y ,  F ,  N)  
INTEGER N 
nalX ,EPS,Y(N) .F (N, ld )  

X-real. 
On entry, X spacifes the value of the 
argument X. Its value must not be 
ChallgCd. 

EPS - reui. 
On entry, EPS specifies the value of the 
continuation parameter e. 'Inis is P if 
continuation is not % i  used. Its value 
must not be changed. 

Y - rcal array of DIMENSION (N). 
On entry, Y(i) contains the value of the 
argument yi, i = 1.2 ,..., N. These values 
must not be changed. 

F - red array of DIMENSION (N,N). 
af. 

On exit, F(ij) contains the value of 2 
evaluated at the point (xly), for 

'Yj 9 

. i j  = 1.2 ,..., N. 
v 

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

JACOBF must be declared as EXTERNAL in 
the Qsub)prograw from wiireh WP2IPkF is 
called. 

JACOBG - SUBROUTINE, SUPPE~ by the 
user. 

JACOBG must evaluate the Jacobians 

a' ) and place them in Al agi 
(--- ayi(A) and aYi (BI 
anbBJ respectivély. The ordering of the rows 
of AJ and BJ must correspond to the ordering 
of the boundary conditions desCnbed in the 
specification of subroutine G above. 

The specification of JACOBG is: 
SUBROUTINE JACOBG(EPS,YA,YB. 

1 AJ.6J.N) 
INTEGER N 
red EPS,VA(N).YB(N). 
1 AJ(N.N).BJ(N,N) 

EPS - d. 
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. 

YA - nal array of DIMENSION (N). 
On entry, YA(i) contains yi(A), 
i = 1,2 ,..., N. These valuu must not be 
changed. 

YB - red array of DIMENSION (N). 
On entry, YB(i) contains the d u e  of 
%(B), i * I ,  Z..., N. These values must 
not be changed. 

AJ - red array of DIMENSION (N,N). 
8' On exit, Al($ contains - 

ay i (A), 
i j  = 1,2 ,..., N. 

J 

BJ - red array of DIMENSION (N,N). 
On exit, BJ(i,j) contains - a& 

@i (BI, 
i j  = 1,2 ..., N. 

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 Dû2RAF is 
called. 

J 

N - INTEGER. 

DELEPS - mol. 
Before entry, BELEPS must be given a value 
which specifies whether continuation is 
required. If DELEPS 5 0.0 or DELEPS 1 
1.0 then it is assumed that continuation is not 
required. If 0.0 < DELEPS < 1.0 then it is 

DELEPS < machepsj (where macheps 
macheps is the smallest number such that 
1.0 -i- macheps > 1.0) when an error exit is 
taken. DELEPS is used as the increment 
c2 - e, (see (4)) and the choice 
DELEPS - 0.1 is recommended. 
On exit, DELEPS contains an overestimate of 
the increment cP - cp-, (in fact the value of 

assumed that continuation is required unless 

Page 4 [NAGFLIB;I827/0:MkIO.-lst December 1982) 



Do2 - Ordinary iX#etential Equaiiwu 

the increment which would have been tried if 
the restriction cp = 1 had not been impcd) .  
If continuation was not r c q u ~ ~ t a l  then 
DELEPS = 0.0onexit. 
If continuation is not requested then the 
parameters JACEPS and JACGEP may be 
replaced by dummy actual parameters in the 
cali to WZRAF. ("he NAG routines 
Dû2GAZ and Dû2GAX respactivdy m y  be 
used as the dummy parameters.) 

user. 

JACEPS must evaluate the derivative - at  

Otherwise the user is advised to ute Dû2GAZ 
as the actual parameter JACEPS. 
Tht sP6cifkation of JACEPS is: 

JACEPS - SUBROUTINE, supplied thc 

af, 
ae 

the point x if continuation is beiiy used. 

SUSROUTINE J A C E P S ( X . E P S , Y , F , # )  
INTEGER N 
waf X I EBS i Y N ] F [ W 1 
x-SCOL 

on entry, x spacifies the value of the 

Changad. 

EPS - nal. 

argument X. Its value mast not be 

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

Y - rwl m y  of DIMENSION (N). 
On entry, Y(i ) contains the solution Oahres 
yi at the point X, i - 1,2 *..., N. 'iñme 
values must pot be changed. 

F - reef array of DIMENSION (N). 
af, 
at On exit, F(i) must contain - at the point 

(&y)* i - 1,2 ,..., N. 

On entry, N sP6cifies the number of 
equations. Its value must not be c w .  

JACEPS must be dedarui as EXTERNAL M 
the (sub)pgram from which DûZRAF is 
called. 

N - INTEGER. 

JACGEP - SUBROUTINE, ~ p ~ l i e d  by the 
user. 

@i 
JACGEP must evaluate the derivatives - if 
continuation is being used. Otherwise the user 
is advised to use Dû2GAX as the actual 

at 

parameter for JACGEP. 
The spacification of JACGEP is: 

SUBROUTINE J A C G E P ( E P S . Y A , Y B ,  
1 6 C E P . N )  
INTEGER N 
d E P S , Y A ( N ) . Y B ( ñ ) , B C E P ( N ) .  

Eps-r#l. 
On entry, EPS must specify the value of 
the continuation parameter e. Its value 
muat not be changed. 

YA - r#l ûîïûy Of DIMENSION (N). 
On entry, YA(i) contains the value of 
yi(A), i- lJ....,N. These values must not 
be changad. 

YB - ró*l array of DIMENSION (N). 
On entry, YB(i) contains the value of 
yi(B), i = 13 ,..., N. Thest values must 
8sa be cB*. 

BCEP - nrl array of DIMENSION (N). 
'g i On exit, BCEP(i) must contain de, 

i = 1,2, .. .,N. 

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

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

WORK - m d  array of DIMENSION 
(LWORK). 
U d  as workilq space. 

LWORK - INTEGER. 

of the amay WORK. 

unchanged 011 exit. 

On entry, LWORK must specify the dimension 

LWORK L MNP(3N2 +6N+2)+4N2 +3N i 
WORK - INTEGER m a y  of DIMENSION 

(LIWORK). 
Used as working space. 

LIWORK - INTEGER. 
On entry, LIWORK must specify the 
âimcnsion of the array IWORK: 

LIWORKz MNP X (2XN+l) + Nif 
UACZO 

[NAGFLIB:1827/o:MLJO::Isr Dmmbcr 1982) Page 5 



DOZBAF 002 - Ordinary Differenîial Equations 

and 
LIWORK L MNP X (2XN+1) + N 2  

+ 4 X N + 2 ,  
if IJAC = O. 
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 weli 
as specifying hard or soft failure (sec Chapter 
pol). 
Before entry, IFAIL must be set to a value 
with the decimal expansion cba, where each of 
the decimal digits c, b and a must have the 
value O or 1. 

a = O specifies bard failure, otherwise soft 
failure; 

b = O suppresses error messages, otherwise 
error messages will be printed (see 
Section 6); 

c = O suppresses monitoring information, 
otherwise monitoring information 

The racommendcd value for inexperienced 
users is 110 (i.e. hard failure with all m o r  
messages and monitoring information printed). 
Unless the routine detects an error (sec Section 
6). IFAIL contains O on exit. 

will be printed. 

6. Error Iadicators 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 
h m r e x l y  st, 
or X(1) 1 X(NP) 
or the mesh points X(1) are not ordmd 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 wived is ditficuit (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. 

IFAIL - 3 
The Newton iteration has failed to converge. 
There are several possible causes for this 
error: 

(i) Faulty d i n g  in one of the 
Jacobian calculation routines; 

(ii) If IJAC = O then inaccurate 
Jacobians may have been 
calculated numerically (this is a 

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

very unlikely cawe); 

IFAIL = 4 
Tbe Newton iteration has reached roundoff 
error level. It could be however that the 
answer returned Es satisfactory. The moo is 
likely to occur if too high an accuracy is 
requested. 

IFAIL = 5 
The Jacobian calculated by JACOBG (ar the 
equivalent matrix calculated by numerical 
differentiation) is singuiar. This may occur 
doe to faulty coding of JACOBG or, in some 
circumstances, to a zero initial choice of 
approximate solution (such as is chosen when 
INIT = O). 

IFAIL = 6 
There is no dependence on e when 
continuation is being used. This can be due to 
faulty d i n g  of JACEPS or JACGEP or, in 
some circumstanm, to a zen, initial choice 
of approximate solution (such as is chosen 
when INI" = O). 

IFAIL = 7 
DELEPS is required to be less than macheps 
for continuation to proceed. It is likely that 
either the problem (3) has no solution for 
some value near the current value of EPS 
(see the advisory print out from DOLRAF ) 
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 

Page 6 [NAGFLIB:1827~O:Mk1O::Isr December 1984 
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a call to DOLRAF or Dû2RAR respectively. 
Check all array subscripts and subroutine 
parameter lists in calls to DOLRAF. Seck 
expert help. 

7. Auxiliary Roriases 
Details are distributed to sites in 
machine-readable form. 

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

9. Stomge 
The storage occupied by internally declared 
arrays is 250 d elements. 

10. Accancy 
The dution returncd by the routine will be 
accurate to the user's tolerance as Mined 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 arc specificd in the inithi mesh, the 
solution nìay be morc accurate than requested 

I 

and the error may not be approximately 
equidistributed. 

11. Further Comments 
The routine uses a labelled COMMON block 
ADOZRA. 
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 XMABF (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. Keywwds 
Boundary Value Problems, 
Deferred Correction, 
Differential Equations, ordinary, 
Finite - Difference Method. 

13. Exampk 
We Solve the differential equation 

with e = I and boundary conditions 

to an accuracy s p b n f d  by TOL = 1.OE-4. The continuation facility is used with the continuation 
, parameter c intmduccd as in the differential equation above and with DELEPS = 0.1 initially. (The 

continuation facilitx is not &cd for this problem and is used here for illustration.) 
Note the celis to XOQAAF and Xû4ABF prior to the call to W2RAF. 

y"'-- yy" - 2 e ( l - i 2 )  

Y@) = YW) = 0, f(10) = 1 

WARNING W 
may not be the same. If in doubt, picase seek further idvice (ret E.sathl fntroQctiai to the Library Manual). 

precfsh eumpk program may rcquirr amendment for ctrtain implementations. The results produced 

13.1. Ragram Text 
C DO2RAF EXAMPLE PROGRAM TEXT 
C MARK 8 RELEASE. NAG COPYRIGHT 1979. 
C .. LOCAL SCALARS .. 

REAL DELEPS. TOL 
INTEGER I .  IFAIL. IJAC. INIT. J.  LIWORK. LWORK, UNP. N ,  NOUT. 

NP. NUYBEG. NUUMIX 
C .. LOCAL A R R A Y S  .. 

REAL ABT(3). WORK(2128), X(40). Y(3.40) 
INTEGER IWORK(303) 

C .. SUBROUTINE REFERENCES .. 
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D o Z W  002 - ûrdinwy Differential Equations 

C OOZRAF, X04AAF.  X04ABF 
C .. 

EXTERNAL F C N .  G .  J A C E P S .  J A C G E P ,  JACOBF. JACOBG 
DATA NOUT /6/ 
WRITE ( N O U T , 9 9 9 9 7 )  
WRITE (NOUT.99996)  
CALL  X 0 4 A A F ( l ,  NOUT) 
CALL  XO4ABF(1.  NOUT) 
TOL = 1.OE-4  
LWORK = 2 1 2 8  
LIWORK = 3 0 3  
MNP - 40 
N - 3  
NP = 1 7  
NUMBEG - 2 
NUMMIX = O 

X(NP) = 1 0 . 0  
I N I T  = O 
DELEPS  - 0 . 1  

IFAIL = 1 4 4  
CALL DOERAf(W, MWP. N P ,  MUYBEG, NUYMIX. TOL .  I N I T ,  X ,  Y .  3 .  

A B T ,  F C N ,  G .  I J A C .  J A C O B F ,  JACOBC,  D E L E P S ,  JACEPS.  J A C G E P ,  
* WORK, LWORK, IWORK. LIWORK. I F A I L )  

X(1)  = 0 . 0  

I I J A C  = -1 

IF ( I F A I L . N E . 0 )  GO TO 20 
WRITE (NOUT,  99999) UP 
WRITE (NOUT,  99998)  ( X (J ) , ( Y  ( I ,  J) ,I. 1 ,  #)  , J =  1 .  NP) 

I WRITE (NOUT,  99995)  (A6T(  I ) ,  111 , N )  

I * 4 H X ( I ) .  5 X ,  S H Y l ( 1 ) .  6 X .  5 H Y 2 f I ) .  8 X .  SHY3(1))  

20 STOP 
99999 FORYAT (27HOSOLUTION ON F I N A L  MESH OF , 1 2 .  7H PQINTS/7X. 

99998  FORMAT ( l X ,  O P F 1 0 . 3 .  l P 3 E í 3 . 4 )  
9 9 9 9 7  FORYAT [4(1X/) .  31H DO2RAF EXAYPLE PROGRAM RESULTS/ lX)  
99996 FORYAT ( lX/37HOCALCULATION USING ANALYTIC JACOBIANS) 

I 

I 
I 99995 FORMAT (38HOYAXIMUY ESTIMATE0 ERROR BY COMPONENTS/lH , 1OX. 

l P 3 E 1 3 . 4 )  ’ 
END 

I SUBROUTINE F C N ( X ,  E P S ,  Y ,  F ,  U )  
I C . .  SCALAR ARGUMENTS ,. 

REAL  E P S ,  X 
INTEGER Y 

C .. ARRAY ARGUMENTS .. 
REAL  F ( Y ) ,  Y(U) 

C . .  
I F ( 1 )  = Y ( 2 )  

F ( 2 )  = Y ( 3 )  
F ( 3 )  * - Y ( l ) * V ( 3 )  - Z . O * ( l . O - V ( 2 ) * Y ( 2 ) ) * E P S  
RETURN 

SUBROUTINE G ( E P S .  Y .  2 ,  A L ,  U )  

REAL  E P S  
INTEGER Y 

i END 

C . .  SCALAR ARGUMENTS . .  

C .. A R R A Y  ARGUMENTS . .  
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C 

C 

C 

C 

C 

C 

C 
C 

C 

C 

C 

C 
C 

C 

20  

2 0  
40 

REAL AL(U), V ( U ) ,  Z (U)  

A L ( 1 )  = V ( 1 )  
AL(2) Y(2) 
AL(3) Z ( 2 )  - 1 . 0  
RETURN 
EM0 
SUBROUTINE J A C E P S ( X ,  E P S ,  Y ,  F ,  U) 
.. SCALAR ARGUUEWTS .. 
REAL E P S ,  X 
INTEGER U .. ARRAY ARGUMENTS .. 
REAL F ( M ) ,  Y(U) 

F ( 1 )  0 . 0  
F(2) 0 . 0  
F(3) - 2 . O o ( 1 . O - Y ( 2 ) * Y ( 2 ) )  
RETURW 
END 
SUEIROUTINE J A C G E P ( E P S ,  Y ,  2 ,  AL, U) 
.. SCALAR ARGUUENTS . .  
REAL EQS 
INTEGER Y 
.. ARRAY ARGUMENTS . .  
REAL A L ( U ) .  Y(U) ,  Z(U) 

.. LOCAL SCALARS .. 
INTEGER I 

O0 20 1 = 1 , 3  

CONTINUE 
RETURN 
END 
SUBROUTINE JACO6F(X .  E P S .  Y ,  F ,  U)  
.. SCALAR ARGUMENTS .. 
REAL E P S ,  , X 
INTEGER Y 
.. ARRAY ARGUMENTS .. 
REAL F(U.U) ,  Y(U) 

.. LOCAL SCALARS .. 
WEEER !, J 

DO 40 111.3 

.. 

.. 

.. 

.. 
A L ( 1 )  - 0 . 0  

.. 

.. 
DO 2 0  J 1 1 . 3  

CONTI WUE 
f ( 1 . J )  = 0 . 0  

CONTINUE 
F ( 1 . 2 )  = 1 . 0  
F [ 2 , 3 )  1 . 0  
F ( 3 . 1 )  - Y ( 3 )  
F ( 3 . 2 )  = 4 .O*Y(Z) *EPS 
F ( 3 . 3 )  - Y ( 1 )  
RETURN 
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002 - Ordinary Dvferential Equations 

C 

C 

C 
C 

C 

END 
SUBROUTINE JACOBG(EPS. Y ,  Z ,  A ,  B ,  U) 
.. SCALAR ARGUMENTS . .  
REAL EPS 
INTEGER M 
.. ARRAY ARGUMENTS .. 
REAL A(Y,M). B(M.M). Y(M). Z(M) 

.. LOCAL SCALARS .. 
INTEGER I ,  J 

O0 40 111.3 

.. 

.. 
DO 20 J-1.3 

A(1.J)  - 0 . 0  
B ( 1 . J )  - 0 . 0  

20 CONTINUE 
40 CONTINUE 

A ( l . 1 )  = 1 . 0  
A(2.2) - 1 . 0  
B(3.2) = 1 . 0  
RETURN 
END 

13.2 Pr- Dah 
Nune. 

133. Program Resaár 
D02RAF EXAMPLE PROGRAU RESULTS 

CALCULATIOH USING ANALYTIC JACOBIANS 

DOZRAF MONITORING INFORUATION 

MONITORING NEWTON ITERATION 
I 

YUMBER OF POINTS IN CURRENT MESH - 
CORRECTION NUMBER O RESIDUAL SHOULD BE . L E .  1.00E O0 

17 

ITERATION NUüBER O RESIDUAL = 1.OOE O0 
SQUARED NORM OF CORRECTION - 9.90E O 1  
SQUARED NORM OF GRADIENT = 1.OOE O0 
SCALAR PRûûUCT UF CûRRECTIUSI Añû 6RAûiEPIT = 1.ûûE 88 

ITERATION WUMBER 1 RESIDUAL 5.59E-01 
CONTINUATION PARAMETER EPSILON 2.00E-01 DELEPS = 2.00E-01 

MONITORING NEWTON ITERATION 

Monitoring information omitted. 
NUYBER OF NEW POINTS 5 

MONITORING NEWTON ITERATION 

NUMBER OF POINTS IN CURRENT MESH - 33 
CORRECTION NUMBER 1 RESIDUAL SHOULD BE . L E .  1.22E-05 

ITERATION NUMBER O RESIDUAL = 3.56E-04 

Page 10 jNAGFUB..1827~:~k10:Isr Decembcr 19821 



SQUARED NORM OF CORRECTION = 1.70E-06 
SQUARED NORM OF GRADIENT 2.89E-07 
SCALAR PRODUCT OF CORRECTION AN0 GRADIENT 1.28E-07 

ITERATION NUMBER 1 RESIDUAL - 2.70E-08 
MESH SELECTION 

NUMBER OF NEW POINTS O 
CORRECTION NUMBER 1 ESTIMATED M A X I M U M  ERROR 6.92E-05 

ESTIMATED ERROR BY COMPONENTS 
6.92E-05 1.8lE-05 6.42E-05 

SOLUTION ON FINAL MESH OF 33 POINTS 

X ( f )  
o. O00 
O .  062 
O .  125 
O .  188 
O .  250 
O .  375 
o. 500 
0.625 
O .  703 
O .  781 
O .  938 
1 .O94 
1.250 
1.458 
1.667 
1.875 
2.031 

2.500 
2.656 
2.813 
3.125 
3.750 
4.375 
5. O00 
5.625 
6.250 
6.879 
7.500 
8.125 
8.750 
9.375 

10.000 

2.188 

Y l ( I )  
0.0000E O0 
3.2142E-03 
1.2532E-02 
2.7476E-02 
4.7578E-02 
1.0149E-01 
1.7093E-01 
2.5299E-O1 
3.0954E-01 
3.695OE-O1 
4.9776E-01 
6.3461E-01 
7.7761E-01 
9.7480E-01 
1.1768E O0 
1.3815E O0 
1.5362E O0 
1.6915E O0 
2.0031E O0 
2.1591E O0 
2.3153E O0 
2.6277E O0 
3.2526E O0 
3.8776E O0 
4.5026E O0 
5.1276E O0 
5.7526E O0 
6.3776E ûu 
7.0026E O0 
7.6276E O0 
8.2526E O0 
8.8776E O0 
9.5026E O0 

YZ(1 )  
0.0000E O0 
1.0155E-01 
1.9536E-O1 
2.8159E-01 
3.60496-01 
4.9760E-01 
8.0965E-01 
6.9991E-01 
7.4673E-01 
7.8708E-01 
8.5129E-01 
8.9774E-01 
9.3077E-01 
9.5983E-01 
9.7733E-01 
9.8758E-01 
9.9224E-01 
9.9523E-01 
9.9828E-01 
9.9900E-01 
9.9943E-01 
9.9983E-O1 
9.9998E-01 
1.0000E O0 
1.0000E O0 
1.0000E O0 
1.0000E O 0  
9.ûOÛûE Ûû 
1.0000E O0 
1.0000E O0 
1.0000E O0 
1.0000E O0 
1.0000E O0 

Y3(I) 
1.6872E O0 
1.5626E O0 
1.4398E O0 
1.3203E O0 
1.2054E O0 
9.923SE-01 
8.0477E-01 
6.4376E-01 
5.5629E-01 
4.7842E-01 
3.490lE-01 
2.5017E-01 
1.7628E-O1 
1.0768E-01 
6.3852E-02 
3.6741E-02 
2.3792E-02 
1.5143E-02 
5.8470E-03 
3.5275E-03 
2.0894E-03 
7.0180E-04 
1.1337E-04 
6.5600E-06 
5.7085E-06 

-1.2928E-06 
5.4482E-07 

-2.288ûE-Û7 
8.9176E-08 

-3.5784E-08 
1.5339E-08 

-6.7001E-09 
3.5393E-09 

MAXIMUM ESTIMATED ERROR BY COYPONENTS 

6.9244E-05 1.805lE-OS. 6.4213E-05 
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VAX IB 
DATE & TIME PRINTED: TUESDAY, JULY 7 ,  1987 @ 09:06:32* 

108 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
2 30 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
36 O 
370 
380 
39 O 
400 
410 
420 
430 
440 
450 
460 
47 O 
480 
490 
500 
5 10 
5 20 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
6 30 
640 
650 
660 
670 

C 
C BALKEN VOLGENS DE ST. VENANT) 
C WM. OPL. VAN HET NIET-LINEAIRE 
C TORS IE-PROBLEEM. 
C RANI1VOORWAARDEN : u(O)=u(l)=O 
C a* (0 )=ac ( i) =O 
F ILE 5 ( KIND=REMOTE 
FILE S(KIND=REMOTE) 
FILE 7(KIND~DISK,PROTECTION~SAVE,NEWFILE=TRUE,A~~IZE=lS)  

$ INCLUDE "NAGFLIB/FORTRAN/DECLARATION ON APPL" 

C 
$ INCLUDE "NAGFLIB/D/FORTRAN/W2RAF ON APPL" 
$ INCLUDE "NAGFLIB/X/FORTRAN/X04M ON APPL" 
$ INCLUDE "NAGFLIB/X/FORTRAN/X04ABF ON APPL" 
$ INCLUDE "NAGFLIB/D/BORTRAN/D02GAZ ON APPL" 
$ INCLUDE "NAGFLIB/D/FORTRAN/D02GAX ON APPL" 

PROGRAMMA VAXIB (TORSIE VAN AXIAAL INGEKLEMDE 

BLOCK GLOBAtS 

END 

CONPION/GLOBAL/OP ,TI ,EM,GM,GA,LE ,HO , I O  ,MO 
REAL OP,TI,EM,GPII,GA,LE,HO,IO,MO 

REAL DELEPS ,TOL 
INTEGER I,IFAIL,IJAC,INIT,J,LIWORK,LWORK,MNP,N, 

*NP , NUMBEG, NUMMIX , I y  
INTEGER IWORK(2000) 
REAL ABT(5) ,WORK(14000) , X ~ l O O ~ , Y ~ 5 , 1 0 O ~ , X ~ ~ ~ 1 0 0 ~ ~  

SUBROUTINES 
EXTERNAL FCN ,G ,JACOBF , JACOBG ,D02GAZ ,W2GAX 
WRITE (6,600) 
READ (5,/)TOL 
IY= 5 
LWORKp14000 
LIWORK= 2000 
MNP=lOO 
N=5 
NP= 15 
NUMBE(F3 
NUMMIX=O 
I N I I B  1 
DELEPS.12 -0 
I J A C S 1  
IFAIL= 1 1 O 

*SOL( 5,  loo),  ERR( 5 

WRITE(7,500) 
WRITE( 6,100) 
READ( 5, /)OP ,TI  ,EM,GM ,GA,LE ,HO , I O  

WRITE( 7,400) 
WRITE( 7,400) 
INLEZEN VAN DE MESH 
DO 50 I=1,100 

W R I T E ( 7 , 2 0 0 ) 0 P , T I , E M , G M , G A , ~ , H O , I O  

x( I) =o .o 

x( I)=( I - l ) / ( (W- l  )*i -0) 

50 CONTINUE 
Do 30 I=l,NP 



680 
690 
700 
7 10 
720 
730 
740 
7 50 
760 
770 
780 
790 
800 
8 10 
820 
830 
840 
850 
860 
870 
880 
89 O 
900 
9 10 
920 
9 30 
94 O 
950 
960 
970 
980 
990 
1000 
10 10 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1290 

30 CONTINUE 
WRITE( 7 ,400) 
WRITE( 7,400) 
WRITE( 6,110) 
READ(5 ,/)MO 
WRITE(7,21O)MO 

C STARTEN MET DE OPLOSSING VH LIN. PROBLEEM 

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

640 CALL DO2RAF( N ,MNP ,NP ,NUMBEG,NUMMIX,TOL ,INIT ,X ,Y, IY , 
*ABT,FCN,G,IJAC,JACOBF,JACOBG,DELEPS,DO2GU,DO2G~, 
*WORK,LWORK,IWORK,LIWORK,IFAIL) 
IF(IFAIL.NE.0) GO TO 20 
WRITE (7,991 NE’ 
DO 70 J=l,NP 

SOL(1 ,J)=Y(l,J) 
SOL(2,J)=Y(2,J)/LE 
SOL( 3 , J 1 =Y ( 3 , J 1 
SOL(4,J)=Y(4,J)/LE 
SOL( 5, J )=Y ( 5 ,  J /(=*LE) 
XWER( J)=LE*X(J) 

70 CONTINUE 
WRITE (7,98) (~,R(s),(SoL(I,J),I=l,~~ ,J=l ,MP) 

ERR( 2 )=ABT( 2) /LE 
ERR( 3)=BBT( 3 )  
ERR( 4 )=ABT ( 4 ) /LE 
ERR( 5)=ABT(5) /(LE*=) 
WRITE (7,95) (ERR( I) ,111 ,N) 
WRITE(7,400) 
WRITE(7,400) 
WRITE(6,300) 

WRITE( 7,210)MO 

ERR( i )=:ABT( I 1 

READ(5 ,/)Mo 

IF (MO -NE, 0.0) GO TO 640 
20 STOP 
99 FORMAT(27H SOLUTION ON FINAL MESH OF , I2 , 7H POINTS/7X, 
*lHX,llX, 1W ,14X , 2HU’ ,13X , 1Ha,14X,2Ha0,13X 
*3Ha”, / ) 

98 FORMAT ( 1 X  , F10.3,5E16.6) 
95 FORMAT (38~ MAXIMUM ESTIMATED ERROR BY COMPONENTS/~H ,lox, 
*5316.6) 

180 POW’E(’ TYPE BE WAARDEN VAN A,J,E,G,GAMMA,L,H,Io IN*,/) 

@’ GAMMA=’, F14.5, / , ’ Li-’ ,F18.5, / , ’ H=’ , F 18 -5, / , ’ Io=’ ,F 17 5 , / ) 
200 FORMAT( ‘ A=‘ ,Fl8 -5, / , ’ Jz’ ,Fl8 05, / , ’ E=‘ ,Fl8 -5, / 9 e Gec ,F18 -5 / , 
300 FORMAT(’ GEEF EEN NIEUWE WAARDE VOOR MO (STOPPEN=O)’/) 
110 FORMAT(’ TYPE DE WAARDE VAN HET MOMENT IN-,/) 
210 FORMAT(’ MOMENT=’,F12.5,/) 
400 F O ~ T ( ~  ....................... -,/I 
500 FORMAT(’ SOLUTION OF THE TORSIONAL PROBLEM’,/, 

*’ WITH RESPECT TO THE CLASSICAL THEORY’,/) 
600 FORMAT(’ GEEF DE TOL. *,/) 

END 
C 
C 

SUBROUTINE FCN(X,EPS,Y,F,M) 
COMMON/GLOBAL/OP,TI,EM,GM,GA,LE,HO,IO,MO 
REAL EPS ,X ,TI ,EM ,GM ,GA ,LE ,HO, ‘IO ,MO ,OP 
‘INTEGER M 
REAL F(M),Y(M) 

C 
F( 1 ) =Y ( 2 ) 



1300 
1310 
1320 
1330 
1340 
1350 
1360 
1370 C 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 C 
1500 c 
1510 C 
1520 
1530 
1540 
1550 
1560 
1570 
1580 
1590 
1600 
1610 
1620 
1630 
1640 
1650 
1660 
1670 
1680 
1690 
1700 
1710 
1720 
1730 
1740 
1750 
1760 
1770 
1780 
1790 
1800 
1810 
1820 
1830 
1840 
1850 
1860 
1870 
1880 
1890 C 
1900 
1910 

F(~)Z-IO*Y(~)*Y(~)/(OP*LE) 
F( 3)=Y (4) 
F( 4)=Y (5) 
F(~)I-MO*LE*LE*LE/(EM*GA)+GM*TI*LE*LE*Y(~)/(EM*GA) 

RETURN 
END 

@+IO*LE*Y(2)*Y(4)/GA+HO*Y(4)*Y(4)*Y(4)/(2*GA) 

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)=Z(1) 
AL( 5 )=Z(4) 
RETURN 
END 

SUBROUTIME JAC@BP(X,EPS,P,F $&fl 

REAL EPS ,X ,OP ,TI ,EM,GH,GA,LE ,HO ,IO ,MO 
INTEGER M,I,J 

DO 40 I=1,5 

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

REAL F(M,M) ,Y(m 

DO 20 J=1,5 
F(I,J)=O .O 

20 CONTINUE 
40 CONTINUE 

F(1,2)=1.0 
F(2,4)=-IO*Y(5)/(OP*LE) 
F(2,5)*-IO*Y(4)/(OP*LE) 
F(3,4)=1 
F(4,5)=1 
F( 5,2 = fO*LE*Y (4) /GA 
F(~,~)PG~TI*LE*LE/(EM*GA)+IO*LE*Y(~)/GA+~*HO*Y(~)*Y(~) 

@/( 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( I ,  J)=O .O 
B( I ,J)=O .O 

20 CONTINUE 
40 CONTINUE 

A(1,3)=1 .O 
A( 2,l)~l .O 
A( 3 $4 )=i .O 
B(4,l)~l.O 
B(5,4)=1 .O 
RETURN 
END 

SUBROUTINE START( NP ,Y ,N ,M) 
COMMON/GLOBAL/OP,TI,EM,GM,GA,LE,HO,IO,MO 



19 20 
1930 
1940 
1950 
1960 
1970 
1 980 
1990 
2000 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 
2090 

INTEGER I ,#P ,M, N 
REAL Y(N,H),K,HO,LE,GH,TI ,EM,GA,X,MU,CHMU,SHMU,CHEIIIX,SHMUX 
HU=SQRT( (GMTI) /(EM*GA) )*LE 
rn=(exP(nu)+EXP(-Mu))/2 
SHMUI(EXP(HU)-EXP(-MU))/2 
K-(IW*LE)/(GM*TI) 
DO 10 I-1,NP 

x-( 1-1) / ( (m- 1 ) * 1 .o ) 
cmx= ( EXP (m*x) +EXP ( -MU*X) / 2 

Y(l,I)=o.O 
P(2 ,I )-O .o 

SHiSrX=(EXP(MV*X)-EXP(-MU*X))/2 

Y(3,I)lK*(X-SIularx/nu+(ciulnr-r)*(C~X-l)/(~*S~)) 
Y (4, I)4C*( l-CXMUX+( C€íMU- 1 ) *SHMUX/ S M )  
Y(5,I)~K*(-MU*SHX+(CHMU-l)*MU*CHMUX/SHW) 

10 CONTINUE 
RETURN 
EM) 



ELAX I B  
DATE & TIME PRINTED: TUESEIAY, JULY 7 ,  1987 í? 08:58:53. 

100 
I PO 
1 20 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
4 20 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
5 30 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 

C 
C GENS REISSNER TORSIE) 

C TORS IE-PROBLEEM 
C RANDVOORWAARDEN :u(O)=u(l)=O 
C a( O ) =a( 1) =O ; alf a( O )  =O 
FILE 5(KIND=RBMOTE) 
FILE 6(KINWREMOTE) 
FILE 7(KIID=DISK,PROTECTIONrSAVE ,NEWFILE=TRUE ,AREASIZE=15) 

$ INCLUDE "NAGFLIB/FORTRAN/DECLARATION ON APPL" 

$ INCLUDE "NAGFLIB/D/FORTRAN/M)2RAF ON APPL" 
$ INCLUDE "NAGPLIB/X/FORT~/X06AAF ON APPL" 
$ INCLUDE "NAGFLIB/X/FORTRAN/XO4ABF ON APPL" 
$ INCLUDE "NAGFLIB/D/FORTRAN/DOZG~ ON APPL" 
$ INCLUDE "NACFLIB/D/FORTRAEI/DOZG~ ON APPL" 

PROGRAMMA RAXIB (AXIAAL INGEKLEMDE BALKEN VOL - 
C NUM. OPL. V.H.NIET LINEAIRE 

BLOCK GId)BALS 

END 

C 

C 

C 
C 

C 
C 

C 

COkfk¶ON/GLOBAL/OP , T I  ,EM,GM ,GA,LE ,HO, I O  ,MO 
WAL OP T I  ,EM,GM, GA LE, HO, I O  ,MO, DD 

SUBROUTIESES 
EXTERNAL FCM ,G , JACOBF , JACOBG ,W2GAZ ,D02GAX 
WRITE (6,500) 
READ (S,/)TOL 
IY=4 
LWORK= 10000 
LIWORKP 1500 
MNP=lOO 
Na4 
NP=15 
NUMBEOP2 
NUMMIXPO 
INITP 1 
DELEPSsZ .O 
I JAC. . l  
I F A I I r l l O  
M D I F = O  

WRITE(7,120) 
URITE(7,400) 
WRITE(7,400) 
WRITE(6,lOO) 

DD= IO-TI 
WRITE( 7,200)OP ,TI ,EM,GM,GA,LE ,HO , I O  ,DD 
WRITE( 7,400) 
WRITE (7,400) 

DO 50 I-1,lOO 

READ( 5 , / ) OP, T I  EM, GM GA, LE, HO 10 

INLEZEN V.D. MESH 



99 
680 
690 
700 
7 10 
7 20 
7 30 
740 
7 50 
7 60 
7 70 
780 
790 
800 
8 10 
820 
830 
840 
850 
860 
870 
880 
890 
900 
9 10 
930 
940 
950 
960 
970 
980 
990 
10 10 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
f 140 
1150 
1160 
1170 
1180 
1190 
1200 
1210 
1230 
1240 
1250 
1260 
1270 
1280 
1290 
1300 
1310 
1320 

c 

C 

C 
C 

C 

x( I)-o .o 

x( I)= ( I- 1 ) / ( ( NP- 1 * 1 .o> 

50 CONTINUE 
Do 30 I=l,NP 

30 CONTINUE 
WRITE( 7,400) 
WRITE( 7,400) 
WRITE( 6,110) 
READ ( 5, / )MO 
WRITE(7,210)MO 

CALL START(NP,Y,J,I) 
STARTEN MET DE OPL. V.H. LIN. PROBLEEM 

640 CALL D02RAF(N,MNP,NP,NUMBEG,NUMMIX,TOL,INIT,X,Y,IY, 
*ABT,FCN,G,IJAC,JACOBF,JACOBG,DELEPS,DO2GAZ,DO2GAX, 
*WOñK,LWORK,IWOñK,LIWORK,IFAIL) 
IF(IFA1L .NE. O )  GO TO 20 
WRITE(7,99)NP 
DO 70 J=l,NP 

SOL(l,J)=Y(l,J) 
SOL( 2 ,  J)=Y (2, J)/LE 
SOL( 3 ,  J)=Y ( 3 ,  J) 
SOL(4,J)=Y(4,J)/LE 
xm~( J)=LE*X( J) 

70 CONTINUE 
WRITE(7,98)(~R(J),(SOL(I,J),I=l,N),J=l,NP) 

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) 

WRITE(7,210)MO 
IF (MO .NE. 0.0) GO TO 640 

ERR( 1 )=ABT( 1) 

READ(S,/)MO 

20 STOP 
99 FORMAT(27H SOLUTION ON FINAL MESH OF , I2 , 7H POINTS/7X, 
98 FORMAT(lX,FlO .3,4E16 -6) 
95 FORMAT(38H MAXIWM ESTIMATED ERROR BY COMPONENTS/lH ,lox, 
100 FORMAT(’ TYPE DE WAARDEN VAN A,J,E,G,GAMMA,L,H,Io IN’,/) 

*1HX,10X,1Ha,16X,2Ha0,12X,4€Iaïfa,12X,5Ha~fa0,/~ 

*4E16 06) 

260 FORHAT( A=’ , F 18 05, / , ’ .I=* , Fl8 . 5 , / ,  ‘ Eo’ ,F1 O 05  1 ,  ’ G=’ 18 5,/ 
@’ GAMMA=’ ,F14 05, / ’ Lp0 F18 *5 / e lis’ F18 05, / , 
@’ Io=’,F17.5, / ,* D=’ ,F18.5,/) 

300 FORMAT(’ GEEF EEN NIEUWE WAARDE VOOR MO 
110 FORMAT(’ TYPE DE WAARDE VAN HET MOMENT IN0,/) 
210 FORMAT(’ MOMENT=’,F12.5,/) 
400 FORMAT(’ *6**+*************************’,/) 

120 FORMAT(’ SOLUTION OF THE PROBLEM POSTULATED BY REISSNER‘,/) 
500 FORMAT(’ GEEF DE TOL. #,/I 

END 

(STOPPENPO)’,/) 

SUBROUTINEFCN(X,EPS,Y,F,M) 
COMMON/GLOBAL/OP,TI,EM,GM,GA,LE,HO,IO,MO 
REAL EPS ,X,OP ,TI ,EM,GM,GA,LE ,HO ,IO ,MO ,DD 
INTEGER M 
REAL F(M) ,Y(M) 



1330 
1340 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
1570 
1580 
1590 
1600 
1610 
1620 
1630 
1640 
1650 
1660 
1670 
1680 
1690 
1700 
17 10 
1720 
1730 
1740 
1750 
1760 
1770 
1780 
1790 
1800 
1810 
1820 
1830 
1840 
1850 
1860 
1870 
1880 
1890 
1900 
1910 
1920 
1930 
1940 

DD=Iû-TI 
P( 1 )-Y ( 2 1 
F( 3)=Y ( 4) 
F( 2 ) <M*DD*LE* (Y ( 1 ) *LE-Y ( 4) ) / ( EM*GA) 

F(4)=(  LE*DD*Y( 2 ) )  /(EM/( GM*LE*LE)*( 1.5*HO-IO*IO/OP) 

RETURN 
END 

@*Y( 4)**2+10) 

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

REAL EPS ,OP ,TI ,EM,GM,GA,LE ,HO ,IO ,MO ,DD 
'INTEGER M 
REAL AL(H) ,Y(M) ,Z(M) 
DDcIO-TI 
AL(I)=Y(l) 
AL(2)=Y(3) 
AL( 3)-U 1) 
AL( 4) =Eril*HO*Z( 4 ) **3 / ( 2*LE** 3 

RETURN 
END 

COMMON/GL~BAL/OP,TI,EM,GM,GA,LE,HO,IO,MO 

@+IO*GM*Z(4)/LE-W 

SUBROUTINE JACOBF(X,EPS ,Y ,F ,M) 

REAL EPS ,X,OP ,TI ,EM,GH,GA,LE ,HO, IO ,MO ,DD 
INTEGER ñ,I,J 
REAL F(M,M) ,Y(M) 
DPIO-TI 
DO 40 I=1,4 

~XMON/GLOBAL/OP, TI, EM,GM, GA, LE, HO, IO ,MO 

DO 20 J=1,4 
F( I * J)=O -0 

20 CO#TIrn 
40 CONTINTE 

F(1,2)~1*0 
F( 2,i) -*DD*LE*LE/ ( EM*GA) 
F(2,4)-GI@DD*LE/(EM*GA) 

F(4,2)=LE*DD/(3*EM*HO/(Z*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) 

RETURN 
END 

F( 3,4)=1 *O 

@/(~*LE*LE*GM)+Io)**z)) 

SUBROUTINE JACOBG(EPS,Y,Z,A,B,M) 
COMMON/GLOBAL/OP , TI ,EM,GM,GA,LE ,HO, IO ,MO 
REAL EPS ,OP ,TI ,EM,GM,GA,LE ,HO, IO ,MO ,DD 
INTEGER M, I ,  J 

DPIO-TI 
Do 40 I=1,4 

REAL A(M,M) ,B(M,M) ,Z(M),Y(M) 

DO 20 J=1,4 
A( I, J =O .O 
B( I ,  J)=O -0 

20 CONTINUE 
40 CONTINUE 

A( 1,l )=i .O 

B( 3,1101 .O 
A(2,3)~1 .O 



1950 
1960 
1970 
1980 
1990 
2000 
2010 
2020 
2030 
2040 
20 SO 
2060 
2070 
2080 
2090 
2 100 
21 10 
2120 
2130 
2140 
2150 
2 i60 
2170 

2190 
2200 
2210 

2180 

B(4,4)-3*WHO*Z(4)*2( 4) /(2*LE**3)+10*GM/LE 
Ramm 
END 

c 
C 

SUBROUTINE STARTCNP ,Y ,N ,M) 

INTEGER I ,NP ,M,N 
COMON/GLOBAL/OP,TI,EM,GM,GA,LE,HO,IO,HO 

REAL Y (N ,w) ,K ,#O ,LE ,GM,TI ,EH,GA ,X  ,MU ,CHMU , SHMU ,CHMUX , SHMUX , 

MU=SQRT( (GM*TI*DD) /( EM*GA*IO) )*LE 

sm=(ExP(m)-ExP(-wu))/2 
K- ( MO*W ) / ( GM* ro> 

x=( 1-1 ) / ( ( NP-1 )*i .o 1 

@DD 
DD-IO-TI 

C(EXP(MU)+EXP(-HU) )/2 

DO 10 L=l,NP 
CKMUX~(EXP(MU*X)+EXP(-W*X))/2 
S M i J X m  ( EXP (XU* X) -EXP (-MU* X) / 2 
Y ( 1, I)4C*IO/( TI*LE)*( l-CHMUX+( CHPfLI- 1) *SHMUX/SHMU) 
Y(2,I)4C*IO/(TI*LE)*(-HU*SNMUX+(CHMU-l)*MU*CHMUX/SHMU) 
Y(3,I)iK*DD/TI*(X-S~/~+(C~-l)*(CH~X-l)/(~*S~~)) 

Y(4,I)~K*DD/TI*(l-C€@lUX+(CHHU-l)*SHMUX/SHMU)+K 
@ +K*X 

10 CONTINUE 
RETURN 
END 


