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ABSTRACT 

I n  c o n t o u r  p l o t t i n g  and o t h e r  a p p l i c a t i o n s  it i s  o f t e n  u s e f u l  t o  
i n t e r p o l a t e  a c l o s e d  c u r v e  th rough  a se t  of da t a  p o i n t s .  The c o n t i n u i t y  
p r o p e r t i e s  of c u b i c  s p l i n e s  p roduce  i n t e r p o l a t e d  c u r v e s  t h a t  are smooth; 
t h e  a d d i t i o n  o€ p e r i o d i c  end c o n d i t i o n s  i n s u r e s  a smooth j o i n  where t h e  
Curve c l o s e s .  Given v a l u e s  of X and Y d e f i n i n g  N p o i n t s ,  and N f l  v a l u e s  
of t h e  p a r a m e t e r  T ,  t h e  s u b r o u t i n e  PCUSPL w i l l  r e t u r n  t h e  coef  f i e i e n t s  
of t h e  p e r i o d i c  c u b i c  s p l i n e s  which i n t e r p o l a t e  X v s  T and Y v s  'F. 
A p o s s i b l e  c h o i c e  f o r  T i.s t h e  c u m u l a t i v e  p o i n t - t o - p o i n t  d i s t a n c e  

TI = 0 

A s  a n  example of t h e  u s e  of PCUSPL, w e  show t h e  r e s u l t s  f rom 
i n t e r p o l a t i n g  through t h e  ver t ices  of r e g u l a r  po lygons ,  p l o t t i n g  b o t h  
irhe i n t e r p o l a t e d  c u r v e  and the c i r c l e  th rough  t h e  v e r t i c e s .  Program 
l i s t i n g s  are i n c l u d e d  i n  t h e  Appendix.  
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INTRODUCTION 

(1)) 
The DISSPLA g r a p h i c s  package p r o v i d e s  for i n t e r p o l a t i o n  w i t h  

p a r a m e t r i c  c u b i c  s p l i n e s  (see Sect. 12.2, Par t  B of t h e  User's Manual 
w i t h  two i m p o r t a n t  l i m i t a t i o n s :  f i r s t ,  a maximum of 51 p o i n t s  i s  a l l o w e d ;  
and s e c o n d ,  t h e r e  is no p r o v i s i o n  for  c l o s e d  c u r v e s .  The s u b r o u t i n e  PCUSPL 
i s  d e s i g n e d  t o  l e t  t h e  u s e r  d imens ion  t h e  a r r a y s  t o  b e  used a s  l a r g e  a s  
needed ( a n y t h i n g  you l l k e ,  a s  l o n g  as y o u ' r e  w i l l i n g  t o  pay f o r  t h e  eom- 
p u t e r  t ime) and t o  a p p l y  t h e  c u b i c  s p l i n e  c o n t i n u i t y  c o n d i t i o n s  i n  a 
p e r i o d i c  way so  t h a t  t h e  g e n e r a t e d  c u r v e  is c l o s e d  w i t h  a smooth j o i n .  

There  i s  a n  e x c e l l e q 5 ) d i s c u s s i o n  of  c u b i c  s p l i n e  i n t e r p o l a t i o n  i n  For- 
s y t h e ,  Malcolm and Moler ; fo r  t h i s  r e a s o n ,  t h e  d e r i v a t i o n  g i v e n  i n  t h i s  
r e p o r t  i s  f a i r l y  s k e t c h y .  

To show a n  example o f  t h e  u s e  of PCUSPL, w e  have  p l o t t e d  t h e  i n t e r p o -  
l a t e d  c u r v e s  t h r o u g h  t h e  v e r t i c e s  o f  r e g u l a r  po lygons  and p l o t t e d  t h e  c i r -  
c l e s  t h r o u g h  t h e  v e r t i c e s  f o r  comparison.  The program t o  produce t h e s e  
p l o t s  i s  l i s t e d  i n  t h e  Appendix,  i n  a d d i t i o n  t o  PCUSPL. 

'DISSPLA User's Manual,  I n t e g r a t e d  S o f t w a r e  Systems C o r p o r a t i o n ,  
San Diego, C a l i f o r n i a ,  1978 E d i t i o n  ( R e l e a s e  8 .2 ) .  

2G. E. F o r s y t h e ,  M. A .  Malcolm and C. B. Moler, Computer Methods 
for  Mathemat ica l  Computa t ions ,  P r e n t i c e - H a l l ,  I n c . ,  Englewood C l i f f s ,  
N e w  J e r s e y ,  1977, pp.  70-83. 

t 
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D E R I V A T I O N  

We u s e  a p a r a m e t r i c  c u b i c  i n t e r p o l a t i o n  f u n c t i o n  f o r  each  c o o r d i n a t e  
(X and Y) d e s c r i b i n g  a c u r v e  th rough  N+l p o i n t s :  

X = X .  + b . ( t - t . )  + c . ( t - t i )  2 + d i ( t - t i )  3 
1 1 1 1 

( i  = 1.2,  ..., N) 
Y = Y .  + 6,(t-t,) + +-ti) 2 + aict-ti,  3 

1 

'N+1 = Y1 

The pa rame te r  t m u s t  be i n c r e a s i n g  a s  t h e  c u r v e  is t r a v e r s e d .  A p o s s i b l e  
c h o i c e  f o r  t is  t h e  cumula t ive  p o i n t - t o - p o i n t  d i s t a n c e :  

ti = 0: 

- 
2 

For r e a s o n s  of  numer i ca l  s t a b i l i t y  d conven ience  we write t h e  
i n t e r p o l a t i o n  f u n c t i o n  i n  t h e  form 

(27 

+ w v + h2 [(w3 - W) 
i i s(t> = w v 

i + l  

( i = 1 , 2 ,  ..., N ;  v N+l = '1) 

where 

v i s  t h e  v a l u e  o f  t h e  dependent  v a r i a b l e  ( e i t h e r  X o r  Y )  a t  t * 
i i '  

h i  = t i+l  - ti  ; and 

- 
W = ( t - t i ) / h i ,  w = 1 - W 

s o  that ,  a s  t r a n g e s  o v e r  t h e  s u b i n t e r v a l  t 
and w' g o e s  from 1 t o  0. 
( f u n c t i o n ,  f i r s t  and second d e r i v a t i v e s )  t o  o b t a i n  a system of N l i n e a r  
e q u a t i o n s  i n  t h e  N unknown CT * i' 

< t < t i+l ,  w goes  from 0 t o  1 
We a p p l y  t h e  c u b i i  s p l i n e  c o n t i n u i t y  c o n d i t i o n s  
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- 
A ,  - A N  

4 A ,  - A 

A - A  
N -1 N -2 

0 0 . .  . 
!(h,  + h N )  h l  

2 ( h l  -t h2)  h 2  O . . .  
h l  

0 

N h 

where 

0 0 o... 

0 0 O . . .  

A .  = ( v .  - v i ) / h i  
1 l a 1  

N 1 
A = ( V  - vN) /hN 

h N  
0 0 

0 0 0 

2(hN-2 + h ) 
N-1 

hN-2 
h N - l  

i = 1.2 ,  ..., N-I  

Note t h a t  t h e  f i r s t  and l a s t  elements o f  t h e  mai i a g o n a l  a r e  d i f f e r e n t  
from those f o r  non-per iodic  s p l i n e  i n t e r p o l a t i o n  , and t h a t  t h e  e l e m e n t s  
i n  t h e  upper  r i g h t  and lower l e f t  corners  a r e  n o t  z e r o .  This resu l t s  from 
t h e  a p p l i c a t i o n  o f  t h e  c o n t i n u i t y  c o n d i t i o n s  a t  t h e  j o i n i n g  p o i n t  (X 
The m a t r i x  of t h i s  s e t  o f  e q u a t i o n s  i s  syrflmetric, n e a r l y  t r i d i a g o n a l l ' a n d  
s t r i c t l y  d i a g o n a l l y  dominant ;  t h e  s o l u t i o n  can  b e  c a l c u l a t e d  by Gauss i an  
e l i m i n a t i o n ,  w i t h o u t  p i v o t i n g ,  u s i n g  an a d d i t i o n a l  v e c t o r  o f  N e l e m e n t s .  A 
s u b r o u t i n e  ( P T R I )  f o r  t h e  s o l u t i o n  of t h e  l i n e a r  e q u a t i o n s  i s  g i v e n  i n  t h e  
Appendix. Once t h e  CT a r e  c a l c u l a t e d ,  t h e  c o e f f i c i e n t s  o f  t h e  c u b i c  po ly -  
n o m i a l s  can  b e  c a l c u l a i e d  from 

?29 

Y ) .  

bi = ( V  - v i ) / h i  - hi ( cri+, + 2 a i )  
i+ 1 

e .  = 3 oj 
1 

d .  z ( 0 - u i ) / h i  
1 i +  1 

i = 1 .2  *..., N 

- 
where t h e  b i ,  c 
a .  a r e  c a l c u l a t e d  u s i n g  y f o r  t h e  v 
c h c u l a t e d  by PCUSPL, t h e  user can  c a l l  t h e  s u b r o u t i n e  SEVAL (Ref. 2 ,  p .  
79;  C O R L I B  n o t e s )  w i t h  s e v e r a l  v a l u e s  o f  t t o  compute x ' s  and y ' s  f o r  a s e t  
of i n t e r m e d i a t e  p o i n t s ;  t h e s e  can  t h e n  b e  p l o t t e d  w i t h  a c a l l  t o  t h e  DISS- 
PLA s u b r o u t i n e  C U R V E .  See t h e  sample program (PCPLT)  i n  t h e  Appendix. 

and di  a r e  c a l c u l a t e d  u s i n g  x. for  t h e  v 

i i' 

and 6 . ,  c and 
After t h e s e  c o e f f i c i e n t s  kave  been  

i i' i 
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USE 

All f l o a t i n g - p o i n t  a r r a y s  used  by P C U S P L  mus t  b e  d e f i n e d  a s  d o u b l e  
p r e c i s i o n  b y  t h e  u s e r .  Given two a r r a y s  X and Y of N e l e m e n t s  e a c h ,  t h e  
c o o r d i n a t e s  of t h e  p o i n t s  t o  b e  i n t e r p o l a t e d ,  t h e  u s e r  must  c a l c u l a t e  N + 1  
v a l u e s  of t h e  pa rame te r  t ,  a s  i n d i c a t e d  by t h e  f o l l o w i n g  program f ragmen t :  

T ( 1 )  = 0.DO 

DO 1 0 0  I = 1 ,  NMl 
N M 1  = N - 1 

T ( I + 1 )  = T ( I )  + D S Q R T  ( ( X ( 1 - 1 - 1 )  - X ( I ) ) * " 2  + ( Y ( I + l )  - Y ( I ) ) * * 2 )  
100 C O N T I N U E  

T ( N + l )  = T ( N )  + D S Q R T  ( ( X ( 1 )  - X(N))**2 + ( Y ( 1 )  - Y ( N ) ) * * 2 )  

The c a l l i n g  sequence  is 

C A L L  P C U S P L  ( X ,  Y ,  T ,  N ,  B X ,  C X ,  D X ,  BY, C Y ,  D Y ,  A ,  8, V) 

where X ,  Y and T a r e  a s  d e f i n e d  above;  B X ,  C X  and DX w i l l  c o n t a i n ,  on 
r e t u r n ,  t h e  c o e f f i c i e n t s  b., c and d .  ; BY, CY and DY w i l l  c o n t a i n  6 .  @" 
and a i ;  t h e  a r r a y s  A ,  B ana  V a r e  u s e 3  a s  workspace.  Except  fo r  N ,  h e  
number of p o i n t s ,  a l l  v a r i a b l e s  a re  d o u b l e - p r e c i s i o n  a r r a y s  and must  b e  
d imens ioned  a t  l e a s t  a s  l a r g e  a s  N.  (T must  be  d imens ioned  a t  l e a s t  N + l . )  

i i 

After c a l c u l a t i n g  t h e  c o e f f i c i e n t s  o f  t h e  c u b i c s ,  t h e  u s e r  c a n  c a l l  
t h e  f u n c t i o n  subprogram S E V A L  t o  c a l c u l a t e  a new se t  of c o o r d i n a t e s  f o r  
p l o t t i n g :  

DOUBLE P R E C I S I O N  T P ( 1 2 9 ) ,  T (  1, X (  ) ,  Y( 
D I M E N S I O N  X P ( 1 2 9 ) ,  Y P ( 1 2 9 )  
: 
( S t a t e m e n t s  d e f i n i n g  T P  a r r a y )  

Do 100 K = I , N P  
X P ( K )  = SEVAL ( N ,  T P ( K ) ,  T ,  X ,  B X ,  C X ,  D X )  
Y P ( K )  = S E V A L  (N, T P ( K ) ,  T ,  Y ,  B Y ,  C Y ,  D Y )  

100 CONTINUE 

( C a l l s  t o  D I S S P L A  s e t u p  r o u t i n e s )  

;ALL C U R V E  ( X P ,  Y P ,  129, 0 )  

Source  programs f o r  PCUSPL and P T R I  a re  a v a i l a b l e  on t h e  X - 1 0  P D P - I O  
i n  t h e  two f i l e s  DSKD:PCUSPL.FORC6137,171 and D S K D : P T R I . F O R [ 6 1 3 7 , 1 7 1 .  The 
program t o  produce  t h e  r e g u l a r  polygon compar ison  p l o t s  i s  s tored i n  
DSKD:PCPLT.FORC6137,171. The s u b r o u t i n e  DSKD:F~LLEM.FORC6137,171 i s  a l s o  
needed .  When u s i n g  SEVAL t o  c a l c u l a t e  a d d i t i o n a l  c o o r d i n a t e s  f o r  p l o t t i n g ,  
fol low t h e  d i r e c t i o n s  i n  t h e  H E L P  f i l e  for  C O R L I B .  
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TEST RESULTS 

As a n  example of t h e  u s e  of PCUSPL, w e  have p l o t t e d  i n  F i g u r e s  1 and 2 
t h e  c u r v e s  o b t a i n e d  from i n t e r p o l a t i n g  p e r i o d i c  p a r a m e t r i c  c u b i c  s p l i n e s  
t h r o u g h  p o i n t s  r e p r e s e n t i n g  t h e  v e r t i c e s  o f  r e g u l a r  polygons w i t h  3, 4 ,  5 
and 6 vertices.  For compar ison ,  we have a l s o  p l o t t e d  a c i r c l e  t h r o u g h  t h e  
v e r t i c e s .  The two curves a r e  n e a r l y  i n d i s t i n g u i s h a b l e  for  t h e  s i x  p o i n t s  
r e p r e s e n t i n g  a hexagon.  
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IWG 81-23964 

F i g u r e  l a .  P e r i o d i c  Cubic  S p l i n e  ( S o l i d )  and Circle (Dash) 
f o r  E q u i l a t e r a l  T r i a n g l e  ( N = 3 )  

F i g u r e  l b .  S q u a r e  ( N = 4 )  
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Figure 2a. Regular Pentagon (N-5) 

- 

- 

Figure 2h.  Regular Hexagon (N-6) 

1.-2 39 6 2. 

23961 
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APPENDIX. PROGRAM LISTINGS 
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C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

P C U S P L . F O R  (22 O C T O B E R  1981) 

S U B  R OUT I N E  P C  US PL 

I M P L I C I T  REAL'8 (A-H,  0-Z )  
1 ( x ,  Y ,  T ,  N ,  B X ,  C X ,  DX,  B Y ,  C Y ,  DY,  A ,  8, v )  

D I M E N S  I O N  

1 A ( 1 ) ,  X ( l ) ,  Y ( 1 1 ,  T ( 1 ) .  B X ( 1 )  , 
2 C X ( l ) ,  D X ( 1 ) .  B Y ( l ) ,  C Y ( 1 )  * D Y ( 1 1 ,  
3 B ( 1 ) ,  V ( 1 )  

P E R I O D I C  P A R A M E T R I C  C U B I C  SPLINE T O  I N T E R P O L A T E  
T H E  N + 1 P O I N T S  (X, Y ) ,  W I T H  X ( N + 1 )  = X ( I ) ,  Y ( N + l )  = Y ( 1 ) .  

F O R  D E R I V A T I O N ,  N O T A T I O N  E T  C . ,  S E E  F O R S Y T H E ,  MALCOLM 
AND M O L E R ,  COMPUTER M E T H O D S  F O R  M A T H E M A T I C A L  C O M P U T A T I O N S .  

ON E N T R Y :  

X AND Y A R E  T H E  C O O R D I N A T E S  O F  T H E  P O I N T S ;  
( R E A L " 8  A R R A Y S ,  D I M E N S I O N E D  A T  L E A S T  N )  

T C O N T A I N S  T H E  V A L U E S  OF T H E  PARAMETER FOR T H E  P O I N T S .  
( R E A L * 8  A R R A Y ,  D I M E N S I O N E D  A T  L E A S T  N + l )  
A P O S S I B L E  C H O I C E  IS T H E  P O L Y G O N A L  A R C  L E N G T H  

T ( 1 )  = 0 ;  T ( 1 )  = T ( 1 - I )  + D S Q R T ( ( X ( 1 )  - X ( I - 1 ) ) * " 2  -4 

( Y ( 1 )  - Y ( I - 1 ) ) * * 2 ) ;  
T ( N + I )  = T ( N )  + D S Q R T ( ( X ( 1 )  - X ( N ) ) * * 2  + 

( Y ( 1 )  - Y ( N ) ) * * 2  

N MUST C O N T A I N  T H E  NUMBER OF P O I N T S :  AND 

T H E  A R R A Y S  A ,  B,  V ,  BX,  C X ,  DX,  3 Y .  C Y ,  AND DY 
MUST B E  D I M E N S I O N E D  A T  L E A S T  N I N  T H E  C A L L I N G  PROGRAM 

ON R E T U R N :  

B X ,  C X ,  AND DX WILL C O N T A I N  T H E  C O E F F I C I E N T S  OF T H E  C U B I C  
P O L Y N O M I A L S  F O R  X ,  AND 
B Y ,  C Y ,  AND DY WILL C O N T A I N  T H E  C O E F F I C I E N T S  O F  T H E  C U B I C  
P O L Y N O M I A L S  F O R  Y. 



14 

100 

110 

C 
C 
C 

C 
C 
C 

115 

T H E  A R R A Y  C X  NOW C O N T A I N S  S I G M A ( X )  

Q = R X ( N )  
C A L L  P T R I  ( B Y ,  E ,  Q, C Y ,  V ,  N )  

THE A R R A Y  C Y  NOW C O N T A I N S  S I G H A ( Y )  

cx1 = C X ( 1 )  
C Y 1  C Y ( 1 )  
DO 115 I = I , N M 1  

H T  = B X ( 1 )  
B X ( i )  D X ( 1 )  - B X ( I ) * ( C X ( I + l )  + C X ( T )  + C X ( 1 ) )  
DX(T) z ( C X ( 1 - t - 1 )  - C X ( I ) ) / H T  
C X ~  = ~ . D O * C X ( S )  
B Y ( I )  = D Y ( 1 )  - H T " ( C Y ( 1 a - l )  + C Y ( 1 )  a C Y ( 1 ) )  
D Y ( 1 )  2 ( C Y ( T + l )  - C Y ( I ) ) / H T  
C Y ( 1 )  = , 9 . D O * C Y ( T )  

C O N T I N U E  
t u  = B X ( N )  
B X ( N )  = D X ( N )  - U X ( N ) * ( C X l  + C X ( N )  -+ C X ( N ) )  
D X ( N )  = ( C X I  - C X ( N ) ) / H T  
C X ( N )  = 3 . D O * C X ( N )  

D Y ( N )  = ( C Y 1  - C Y ( N ) ) / H T  
C Y ( N )  = 3 . D O * C Y ( N )  
R E T U R N  
E N D  

B Y ( N )  s D Y ( N )  - H T " ( C Y 1  + C Y ( N )  + C Y ( N ) )  
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C PCPLT.FOR ( 3  FEB. 1981) 
C 

DOUBLE PRECISION 
1 X ( 6 ) ,  Y ( 6 ) .  T ( 7 ) ,  B X ( 6 ) .  C X ( 6 ) ,  
2 D X ( 6 1 ,  B Y ( 6 ) ,  C Y ( 6 ) ,  D Y ( 6 ) ,  A ( 6 )  , 
3 B(6)i V(6)  1 T P ( 2 5 7 )  TWOPI, THET, 
4 CT, ST 9 CDT , SDT Q 

1 X P ( 2 5 7 ) .  Y P ( 2 5 7 )  
DIMENSION 

DATA TWOPI / 6 . 2 8 3 1 8 5 3 0 7 1 7 9 5 8 D O /  
CALL COMPRS 
CALL PHYSOR ( .5,  .5) 
CALL PAGE ( 1 1 . .  1 1 . )  

C 
100 CONTINUE 

WRITE (5 ,  1 )  

READ (5 ,  2 )  N 

IF (N .EQ.  0 )  GO TO 900 
CALL TITLE ( 0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  IO . ,  1 0 . )  

THET = TWOPI/DFLOAT(N) 
CDT = DCOS (THET) 
SDT = D S I N  (THET) 
CT = 1.DO 
ST = O . D O  
T ( 1 )  = O . D O  
Y ( 1 )  = O . D O  
X ( 1 )  = 5 . D O  
DO 1 0 5  I = 2 , N  

1 FORMAT ( 1 H 0 ,  'ENTER N: I ,  $> 

2 FORMAT ( I )  

CALL GRAF (-5. ,  IO . ,  5.. -5.. I O . ,  5 . )  

Q = CT*CDT - ST*SDT 
ST = ST*CDT + CT*SDT 
CT = Q 
X ( I )  = 5.DO*CT 
Y ( 1 )  = 5.DO*ST 
T ( 1 )  = T ( 1 - 1 )  + DSQRT ( ( X ( 1 )  - X ( I - 1 ) ) * " 2  + 

1 ( Y ( 1 )  - Y ( T - 1 ) ) * " 2 )  



1 6  

115 C O N T I N U E  
TP(257)  T ( N )  -t D S Q R T  ( ( X ( N )  - X(1))**2 + 

1 ( Y ( N )  - Y(1))**2) 
T ( N i - I )  = TF'(257) 
C A L L  P C U S P L  ( X ,  Y, T, N ,  B X ,  cx,  DX,  BY, cy,  D Y ,  

T P ( 1 )  = O . D O  
C A L L  F I L L E M  (TP, 256) 
DO 110 I = 1 , 2 5 7  

1 A ,  H ,  V) 

XP(I) = S E V A L  ( N ,  T P ( I ) ,  T, X ,  BX,  C X ,  D X )  
Y P ( 1 )  = S E V A L  (N, T P ( I ) ,  T ,  Y, B Y ,  C Y ,  D Y )  

110 C O N T T N I J E  
C A L L  C U R V E  ( X P ,  Y P ,  257, 0 )  
DO 107 I = l , N  
XP(1) = X ( I )  
Y P ( I )  = Y ( I )  

CAI..I, MARKER ( 0 )  

C A L L  D A S H  
C A L L  C I R C  (O., O . ,  5 . ,  .02, X P ,  Y P ,  257) 
C A L L  R E S E T  ( ' D A S H ' )  
CALL. E N D P L  ( 0 )  
GO TO 100 

107 C O N T I N U E  

C A L L  CIJRVE ( X P ,  Y P ,  N, -1 ) 

C 
900 C O N T I N U E  

GAIL D O N E P L  
S T O P  
E N D  
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P T R I . F O R  (15 D E C E M B E R  1980) C 
C 

S U B R O U T I N E  P T R I  ( A ,  B ,  C ,  Y ,  V ,  N )  

D I M E N S I O N  A ( 5 ) ,  B ( 5 ) ,  v ( 5 ) ,  y ( 5 )  
D O  100 I = l , N  

I M P L I C I T  R E A L * 8  (A-H,  0-Z )  

V ( 1 )  = O . D O  
100 C O N T I N U E  

V ( 1 )  = c 
V ( N - 1 )  = B ( N - 1 )  
N M 2  = N - 2 
DO 105 1 = 1  , N M 2  

R = B ( I ) / A ( I )  
A ( I + l )  = A ( I + l )  - R * B ( I )  
Y ( I + I )  = Y ( I + I )  - R * Y ( J )  
R = V ( I ) / A ( I )  
V ( I + l )  = V ( I +  
A ( N )  = A ( N )  - 
Y ( N )  = Y ( N )  - 

105 C O N T I N U E  
R z V ( N - l ) / A ( N -  

) - R * B ( I )  
R * V ( I )  
R * Y ( I )  

1 
A ( N )  = A ( N )  - R * V ( N - 1 )  
Y ( N )  = Y ( N )  - R * Y ( N - I )  
Y ( N )  = Y ( N ) / A ( N )  

D O  110 K = l , N M 2  
Y ( N - 1 )  = ( Y ( N - 1 )  - V ( N - l ) * Y ( N ) ) / A ( N - I )  

I = N M 2 + 1 - K  
Y(I) = ( Y ( 1 )  - V ( I ) * Y ( N )  - B ( I ) * Y ( I + I ) ) / A ( I )  

110 C O N T I N U E  
R E T U R N  
E N D  



18 

C 
C 

c 
C 
C 
C 
C 
C 
C 
C 
C 

100 

FILLEM.FOR ( 2 8  M A Y  1 9 8 1 )  

SUBROUTINE FILLEM ( X ,  NINT) 

DIMENSION X (  1 ) 
I M P L I C I T  REAL"8 (A-H,  0-Z) 

ON ENTRY: X ( 1 )  = X M I N  
X ( N I N T i 1 )  = XMAX 

ON RETURN, THE INTERMEDIATE ELEMENTS WILL CONTAIN . 
EQUALLY-SPACED VA1,UES OF X WITH SPACING 

DX ( X M A X  - XMIN)/NINT 

I F  (NINT .LE. 1 )  RETURN 
T = I.DO/BFLOAT (NINT)  
DT = T 

XLAST X ( N I N T i 1 )  
DO 1 0 0  N=2 ,NINT 

CT = 1 .DO - DT 

X ( N )  = TwXLAST i C T I X ( 1 )  
T I T + - D T  
CT = CT - DT 

C ONT I N  UE 
RETURN 
END 
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