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ABSTRACT 

A p a c k a g e  of s u b r o u t i n e s  h a s  b e e n  p r e p a r e d  t o  
f a c i l i t a t e  t h e  u s e  of t h e  p l c t t i n g  e q u i p m e n t  
a v a i l a b l e  a t  t h e  O R N L - s i t e  Comput ing  C e n t e r .  A 
wide v a r i e t y  of d a t a  p l o t t i n g ,  f u n c t i o n  p l o t t i n g  
a n d  l a b e l i n g  o p t i o n s  i s  a v a i l a b l e  f o r  a n y  of t h e  
p l o t t e r s .  

I NTR On UC T I CN 

T h i s  r e p o r t  is i n t e n d e d  f o r  t h o s e  who w i s h  to u s e  

c o m p u t e r s  a n d  a u t o m a t i c  p l c t t e r s  f c r  t h e  p r o d u c t i c n  cf 

g r a p h s .  It is a user's m a n u a l  f c r  t h e  ORNL G r a p h i c s  P a c k a g e  

O R G R A P H  

Scattered t h r o u g h  t h e  r e F o r t  are s a m p l e s  of g r a p h s  a n d  

p i c t u r e s  p r o d u c e d  w i t h  ORGRAPH. I n  some cases, t h e  

c o r r e s p o n d i n g  FORTRAN p r o g r a m  is g i v e n .  

The  user who is new t o  t h i s  s u b j e c t  s h o u l d  b e g i n  a t  t h e  

b e g i n n i n g ,  namely  C h a p t e r  1, which  c o n t a i n s  m a i n l y  

i n t r o d u c t o r y  mat e r i  a 1  . 
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T h e  user who is g o i n q  t o  wri te  a FORTRAN p r o g r a m  to 

draw qraphs s h o u l d  look a t  C h a p t e r  2 ,  C o m b i n a t i o n  

S u b r o u t i n e s .  Rany k i n d s  of graphs c a n  be  drawn w i t h  t h e  

C o m b i n a t i o n  S u b r o u t i n e s .  However,  Chapters  3 a n d  4 a r e  

i n t e n d e d  t o  p r o v i d e  a much w i d e r  r a n g e  of op t ions .  

When t h e  time comes for p u t t i n g  t h e  p rogram i n  t h e  

c o m p u t e r  a n d  t r y i n g  t o  g e t  3 g r a p h ,  the n e c e s s a r y  c o n t r o l  

s t a t e m e n t s  c a n  be  f o u n d  i n  C h a p t e r  5 ,  

O R G R A P H  w i l l  be e x t e n d e d  a c c o r d i n g  t o  u s e r  n e e d s .  

C o n s t r u c t i v e  comment s  a n d  s u g g e s t i o n s  a r e  welcome. 
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1 .  GRAPHICS ANTI O R G R A P H  

1.1  I n t r s d u c t i c n  t o  Computer  G r a p h i c s  

When l a r g e  a m o u n t s  of d a t a  or s y m b o l s  a r e  t o  h e  

p l o t t e d ,  t h e  u s e  of c o m p u t e r s  a n d  a u t o m a t e d  g r a p h i c s  

e q u i p m e n t  o f f e r s  some a d v a n t a g e s .  E l e c t r o m e c h a n i c a l  

p l o t t e r s  d o  n o t  h a v e  t h e  v e r s a t i l i t y  and  a r t i s t r y  of s k i l l e d  

d r a f t s m e n  b u t  a r e  g e n e r a l l y  f a s t e r .  I n s t r u c t i o n s  a r e  g i v e n  

t o  t h e  p l o t t e r  i n  t h e  form of a c o m p u t e r  p r o g r a m  a n d  must  b e  

q u i t e  s p e c i f i c .  You do  n o t  s a p ,  "P lease  p u t  a few t rees  i n  

t h e  b a c k g r o u n d , "  t o  a Calcomp p l o t t e r .  The  p l o t t e r s  a t  t h e  

O R N L - s i t e  a r e  i n c r e m e n t a l  p l c t t e r s ;  t h a t  is ,  t h e y  r e c o g n i z e  

o n l y  a few commands, s u c h  a s ,  "Move o n e  s t e p  t o  t h e  r i g h t , q '  

o r  * 'Put  t h e  p e n  on t h e  p a p e r . "  A c o m p l e t e  p i c t u r e  r e q u i r e s  

t h o u s a n d s  of s u c h  commands. F o r t u n a t e l y ,  t h e  u s e r  need  n o t  

i s s u e  e a c h  command i n d i v i d u a l l y ;  s p e c i a l  c o m p u t e r  F r o g r a m s  

a r e  u s e d  t o  t r a n s l a t e  t h e  u s e r ' s  r e q u e s t  i n t o  p l c t t e r  

commands a n d  t o  write t h e s e  commands cn a magne t i c  t a p e .  

The t a p e  is l a t e r  u s e d  t o  d r i v e  t h e  p l c t t e r .  

Many c o m p u t e r  p r o g r a m s  e x i s t  f a r  c o m p u t i n g  p l o t t e r  

commands. Some s i m p l y  draw a l i n e  from ( x l  , yl ) t o  (x2  , 
y , ) ,  w h i l e  o t h e r s  d raw a c o m p l e t e  p i c t u r e .  A g r o u F  o f  

r e l a t e d  s u b r o u t i n e s  w h i c h  c a n  k~ u s e d  t o  draw a v a r i e t y  of 

g r a p h s  i s  c a l l e d  a p l o t t i n g  ~ a c k a g e .  One p l o t t i n g  p a c k a g e ,  

O R G R A P H ,  is  d e s c r i b e d  i n  t h i s  r e F o r t .  



es  c a n  be u s e d  e i t h e r  t c  o h t a i n  a 

e f f o r t  o r  t o  o b t a i n  f i n i s h e d  

e%s  a n d  t i t l e s ,  F i n a l l y ,  i f  a 

e n l a r  a p p l i c a t i o n  i s  properly 

written, it Can again w i t h  d i f f e r e n t  

ics P a c k a g e )  is a f a m i l y  ef 

g s a p h i s s .  Same examples ef 

g r a p h s  d r a  e g i v e n  i n  t h e  f o l l o w i n g  

2 .  

3 ,  

4, 

5 ,  

6, 

y ~ O E  ¶ r a p  f d a t a  a n d  f u n c t i o n s .  

~~~~~~~ can make g r a p h s  an t h e  CALCOESP Den-and- ink  
  potter, the CALCO P CBT @otter, o r  t h e  l i n e  
printer, It i s  easy t o  switch from o n e  t o  a n o t h e r .  

~~~~~~H is p l o t t e r - i n d e p e n d e n t .  C a p a b i l i t y  
cj o t h e r  ~ ~ ~ ~ t ~ ~ g  e q u i p m e n t  may b e  a d d e d  

later 0 

a n  be o k l a i n e d  w i t h o u t  h a v i n g  t o  
ibs, However, a w i d e  v a r i e t y  
effects c a n  be i n v o k e d ,  i f  

F d a t a  p r e s e n t a t i o n  c a n  b e  
SylUbQls; with o r  w i t h o u t  

es;  OF w i t h  o r  w i t h o u t  

%es c a n  be u s e d ;  l i n e a r ,  
~ ~ ~ ~ i t h m i ~  

b 

I 

. 



7, 

8 ,  

9 ,  

10 a 

5 

H e  s u b m i t s  this p r  
cards  a n d  j o b  card 

utisn of t h e  p r  ZkUSBS plot ~~~~~~d~ 
to b e  written pt f o r  t h e  
case of l i n e  pri t require a 
magnetic t a p e .  

is t ta the user. 

These are two k i  es, t h e  



c a l l s  is u s e d  t o  o b t a i n  a c o m p l e t e  g r a p h .  In this wayr t h e  

u s e r  h a s  more c p t i o n s  a v a i l a b l e .  Data p o i n t s  a n d  c u r v e s  may 

b e  p l o t t e d  o n  t h e  same g raph .  Any 06 a l l  p o i n t s  may Ice 

l a b e l e d .  Scales c a n  b e  on a n y  c r  a l l  sides o r  e v e n  i n s i d e  

t h e  g r a p h ,  

A f a i r l y  w i d e  r a n g e  of o p t i c n s  i s  a v a i l a b l e  w i t h  j u s t  

t h e  C o m b i n a t i o n  s u b r o u t i n e s .  However ,  t h e  B u i l d i n g  E l o c k  

s u b r o u t i n e s  a r e  s t i l l  more v e r s a t i l e .  Each  B u i l d i n g  B l o c k  

s u b r o u t i n e  p e r f o r m s  o n e  s m a l l  p a r t  of making  a g r a p h  s u c h  a s  

c o m p u t i n g  9 s c a l e  f a c t o r  o r  l a b e l i n g  a p o i n t ,  

T h e r e  is a ~~~~~~ a r e a  a v a i l a b l e  t o  a l l  ORGRAFH 

s u b r o u t i n e s  c a l l e d  t h e  Ccmmon P a r a m e t e r  Area ,  o r  CPA. 

D e s c r i p t i v e  i n f o r m a t i o n ,  s u c h  a s  g r a p h  s ize ,  m a r g i n  s i z e ,  

scale f a c t o r s ,  i s  p u t  i n t o  t h e  CFA by O R G R A P H  s u b r o u t i n e s  or 

by the u s e r  a i s e c t l y .  FOE many kinds of graphs the u s e r  

d o e s  n o t  n e e d  t o  enter d a t a  i n t o  t h e  CPA d i r e c t l y .  However,  

a v a r i e t y  of s p e c i a l  effects can k e  o b t a i n e d  by d i r e c t  u s e  

of the CFA a n d  f e r  t h i s  r e a s o n  a n  e n t i r e  c h a p t e r  ( C h a p t e r  3) 

i s  d e v o t e d  t o  it, 

As w i t h  any c o m p u t e s  ~ E o g r a ~ ,  s p e c i a l  c o n t r o l  c a r d s  a r e  

needed  for p l o t t i n g  w i t h  O R G R A P H ,  T h e s e  a r e  d e s c r i b e d  i n  

C h a p t e r  5 .) 
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1 e 4 Compute r  G r a p h i c s  E q u i p m e n t  

E q u i p m e n t  c u r r e n t l y  i n  use a t  O R N L  for automat ic  

q raph-mak ing  is d e s c r i b e d  i n  t h e  ORNL Erogrammer's Pl3nual: 

P l o t t e r s ,  S e c t i o n  1 e 1 e 4 

P r i n t e r s ,  Sec t ions  1-1 .1 ,  1.1.2,  20 

G r a p h  P a p e r ,  S e c t i o n s  1.1.4 

F i l m  a n d   lossy P r i n t s ,  Sections 1.1.4,  1 3  

C o m p u t e r s ,  S e c t i o n s  1.1.1,  1 .1 -2 ,  1 . 1 - 5  

1.5 Compute r  G r a p h i c s  S e r v i c e s  

---- 1.5.1 ------- Plot t i n q  

T h e  p l o t t i n g  e q u i p m e n t  i s  m a i n t a i n e d  by  t h e  Compute r  

Sciences D i v i s i o n ,  A r e q u e s t  f o r  p l o t t i n g  c a n  be made when 

a c a r d  d e c k  is s u b m i t t e d  for a ccnnpu te r  r u n  ( s e e  C h a p t e r  5 ,  

C o n t r o l  C a r d s ) .  The user can  s p e c i f y  w h i c h  p l c t t e r ,  F a p e r  

type, n u m b e r  of g r a p h s ,  etc -  

I f  t h e  u s e r  r e q u e s t s  a C a t h o d e  Ray Tube  p l o t ,  h e  

r e c e i v e s  a r o l l  o f  deve loFe8  f i l m  n e g a t i v e s .  He can a l s o  

r e q u e s t  ~ T E K  p r i n t s  a t  m a g n i f i c a t i o n  14.7, c o r r e s p o n d i n g  t o  

a g r a p h  s i z e  of 11 i n c h e s  by 17 i n c h e s .  A l t h o u g h  I T E K  

p r i n t s  a r e  e a s y  t o  make a n d  i n e x p n s i v e ,  t h e y  t u r n  brawn i n  

a f e u  months .  O R @  way t o  g e t  a Fermanent. r e c o r d  is  t o  Xercx 

the PTEH p r i n t .  



i n i s h e a  by the 

r a t i o n  t h e  d a t a  

coarse grid 8 E  

% b e l s *  In some 

y for p u b l i c a t i o n  

the Csmputer 

iceso i n c l u d i n g  

~~~~~~~~ described 

e~ S c i e n c e s  Division and 

in t h e  Rep 

t a ~ ~ b ~ o ~ t ~ n @  

s i s  an a b b r e v i a t e d  

A c t u a l l y ,  t h e  

1 other s u b r o u t i n e s  

a l lby  c a u s e  F l o t t i n g  

ic t a p e ,  Later@ the 

Fe reader h i c h  i s  i n  



111 t h i s  reportp some 

is assumed t h a t  t h e  user 

program to i n c l u d e  g r a p h f c s  c p t i o  

s t a t e m e n t s  are w r i t t e n  w i t h  c a p i t a l  1 

CALL Q W ~ K ~ ~ ~ X , Y ~ ~ ~  q ~ ~ ~ ~ , ~  

T h i s  s t a t e m e n t  may b e  ~ @ ~ ~ u n ~ ~ @ d  and d e d  t o  t h e  usee ’s  

program. The items i 

i n f o r m a t i o n  t h a t  is t o  

from t h e  s u b r o u t i n e  and 

n e e d .  The FORTRAN-type co 

example t h e  first two 

v a r i a b l e s ,  t h e  t h i r d  cou ld  

I N T E G E R ,  and  t h e  l a s t  two 

a p o s t r o p h e s .  U s u a l l y ,  t h e  

c h o s e n  to  fit t h e  useres  

v a r i a b l e s  should be  select 

g i v e n  w i t h  t h e  d e s c r i p t i o n  
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1.6.3 Data 

ORGRAPH p l o t s  f o u r - b y t e  d a t a  v a l u e s .  I f  e i g h t - b y t e  

n u m b e r s  a r e  g i v e n ,  o n l y  t h e  f i r s t  f o u r  b y t e s  w i l l  h e  u s e d .  

(In n e a r l y  e v e r y  case t h e  32 l o w - o r d e r  bits lsould n o t  make a 

n o t i c e a b l e  d i f f e r e n c e  i n  t h e  p l o t t e d  p o s i t i o n . )  I n  C h a p t e r  

3, a method f o r  s k i p p i n g  a l t e r n a t e  n u m b e r s  is d e s c r i b e d .  

T h i s  c a n  b e  u s e d  t o  p l o t  a r r a y s  of d a t a  s t o r e d  i n  R E A L 9 8  

form; O R G R A P H  w i l l  t r e a t  t h e  d a t a  a s  REAL+4 v a l u e s  s t o r e d  in 

a l t e r n a t e  l o c a t i o n s .  

Sca le  f a c t o r s  a r e  se t  UF so t h a t  ORGRAPH w i l l  c o n v e r t  

t h e  g i v e n  d a t a  i n t o  p l o t t i n g  F o s i t i c n s ,  This is n o r m a l l y  

done  by t h e  S e t u p  R o u t i n e s  ( S e c t i o n  2.3).  For e x a m p l e ,  i f  

t h e  U S ~ E  r e q u e s t s  a 1 0 - i n c h  g r a p h  w i t h  x - a x i s  g o i n g  from 40, 

t o  90., t h e n  e a c h  x - v a l u e  i n  t h e  user's a r r a y  s h o u l d  b e  

s c a l e d  a n d  o f f s e t  ( x - v a l u e  i s  taken t o  B e  i n  u s e r ' s  u n i t s )  

x - v a l u e  i n  i n c h e s  = l O - O ( x - v a l u e  - 40 .0 ) / (90 .C  - 40.0) 

or  more g e n e r a l l y :  

x - v a l u e  i n  i n c h e s  = ( g r a p h  l e n g t h )  ( .a-value - x-min) f (x-max - x-min) 
f o r  l i n e a r  s ca l e s  

x - v a l u e  i n  i n c h e s  = ( g r a p h  length) ( log (x -va lue )  - 
log(x-min)  ) / ( lcg(x-max)  - l o g ( x - m i n ) )  

for log scales w i t h  a n a l o g o u s  e q u a t i o n s  €or y - v a l u e s .  
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I -  

I . 

. 
I 

C 

The q u a n t i t i e s  x , x , P , Y , g r a p h  l e n g t h ,  

a n d  g r a p h  h e i g h t  a r e  s t o r e d  w i t h i n  ORGRAPH. They c a n  e a s i l y  
m i n  m a x  m i n  max 

h e  c h a n g e d  by t h e  u s e r .  

I n  t h e  r o u t i n e s  w h i c h  p r e p a r e  for p l o t t i n g ,  s u c h  a s  t h e  

S e t u p  R o u t i n e s  i n  S e c t i o n  2.3, t h e  p h r a s e  " i n  u s e r ' s  u n i t s l 1  

means  t h a t  t h e  d a t a  will b e  u s e d  t o  h e l p  d e t e r m i n e  xmin, 

I n  t h e  d a t a  p l o t t i n g  r o u t i n e s  t h e  X m a x .  Y m i n  a n d  Y m a x .  

p h r a s e  " i n  u s e r ' s  u n i t s n  means t h a t  t h e  a b o v e  t r a n s f o r m a t i c n  

w i l l  be p e r f o r m e d  o n  t h e  d a t a  b e f c r e  i t  i s  p l o t t e d .  

Advance  Move t h e  p a p e r  o r  f i l m  t o  a 
new p c s i t i o n  kevond  t h e  
p r e s e n t  g r a p h  a r e a .  

Bu i l d i  ng B1 ock S u b r  o u  ti n e  s An a r b i t r a r y  name f o r  a g r o u p  
of  s u b r o u t i n e s  i n  O R G B A P H .  
The  b u i l d i n g  b l o c k  s u b r o u t i n e s  
a r e  d e s c r i b e d  i n  C h a p t e r  4. 

C a l l  i n  g s e q u e n c e  The manner  i n  w h i c h  an  O R G R A P H  
S u k r  aut i n e  is c a l l e d .  
T y F i C a l ,  or p o s s i b l e ,  c a l l i n g  
s e q u e n c e s  a r e  g i v e n .  Example: 

CALL RAYPLT(X, P, 

C o m b i n a t i o n  S u b r o u t i n e s  An a r b i t r a r y  name for a g r o u p  
of s u b r o u t i n e s  i n  O R G R A P H .  
Each  c o m b i n a t i o n  s u b r o u t i n e  
p e r f o r m s  s e v e r a l  f u n c t i o n s .  
The  c o m b i n a t i o n  s u b r o u t i n e s  
a r e  d e s c r i b e d  i n  C h a p t e r  2. 

CPA commcn P a r a m e t e r  Area. 
Re s i  d e n c e  for i n f o r m a t i o n  
d e s c r i b i n g  t h e  c u r r e n t  
c o c r d i n a t e  s y s t e m  a n d  g r a F h  
s t y l e .  T h i s  i s  f u r t h e r  
d e s c r i b e d  i n  C h a p t e r  3.  
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C R T  

C u r v e  

Def a ul t v a l u e s  

E n t r y  

Frame 

F u n c t i o n  

I n c h  

Loq or L o g a r i t h m i c  

O R G R A P H  

Parameter 

C a t h o d e  Ray Tube  p l o t t e r .  

A l i n e  d rawn  t h r o u g h  a t  l e a s t  
twc p o i n t s  o n  a g r a p h .  

The  CPA is c o m p l e t e l y  d e f i n e d  
b y  D A T A  s t a t e m e n t s ,  V a l u e s  
w h i c h  are  n o t  c h a n g e d  a r e  
soneetimes r e f e r r e d  t o  a s  
d e f a u l t  v a l u e s ,  The  CPA 
d e f a u l t  v a l u e s  a r e  l i s t e d  i n  
C h a p t e r  3 0  

FORTRAN E N T R Y  s t a t e m e n t s .  

U s u a l l y ,  t h i s  means a b o x  
d r a w n  a r o u n d  a g r a p h .  
Sometimes, it means  t h e  
s e c t i o n  of f i l m  p r e s e n t l y  
a v a i l a b l e  f o r  e x p o s u r e .  

A r e l a t i o n s h i p  b e t w e e n  
x - v a l u e s  a n d  y - v a l u e s  
d e s c r i b e d  by a F U N C T I O N  
s u  k p r o g r  am or ? i n  t h e  

F U N C T I O N  s u b p r o g r a m s .  
p a r a m e t r i c  case, b y  two 

On t h e  m e c h a n i c a l  p l o t t e r s  a n d  
p r i n t e r s  1 i n c h  = 1 i n c h .  Cn 
t h e  CRT p l o t t e r  1 i n c h  
r e q u e s t e d  i n  t h e  p r o g r a m  = 1 
i n c h  i f  t h e  f i l m  i s  p r o j e c t e d  
a t  1 4 . 7 ~  m a g n i f i c a t i o n .  

T h i s  i n d i c a t e s  t h a t  loga- 
r i t h m i c  s p a c i n g  i s  t o  be u s e d  
f o r  t h e  numbers  i n  t h e  scale  
a n d  t i c k  m a r k s ,  

The  name of t h e  g r a r h i c s  
p a c k a g e  d e s c r i b e d  i n  t h i s  
r e F o r t .  T h e r e  i s ,  h o w e v e r ,  no  
s u k r o u t i n e  of t h a t  name i n  t h e  
p a c k a g e .  

This v a g u e  term is u s e d  f o r  
o n e  o r  b o t h  of t h e  f o l l o w i n g .  

1. I n f o r m a t i o n  s t o r e d  i n  
t h e  Common P a r a m e t e r  
Area, 
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Point 

Preset v a l u e s  

Scale  

Scale factor  

S e t u p  r o u t i n e s  

i t f e  

2, I n f o r m a t i o n  p a s s e d  t o  cr 
f r o m  O R G R B F H  v i a  a 
c a l l i n g  s e q u e n c e ,  

An o r d e r e d  p a i r ,  c e n s i s t i n g  cf 
a n  x - v a l u e  a n d  a y-value ,  “TO 
p l c t  a p c i n t V s  means t o  move 
t h e  p e n  o r  beam t o  t h e  
c o r r e s p o n d i n g  c o o r d i n a t e s ,  a n d  
t o  d raw a s y m b o l  there ,  i n  t h e  
case of L I N P L T ,  

In t h i s  r e p o r t ,  these  a r e  t h e  
same a s  d e f a u l t  v a l u e s .  

Numbers a l o n g  t h e  e d g e  of t h e  
graph,  

T h e s e  set u p  a c o o r d i n a t e  
system and ,  o p t i o n a l l y ,  d r a w  
scales, axes ,  a n d  g r i d .  They  
d o  n o t  p l o t  d a t a .  P x a m p l e s  of 
se t  up r o u t i n e s  a r e  SETPET, 
FIXTXT, RNDPLT, SETPNC, a n d  
S E l P A R ,  which  a r e  d e s c r i b e d  ir! 
C h a p t e r  2. 

S m a l l  fines drawn p e r p e n -  
d i c u l a r l y  t o  t h e  a x e s  t o  
i n d i c a t e  s c a l e  d i v i s i o n s .  

t i v e  i n f o r m a t i o n  a t  t h e  
t O F  sf t h e  g r a p h  Flatted w i t h  
s u k r o u t i n e  T I T L E .  

c o n t a i n s  s c a l e  f a c t o r s  
h e r  i n f o r m a t i e n  wh ich  

d e s c r i b e s  t h e  u s e r ’ s  c u r r e n t  
c s e r d i n a t e  s y s t e m ,  T h e  u s e r ’ s  

g program may s e t  u p  or 
hanege t h i s  c o o r d i n a t e  system 
t any tirn . The d e f a u l t  

te s y s t e m  is i n  i n c h e s  
i t h  1: l  s c a l i n g ,  T h e  s e t u p  

(SETPLTB FPXPLT,  
re n o r m a l l y  u s e d  t o  
he user‘s c o o r d i n a t e  

systems t o  t h e  useres d a t a  
a r r a y s ,  
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X - d i r e c t  i o n  

Y- d i rec t i o n  

X-va l u  e 

Y-value  

Di rec t ion  a l o n g  t h e  F a p e r  c r  
f i lm.  'In t h e  m e c h a n i c a l  
p l c t t e r s ,  p e n  m o t i o n  i n  t h e  
x- direct ion i s  a c t u a l l y  
a c c o m p l i s h e d  by r o t a t i n g  t h e  
drum u n d e r  t h e  Fen.  I n  t h e  
CR'I p l o t t e r ,  m o t i o n  i n  e i t h e r  
d i r e c t i o n  i s  a c c c m p l i s h e d  ky 
d e f l e c t i n g  t h e  e l e c t r o n  beam; 
t h e  f i l m  i s  n o t  moved u n t i l  
t h e  f i l m  a d v a n c e  command i s  
e n  c o u n t e r e d  . 
D i r e c t i o n  across  t h e  p a p e r  c r  
f i l m .  

C o o r d i n a t e  i n  t h e  x - d i r e c t i o n .  

C o o r d i n a t e  i n  t h e  y - d i r e c t i o n .  
For  some s u b r o u t i n e s ,  t h e s e  
a r e  i n  t h e  u s e r ' s  u n i t s ;  i n  
o t h e r s  t h e y  a r e  i n  i n c h e s .  
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2. C O M B I N A T I O N  SUBROUTINES 

2.1 I n t r o d u c t i o n  

. 

In ORGRAFH t h e r e  a r e  s u k r o u t i n e s  ( c a l l e d  b u i l d i c g  

b l o c k s )  e a c h  of  w h i c h  p e r f o r m s  a s p e c i a l i z e d  o p e r a t i o n .  A t  

times it is c o n v e n i e n t  t o  u s e  a s u b r o u t i n e  t h a t  c o m b i n e s  

s e v e r a l  of t h e  b u i l d i n g  b l o c k s ,  S u k r o u t i n e s  of  t h i s  k i n d  

are c a l l e d  c o m b i n a t i o n  s u b r o u t i n e s .  T h o s e  F r e s e n t l y  

a v a i l a b l e  i n  O R G R A P H  a r e  d e s c r i b e d  i n  t h i s  c h a p t e r ,  

One of t h e  c o m b i n a t i o n  s u b r o u t i n e s  is c o m p l e t e  i n  t h e  

s e n s e  t h a t  it c a n  p r o d u c e  a c o m F l e t e  g r a p h .  The s u b r o u t i n e  

is QWIKPL a n d  i s  d e s c r i b e d  in S e c t i o n  2.2. 

The  r e m a i n i n g  c o m b i n a t i c n  s u b r o u t i n e s  a r e  t h e m s e l v e s  

u s e d  i n  c o m b i n a t i o n .  The p l o t t i n g  o f  a c o m p l e t e  g r a F h  i s  

decomposed  i n t o  t h e  f o l l o w i n g  steFs: 

a .  s e t  up  t h e  s ca l e s  a n d  d raw t h e  frame 

b. draw t h e  t i t l e s  a n d  l a b e l s  

c. draw t h e  set of p o i n t s  c r  c u r v e  

d .  a d v a n c e  t h e  f i l m  o r  p a p e r .  

F i g u r e  2.1 s h o w s  t h e  flcw of steps t h a t  will p r o d u c e  a 

set of g r a p h s .  



Read Sec t ion  2.3 
and decide which 
se tup  r o u t i n e  - 

CALL FIXPLT, 
RNDPLT, SETPLT, 

SETFNC or  
SETPAR 

16 

T 
I 

Read Sec t ion  2.5 
and decide which 
data o r  f u n c t i o n  
p l o t t i n g  r o u t i n e .  

CALL RAYPLT, 
LINPLT, PNTPLT, 
ERBRPL, FmCE, 
PLTFNC or  PLTPAR 

c 

Fig. 2.1 Production of a Set of Graphs 

. 
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It s h o u l d  be  n o t e d  t h a t  t h e  s e t u p  s u b r o u t i n e  ( s t e p  a . )  

w i l l  advance t h e  f i l m  or p a p e r  i n  a n y  c a l l  a f t e r  t h e  f i r s t  

one. T h e r e f o r e ,  a s p e c i a l  c a l l  t o  advance  t h e  f i l m  or p a p e r  

s h o u l d  n o t  be  made u n t i l  a f t e r  t h e  l a s t  p i c t u r e  is d r a w n .  

Any number  of  sets of  p o i n t s  or curves  c a n  be drawn  i n  t h e  

same p i c t u r e .  

T h e  s e t u p  i s  d e s c r i b e d  i n  S e c t i o n  2.3, t i t l e s  a n d  

l a b e l s  i n  S e c t i o n  2.4, p l o t t i n g  p o i n t s  o r  c u r v e s  i n  S e c t i c n  

2.5, a n d  a d v a n c e  of f i l m  o r  p a p e r  i n  S e c t i o n  2.6. 

A f a i r l y  w i d e  r a n g e  o f  c p t i c n c  i s  a v a i l a k l e  w i t h  t h e  

c o m b i n a t i o n  s u b r o u t i n e s .  An e v e n  wider r a n g e  cf o p t i o n s  c a n  

be o b t a i n e d  b y  d i r e c t  u s e  of t h e  Common P a r a m e t e r  Area 

( C h a p t e r  3) or t h e  b u i l d i n g  block s u b r c u t i n e s  ( C h a p t e r  4). 

T h e  C o m b i n a t i o n  s u b r o u t i n e s  a r e  

Na me --_ P u r e o s e  --- 
QW'IKPL Draw a c o m p l e t e  g r a p h  

VIXPLT s e t u p  f o r  d a t a  p l o t t i n g ,  f i x e d  limits 
RNDPLT s e t u p  f o r  d a t a  p l o t t i n g ,  r o u n d e d  limits 
SETFLT s e t u p  for d a t a  p l o t t i n g ,  limits from d a t a  
SETFNC s e t u p  f o r  d a t a  p l o t t i n g ,  l imits f r o m  P(X) 
SETPAR s e t u p  for d a t a  p l o t t i n g ,  l imits from P1 (TI, 

-- 

P2 (TI 

TITLE g r a p h  t i t l e  a n d  a x i s  l a b e l s  

RAYPLT p l o t  d a t a  p o i n t s  
LINPLT p l o t  d a t a  p o i n t s  
PNTPLT p l o t  a d a t a  p o i n t  
ERBBPL p l o t  d a t a  w i t h  e r ror  bars 
FENCE p l o t  d a t a  w i t h  v e r t i c a l  l i n e s  
PLTFNC p l o t  a f u n c t i o n  

S e c t i o n  

2.2 

2.3.2 
2.3.3 
2.3.4 
2.3.5 
2.3.6 

2.4 

2.5.2 
2.5.3 
2.5.4 
2.5.5 
2.5.6 
2.5.7 
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PLTPAR p l o t  a p a r a m e t r i c  f u n c t i o n  

ADVANS move to next frame 

t 

2 . 5 . 8  

2.6 
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2.2 QWIKPL, Dlc t  a C c m p l e t e  Graph  

----- 2.2.1 ------------ I n t r o d u c t i o n  2s QWIKPL 

T h e  g r a p h  i n  F i g u r e  2 . 2 . l b  was F r c d u c e d  b y  t h e  prcqram 

i n  F i g u r e  2 .2 . l a .  QWIKPL i s  u s e d  when you  w a n t  a c o m F l e t e  

g r a p h  w i t h  a minimum e f fo r t .  

I f  you w a n t  t o  p l o t  a set of  F o i n t s  d e s c r i k e d  b y  (x ,y )  

p a i r s ,  see S e c t i c n  2.2.2. 

I f  you w a n t  t o  p l o t  a set cf y - v a l u e s  w i t h  c o n s t a n t  

s p a c i n g  i n  t h e  x - d i r e c t i o n ,  see S e c t i o n  2.2.3.  

I f  you  w i s h  t o  do  e i t h e r  o f  t h e  a k o v e ,  b u t  w i t h  more 

t h a n  one s e t  of p o i n t s  per g r a p h ,  r e a d  S e c t i o n  2.2.4. 

Wi th  QWTKPL y o u r  r a n q e  o f  o F t i o n s  is r a t h e r  l i m i t e d .  

If QWIKPL does n o t  p r o d u c e  wha t  ycu  w a n t ,  l o o k  e l s e w h e r e  i n  

t h e  r e p o r t .  
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Fig. 2.2.la Program Using QWIKPL 

Fig.  2.2.Lb Plot Produced by QWIKPL 
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This c a l l  p r o d u c e s  a s c a l e d  g r a p h ,  1 0  i n c h e s  b y  1 0  

i n c h e s ,  on t h e  m e c h a n i c a l  p l o t t e r ,  t h e  l i n e  p r i n t e r ,  or t h e  

CFT p l o t t e r .  The frame w i l l  h a v e  s c a l e s  and  t i c k  marks.  

The scale  f a c t o r s  w i l l  b e  c h o s e n  so t h a t  a l l  t h e  d a t a  p o i n t s  

will b e  i n s i d e  of t h e  frame. A symbol  will be drawn a t  e a c h  

p o i n t  a n d  t h e  p o i n t s  w i l l  b e  c o n n e c t e d  by s t r a i g h t  l i n e s .  

After t h e  g r a p h  is f i n i s h e d ,  t h e  f r a m e  or p a g e  w i l l  b e  

a d v a n c e d  so  t h a t  a n o t h e r  c a l l  tc Q W I K E L  would  p r o d u c e  a new 

graph.  

QWIKPL d o e s  n o t  p r o d u c e  l a b e l s  or t i t l e s .  On t h e  

m e c h a n i c a l  p l o t t e r ,  QWIKPL works b e s t  w i t h  b l a n k  ( u n g r i d d e d )  

paper ,  t y p e  0. 

The x - v a l u e s  a r e  t o  h a v e  c o n s t a n t  s p a c i n g ,  Ax, s t a r t i n g  

frcm some minimum x - v a l u e ,  xmin: 

+ (i - 1) Ax - 
'i - 'min 

The c a l l i n g  s e q u e n c e  is: 

CALL QWIKPL(XINC, Y A R R A P ,  MN, TYPE, XMIN, N A M E )  

X'INC I n c r e m e n t  f o r  x - v a l u e ,  A x  

Y A R F A Y  A r r a y  of y - v a l u e s  

M N  A n e g a t i v e  i n t e g e r  whose  a b s o l u t e  
v a l u e  is t h e  number o f  F o i n t s  t o  be 
p l o t t e d  

TYPE D e f i n e d  as i n  S e c t i o n  2.2.2. 
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X M I N  

NAME 

S t a r t i n g  v a l u e  f c r  x 

User's name f o l l o w e d  b y  $, a l l  i n  

f i r s t  12 c h a r a c t e r s  w i l l  be u s e d ,  
q u o t e s ;  €eCJ., 'I.M.AePZOT$l. The  

----- 2.2.4 QWZKPL w i t h  M u l t i p l e  C a t a  L i s t s  

S e v e r a l  d a t a  s e t s  can he F l o t t e d  on  o n e  g r a p h  hy 

i n s e r t i n g  a n  i n t e g e r  from 2 t o  9 i n  f r c n t  of a n y  of t h e  t y F e  

o p t i o n s  l i s t e d  i n  S e c t i o n  2.2.2, 

For e x a m p l e ,  TYPE='3LOGt means  t h a t  t h i s  is t h e  f i r s t  

of t h r e e  sets of d a t a  t h a t  a r e  t o  be p l o t t e d  on o n e  g r a p h .  

For t h e  n e x t  two calls t o  QWIKPL t h e  TYPX p a r a m e t e r  w i l l  b e  

i g n o r e d  and  may h e  o m i t t e d .  T h u s  a t y p i c a l  s e q u e n c e  is: 

CALL QWIKPL (XI, Y 1 #  N1, ' 3 L O G ' ,  N A M E )  

CALL QWIKPL ( X 2 ,  Y 2 ,  N2) 

CALL, QWIKPL (X3, Y 3 ,  N 3 )  

After t h e  t h i r d  d a t a  l i s t  is  p l c t t e d ,  t h e  p a p e r  i s  

a d v a n c e d ,  s o  t h a t  a n o t h e r  c a l l  t o  QWIKPL w i l l  b e g i n  a new 

g raph .  S i n c e  t h e  s e c o n d  and  t h i r d  c a l l s  r e f e r  t c  t h e  g r a F h  

a l r e a d y  se t  u p ,  a n y  p a r a m e t e r s  a f t e r  t h e  t h i r d  a r e  i g n o r e d .  

Any p o i n t s  o u t s i d e  t h e  g r a p h  limits ( s e t  by t h e  first c a l l  

t o  Q w I K P L )  are n o t  p l o t t e d .  



$. -$be li its s h o u l  e ,  use 

ant the scale n aver a 
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each axis i n t o  w h a t  w i l l  e referred Its as major s c a l e  

divisions or, s i m p l y ,  major B i  isisns,  Pear a linear scar  

e a c h  major division 511 c o ~ ~ ~ s ~ ~ n ~  to e l  2.1 o r  5, u n i t s  

t imes some power of 18, Fear a l c g  

d i v i s i o n  w i l l  c o r r e s p o n d  t o  a n e  dec 

numbers will b e  written only a t  ~~~~~ 

division may be f u r t  

q r i d s ,  With  the exac t  d a t a  limits a s  p a s s  

by the setup routines t h e  a ill not nece 

b e q i n  a n d  e n d  on major  s. ~ ~ ~ ~ ~ T $  SETPVSC, a n  

SETPAR will e x t e n d  the d limits, if neces ry, t o  reac  

major scale d i  isions, SETPET 

FIXPLT w i l l  a lways  u s e  t e e x a c t  li c i f i e d  in the 

c a l l i n g  sequence 

~ o ~ m ~ ~ ~ ~ ~  a 98 inch b y  1 0 - i n c h  g r a  h is s e t  u 

Wowever, these ~ i ~ @ n ~ ~ o  

the d e s i r e d  values in r e a  as  d e s c r i b e d  

in C h a p t e r  3. 

Each Lime he s e t u p  E O U l t i  fed 3 ne 

graph is set up. t h e  f i r s t  caL the p a p e r  o r  f i l m  is 

advanced with ea to any s e t u p  r 

~ ~ t a - ~ ~ o t ~ ~ ~ ~ ~  o 

subroutines ma be caePed silzed to a 

p r e s e n t  g r a  
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After a l l  p l o t t i n q  c a l l s  h a v e  b e e n  made, A D V A N S ,  

d e s c r i b e d  i n  S e c t i o n  2.6,  s h o u l d  h e  c a l l e d  t o  make sure a l l  

p l o t t i n g  i n f o r m a t i o n  stored i n  t h e  compter  i s  mcved t o  t h e  

t ape .  

.) 

----- 2.3.2 ------& P I X P L T  S e t  I& G ~ Q &  sltb F i x e d  L i m i t s  

T h i s  s u b r o u t i n e  is u s e d  t o  set  up a g r a p h  when t h e  

e x a c t  scale limits t o  be u s e d  a r e  known i n  a d v a n c e .  

X M T N  

X Y A X  

Y M I N  

YMAX 

TYPE 

'LINE' 
'PLOG' 

' X L O G '  

' L O G '  

M A C H I N  

MECH' 
'CRT' 
'PRNT' 

XPAPER , YPAPER 

Lower l i m i t  o f  x - a x i s ,  i n  u s e r ' s  u n i t s  G 

Upper l i m i t  of x - a x i s ,  i n  u s e r ' s  u n i t s  I 

Lower l i m i t  o f  y - a x i s ,  i n  u s e r ' s  u n i t s  

Upper l i m i t  cf y - a x i s ,  i n  user's u n i t s  

c 

TJse o n e  of t h e  f o l l o w i n g :  

L i n e a r  p l  c t  
Log s c a l e  f o r  y - a x i s ,  l i n e a r  scale 
f o r  x - a x i s  
Log s c a l e  fcr x-axis, l i n e a r  scale  
f o r  y - a x i s  
Log s c a l e  f e r  b o t h  axes 

Use one of t h e  f o l l o w i n g :  

Pen-and- ink  m e c h a n i c a l  F l c t t e r  
C a t h o d e  Ray Tube p l o t t e r  
L i n e  p r i n t e r  

For CRT p l o t s ,  l i n e  p r i n t e r  p l o t s ,  o r  
pen -and- ink  F l o t s  o n  b l a n k  p a F e r ,  use 
0,. 0. i f  you want a g r i d  d r a w n ;  use 
--I., -1 .  i f  you d o  n o t  w a n t  a g r i d  
drawn.  For pen-and- ink  p l o t s  cn l i n e a r  
g r i d d e d  p a p e r ,  p u t  the number  of l i n e s  
p e r  i n c h ,  u s u a l l y  20 ,  o r  25. For 
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RUFFES 

LSNGTH 

N A M F  

pen-and-ink p l o t s  cn l o q - q r i d d e d  p a p e r ,  
? u t  t h e  nurnlser of cycles ir! the g r a p h ,  
u s u a l l y  3. or 4 .  

Name of an a r e a  s e t  a s i d e  ir! t h e  user ' s  
program f c r  u s e  by t h e  p l o t t i n g  
r o u t i n e s .  Cne wag t o  do  this i s  to 
i n c l u d e  a s t a t e m e n t  such as D T M F N S I C N  
BUFFER ( 4 0 0 1 )  in t h e  c a l l i n g  program. 

Length,  i n  f o u r - b y t e  words, of B U F F E F ,  
( 3000  to 9000 s u q g e s t e d )  . For the 
example a b o v e ,  LENGTH = 4000. 

User's name f o l l o w e d  b y  a 3 and 

'T.B.A.FLOT%'. T h i s  is u s e d  t o  make a 
s p e c i a l  i d e n t i f i c a t i o n  frame. 

e n c l o s e d  i n  a p o s t r o p h e s ,  e - g . ,  



T h e  c a l l i n g  s e q u e n c e  is t h e  same a s  f o r  F I X F L T ,  S e c t i o n  

2.3.2. The  o n l y  d i f f e r e n c e  is  t h a t  RNDPLT w i l l  e x t e n d  t h e  

g r a p h  l i m i t s  o u t w a r d ,  i.f n e c e s s a r y ,  s o  t h a t  e a c h  a x i s  w i l l  

b e q i n  a n d  enrl o n  a major s c a l e  d i v i s i o n .  

RNDPLT is a p p r o p r i a t e  when t h e  g r a p h  limits a r e  

computed  i n  t h e  u s e r ' s  p r o g r a m  but are  n o t  r c u n d e d .  

SSTPLT is a p p r o p r i a t e  when t h e  g r a p h  limits a r e  unknown 

e x c e p t  t h a t  t h e y  s h o u l d  ke l a r g e  e n o u g h  t o  i n c l u d e  a l l  t h e  

p o i n t s  i n  a q i v e n  set o f  d a t a .  The c a l l i n g  s e q u e n c e  is: 

CALI, SETPLT ( X A R R A Y  , Y A R B A P , N , T Y P E ,  

M A C H I N  ,XPAPRR , Y P A P E R ,  EUPPER, lYNGTH,NAME) 

X A R R A Y , Y A R R A Y  Arrays cf twc or more values which  will 
h e  s e a r c h e d  f o r  maxima a n d  minima. 

N Number of v a l u e s  t o  be u s e d  f rom t h e  
XARRAY. The same number  of v a l u e s  w i l l  
b e  u s e d  f r o m  t h e  P A R R A Y .  N 2 2 .  

T h e  r e m a i n i n g  p a r a m e t e r s  a r e  d e f i n e d  as  in F I K P L T ,  

S e c t i o n  2.3.2. 

N o r m a l l y ,  SFTPLT w i l l  r c u n d  t h e  d a t a  l i m i t s  o u t w a r d ,  i f  

n e c e s s a r y ,  so  t h a t  e a c h  a x i s  s c a l e  w i l l  b e g i n  and  end  on a 

major scale d i v i s i o n .  It i s  p o s s i b l e  t o  a v o i d  t h i s  f e a t u r e  

by makinq  N, t h e  t h i r d  p a r a m e t e r  i n  t h e  c a l l i n g  s e q u e n c e ,  a 

n e g a t i v e  number.  Then,  t h e  l i m i t s  w i l l  n o t  be  r o u n d e d  a n d  
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N v i11  be u s e d  f o r  t h e  number  cf p o i n t s  t o  b e  t e s t e d .  \ I  
If s e v e r a l  se t s  of d a t a  are to b e  p l o t t e d  o n  o n e  g r a p h ,  

it may be p o s s i b l e  f o r  SETPLT t c  tes t  a l l  t h e  d a t a  a t  once. 

S u p p o s e  t h a t  f x ,  ,y$ , a set of 50  p o i n t s ,  a n d  {xz,yz\, a set 

of 40 p o i n t s ,  a r e  t o  b e  p l o t t e d  on t h e  same g r a p h  a n d  t h e  

g r a p h  s h o u l d  c o n t a i n  a l l  t h e  d a t a :  

DIt lENSIOW X1(50), Y l ( S O ) ,  X 2 ( 4 0 ) ,  Y 2 ( 4 0 )  

E Q U I V A L E N C E  (X 1(51 )  , x2 (1) 1 ,  ( 1 1  (511, 7'2(1) 1 

. . 
CALL SETPLT (X 1, Y 1,90, TYPE, B A C A X N ,  X P A P E F ,  

PPAPER, E U F P E R , L E N G T H ,  N A H F )  
\. . . 

SI&TFNC~ Set E-h L i m i t s  g u g  p 'nnc tbg  

T h i s  is s i m i l a r  to  SETPLT (Section 2.3.4) e x c e p t  t h a t  a 

f u n c t i o n  is s e a r c h e d  r a t h e r  t h a n  d a t a  a r r a y s .  

T h e  c a l l i n g  s e q u e n c e  is: 

CALL SETFNC (DIV, X t l I N , X  HAX,TPPE, PACHI N , X P A P L R , Y P A P E R ,  BO FFER, I E U G T H ,  N AM E) 

DI V maximum d i s t a n c e  i n  i n c h e s  t h a t  may be 
s k i p p e d  w h i l e  s c a n n i n g  F (x )  . 
For a v e r y  w i g g l y  f u n c t i o n ,  DIV s h o u l d  
be small. I f  DIV = 0 ,  t h e  p r o g t a 8  
uses . 2  i n c h ,  v h i c h  is 
of t e n  s a t i s f a c t o r y .  

X H I N  , X H A X  Hinimnm a n d  maximum x - v a l u e s  

T Y P E  use o n e  of t h e  f o l l o w i n g :  

1 L I N E '  L i n e a r  p l c t  
1 YLQGI Log scale f o r  y - a x i s ,  l inear  scale 
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' XLOG ' 
'LOG' 

MF.C HlCR 

' MECH ' 
' C R T '  
l PTIEJT' 

XPAPEP,Y??APER 

FUFFER 

LTNGTH 

NAMF 

f o r  y - a x i s  
Log s c a l e  f c r  x - a x i s ,  l i n e a r  s c a l e  
f o r  y - a x i s  
Log s c a l e  f c r  b c t h  axes  

Use of t h e  f o l l o w i n g :  

Pen-and- ink  m e c h a n i c a l  p l o t t e r  
C a t h o d e  Ray T u b e  p l a t t e r  
L i n e  p r i n t e r  

For CRT p l o t s ,  l i n e  p r i n t e r  p l o t s ,  o r  
pen-and- ink  € l o t s  on b l a n k  p a F e r ,  u s e  
O., 0, i f  you  want a g r i d  d r a w n ;  u s e  
-1 0 ,  -1. i f  ycu  d o  n o t  w a n t  a g r i d  
drawn, For pen-and- ink  p l o t s  on l i n e a r  
g r i d d e d  p a F e r ,  p u t  t h e  numker of l i n e s  
p e r  i n c h ,  u s u a l l y  20. o r  2 5 .  F o r  
pen-and- ink  F lo t s  on hq=-ridded p a p e r ,  
p u t  t h e  numker of c y c l e s  in t h e  g r a p h ,  
u s u a l l y  3. or 4, 

Name o f  a n  a rea  s e t  a s i d e  i n  t h e  u s e r ' s  
p r o g r a m  f c r  u s e  by  t h e  
r o u t i n e s  , 

L e n g t h ,  i n  f o u r - b y t e  w o r d s ,  of 
(3000 t o  8000  s u g g e s t e d ) .  

User's name f o l l o w e d  by a 
enclosed i n  aFostrophes ,  
Example:  
T h i s  i s  u s e d  t c  make a 
i d e n t i f i c a t i o n  f r a m e .  

* I, M ,  A ,  FLOT$' 

SETFNC e x a m i n e s  t h e  FUNCTION F ( X )  , s u p p l i e d  

p l o t t i n g  

BUFFER,  

$ a n d  

s p e c i a l  

by t h e  

user, b e t w e e n  t h e  l i m i t s  XMIN a n d  X M A X ,  and f i n d s  t h e  

minimum and maximum v a l u e s  of y = P(x) I f  no w i g g l e s  o r  

p e a k s  or v a l l e y s  of w i d t h s  less t h a n  DIV e x i s t  i n  t h e  

f u n c t i o n ,  SETFNC s h o u l d  s u c c e s s f u l l y  f i n d  t h e  t r u e  YUIN a n d  

YMAX.  

The  f u n c t i o n  e x a m i n e d  m u s t  k e  c a l l e d  FUNCTICN F(X) a n d  

mus t  be s u p p l i e d  b y  t h e  u s e r ,  O t h e r  p a r a m e t e r s  may ke 

. 

. 
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I 

n a s s e d  v i a  COMMON s t a t e m e n t s .  A ccmputed G O  TO may b e  u s e d  

if it is needed t o  make F(X) t h e  name of s e v e r a l  d i f f e r e n t  

f u n c t i o n s ,  i n c l u d i n g  l i b r a r y  f u n c t i o n s  s u c h  as S1:N ( X ) .  An 

example is shown in Figure 2 . 3 . 5 a .  
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C a l l i n g  prcqram 
C O M H O N / S W / J G O  . . 

JGO = 1 
C A L L  SETPNC.. . . . . 

JGO = 2 
C A L L  SETFNC.. . 

. 

F U N C T I O N  F ( X )  
COM!ION/SW/JGO 
GO TO ( 1 0 1 ,  1 0 2 ,  7 0 3 , e . . ) ,  J G 0  

GO TO 200  

G O  TO 2 0 0  

GO TO 2 0 0  

101 Y = S I V J X )  

102  Y = cos (X) 
103  Y = A T A N ( X )  

. 
200  F = Y 

R E T U R N  
E N D  

Fig. 2.3.5a U s e  of Computed GO TO in Function Subprogram 

8 
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F u n c t i o n s  w i t h  e x p o n e n t  o v e r f l o w  cr u n d e r f l o w  can b e  

h a n d l e d  by STTFVC b u t  i n  most c a s e s  t h e  sca le  c h o s e n  w i l l  

o b v i o u s l y  n o t  i n c l u d e  t h e  e n t i r e  r a n g e  of t h e  f u n c t i o n .  An 

i n t e r m e d i a t e  r a n g e  c o n t a i n i n g  p a r t  o f  t h e  f u n c t i o n  w i l l  h e  

used .  If t h i s  r a n g e  i s  u n s a t i s f a c t o r y ,  t h e  u s e r  c a n  t h e n  

c h a n g e  h i s  p r o g r a m  t o  e i t h e r  s p e c i f y  a d i f f e r e n t  XMIN o r  

YMAX o r  s p e c i f y  h i s  own c h o i c e  of limits u s i n g  FTXPLT. 

O p t i o n :  I f  D I V  < 0, t h e  frame w i l l  sot be drawn. P ( X )  

w i l l  be s e a r c h e d  f o r  t h e  minimum a n d  maximum v a l u e s  ( Y M I N  

and YMAx) of y = P(X) . Y M I N  and  Y M A X ,  a s  well a s  XMIN a n d  

XMAX,  will b e  s t o r e d  i n  t h e  a p p r c p r i a t e  l o c a t i o n s  w i t h i n  t h e  

Common Parameter Area (see S e c t i o n  3.2: C P A ( 1 3 ) ,  CPA ( 1 4 ) ,  

CPA(3) a n d  C P A ( 4 ) ) .  

----- 2.3.6 -----I SETPAR Ser, aE! 
----I---- Parametr ic  --------- F u n c t i o n s  

T h i s  s u b r o u t i n e  

p a r a m e t r i c a l l y  a s  

--- GraEh wf_th L i m i t s  Chosen  from 

i s  u s e d  t o  s c a n  a f u n c t i o n  

x = P I ( T )  

y = P 2 ( T )  

where T is t h e  p a r a m e t e r ,  a n d  s e t  u p  a g r a p h  t h a t  w i l l  

c o n t a i n  t h i s  f u n c t i o n .  FUNCTION F1 (T) a n d  F U N C T I O N  F 2  (T)  

mus t  b e  s u p p l i e d  by t h e  u s e r .  



T h e  c a l l i n g  s e q u e n c e  is: 

CALL SETPAR ( D I V , T M I N ,  ' I M A X , T P P E , M A C H I N ,  
XP APER , Y FA PE R ,  BUFF E E ,  LENGTH, NAME) 

DTV Naximum s t e p  s i z e  i n  T t h a t  may b e  u s e d  
i n  s c a n n i n g .  For a v e r y  w i g g l y  
f u n c t i o n  DIV should be small .  If  D I V  = 
0, t h e  p r o g r a m  chooses ( T M A X - T M I N ) / 2 0 ,  
w h i c h  i s  o f t e n  s a t i s f a c t o r y .  

TMI: N , TM AX Minimum and maximum for t h e  parameter  
v a r i a b l e  T. 

The r e m a i n i n g  p a r a m e t e r s  are d e f i n e d  a s  in SETFNC, 

S e c t i o n  2.3.5. S i m i l a r  comments  a s  made for SETFNC 

p e r t a i n i n g  to o v e r f l o w  a n d  u n d e r f l c w  h a n d l i n g ,  a s  w e l l  a s  

t h e  n e g a t i v e  D I V  o p t i o n ,  a r e  a p p l i c a b l e  f o r  S E T P A R .  

A s e c o n d  c a l l  t o  SETPLT may l c o k  like the first, 

However, some s h c r t e r  o p t i o n s  a r e  a v a i l a b l e .  

1 .  CALL SETPLT ( X A R R A Y  8 Y A R R A Y , 0 )  

T h i s  w i l l  s e t  u p  for a new g r a p h  w i t h  t h e  same 

scales a s  t h e  p r e v i o u s  one. X A R R A Y  a n d  Y A R R A Y  are 

n o t  u s e d .  

2 .  C A L L  SETPLT ( X A R R A Y , Y A R B A Y , N , O )  

N e w  s ca l e s  w i l l  be set  by s e a r c h i n g  X A R R A Y  a n d  

Y A R R A Y .  The o t h e r  p a r a m e t e r s  w i l l  b e  t a k e n  from 

the p r e v i o u s  s e t u p  c a l l .  

3 .  C A L L  S E T P L T  ( X A R R A Y  , Y A R R A P , N ,  T Y P E ,  0) 

The n e x t  g r a p h  i s  t o  h a v e  a d i f f e r e n t  T Y P E  f rom t h e  

= I  

I . 
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p r e v i o u s  g r a p h .  P a r a m e t e r s  a f t e r  TYPE a r e  t a k e n  

from t h e  p r e v i o u s  c a l l .  O p t i o n s  a n a l o g c u s  t o  2 and  

3 a r e  a l s o  a v a i l a b l e  f c r  t h e  o t h e r  setup r o u t i n e s ,  

by s e t t i n g  TYPE = 0 and  M A C H I N  = 0, r e s p e c t i v e l y .  

2 .4  TITLE, G r a p h  T i t l e s  a n d  A x i s  L a b e l s  

T h i s  i s  u s e d  t o  add  a t i t l e ,  x - a x i s  l a b e l ,  a n d  y - a x i s  

l abe l .  T h e s e  a r e  c e n t e r e d .  

The c a l l i n g  s e q u e n c e  is: 

CALL TITLE(HGT,  'GRAPH T I T L E $ ' , ' X - A X I S  L A B E L $ ' , ' Y - A X I S  L A B E L S ' )  

H G T  H e i g h t  of top c e n t e r e d  g r a p h  t i t l e ,  
HGT = 0.4 i s  s u g g e s t e d .  H a l f  of  H G T  is 
u s e d  f o r  t h e  h e i g h t  of t h e  a x i s  l a b e l s ,  

The r e m a i n d e r  of t h e  c a l l i n g  sequence c o n s i s t s  of t h r e e  

c h a r a c t e r  s t r i n g s ,  e a c h  t e r m i n a t e d  b y  a $, u s e d  for t h e  

g r a p h  t i t l e ,  t h e  x - a x i s  l a b e l ,  a n d  t h e  y - a x i s  l a b e l ,  

r e s p e c t i v e l y .  I f  any of t h e s e  t h r e e  is t o  b e  c m i t t e d ,  p u t  

j u s t  ' $ '  i n  t h e  c o r r e s p o n d i n g  p o s i t i o n ,  

I f  you w i s h  t o  h a v e  a d c l l a r  s i g n ,  s ,  a p p e a r  a s  p a r t  of  

t h e  t i t l e ,  r e a d  C h a p t e r  3, Common Parameter Area, e s p e c i a l l y  

CPA (20 )  . 
I . )  
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Some o t h e r  l a b e l i n g  s u b r o u t i n e s  ( L A B E L ,  A R R C V ,  L E G E N C )  

a re  d e s c r i b e d  i n  C h a p t e r  4, S u b r o u t i n e  L A B E L  ( s e c t i o n  4.10)  

a l s o  p l o t s  c e n t e r e d  t i t l e s  a n d  l a b e l s  and c o n t a i n s  s e v e r a l  

f r e q u e n t l y  n e e d e d  o p t i o n s .  

2.5 Some D a t a - P l o t t i n g  R o u t i n e s  

We d e s c r i b e  i n  t h i s  s e c t i o n  t h e  d a t a - p l o t t i n g  r o u t i n e s  

t h a t  were 3 e s i g n s d  t o  b e  u s e d  with t h e  s e t u p  r o u t i n e s  

d e s c r i b e d  in S e c t i o n  ,2.3. 

Any of t h e  d a t a  p l o t t i n g  r o u t i n e s  can b e  u s e d  a f t e r  a n y  

of t h e  s e t u p  r o u t i n e s .  Any number of data  p l o t t i n g  r o u t i n e s  

can b e  u s e d  on t h e  same g r a p h .  

T h e  d a t a  p l o t t i n g  r o u t i n e s  a r e  i l l u s t r a t e d  i n  P i q u r e  

2.5.1. With  t h e  e x c e p t i o n  of  t h e  e x a m p l e  g i v e n  f o r  RAYPLT, 

t h i s  f i g u r e  is i n c o m p l e t e .  Each of t h e  o t h e r  r o u t i n e s  h a s  

more styles of d a t a  p r e s e n t a t i o n  t h a n  t h e  one shown. P c r  

e x a m p l e ,  a more c o m p l e t e  s e t  of i l l u s t r a t i o n s  f o r  L I N P L T  is 

g i v e n  i n  F i g u r e  2.5.3b. 

e l  
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T h i s  s u b r o u t i n e  p l o t s  d a t a  p o i n t s  w i t h  c o n n e c t i n g  s o l i d  

l i n e s  a c c o r d i n g  t o  t h e  s c a l e  f a c t c r s  s e t  u p  i n  t h e  most 

r e c e n t  c a l l  t o  SETPLT,  or o t h e r  s e t u p  r o u t i n e .  

The  c a l l i n g  s e q u e n c e  is: 

X A R R A Y  

YASBAV 

N 

CALL RAYPLT ( X A R R A Y ,  Y A R R A Y ,  N )  rx 4 
{yi) 

A r r a y  of x - v a l u e s ,  

A r r a y  of y - v a l u e s ,  

Number of  p o i n t s  t o  ke p l o t t e d  

from { x i ,  yi) 

T h e  p o i n t s  i f p i  w i l l  b e  p l o t t e d .  A symbol  w i l l  b e  

p l o t t e d  a t  e a c h  (xi,yi) a n d  t h e  s y m b o l s  w i l l  be c o n n e c t e d  by 

l i n e s .  The f i rs t  time RAYPLT i s  c a l l e d  s y m b o l  t y p e  0 (shown 

i n  F i g u r e  4 .10b)  w i l l  b e  u s e d .  The n e x t  c a l l  t o  RAYPLT w i l l  

use symbol t y p e  1, a n d  so o n ,  u n t i l  symbol 14 is u s e d  or a 

s e t u p  s u b r o u t i n e  is c a l l e d  a g a i n .  Then  t h e  n e x t  c a l l  t o  

BAYPLT w i l l  u s e  symbol  t y p e  0 a g a i n .  

(x f 

The  d a t a  p l o t t e d  b y  RAYPLT need  n c t  b e  t h e  same d a t a  

u s e d  for s e t t i n g  u p  t h e  scales  i n  t h e  s e t u p  s u b r o u t i n e s ,  s o  

t h e r e  is a p o s s i b i l i t y  t h a t  a d a t a  p o i n t  does n o t  l i e  i n  t h e  

g r a p h .  RAYPLT d o e s  n o t  p l o t  c u t s i . d e  t h e  r a n g e  se t  U F  f o r  

it. I n s t e a d  t h e  l i n e  w i l l  s t o p  a t  t h e  e d g e  and a s m a l l  

arrow w i l l  b e  drawn p o i n t i n g  o u t w a r d .  L i n e s  a n d  s y m b o l s  a r e  

d i s c o n t i n u e d  u n t i l  t h e  d a t a  comes h a c k  i n  r a n g e .  

1) 

I 
‘t 
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1% is a l s o  p o s s i b l e  t o  use R A Y P L T  t o  p l o t  a s i n g l e  

a r r a y  of d a t a ,  ( y i )  w i t h  a c o n s t a n t  s p a c i n g  i n  t h e  

x - d i r e c t i o n .  T h e  c a l l i n g  sequence is: 

CALL RAYPLT ( X l N C ,  Y A R R A Y ,  MN)  

X I N C  'Increment fcr x - v a l u e s ,  xi+l =xi + X I N C  

Y A R R A Y  A r r a y  o f  N v a l u e s  t o  b e  p l o t t e d  a s  

M N  A n e g a t i v e  number whose  a b s o l u t e  v a l u e  
is t h e  number of v a l u e s  in Y A S R A Y  

T h e  o n e - a r r a y  c a l l  is d i s t i r g u i s h e d  from t h e  t w o - a r r a y  

c a l l  by  making  t h e  t h i r d  p a r a m e t e r  n e g a t i v e .  T h i s  w i l l  p l o t  

(x i ,y i )  p a i r s  w i t h  xi = ( i -1)  * XIMC + ( t h e  minimum x c h o s e n  

hy t h e  s e t u p  s u b r o u t i n e )  . 

LINPLT is s i m i l a r  t o  RAYPLT b u t  a l l ows  t h e  u s e r  more 

c p t i o n s .  Wi th  LTNPLT, t h e  user c a n  r e q u e s t  a s o l i d  l i n e ,  a 

d a s h e d  l i n e ,  o r  no l i n e ,  and  a l s c  c o n t r o l  wh ich  s y m b o l ,  i f  

any ,  i s  u s e d .  

T h e  c a l l i n g  s e q u e n c e  is: 

CALL LINPLT ( X A R R A Y ,  Y A R R A Y ,  N, I S ,  I D A S H )  

X A R R A Y  Array of x - v a l u e s ,  

Y ABRAP A r r a y  of y - v a l u e s ,  

N Number of p o i n t s  t o  b e  p l o t t e d  
{yi) 

from ( X i f Y i J  
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IS 

I D A S H  

Symbol number . The symbols  a v a i l a b l e  
are s h o w n  i n  Figure 4.10b. S y m b o l s  0 - 
14 a r e  c e n t e r e d .  If I S  < 0 ,  no symbols 
are p l o t t e d .  

The number cf t h e  d a s h  F a t t e r n  d e s i r e d ,  
from 0 to 6. The d a s h  p a t t e r n s  are 
shown in Figure 2 . 5 . 3 a .  If IDASH = - 1 ,  
no  l i n e s  a r e  drawn. 
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Fig .  2.5.3a Dash Patterns 
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As with RAYPLT, it is possikle t o  u s e  L I N F I T  to p l o t  a 

single a r r a v  of  d a t a ,  {yil 1 by s e t t i n g  N n e g a t i v e  and u s i n g  

i n s t e a d  of X A R R A Y ,  a s i n g l e  v a l u e ,  t h e  x - i n c r e m e n t ,  

L I N P L T  i s  f u r t h e r  d i s c u s s e d  i n  C h a p t e r  4 ,  where a w i d e  

r a n q e  of  o p t i o n s  i n v o l v i n g  d i r e c t  u s e  of t h e  CPA is 

d e s c r i b e d .  

See F i g u r e  2-5.3b f o r  some e x a m p l e s  of d a t a  p l o t t e d  

w i t h  LINPLT. 
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LINES DRFIWN BY LINPLT 
0 

0 
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0 
0 

0 

Fig.  2.5.3b Examples of Data P l o t t e d  with LINPLT 
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2.5-4 PNTPLT, Plot g Data P o i n t  

PNTPLT p l a t s  one  d a t a  p o i n t  w i t h  e a c h  c a l l .  A l i n e  

from t h e  p r e v i o u s  p e n  or beam p o s i t i o n  car, be d rawn  i f  

d e s i r e d .  R e p e a t e d  use of PNTPLT i s  l e s s  e f f i c i e n t  t h a n  o n &  

u s e  of RAYPLT or LTNPLT. However, w i t h  PNTPLT it is 

p o s s i b l e  t o  c h a n g e  s y m b o l s  o r  d a s h  p a t t e r n  a t  e a c h  P o i n t .  

T h e  c a l l i n g  s e q u e n c e  is: 

CALL PNTPLT (X, Y, ISYH, IDASH) 

X,P 

ISYV 

C o o r d i n a t e s  of p o i n t  t o  b e  F l o t t e d ,  i n  
user's u n i t s .  

An i n t e g e r ,  0 t o  14 i n d i c a t i n g  t h e  t y p e  
of s y m b o l  t c  k e  u s e d .  The s y m b o l  t y p e s  
a re  shown i n  F i g u r e  4 . l . b .  No s y m b o l  
is d r a w n  i f  ISYM < 0 ,  

C a u t i o n :  PNTPLT d o e s  292 c h e c k  fcr d a t a  p o i n t s  o u t s i d e  

t h e  sca le  limits of t h e  c u r r e n t  g r a p h ,  

2 . 5 . 5  ERBRPL, P l o t  Data w i t h  Error Bars 

ERBRPL is i d e n t i c a l  t o  LINPLT ( S e c t i o n  2.5.3) e x c e p t  

t h a t  error b a r s  can b e  i n c l u d e d .  

T h e  c a l l i n g  s e q u e n c e  is: 

CALL ERERPL (XARRAP,PARRAY,N,ISI 

IDASH,INDEX,ERRHI ,ERRIC,ERRHI2,ERRL02) 

XARRAY,YARRAY,N,IS,IDASH a r e  d e f i n e d  as i n  I I N P L T .  

I N D E X  Use one of t h e  fo l lowing :  
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0 
1 

-1  
2 

-2 
3 

-3 

n o  e r r o r  tars 
x e r r o r  b a r s  w i t h  h a t s  
x e r r o r  b a r s  w i t h o u t  h a t s  
y e r r o r  bars w i t h  h a t s  
y errcr  b a r s  w i t h o u t  h a t s  
x and  y e r r o r  b a r s ,  w i t h  h a t s  
x and  y e r r o r  b a r s ,  w i t h o u t  h a t s  

' 3 R R H I  a n d  ERRT,O first se t  of a r r a y s  of error v a l u e s  

3 R Q H I 2  a n d  E R R L 0 2  s e c o n d  set  cf a r r a y s  of error v a l u e s  
( u s e d  o n l y  when / I N D E X  I = 3 a n d  may k e  
o m i t t e d  c t h e r u i s e )  . 

The error a r r a y s  s h o u l d  a l w a y s  c o n t a i n  p o s i t i v e  n u m b e r s  

(or zeros)  t o  be a d d e d  t o  cr s u b t r a c t e d  from X A R R A Y  o r  

Y A R ? A Y ,  If / I N D E X [  = 1, E R R H I  a n d  E R R L O  a r e  t h e  a r r a y s  of  

v a l u e s  t o  b e  a d d e d  t o  a n d  s u b t r a c t e d  from X A R Q A Y .  

T f  I I N D E X I  = 2 ,  E R R H I  a n d  ERRLO a r e  u s e d  w i t h  YARRAY, I n  

e i t h e r  c a s e ,  E F R H 1 2  a n d  E R B L 0 2  may b e  o m i t t e d ,  

If [ I N D E X [  = 3 ,  ERRHT a n d  ERRLO a p p l y  t o  X A R R A Y  w h i l e  E R P P f 2  

and ERRL02 a p p l y  t o  Y A R R A Y .  C a r e  must b e  t a k e n  so t h a t  no 

n e g a t i v e  o r  zero v a l u e s  a p p e a r  when u s i n g  l o g a r i t h m i c  

scales. 

For e a c h  p o i n t  FENCE d r a w s  a l i n e  f rom t h e  x - a x i s  t o  

t h e  p o i n t ,  The  l i n e s  c a n  b e  d a s h e d  o r  s o l i d  and  t h e  d a t a  

p o i n t s  can b e  f u r t h e r  i d e n t i f i e d  by symbols, 

The c a l l i n g  s e q u e n c e  is: 

CALL PENCX(XARRAY,YARBAY,N,IS,TDASH) 
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X A R P A Y ,  Y A R R A Y ,  N, TS, and I D A S H  are d e f i n e d  as f o r  

LINPLT, S e c t i o n  2.5.3. 

. 

I 

c 
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T h i s  s u b r o u t i n e  is u s e d  t o  F l c t  a f u n c t i o n ,  y = F ( x )  . 
The c a l l i n g  sequence is: 

C.ALL PLTFNC ( D I V , X M I N , X M A X , T D A S H )  

DIV 

X M I  N ,  XM A X  

I D A S H  

Maximum d i s t a n c e  i n  i n c h e s  t h a t  may h e  
s k i p p e d  w h i l e  s c a n n i n g  F(x) For a 
v e r y  w i g g l y  f u n c t i o n ,  DTv s h o u l d  b e  
small .  Tf C I V  = 0 ,  t h e  p r o g r a m  uses .1  
i n c h ,  

P l o t t i n g  limits i n  u s e r ' s  c o o r d i n a t e s .  
P(x) w i l l  b e  p l o t t e d  from x = XMIN t o  x 
= X M A X ,  

0 f o r  a s o l i d  l i n e ;  1, 2, 3 ,  4 ,  5 ,  or 6 
for a d a s h e d  l i n e .  The d a s h  p a t t e r n s  
a r e  i l l u s t r a t e d  i n  F i g u r e  2.5.3a.  

The  f u n c t i o n  t o  be p l o t t e d  a u s t  b e  c a l l e d  F U N C T I O N  F(x) 

and m u s t  be s u p p l i e d  by t h e  u s e r ,  O t h e r  Farameters may ke 

p a s s e d  v i a  COMMON s t a t e m e n t s .  A c o m p u t e d  G O  T C  may b e  u s e d  

i f  it fs n e e d e d  t o  make P ( x )  t h e  name of s e v e r a l  d i f f e r e n t  

f u n c t i o n s ,  i n c l u d i n g  l i b r a r y  f u n c t i o n s  s u c h  a s  SIN (x) . An 

example is shown i n  t h e  d i s c u s s i c n  of S E T F N C .  

F u n c t i o n s  w i t h  e x p o n e n t  u n d e r f l o w  or o v e r f l o w  can b e  

h a n d l e d  by PLTFNC and,  i n  mcst cases, t h e  u s e r  w i l l  see a l l  

of h i s  f u n c t i o n  t h a t  l i es  w i t h i n  t h e  o r d i n a t e  limits 

p r e v i o u s l y  c h o s e n  for t h e  g r a p h ,  p e r h a p s  by a c a l l  t o  S E T F N C  

( S e c t i o n  2-3.5) . 
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---- 2.5.8 ----- PLTPAR, --- P l o t  - a ---------- Parametric -------- F u n c t i o n  

T h i s  s u b r o u t i n e  is u s e d  t o  F l a t  a f u n c t i o n  d e s c r i b e d  

p a r a m e t r i c a l l y  a s  

x = P l ( ! r )  

y = F 2 ( ' 1 )  

T h e  c a l l i n g  s e q u e n c e  is: 

CALL PLTPAR (DIV,TMIN,TMAX,IDASH) 

D I V  Maximum d i s t a n c e  ( i n  T)  t h a t  may be 
s k i p p e d  w h i l e  s c a n n i n g  F1 ( T )  a n d  F 2 ( T )  . 
If D I V  = O . ,  t h e  p r o g r a m  w i l l  choose 
(TMAX-TMIN) 1 5 0 .  

TMIN,TMAX qinimum and maximum v a l u e  of T ,  
r e s p e c t i v e l y .  

I D A S H  0 for a s o l i d  l i n e ;  1, 2, 3 ,  4, 5 ,  or 6 
for a d a s h e d  l i n e .  The d a s h  p a t t e r n s  
are  i l l u s t r a t e d  i n  F i g u r e  2.5.3a. 

PLTPAR w i l l  p l o t  F 2  v e r s u s  F1. T - v a l u e s  w i l l  b e  c h o s e n  

a t  most D I V  a p a r t  b u t  s i g n i f i c a n t  c h a n g e s  i n  t h e  d i r e c t i c n  

of t h e  c u r v e  w i l l  c a u s e  T - v a l u e s  t o  b e  c h c s e n  c loser  

t o g e t h e r ,  s o  t h a t  t h e  c u r v e  w i l l  be f a i r l y  smocth .  

FUNCTION F 1  (T) and FUNCTION P 2 ( T )  must b e  s u p p l i e d  by 

t h e  user. 

F u n c t i o n s  w i t h  e x p o n e n t  over f low or u n d e r f l o w  w i t h i n  

t h e  g i v e n  limits f o r  t h e  p a r a m e t e r  T c a n  h e  h a n d l e d  by 

PLTPAR. I n  most cases, t h e  user w i l l  see a l l  of  h i s  

f u n c t i o n  t h a t  l i e s  w i t h i n  t h e  s c a l e  limits p r e v i o u s l y  c h o s e n  
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fo r  t h e  c u r r e n t  g r a p h ,  p e r h a p s  b y  a c a l l  t o  SETPAP ( S e c t i c n  

2 . 3 . 6 )  . 

2 . 6  A D V A N S ,  Advance  F i l m  o r  P a p e r  

T h e  c a l l i n g  s e q u e n c e  is: 

CALL A D V A N S  

A D V A N S  h a s  no  p a r a m e t e r s .  It w i l l  a d v a n c e  t h e  f i l m  

p a p e r  t o  a new F l o t t i n g  a rea .  

O R G R A P H  u s e s  a b u f f e r i n g  s y s t e m .  P l o t  ccmmands 

or 

a r e  

s t o r e d  i n  t h e  c o m p u t e r  u n t i l  t h e  t u f f e r  a r e a  i s  f u l l  c r  

u n t i l  a command i s  g i v e n  t o  empty  t h e  k u f f e r .  The command 

t o  empty  t h e  b u f f e r  closes t h e  p i c t u r e .  On magnetic t a p e  a 

p i c t u r e  is t a k e n  t o  b e  a b l o c k ,  which  is a set  cf r e c o r d s .  

Each  b l o c k  i s  numbered  s e q u e n t i a l l y  s t a r t i n g  w i t h  1. 

A c a l l  t o  A D V A N S  w i l l  e m p t y  t h e  b u f f e r  a n d  c lose t h e  

p i c t u r e .  

Warning:  A t  t h e  f i rs t  c a l l  t o  a s e t u p  s u b r o u t i n e  ( s u c h  

a s  SETPLT) O R G R A P H  is i n i t i a l i z e d  a n d  a p i c t u r e  is s t a r t e d .  

S u b s e q u e n t  c a l l s  t o  a s e t u p  r o u t i n e  w i l l  c l o se  t h e  p r e v i o u s  

p i c t u r e  a n d  s t a r t  a new o n e .  T h e r e f o r e ,  t h e  f o l l o w i n g  

sequence 

CALL SETPLT (...) 

CALL TITLE (...) 



so 

CALL LTNPLT (. . .) 
1 CALL ADVANS 

2 CALL SETPLT (. ..) 

CALL T I T L E  (...) 

CALL LINPLT (. . ,) 
3 CALL ACVANS 

w i l l  p r o d u c e  t h r e e  b l o c k s  o n  magnetic t a p e ;  o n e  for e a c h  

l a b e l e d  statement. The  " p i c t u r e "  (or ,  more p r e c i s e l y ,  

b l o c k )  closed b y  s t a t e m e n t  2 is empty .  As a c o n s e q u e n c e  a 

r e q u e s t  t o  p l o t  2 g r a p h s  may r e s u l t  i n  t h e  p l o t t i n g  of o n l y  

one g r a p h ,  T h i s  h a p p e n s  b e c a u s e  t h e  o p e r a t o r  will set t h e  

p l o t t e r  for 2 b l o c k s .  H e  m a y  r emove  t h e  t a p e  a s  soon a s  t h e  

s e c o n d  b l o c k  is f i n i s h e d .  

The r emedy  is 

CALL SETPLT (...) 

CALL T I T L E  ( o m . )  

CALL LINPLT ( - a * )  

CALL SETPLT (...) 

CALL T I T L E  (o..) 

CALL L I N P L I  (...) 

CALL ADVANS 

Here ADVANS is c a l l e d  o n l y  after 322 the p l o t t i n g  is done .  
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The E N D  = parameter  i n  a R E A D  s t a t e m e n t  i s  u s e f u l  f o r  a 

program where s e v e r a l  sets of d a t a  a r e  to b e  p l o t t e d :  

100 RYAD (S,l,END = 900)  D A T A  

PLOTTING CALLS 

GO TO 100 

900 CALL A D V A N S  
STOP 
END 
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3. COMMON PARAMETER A R E A  

3.1 I n t r o d u c t i o n  

T h i s  c h a p t e r  d e s c r i b e s  t h e  Farameters a p p e a r i n g  i n  t h e  

Common P a r a m e t e r  Area (CPA) ,  w h i c h  is u s e d  b y  most O R G P A P H  

s u b r  ou ti n e s  . 
I n i t i a l l y  t h e  s y s t e m  sets e a c h  word i n  t h e  CPA t o  some 

v a l u e  b y  a D A T A  s t a t e m e n t .  C o n s e q u e n t l y ,  it is o n l y  

n e c e s s a r y  t o  c h a n g e  t h e  v a l u e s  of t h o s e  p a r a m e t e r s  i n i t i a l l y  

set t o  v a l u e s  o t h e r  t h a n  t h e  r e q u i r e d  o n e s .  O f t e n  t h e  

v a l u e s  i n i t i a l l y  a s s i g n e d  t o  t h e  CPA n e e d  n o t  b e  c h a n g e d  t o  

o b t a i n  a d e s i r e d  g r a p h .  

A f u l l  d e s c r i p t i o n  of t h e  CFA is g i v e n  i n  S e c t i o n  3.2. 

Some n o t e s  on t h e  CPA a re  f o u n d  i n  S e c t i o n  3.3. T h e  m e t h o d  

for c h a n g i n g  t h e  CPA is g i v e n  i n  S e c t i c n  3 . 4 .  S e c t i o n  3 . 5  

c o n t a i n s  a s h o r t  d e s c r i p t i o n  i n  t a k l e  form of t h e  CPA. 

3.2. D e f i n i t i o n  of t h e  Common Farameter Area 

The  Common P a r a m e t e r  Area i s  a l a b e l e d  COMMON k l o c k  of 

50 words .  Some of t h e  p a r a m e t e r s  a r e  u s e d  a s  REAL*4; some 

a re  u s e d  as  INTEGERa4. I n  t h e  f c l lowing  l i s t  those  v a l u e s  

marked ICPA are u s e d  as  INTEGER*4.  

ICPA (1) R e p e t i t i o n  f a c t o r  f o r  x - a r r a y .  

See S e c t i o n  1.6.2. ‘lo p l c t  e v e r y  ( f o u r - b y t e )  
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word i n  t h e  x - a r r a y ,  ICPA(1) = 1. To p l o t  e v e r y  

o t h e r  word, I C P A ( 1 )  = 2.  T h i s  v a l u e  is u s e d  when 

t h e  x - a r r a y  i s  REALa8.  T o  p l o t  e v e r y  t h i r d  word, 

I C P A ( 1 )  = 3; a n d  so on. I f  t h e  x - a r r a y  is 

INTEGFR*4,  t h e n  set T C F A ( 1 )  = -1 .  Tf I C P A ( 1 )  is  

n e g a t i v e ,  t h e  x - a r r a y  I s  t a k e n  t o  b e  INTEGER*Q 

a n d  t h e  r e p e t i t i o n  f a c t c r  i s  I I C P A ( 1 ) I  . 
P r e s e t  v a l u e :  + l o  

CPA (2) T y p e  of s c a l i n g  f u n c t i c n  f o r  x - a x i s .  

S e e  S e c t i o n  1.6.4. 

' L I N E '  means l i n e a r  scale.  

'LOG1' means  l o g  sca le .  

I€ t h e  number  of c y c l e s  r e q u e s t e d  i s  s m a l l e r  

t h a n  t h e  number  of c y c l e s  i n  t h e  r a n g e  of 

x - v a l u e s ,  t h e n  t h e  number  of c y c l e s  

r e q u e s t e d  is used s t a r t i n q  w i t h  t h e  minimum. 

' I O G 2 '  means l o g  scale .  

'If t h e  number  of cyc les  r e q u e s t e d  i s  s m a l l e r  

t h a n  t h e  number of c y c l e s  i n  t h e  r a n g e  of 

x - v a l u e s ,  t h e n  t h e  number  of c y c l e s  

r e q u e s t e d  is u s e d  e n d i n q  w i t h  t h e  maximum. 

P r e s e t  v a l u e :  ' L I N E '  

CPA (3) G r a p h  minimum for x - a x i s .  

For l o g  scale it i s  t h e  l o g  of t h e  g r a p h  minimum. 

Note: The  s e t - u p  r o u t i n e s  s u c h  a s  SETPLT s e t  

t h i s  word b y  c a l l i n g  s u b r o u t i n e s  RANGE ( w h i c h  
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CPA (4) 

CP.4 (5) 

CPA ( 6 )  

CPA (7) 

CPA (8) 

s t o r e s  x-min i n  i t )  a n d  SCALE ( w h i c h  m o d i f i e s  i t  

t o  t h e  g r a p h  minimum). 

Preset v a l u e :  0.0. 

G r a p h  maximum f o r  t h e  x-ax is .  

For l o g  scale it i s  t h e  l o g  of t h e  q r a p h  maximum. 

The n o t e  o n  C P A ( 3 )  w i t h  t h e  a p F r o p r i a t e  c h a n g e s  

a p p l i e s  t o  C P A ( 4 ) .  

Prese t  v a l u e :  10.0. 

L e n g t h  of g r a p h  i n  i n c h e s  ( a l o n g  t h e  x - a x i s )  

P r e s e t  v a l u e :  10.0. 

U n i t s  p e r  d i v i s i o n  o r  i n c h e s  p e r  c y c l e ,  x -ax is .  

For l i n e a r  scale:  u n i t s  p e r  m a j o r  d i v i s i o n  a l o n g  

t h e  x -ax i s .  

For log  scale:  l e n g t h  of one c y c l e  i n  i n c h e s .  

Preset v a l u e :  1.0,  

Note: Normally g_ot directly set by u s e r .  The 

u s e r  s h o u l d  d e f i n e  CPA(6)  only i f  h e  is n o t  u s i n g  

o n e  of t h e  s e t u p  r o u t i n e s  ( S e c t i o n  2.3) o r  

s u b r o u t i n e  SCALE ( S e c t i o n  4.5). 

R a r g i n  a v a i l a b l e  ( t o p  a n d  b c t t o m ) ,  

for l a b e l i n g  t h e  x - a x i s  a b o v e  o r  below t h e  g r a p h ,  

i n  i n c h e s .  

P r e s e t  v a l u e :  0.5. 

A l i g n m e n t  for g r i d d e d  p a p e r ,  x - a x i s .  

For b l a n k  p a p e r ,  CRT,  or p r i n t e r ,  u s e  zero .  

For p r e p r i n t e d  g r i d d e d  p a p e r  t h a t  i s  l i n e a r  a l o n g  
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t h e  x - a x i s ,  u s e  number of d i v i s i o n s  p e r  i n c h .  

For p r e p r i n t e d  g r i d d e d  p a p e r  t h a t  i s  l o g a r i t h m i c  

a l o n g  t h e  x - a x i s ,  u s e  t h e  number of  cycles. 

Bote: I n t e n d e d  for a l i g n i n g  t h e  b o l d  d i v i s i o n s  

of t h e  p r e p r i n t e d  q r i d d e d  p a p e r  w i t h  t h e  s c a l e s  

a l o n g  t h e  x - a x i s .  

Preset  v a l u e :  0.0. 

CPA (9) H e i g h t  o f  d a t a  s y m b o l s  i n  i n c h e s ,  

Preset  v a l u e :  0 . 1 .  

TCPA ( 1 0 )  Symbol  f r e q u e n c y  c o n t r o l .  

T h i s  word is u s e d  t o  c c n t r o l  t h e  number of d a t a  

p o i n t s  p e r  s y m b o l  when s y m b o l s  h a v e  b e e n  

r e q u e s t e d  i n  a c a l l  t c  LINPLT or ERERPL o r  when 

RAYPLT i s  u s e d .  Tt a c e s  n o t  c o n t r o l  which  s y m b o l  

i s  u s e d .  

1 :  s y m b o l s  a t  e v e r y  F o i n t  

2: symhols a t  e v e r y  c t h e r  p o i n t ,  e tc .  

Preset v a l u e :  + 1  

---- Note: C P A ( 1 1 )  t h r o u g h  CPA ( 1 8 )  a r e  t h e  y - a x i s  p a r a m e t e r s  

c o r r e s p o n d i n g  t o  t h e  x - a x i s  p a r a m e t e r s  d e f i n e d  i n  

C P A ( 1 )  t h r o u g h  CPA (8)  . 
ICPA ( 1  1 )  R e p e t i t i o n  f a c t o r  for y - a r r a y .  

See S e c t i o n  1 .6 .3 .  To plct e v e r y  ( f o u r - b y t e )  

w o r d  i n  t h e  y - a r r a y  I C P A ( 1 1 )  = 1 .  T c  p l o t  e v e r y  

o t h e r  word ,  I C P A ( 1 1 )  = 2. T h i s  v a l u e  is u s e d  

when t h e  y - a r r a y  is B E A L s 8 .  To F l o t  e v e r y  t h i r d  
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word,  ICPA(11)  = 3; a n d  s o  on. I f  t h e  y - a r r a y  is 

I N T E G E W Q ,  t h e n  set ICPA(11)  = -1 .  I f  ICPA(11) 

is n e g a t i v e ,  t h e  y - a r r a y  Is t a k e n  t o  he  INTEGER*4 

a n d  t h e  r e p e t i t i o n  f a c t o r  i s  I I C P A ( 1 1 ) /  . 
Prese t  v a l u e :  +1. 

CPA (12)  Type of s c a l i n g  f u n c t i o n  f o r  t h e  y - a x i s .  

See S e c t i o n  1.6.4. 

'LINE' means l i n e a r  s c a l e .  

' L O G l '  means l o g  s c a l e .  

If t h e  number  of cycles r e q u e s t e d  i s  smaller  

t h a n  t h e  number  of c y c l e s  i n  t h e  r a n g e  of 

y - v a l u e s ,  t h e n  t h e  number  of cycles 

r e q u e s t e d  i s  u s e d  s t a r t i n g  w i t h  t h e  minimum. 

' L O G 2 '  means l o g  s c a l e .  

If t h e  number  of c y c l e s  r e q u e s t e d  i s  sma l l e r  

t h a n  t h e  number  of c y c l e s  i n  t h e  r a n g e  cf 

y - v a l u e s ,  t h e n  t h e  number  of cycles 

r e q u e s t e d  is  u s e d  ending  w i t h  t h e  maximum. 

Preset v a l u e :  ' L I N E ' .  

CPA (13) Graph  minimum for y - a x i s .  

For l o g  s c a l e  it i s  t h e  l o g  of t h e  g r a p h  r in imum.  

Note: T h e  s e t u p  r o u t i n e s  s u c h  a s  SETPLT set t h i s  

word  by c a l l i n g  s u b r o u t i n e s  RANGE ( w h i c h  s t o r e s  

y-min i n  it) a n d  SCALE ( w h i c h  m o d i f i e s  i t  t o  t h e  

g r a p h  minimum). 

P r e s e t  v a l u e :  0.0. 
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CPA ( l u )  G r a p h  maximum for t h e  y - a x i s .  

For l o g  scale it i s  t h e  l o g  of t h e  g r a p h  maximum. 

The no te  on CPA(13) w i t h  t h e  a p p r o p r i a t e  c h a n g e s  

a p p l i e s  t o  C R A ( 1 4 )  . 
P r e s e t  v a l u e :  10.0.  

CPA (15)  H e i q h t  o f  g r a p h  i n  i n c h e s  ( a l o n g  t h e  y - a x i s )  . 
P r e s e t  v a l u e :  10.0.  

CPA (16) U n i t s  p e r  d i v i s i o n  o r  i n c h e s  p e r  c y c l e ,  y -ax i s .  

F o r  l i n e a r  s c a l e :  u n i t s  p e r  major d i v i s i o n  a l o n g  

t h e  y-axis .  

For l o q  scale: h e i g h t  of one c y c l e  i n  i n c h e s .  

P r e s e t  v a l u e :  1.0. 

Note: N o r m a l l y  nqt d i r e c t l y  set  b y  u s e r .  The 

user s h o u l d  d e f i n e  CPA(16) o n l y  i f  h e  i s  n o t  

u s i n g  o n e  of t h e  s e t u p  r o u t i n e s  ( S e c t i o n  2.3)  c r  

s u b r o u t i n e  SCALE ( S e c t i o n  4.5) . 

I 

CPA (17) N a r q i n  a v a i l a b l e  ( l e f t  and  r i g h t ) ,  f c r  l a b e l i n g  

t h e  y - a x i s  o n  t h e  left and r i g h t  s i d e s  of t h e  

g r a p h ,  i n  i n c h e s .  

Preset v a l u e :  1.0.  

CPA (18) A l i g n m e n t  f o r  g r i d d e d  p a p e r ,  y - a x i s .  

For b l a n k  p a p e r ,  C R T ,  o r  p r i n t e r ,  u s e  zero.  

Qor p r e p r i n t e d  gridded p a p e r  t h a t  i s  l i n e a r  a l o n g  

t h e  y - a x i s ,  u s e  number  o f  d i v i s i o n s  per i n c h .  

For p r e p r i n t e d  g r i d d e d  p a p e r  t h a t  i s  l o g a r i t h m i c  

a long  t h e  y -ax i s ,  use t h e  number of cycles.  
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Note: T n t e n d e d  f o r  a l i g n i n g  t h e  b c l d  d i v i s i o n s  

of p r e p r i n t e d  g r i d d e d  p a p e r  w i t h  t h e  scales a l o n g  

the y - a x i s .  

Preset  v a l u e :  0.0. 

ICPA (79 )  o u t - o f - b o u n d s  mode, 

Th3.s i-s u s e d  when a F o i n t  t o  b e  c l o t t e d  with 

PAYPLT, LLNPLT, ERBRFL, FSNCE, PLTFNC, o r  P L T P I R  

l i e s  o u t s i d e  of t h e  g r a p h  b c u n d a r i e s .  

0: no  arrows i f  d a t a  g o e s  o u t s i d e  b o u n d a r i e s .  

7:  a r r o w s  a t  p o i n t  cf i n t e r p o l a t e d  k o u n d a r y  

c r o s s i n g s .  

2: arrows a n d  p r i n t i n g  of i n t e r p o l a t e d  v a l u e s .  

+3: p l o t t i n g  w i l l  s t o p  when a n  c u t - o f - b o u n d  

p o i n t  is e n c o u n t e r e d .  If t h i s  rode is u s e d  

w i t h  EFBRPL, LTNPLT, a n d  RAPPLT, t h e n  

c o n t r o l  is r e t u r n e d  t o  t h e  user's program 

when an  o u t - c f - b c u n d  p o i n t  i s  f o u n d .  

-3: p l o t t i n g  w i l l .  s t o p  when a n  c u t - c f - b o u n d  

p o i n t  i s  e n c o u n t e r e d .  If X(I), Y (I) i s  t h e  

o u t - o f - b o u n d  p o i n t ,  t h e n  I C P A  (79)  i s  se t  t o  

I. C o n t r o l  i s  r e t u r n e d  t o  t h e  u E e r * s  

p rogram.  
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Vote: T h i s  rode s h o u l d  b e  u s e d  o n l y  w i t h  

E R B R P I ,  L I N P L T ,  a n d  I(AYPLT. Note a l s o  t h a t  

i n  mode - 3  t h i s  word m u s t  h e  rese t  e a c h  time 

c n e  of t h e  a b o v e - m e n t i c n e d  p l o t t i n g  r o u t i n e s  

is u s e d .  

6 :  no  c h e c k i n g  f o r  o u t - o f - b o u n d  p c i n t s .  Use 

w i t h  c a u t i o n .  

7: draw t h e  c u r r e n t  symbol a t  t h e  i n t e r p o l a t e d  

b o u n d a r y  c r o s s i n g ,  T h i s  mode is u s e d  o n l y  

if s y m b o l s  a r e  u s e d  i n  p l o t t i n g  t h e  d a t a  

p o i n t s .  

P rese t  v a l u e :  1 

CPA (20)  F l a g  s y m b o l  u s e d  d u r i r i g  l a b G l i n g .  

T h i s  flag is u s e d  a s  t h e  t e r m i n a t i n g  s y m b o l  f c r  

an a l p h a n u m e r i c  s t r i n g  i n  T I T L E ,  LABEL,  A R R O W ,  o r  

L T G ? N D .  

P r e s e t  v a l u e :  !3 

CPA (21)  P l o t t e r  

'MFCH': m e c h a n i c a l  F l c t t e r  

'CRT' :  C a t h o d e  R a y  Tube p l c t t e r  

* P R N T * :  l i n e  p r i n t e r  

' N O N E ' :  s u b r o u t i n e  I N T L  h a s  n o t  b e e n  c a l l e d .  

T h i s  word is s e t  h y  s u b r o u t i n e  TNTL. 

Note: T h e  s e t - u p  r o u t i n e s  s u c h  a s  SFTPLT c a l l  

INTL. 

Prese t  v a l u e :  * N O N E '  . 
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TCPA (22) 

TCPA (23) 

I C P A  (24)  

CPA ( 2 5 )  

CPA (26)  

CPE (27) 

CPA (28) 

ICPA (30) 

L i g h t  i n t e n s i t y  €o r  CBT l a b e l i n g .  

Preset  v a l u e :  16 

L i g h t  i n t e n s i t y  for CBT l i n e s .  

Preset v a l u e :  18 

L i g h t  i n t e n s i t y  for CBT p o i n t s .  

Preset v a l u e :  2 5  

D i s t a n c e  ( i n  i n c h e s )  frcm x - a x i s  t o  l a b e l s .  

T h i s  is t h e  d i s t a n c e  tetween t h e  x - a x i s  and  t h e  

f a r t h e s t  s i d e  of t h e  s y m b o l s  i n  t h e  l a b e l .  

P rese t  v a l u e :  . 5  

H e i q h t  ( i n  i n c h e s )  of l a r g e s t  t i c k  mark cn 

x - a x i s .  

0.0 means  no t i c k  marks. 

P r e s e t  v a l u e :  . 1 5  

D i s t a n c e  from x - a x i s  t o  scales. 

The  d i s t a n c e  i n  i n c h e s  b e t w e e n  t h e  x - a x i s  a n d  t h e  

c lo ses t  s i d e  of t h e  n u m b e r s  t o  b e  drawn.  

Preset  v a l u e :  .OS 

Height ( i n  i n c h e s )  of n u m b e r s  u s e d  i n  scales  for 

t h e  x - a x i s .  

0.0 means  no scales 

P r e s e t  v a l u e :  . 1 5  

S c a l e  d i r e c t i o n  c c n t r c l .  

It is u s u a l l y  r e q u e s t e d  t h a t  t h e  scales  on a 

g r a p h  b e  set so t h a t  t h e  g r a p h  minimum is  a t  t h e  

l e f t - h a n d  s i d e  on t h e  x - a x i s  a n d  t h e  bottom on  
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t h e  y - a x i s .  T h e  g r a p h  maximum is se t  a t  t h e  

r i g h t - h a n d  s i d e  a n d  t h e  t o p ,  r e s p e c t i v e l y .  T h i s  

p a r a m e t e r  a l l ows  t h e  s c a l e s  t o  b e  se t  backward .  

The f o l l o w i n g  c h o i c e s  a r e  a v a i l a b l e :  

0: F o r w a r d  o n  b o t h  t h e  x - a x i s  a n d  t h e  y - a x i s .  

1: Backward o n  x o n l y .  

2: Backward o n  y o n l y .  

3: Backward on x a n d  o n  y 

P r e s e t  v a l u e :  0 

I C P A ( 3 1 )  S u p p r e s s i o n  of e n d s  of sca les .  

A t  t h e  c o r n e r  of a g r a p h  w h e r e  s c a l e d  axes  meet, 

it may h a p p e n  t h a t  t h e  s c a l e s  of t h e  e n d  p o i n t s  

a l o n g  t h e  d i f f e r e n t  axes f a l l  o n e  on  t o p  o f  t h e  

o t h e r .  One way t o  a v o i d  t h i s  is t o  s u p p r e s s  t h e  

sca le  a t  o n e  of t h e  e n d  p o i n t s .  

T h e  i n t e g e r  i n  t h i s  w c r d  d e t e r m i n e s  wh ich  scale  

e n d s ,  i f  a n y ,  a r e  t o  k e  s u p p r e s s e d  a s  f o l l o w s :  

0: No sca l e  e n d  s u p p r e s s e d .  

1: Leftmost s c a l e  a l c n g  a b s c i s s a  s u p p r e s s e d .  

2: Rightmost s c a l e  a l o n g  a k s c i s s a  s u F p r e s s e d .  

4: Lcwest o r d i n a t e  scale s u p p r e s s e d .  

8: Topmost  o r d i n a t e  scale  s u p p r e s s e d  . 
The sum of two c r  more d i s t i n c t  i n t e g e r s  a b o v e  

w i l l  s u p p r e s s  t h e  c b v i o u s  c o m b i n a t i o n  of scale 

e n d s .  Thus  ICPA(31) = 7 w i l l  s u F p r e s s  t h e  

l e f tmost  and  r i g h t m o s t  absc issa  scales  a s  well a s  



t h e  lowest o r d i n a t e  s ca l e s .  Note t h a t  

I C P A ( 3 1 )  = 1 5  w i l l  s u F F r e s s  a l l  t h e  s c a l e  e n d s .  

P r e s e t  v a l u e :  4 

--- Note: C P A ( 3 5 )  t h r o u g h  C P A ( 3 8 )  a r e  t h e  y - a x i s  p a r a m e t e r s  

c o r r e s p o n d i n g  t o  t h e  x - a x i s  p a r a m e t e r s  d e f i n e d  i n  

CPA (25)  t h r o u g h  C P A ( 2 8 )  . 
CPA ( 3 5 )  D i s t a n c e  ( i n  i n c h e s )  f r o m  y - a x i s  t o  l a b e l s .  

T h i s  is t h e  d i s t a n c e  t e t w e e n  t h e  y - a x i s  a n d  t h e  

f a r t h e s t  s i d e  of t h e  s y m b o l s  used i n  t h e  l a b e l .  

P r e s e t  v a l u e :  1.0 
L 

CPA ( 3 6 )  H e i g h t  ( i n  i n c h e s )  o f  l a r g e s t  t i c k  mark on 

y - a x i s .  

0.0 means no t i c k  marks. 

Preset v a l u e :  - 1 5  

CPA (37) Distance from y - a x i s  t o  scales. 

The  d i s t a n c e  i n  i n c h e s  b e t w e e n  t h e  y - a x i s  a n d  t h e  

c losest  s i d e  ob the n u m h e r s  t o  be drawn.  

Preset  v a l u e :  .OS 

CPA (38) H e i g h t  i n  i n c h e s  of  n u m b e r s  u s e d  i n  scales f o r  

y -ax i s .  

0.0 means no sca les .  

P r e s e t  v a l u e :  . 15  

I C P A ( 4 1 )  L o g a r i t h m i c  s c a l e  c c n t r o l .  I C P A ( 4 1 )  = 0 w i l l  

p r o d u c e  n i n e  t i c k  marks p e r  d e c a d e  (i.e., a t  o n e ,  

two, ..., e i g h t ,  a n d  n i n e  times 10 ) r e g a r d l e s s  

of l e n g t h  of d e c a d e  a n d  w i l l  fo rce  scale n u m b e r s  

t 
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t o  be w r i t t e n  o n l y  a t  c n e  times 10 f o r  e a c h  

d e c a d e .  

Preset  v a l u e :  1 

CPA (42 )  Minimum l e n g t h  ( i n  i n c h e s )  of a l o g a r i t h m i c  

c y c l e .  E x t r a  c y c l e s  w i l l  b e  c u t  off a c c c r d i n g  t o  

t h e  c o n t e n t s  of C P A ( 2 )  for t h e  x - a x i s  a n d  C P A ( 1 2 )  

for t h e  Y-axis.  

P r e s e t  v a l u e :  1.0. 

CPA (45)  D i s t a n c e  ( i n  i n c h e s )  k e t w e e n  g r a p h s .  

M e a n i n g f u l  o n l y  f a r  t h e  m e c h a n i c a l  p l c t t e r .  

T h e  d i s t a n c e  t h a t  t h e  p a p e r  w i l l  be  a d v a n c e d  when 

s u b r o u t i n e  FLDVANS is c a l l e d .  

Preset  v a l u e :  4.0 

I C P A ( 4 6 )  S t a r t  s y m b o l s  for d a t a  p o i n t s .  

Used  o n l y  by RAYPLT, L I N P L T ,  a n d  ERBPPL. 

If ICPI(46) = I a n d  s y m b o l s  a r e  u s e d  t o  p l o t  t h e  

d a t a ,  t h e n  t h e  s y m b o l s  will be u s e d  s t a r t i n g  w i t h  

t h e  I ' t h  p o i n t .  

P r e s e t  v a l u e :  1 

TCPA(u7) S t o p  symbols far d a t a  F c i n t s .  

Used  o n l y  by RAYPLT, L I N P L T ,  a n d  ERBRFL. 

I f  ICPA(47) = J a n d  s y m b o l s  a r e  u s e d  t o  p l o t  t h e  

d a t a ,  t h e n  t h e  s y m b o l s  w i l l  n o t  be u s e d  p a s t  t h e  

J ' t h  p o i n t .  

0 i s  i n t e r p r e t e d  t o  mean t h a t  s y m b o l s  w i l l  b e  

u s e d  t h r o u g h  t h e  l a s t  pcint t o  b e  p l o t t e d .  
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P r e s e t  v a l u e :  0 

CPA ( 4 8 )  L e n g t h  of d a s h  p a t t e r n .  

T h i s  word c o n t r o l s  t h e  l e n g t h  i n  i n c h e s  of e a c h  

d i s t i n c t  p i e c e  of t h e  d a s h  p a t t e r n  b e i n g  

c u r r e n t l y  u s e d .  With it t h e  user c a n  o b t a i n  

d i s t i n g u i s h a b l e  d i f f e r e n c e s  w i t h i n  t h e  same 

p a t t e r n .  

P r e s e t  v a l u e :  0.5 

C?A ( 4 9 )  A n g l e  of r o t a t i o n .  

T h e  a n g l e  of r o t a t i o n  i n  d e g r e e s  for t h e  p i c t u r e .  

An a n g l e  of 90 w i l l  allow t h e  y - a x i s  t o  r u n  

a l o n g  t h e  l e n g t h  o f  t h e  p a p e r .  

Preset v a l u e :  0.0 

3.3. Notes o n  t h e  Common P a r a m e t e r  Area 

The  p r e s e t  v a l u e s  f o r  t h e  m a r g i n s  a r e  0.5 i n c h  f o r  t h e  

t o p  a n d  bottom m a r g i n s ,  C P A ( 7 ) ,  a n d  1 .0  i n c h  f o r  t h e  l e f t  

a n d  r i g h t  m a r g i n s ,  C P A ( 1 7 ) .  The  m a r g i n  v a l u e s  a r e  u s e d  as 

soon  a s  t h e  p a c k a g e  i s  i n i t i a l i z e d .  I f  t h e  m a r g i n s  are  t o  

be  c h a n g e d  by t h e  u s e r ,  t h e  c h a n g e  s h o u l d  be made be fo re  t h e  

p a c k a g e  is i n i t i a l i z e d .  The p a c k a g e  is i n i t i a l i z e d  hy 

c a l l i n g  INTL. S u b r o u t i n e  I N T L  is c a l l e d  by t h e  s e t u p  

r o u t i n e s  s u c h  as SETPLT. T h e r e f c r e ,  t h e  s e t u p  r o u t i n e s  a l s o  

i n i t i a l i z e  t h e  package .  
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For s i n g l e - F r e c i s i o n  d a t a  s t o r e d  i n  s i n g l y - d i m e n s i o n e d  

a r r a y s ,  t h e  r e p e t i t i o n  f a c t o r s ,  I C P A  (1) a n d  I C F A  (11) , s h o u l d  

b e  1 ,  a s  p r e s e t ,  For d o u b l e - p r e c i s i o n  d a t a  s t o r e d  i n  

s i n g l y - d i m e n s i o n e d  a r r a y s ,  t h e  r e p e t i t i o n  f a c t o r  s h o u l d  h e  

2. The  32 l o w - o r d e r  b i t s  a r e  n o t  u s e d  i n  p l o t t i n g .  

D o u b l y - d i m e n s i o n e d  a r r a y s  a r e  s t c r e d  w i t h  t h e  v a l u e s  o f  e a c h  

column (first i n d e x )  c o n s e c u t i v e l y  p l a c e d  and  t h e  co lumns  

p l a c e d  end- to -end .  T h u s  a s e t  cf s i n g l e - p r e c i s i o n  X v a l u e s  

d i m e n s i o n e d  a s  X ( 5 , 5 0 )  w i l l  a p p e a r  i n  t h e  m a c h i n e  a s  

To p l o t  X ( 1 , K )  f o r  K = 1 , 6 0  t h e  v a l u e  i n  ICPA(1)  s h o u l d  b e  

5.  However, i f  X is d i m e n s i o n e d  a s  X ( 6 0 , F )  a n d  you w i s h  t o  

p l o t  X ( K , l )  f o r  K = 1 ,60 ,  t h e n  ICPA(1) s h o u l d  be  s e t  t o  1, 

which  is t h e  p r e s e t  v a l u e  of ICPA(1) .  

T h e  s i z e  of t h e  g r a p h ,  C P A ( E )  and CPA(15) ,  is s e t  for a 

10- inch-by-10- inch  graph .  I n  t h e  C a t h o d e  Ray Tube p l o t  t h e  

p i c t u r e  frame is '14 i n c h e s  l ong .  T o  f i l l  t h e  frame ( i f  

d e s i r e d )  t h e  v a l u e  of CPA(5) a o u l d  be  14.0. 

The  h e i g h t  of s y m b o l s  u s e d  i n  p l o t t i n g  d a t a ,  C P A ( 9 ) ,  is 

preset t o  0.1 i n c h .  I f  t h e  g r a p h  i s  t o  be r e d u c e d  

p h o t o g r a p h i c a l l y  for p u b l i c a t i o n ,  a l a r g e r  v a l u e  may b e  

d e s i r a b l e .  Note a l s o  t h a t  t h e  h e i g h t  of t h e  scale n u m b e r s ,  

CPA(2S) ,  is preset a t  0.15. 
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T h e  o u t - o f - b o u n d s  mode, ICPA(19) , is u s e d  only when a 

d a t a  p o i n t  f a l l s  o u t s i d e  t h e  frame. Its p r e s e t  v a l u e  w i l l  

r e s u l t  i n  arrows b e i n g  d r a w n  a t  t h e  p o i n t  t h e  i n t e r p o l a t e d  

l i n e  (from t h e  l a s t  p o i n t  d r a w n  i n  t h e  g r a p h  t o  t h e  

o u t - o f - b o u n d s  p o i n t )  i n t e r s e c t s  t h e  b o u n d a r y  sf t h e  g r a p h .  

If I C P A ( 1 9 )  = - 3 ,  t h e n  t h e  user s h o u l d  exercise g r e a t  c a r e  

i n  r e s e t t i n g  I C P A ( 1 9 )  e v e r y  time c c n t r c l  is pa ' s sed  t o  t h e  

main program. 

I n  a l p h a n u m e r i c  s t r i n g s  u s e d  for l a b e l s  a n d  t i t l e s ,  t h e  

symbol  which  m a t c h e s  C P A ( 2 0 )  is t a k e n  t o  b e  a f l a g  a n d  is 

n o t  p l o t t e d .  The p r e s e t  v a l u e  i s  ( $ ( .  I f  t h e  user w a n t s  t o  

p l o t  a $, t h e n  CPA(20)  mus t  b e  changed. 
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3.4. C h a n q i n g  t h e  CPA 

A s p e c i a l  s u b r o u t i n e  i s  a v a i l a b l e  f o r  p u t t i n g  v a l u e s  

i n t o  or g e t t i n g  v a l u e s  o u t  of t h e  Common P a r a m e t e r  Area, 

The c a l l i n g  s e q u e n c e  is 

CALL C;CQCPA,(LOC, VALWE) 

LOC 

V A L U E  

Examples :  

An i n t e g e r ,  - 5 0  5 LOC 5 50. I f  L C C  
> 0,  t h e n  V A L U E  w i l l  be p u t  i n  

t h e n  CPA(L0C). I f  L O C  < 0 ,  
CPA(-LOC) w i l l  be  p u t  i n  VALUE. I €  
LOC=O, the en t i r e  CPA ( 5 0  words) 
w i l l  k e  F r i n t e d ,  a s  a d e k u g g i n g  a i d .  

T h e  number s t o r e d  i n  CPA i f  LOC i s  
p o s i t i v e ,  o r  number r e t r i e v e d  i f  LCC 
i s  n e g a t i v e .  Not u s e d  i f  L O C  i s  
zero.  VALUE s h o u l d  b e  REAL i f  t h e  
c o r r e s p o n d i n g  v a l u e  i n  t h e  Ccmmon 
P a r a m e t e r  Area is R E A L ,  o r  INTEGER 
i f  t h e  c o r r e s p o n d i n g  CPA v a l u e  i s  
I N T E G E R ,  

2. CALL QQQCPA (-4,XMAX) s e t s  X f l A X  t o  CPA(4) 

3. CALL QQQCPA ( 0 )  p r i n t s  CPA 

Two s u b r o u t i n e s ,  QQllARG and  QQSIZE, can ke u s e d  t o  

c h a n g e  t h e  margins  a n d  t h e  g r a p h  size, r e s p e c t i v e l y .  T h e  

c a l l i n g  sequences a r e  

XMARG 

Y M A R G  

CALL CQMARG ( X M A R G , Y M A R G )  

Top and  b o t t o m  m a r g i n s  i n  i n c h e s  
(CPA ( 7 )  1 

L e f t  and r i g h t  m a r g i n s  i n  i n c h e s  
(CPA ( 1 7 )  1 
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CALL C Q S I Z E  ( X L N T H , X H G T )  

XLNTH L e n g t h  of graph  ( a l o n g  

Y H G T  H e i g h t  of graph  ( a l o n g  

CPA (5) 1 

C P A ( 1 S ) )  

Note t h a t  f o r  pen - and - ink ~ l c t s ,  Y H G T  + 

x - a x i s ,  

y-axis, 

2 * X M A R G  

must  b e  less t h a n  or equa l  t o  t h e  p a p e r  w i d t h  ( 1 1  i n c h e s  for 

t h e  narrow p l o t t e r ,  29 .5  i n c h e s  for t h e  w i d e  p l o t t e r ) .  For 

Cathode-Fay-Tube p l o t s ,  Y H G T  + 2*XMARG must he less t h a n  or 

e q u a l  to 13 i n c h e s ,  and XLNTH 9 2*YMARG must he less t h a n  19 

i n c h e s .  

YMARG - - 

t 
1 

XMARG 

- YMARG - 
YHGT 

Fig. 3 . 4  Graph Size and Margins 
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3.5. T a b l e  of t h e  CPA 

D i s t a n c e s ,  h e i g h t s ,  m a r g i n s ,  a n d  l e n g t h s  a r e  i n  i n c h e s .  

~~ 

P a r  am ete r D e s c r i p t i o n  P r e s e t  V a l u e  

I 
x t  Y 

I C P A ( l ) i  I C P A ( 1 1 )  R e p e t i t i o n  f a c t o r  + 1  

CPA (2)  1 CPA ( 1 2 )  T y p e  of s c a l i n g  f u n c t i o n  'LINE' 

CPA(3) I CPA ( 1 3 )  G r a p h  minimum 0 .0  

CPA(4) . CPA(14)  G r a p h  maximum 

CPA (5) CPA (15) L e n g t h  a n d  w i d t h  cf g r a p h  
I 
I 

10.0 

10.0 

CDA(6) C P A ( l 6 )  U n i t s  pe r  d i v i s i o n  or i n c h e s  p e r  c y c l e  1 .0  

CPA ( 7 )  ' CPA (17) f l a r g i n  a v a i l a t l e  0.5 1.0 

CPA (8) 1 CPA ( 1 8 )  R l ign rnen t  f cr g r i d d e d  p a p e r  0.0 

CPA (9) H e i g h t  f o r  d a t a  s y m b o l s  0.1 

CPA (10)  S y m b o l  a n d  l i n e  c c n t r o l  I + 1  

ICPA (1 9) O u t - o f - b o u n d s  mode +1  

CPA (20)  F l a g  s y m b o l  u s e d  i n  l a b e l i n g  5 

CPA (21)  P l o t t e r  ' N O N E '  

ICPA (22)  L i g h t  i n t e n s i t y  fcr CRT l a b e l i n g  1 6  

ICPA (23)  L i g h t  i n t e n s i t y  f cr C R T  l i n e s  18  

ICPA (2U) L i g h t  i n t e n s i t y  for CRT p o i n t s  2 5  

1 
X Y 

CPA (25)  ' CPA ( 3  5) Distance frcm a x i s  t o  l a b e l  

I 
0.5 
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Height  of l a r g e s t  t i c k  mark 
I 

CPA ( 2 6 )  CPA ( 3 6 )  
I 

0 . 1 5  

CPA (27)  ' CPA (37)  0 . 0 5  

CPA(28) I CPA(39) He ight  o f  n u r h e r s  u s e d  i n  scales 0 . 1 5  

D i s t a n c e  frcm a x i s  t o  s c a l e s  

ICPP.  ( 3 0 )  Forward cr backward s c a l e s  0 

ICPA ( 3  1 )  S u p p r e s s i o n  of  e n d s  of s c a l e s  4 

ICPA ( 4  1) L o g a r i t h m i c  s c a l e  c o n t r o l  1 

CPA ( 4 2 )  llinimum l e n g t h  for a l o g a r i t h m i c  c y c l e  1 . 0  

CPA ( 4 5 )  D i s t a n c e  between graphs  4 . 0  

ICPA ( 4 6 )  S t a r t  s y m b o l s  for d a t a  p o i n t s  1 

TCPA (47) S t o p  svmtols  €or data  D o i n t s  0 

CPA ( 4 8 )  Length of dash p a t t e r n  0 . 5  

CPA ( 4 9 )  Anqle of r o t a t i o n  0 . 0  

t 

. 

L 

. '  
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L 

I *  
4. BUILDING BLOCK S U S R C U T I N E S  

4.1. I n t r o d u c t i o n  

E a c h  of t h e  B u i l d i n g  B l o c k  S u b r c u t i n e s  d c e s  o n l y  a 

smal l  p a r t  of mak ing  a g r a p h ,  T h e y  a r e  p r o v i d e d  i n  t h i s  way 

so t h a t  t h e  u s e r  c a n  c o m b i n e  them a s  n e e d e d  f o r  a " s p e c i a l "  

p r o b l e m ;  t h a t  is, o n e  t h a t  c a n n o t  b e  s o l v e d  w i t h  t h e  

C o m b i n a t i o n  S u h r c u t i n e s  d e s c r i b e d  i n  C h a p t e r s  2 and  5 .  

T h e  u se r ' s  p r o g r a m  may c a l l  k o t h  B u i l d i n g  B l o c k  

S u b r o u t i n e s  a n d  C o m b i n a t i o n  S u b r o u t i n e s ,  a s  n e e d e d .  

T h e  B u i l d i n g  B l o c k  S u b r o u t i n e s  a r e  

Name ---- 
I N T L  

R A N G E  

O R D E R  

SCALE 

A X I S  

BOX 

G R I D  

LEGEND 

LABEL 

ARROW 

QQINCH 

QQLINE 

QQPO RC 

--- F u r g o s e  --- 
I n i t i a l i z e  O B G R A P H  

F i n d  d a t a  limits 

A r r a n g e  d a t a  i n  o r d e r  

S e t  up s c a l e  f a c t o r s  

Draw s c a l e s  

Draw a kox or frame 

Draw g r i d  l i n e s  

Draw a l e g e n d  

P l o t  a l a b e l  

Draw a n  arrow 

User's u n i t s  t o  i n c h e s  

Draw a l i n e  

Pen o r  learn m o t i o n  

------- S e c t i o n  

4 . 2  

4 . 3  

4.4 

4 - 5  

4.6 

4 .7 

4.8 

4 09 

4.10 

4 . 1 1  

4.12 

4.13 

4.14 



Draw s y m b o l s  4 . 1 5  

Draw numbers 4,16 

Current  pen p o s i t i o n  4 . 1 7  

Change c o o r d i n a t e  system Y.18 

ORGRAPH news 4 . 1 9  
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4.2. TNTL, I n i t i a l i z e  O R G R A P H  

PVTL mus t  be c a l l e d  b e f o r e  a n y  p l c t t i n g  w i t h  ORGWAPR c a n  h e  

done .  The  s e t u p  r o u t i n e s  ( S e c t i o n  2.3) b e g i n  b y  c a l l i n g  TNTL. 

INTL s e t s  c e r t a i n  i n t e r n a l  p a r a m e t e r s  in ORGRAPH t o  the p r o p e r  

s t a r t i n g  v a l u e s .  

The c a l l i n g  s e q u e n c e  is: 

CALL I N T L  ( H A C H I N ,  BWPPEB, LENGTH, NArlE) 

MACHIN rJse o n e  cf t h e  f o l l c w i n q :  

'MECH' Pen-and- ink  m e c h a n i c a l  p l c t t e r  
'CRT' C a t h o d e  Ray Tube p l o t t e r  
'PRNT' L i n e  p r i n t e r  

BUFFER Name o f  an  a r e a  s e t  a s i d e ,  i n  t h e  userqs 
p r o g r a m  fcn: u s e  b y  t h e  p l o t t i n g  r o u t i n e s ,  

LENGTH L e n g t h ,  i h  f o u r - b y t e  words, of EWPFER. 
3000 t o  8000 i s  recommended.  

NAME User's namel 92 c h a r a c t e r s  er lesso 
e n d i n g  w i t h  a $ and  e n c l o s e d  i n  
a p o s t r o p h e s ,  Example: SMITH$' o r  'JOHN 
Q.  C O E $ * .  Used t o  p l a t  a special name 
frame. 

Once  I N T L  h a s  been  c a l l e d ,  t h e  t y p e  of p l o t t e r  h a s  b e e n  

s p e c i f i e d  a n d  a l l  f u r t h e r  p l c t t l i n g  w i l l  be r o u t e d  t o  t h a t  p l o t t e r  

( u n l e s s  TNTL is c a l l e d  a g a i n  w i t h  a d i f f e r e n t  M A C H I N ) .  

INTL s h o u l d  b e  c a l l e d  a t  t h e  b e g i n n i n g  of e a c h  new g r a p h  i f  

the s e t u p  r o u t i n e s  ( S e c t i o n  2-31  a re  n o t  used, 
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4 . 3 .  R A N G E ,  F i n d  Data rimits 

T h i s  s u b r o u t i n e  will s c a n  a set of v a l u e s  and  f i n d  t h e  

maximum and minimum. ' The  maximum a n d  minimum v a l u e s  a r e  p l a c e d  

i n  t h e  CPA.  R A N G E  is  u s e f u l  p r i m a r i l y  when t h e  g r a p h  is t c  ke 

set up a c c o r d i n g  t o  t h e  l imits of  t h e  d a t a .  

T h e  c a l l i n g  s e q u e n c e  is: 

CALL R A N G E ( X A R R A Y , N X )  f o r  t h e  x - a x i s ;  

CALL R A N G E  ( Y A R R A Y ,  U N Y )  fcr  t h e  y - a x i s ;  

X A R R A Y  A r r a y  of x - v a l u e s  

NX Number o f  e l e m e n t s  t o  b e  s c a n n e d  i n  
X A R B A Y  

Y A R F A Y  A r r a y  of  y - v a l u e s  

MNY N e g a t i v e  number w h o s e  a b s o l u t e  v a l u e  is 
t h e  n u m t e r  o f  e l e m e n t s  t o  b e  s c a n n e d  i n  
Y A R R A Y .  

Range w i l l  scan t h e  a r r a y  a n d  f i n d  t h e  minimum and  maximum. 

For t h e  first c a l l  shown a b o v e  ( p o s i t i v e  second p a r a m e t e r )  t h e  

minimum is  p u t  i n  C P A ( 3 )  a n d  t h e  maximum i s  p u t  i n  CPA ( 4 ) .  For 

t h e  s e c o n d  c a l l  ( n e g a t i v e  p a r a m e t e r )  t h e  minimum i s  p u t  i n  

CPA (13) and t h e  maximum i n  C P A ( 1 4 )  . 

R A N G E  u s e s  t h e  r e p e t i t i o n  f a c t o r ,  CPA(1)  f o r  x - a x i s ,  C P A ( 1 1 )  

f o r  t h e  y - a x i s .  

RANGE does n o t  a c t u a l l y  d raw a n y t h i n g .  It  is o n l y  u s e d  t o  

set v a l u e s  i n  t h e  CPA. 
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4 .4 .  O R D E R ,  A r r a n g e  Data i n  O r d e r  

S u p p o s e  t h a t  t h e r e  i s  a se t  o f  xi, yi p a i r s  t o  b e  p l o t t e d .  

The  {xi] a r e  s t o r e d  i n  X A R R A Y .  T h e  {yi} a r e  s t o r e d  i n  Y A R 9 9 Y .  

S u p p o s e ,  f u r t h e r ,  t h a t  t h e  {xi) a r e  n o t  i n  o r d e r ,  t h a t  i s ,  for 

It i s  u s u a l l y  more e f f i c i e n t  t o  o r d e r  t h e  some i, xi 

X A R R A Y  before  p l o t t i n g .  Also,  i f  t h e  u n o r d e r e d  d a t a  p c i n t s  a r e  
' 'i+l 

p l o t t e d  w i t h  c o n n e c t i n g  l i n e s ,  t h e  l i n e s  w i l l  z i g z a g .  

A s u b r o u t i n e  is p r o v i d e d  t o  p u t  t h e  (xi} i n  n o n d e s c e n d i n g  

o r d e r  a n d  " c a r r y l '  t h e  fYi}  a l o n g ,  t h a t  is,  t h e  i n t e r c h a n g e s  made 

i n  X A R S A Y  w i l l  a l so  be made i n  Y A R R A Y .  T h e  c a l l i n g  s e q u e n c e  i s  

CALL O R D E I I  ( X A R R A Y ,  Y A R R A Y ,  NX) 

X A R B A Y  A r r a y  of  {xi} 

YAFRAY Array o f  {yi} 

NX Number o f  p o i n t s  i n  X A R R A Y  

N X  n u m b e r s  i n  X A R R A Y  w i l l  b e  o r d e r e d .  The minimum a n d  

maximum v a l u e s ,  Xmin a n d  X m a x ,  w i l l  be  p u t  in C P A ( 3 )  a n d  CFA (4) 

{xi}. r e s p e c t i v e l y ,  s o  t h a t  RANGE n e e d  n o t  ke c a l l e d  for t h e  

However,  PANGE s h o u l d  s t i l l  b e  c a l l e d  for t h e  { y i }  

I f  I C P A ( 1 )  = 1, t h e  a r e  c o n s i d e r e d  t o  Ice 

s i n g l e - p r e c i s i o n  v a l u e s  s t a r e d  c o n s e c u t i v e l y .  If I C P A  (1) = 2,  

t h e  {xi} are c o n s i d e r e d  t o  be i n  a l t e r n a t e  s t o r a g e  l o c a t i o n z .  

Thus ,  d o u b l e - p r e c i s i o n  d a t a  may be s o r t e d  h y  s e t t i n g  CPA(1)  = 2; 

t h e  low-order p a r t  w i l l  be moved w i t h  t h e  h i g h - o r d e r  p a r t .  

(However, ?he c o m p a r i s o n  is s t i l l  d o n e  i n  s i n g l e  F rec i s i cn ;  
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v a l u e s  wh ich  d o  not d i f f e r  i n  t h e  h i g h - o r d e r  p a r t  may h e  s o r t e d  

i n c o r r e c t l y  . ) 
g~ttion 1: S u p p o s e  t h a t  t h e r e  a r e  f i v e  a r r a y s  of y - d a t a  t o  

be p l o t t e d  v e r s u s  o n e  a r r a y  of x - d a t a .  S u p p o s e  t h e  x -va lues  a r e  

stored i n  X A R R A Y  w i t h  D T M E N S I O N  X A R R A Y ( 3 0 )  a n d  t h e  y - v a l u e s  a r e  

s to red  i n  Y A P R A P  w i t h  DIIMENSION Y A R R A P ( 5 , 3 0 ) .  S U F F O S e  t h a t  t h e  

x - d a t a  a re  t o  be o r d e r e d  and  a l l  f i v e  sets of y - d a t a  a r e  t o  b e  

moved a c c o r d i n g l y .  T o  d o  t h i s ,  s e t  I C P A ( 1 1 )  , t h e  y - r e p e t i t i o n  

f a c t o r ,  t o  5 :  

C A L L  Q Q C C P A  ( 1  1,5)  

C A L L  O R D E R  ( X A R R A Y ,  Y A R R A P ,  30)  

E v e r y  time a n  x i s  moved i r  t h e  c r d e r i n g  p r o c e s s ,  a l l  five 

y ' s  a re  moved a l so .  

- O p t -  2: It i s  a l s o  p o s s i t l e  t o  a r r a n g e  t h e  d a t a  i n  crder 

of i n c r e a s i n g  y - v a l u e s .  For t h i s ,  t h e  c a l l i n g  s e q u e n c e  is: 

C A L L  O R D E R  ( Y A R R A Y  , X A R R A P , V N Y )  

MNY N e g a t i v e  number whose a b s o l u t e  v a l u e  i s  
t h e  numker o f  e l e m e n t s  t o  be  s o r t e d  i n  
Y A R R A Y .  

T h i s  b e h a v e s  v e r y  much l i k e  t h e  case w h e r e  t h e  t h i r d  Farameter i s  

p o s i t i v e .  T h e  d i f f e r e n c e  i s  t h a t  t h e  minimwm and maximum v a l u e s  

of t h e  f i r s t - m e n t i o n e d  a r r a y ,  YARRAY i n  t h i s  case, a r e  p u t  i n  

C P A ( 1 3 )  a n d  C P A ( 1 4 ) ,  r e s p e c t i v e l y ,  i n s t e a d  of C F A  (3 )  a n d  C P A ( 4 ) .  

The r e p e t i t i o n  f a c t o r ,  I C P A ( 1 1 ) ,  i s  u s e d  for t h e  f i r s t - m e n t i o n e d  

a r r a y ;  I C P A ( 1 )  for t h e  s e c o n d  a r r a y .  



77 

O R D E R  does  no p l o t t i n g .  It may b e  u s e d  f c r  F u r p o s e s  n o t  

i n v o l v i n g  p l o t t i n g .  It i s  not n e c e s s a r y  t o  i n i t i a l i z e  ORGRAPB 

( S e c t i o n  4 .2 ,  'INTL) b e f o r e  u s i n g  ORDER. 

Warning: The a r r a y s  a r e  s o r t e d  i n  p l a c e .  Thus ,  t h e  o r i g i n a l  

o r d e r  may b e  d e s t r o y e d .  I f  t h e  o r i g i n a l  o r d e r  is n e e d e d  l a t e r ,  

+he a r r a y s  s h o u l d  be c o p i e d  b e f o r e  ORDER is c a l l e d .  

A n o t h e r  w a r n i n g :  ORDER is  u s u a l l y  c a l l e d  b e f o r e  SCALE. T h i s  i s  

b e c a u s e  ORDER p u t s  v a l u e s  i n  t h e  CPA w h i c h  may l a t e r  h e  c h a n g e d  

hy SCALE. I f  ORDER is u s e d  a f t e r  SCALE (or a f t e r  a n y  of t h e  

s e t - u p  r o u t i n e s  i n  S e c t i o n  2 . 3 )  t h e  a F p r o p r i a t e  CPA v a l u e s  m u s t  

b e  s a v e d  b e f o r e  ORDER i s  c a l l e d  and r e s t o r e d  a f t e r w a r d s ,  e . g .  

CALL QQQCPA ( - 3 , S A V E 3 )  
CALL QQQCPA ( - 4 , S A V E 4 )  
CALL 0Rr)ER (XARRAY, Y A R R A Y ,  N X )  
CALL QQQCPA ( 3 ,  SAVE3)  
CALL QCQCPA ( 4 ,  S A V E 4 )  

4 . 5 .  SCALE, S e t  Up Scale Fac to r s  

SCALE sets scale f a c t o r s ,  g r a p h  s ize ,  s c a l e  minimum and  

maximum. Bo p l o t t i n g  i s  d o n e  by  SCALE. 

N o r m a l l y ,  SCALE is c a l l e d  twice, c n c e  f o r  t h e  x - a x i s  and  

o n c e  f o r  t h e  y - a x i s .  w i t h  t h e s e  two c a l l s ,  SCALE sets C P A ( 2 ) ,  

C P A ( 3 ) ,  C P A ( 4 )  , C P A ( 5 ) ,  C P A ( G ) ,  C P A ( 8 ) ,  C P A ( 1 2 ) ,  C P l ! ( 1 3 ) ,  

C P A ( 1 4 ) ,  C P A ( 1 5 ) ,  C P A ( 1 6 ) ,  a n d  C F A ( 1 8 ) .  

T h e r e  a re  f o u r  w a y s  t o  u s e  SCALE, d e s c r i b e d  i n  t h e  f o l l o w i n g  

s e c t i o n s .  Before SCALE i s  c a l l e d ,  d a t a  limits s h o u l d  be i n  
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c 

C P B ( 3 ) ,  C P A ( 4 ) ,  C P A ( 1 3 ) ,  a n d  C P A  ( 1 4 ) .  They may b e  e n t e r e d  by 

c a l l i n g  QQQCPA, S e c t i o n  3 . 4 ,  o r  R A N G E ,  S e c t i o n  4 . 3 ,  or ORDER, 

S e c t i o n  4 .U .  
- 

I f  you w i s h  t o  s p e c i f y  t h e  g r a p h  s ize  a n d  w i s h  t h e  g r a p h  t o  

c o v e r  t h e  r a n g e  g i v e n  i n  t h e  C P A ,  see Sca le  1, S e c t i o n  4 . 5 . 1 .  

I f  you w i s h  t o  s p e c i f y  t h e  g r a p h  s i z e  a n d  a l s o  s p e c i f y  t h e  

amount  of s p a c e  b e t w e e n  the extreme d a t a  p o i n t s  a n d  t h e  e d g e  of 

t h e  graph ,  see Scale  2, S e c t i o n  4.5-2. 

I f  you w i s h  t o  s p e c i f y  t h e  u n i t s  p e r  m a j o r  d i v i s i o n  a n d  

l e n q t h  i n  i n c h e s  of  a major d i v i s i o n ,  r a t h e r  t h a n  t h e  g r a F h  

l e n g t h ,  see Scale  3, S e c t i o n  4.5.3, 

I f  you w i s h  t o  s p e c i f y  t h e  u n i t s  p e r  major d i v i s i o n  a n d  

g r a p h  s i z e  or u n i t s  p e r  major d i v i s i o n  a n d  g r i d  lines p e r  i n c h  c n  

g r i d d e d  p a p e r ,  see Scale  4 ,  Section 4.5.4, 



79 

This i s  t h e  most common s c a l i n g  o p t i o n  a n d  i s  d e s i g n e d  s o  

t h a t  t h e  u s e r  c a n  s p e c i f y  t h e  g r a p h  s i z e  ( s u c h  a s  1 0  i n c h e s  ky 1 4  

i n c h e s )  . 
T h e  c a l l i n g  s e q u e n c e  is: 

CALL SCALE (1  ,GLNTH,PAPER, FUNC) 

f o r  t h e  x - a x i s  s c a l e ,  o r  

CALL SCALE (- 1 , G L N T H ,  FAFER ,FUNC) 

for t h e  y - a x i s  s c a l e .  

GLNTH 

PAPER 

L e n g t h  ( o r  h e i g h t )  c f  g r a p h  i n  i n c h e s  

For k l a n k  p a p e r ,  C a t h o d e  R a y  T u b e  p l c t t e r  
or p r i n t e r :  0.  F c r  l i nea r - sca l e  g r i d d e d  
p a p e r :  t h e  numker  o f  g r i d  l i n e s  p e r  i n c h ,  
u s u a l l y  20. o r  25. For l o g - s c a l e  
q r i d d e d  p a p e r :  t h e  number o f  cyc le s ,  
u s u a l l y  3, o r  4. 

PUNC For a l i n e a r  scale:  ' L I N E '  

For  a l o g  s ca l e :  ' L O G 1 '  cr 'LOG2' 

' L O G 1 '  a n d  ' 2 0 6 2 '  a r e  e q u i v a l e n t  i f  PAPER cycles a r e  e n o u g h  

t o  accommodate  t h e  r a n g e  r e q u e s t e d .  I f  t h i s  c o n d i t i o n  i s  n o t  ' 

s a t i s f i e d ,  t h e  t o p  p a r t  of t h e  r a n g e  will b e  c u t  off f o r  ' L C G 1 ' ;  

t h e  b o t t o m  p a r t  w i l l  be  c u t  off f o r  'LCG2'. Thus ,  for ' L O G 1 '  t h e  

bot tom of t h e  scale  is d e t e r m i n e d  from C P A ( 3 ) ,  x - a x i s ,  or 

C P A ( 1 3 ) ,  v - a x i s .  For 'LOG2' the t o p  of t h e  s c a l e  i s  d e t e r m i n e d  

from CPA (41, x-ax i s ,  o r  CPA(14) ,  y - a x i s .  If ' L O G '  i s  s p e c i f i e d ,  

' L O G 1 '  i s  as sumed .  
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GLNTH is d i v i d e d  i n t o  major s c a l e  d i v i s i o n s .  For l i n e a r  

g r a p h s ,  e a c h  major d i v i s i o n  w i l l  c o r r e s p o n d  t o  c n e ,  two, or f i v e  

times some power  of t e n .  I f  k l a n k  p a p e r  i s  s p e c i f i e d ,  t h e  

d i v i s i o n s  will b e  from .S to 1 i n c h  i n  l e n g t h  where  F o s s i b l e .  I f  

a g r i d  i s  s p e c i f i e d ,  10 g r i d  l i n e s  w i l l  b e  c o n s i d e r e d  o n e  rn? jor 

d i v i s i o n  a n d  a scale w i l l  b e  c h o s e n  t o  make t h e  g r i d  e q u a l  t o  

GLNTH. 

U s u a l l y ,  t h e  g r a p h  limits a r e  made a l i t t l e  l a r g e r  t h a n  j u s t  

enough to i n c l u d e  t h e  r a n g e  requested. The  g r a p h  t h e n  b e g i n s  a n d  

e n d s  o n  a major d i v i s i o n  mark ,  However, i f  t h e  user w i s h e s  t o  

h a v e  t h e  e x t r e m e  d a t a  p o i n t s  l i e  p r e c i s e l y  o n  t h e  e d g e  of t h e  

g r a p h ,  h e  may i n d i c a t e  t h i s  w i s h  b y  making  GLNTH n e g a t i v e ,  The 

g r a p h  l e n g t h  ( o r  h e i g h t )  w i l l  b e  GLNTH for b l a n k  p a p e r  a n d  may 

b e  s l i q h t l y  less  t h a n  GLNTH f c r  g r i d d e d  p a p e r  ( s o  t h a t  t h e  

sca le  c a n  m a t c h  t h e  q r i d ) .  

Sca l e  2 i s  v e r y  much l i k e  Sca le  1, e x c e p t  t h a t  Scale 2 

allows t h e  u s e r  t o  i n s u r e  t h a t  t h e r e  w i l l  be a s p e c i f i c  SPACE 

b e t w e e n  t h e  extreme d a t a  p o i n t s  a n d  t h e  e d g e  of t h e  g r a p h .  

The  c a l l i n g  s e q u e n c e  is: 

CALL SCALE (2,GLVTH,PAPER,FUNC,SPACE) 

for t h e  x - a x i s  scale ,  or 

CALL SCALE (-2,GLNTH,PAPER, FUNC, SPACE) 
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f o r  t h e  y - a x i s  s c a l e  

t 

GLNTH 

PAPER 

FUNC 

L e n g t h  (c r  h e i g h t )  of g r a p h  i n  
i n c h e s  

For b l a n k  p a F e r ,  CRT p l c t t e r  o r  
p r i n t e r :  0. For l i n e a r - s c a l e  
g r i d d e d  F a p e r :  t h e  numher of g r i d  
l i n e s  Fer i n c h .  F o r  l o g - s c a l e  
q r i d d e d  F a p e r :  t h o  number  of c y c l e s .  

F o r  a l i n e a r  scale:  ' L I N E '  
F o r  a l o g  s c a l e  w i t h  excess,  i f  a n y ,  
c u t  o f f  a t  t o p :  ' L O G 1 '  
For a log sca le  w i t h  excess, i f  a n y ,  
c u t  o f f  a t  bottom: ' L O G 1 '  
(see S c a l e  1 f o r  a l o n g e r  
d e s c r i p t i o n )  . 

SPACE tlinimum d i s t a n c e  i n  i n c h e s  b e t w e e n  
t h e  d a t a  a n d  t h e  e d g e s  cf t h e  g r a p h .  

GLNTH m u s t  be p o s i t i v e  i n  S c a l e  2 .  I n  S c a l e  1 t h e r e  is 

a c h a n c e  t h a t  a d a t a  p o i n t  will f a l l  on t h e  e d g e  o f  t h e  

g r a p h .  With S c a l e  2 t h i s  can b e  a v 6 i d e d .  Also,  w i t h  Scale  

2 ,  some SPACE c a n  b e  p r o v i d e d  on t h e  g r a p h  for making  l a t e r  

e x t r a p o l a t i o n s ,  The s c a l e  w i l l  b e g i n  a n d  e n d  cn  major 

d i v i s i o n s  so t h e  s p a c e  l e f t  may h e  s l i g h t l y  more t h a n  SPACE, 

T h i s  is for t h o s e  who know how many u n i t s  t h e y  wan t  p e r  

i n c h  b u t  d o  n o t  know w h a t  t c t a l  g r a p h  l e n g t h  t h i s  w i l l  l e a d  

to ,  S c a l e  3 works b e s t  o n  b l a n k  p a p e r .  

T h e  c a l l i n g  sequence  is: 

CALL SCALE (3,UPD,DLN?H,FUNC) 
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U PI) 

DLNTH 

F U N C  

f c r  t h e  x - a x i s  o r  

CALL SCALE (-3,UPCpDLNTH,FUNC) 

f c r  t h e  y - a x i s .  

F o r  l i n e a r  scale:  t h e  u n i t s  p e r  
major d i v i s i o n  
For  l o g  scale: 1.0 

L e n g t h  o f  e a c h  d i v i s i o n  o r  c y c l e ,  i n  
i n c h e s  

For a l i n e a r  scale:  ' L I N E '  
For a l o g  s c a l e  w i t h  excess, i f  a n y ,  
c u t  o f f  a t  t o p :  ' L O G 1 '  
For a l o g  s c a l e  w i t h  excess,  i f  a n y ,  
c u t  o f f  a t  b o t t o m :  'LOG2' 
(See S c a l e  1 fo r  a l c n g e r  
d e s c r i p t i o n )  

Scale 3 will d e t e r m i n e  t h e  l e n g t h  or h e i g h t  of g r a F h  

n e c e s s a r y  s o  t h a t  t h e  l e n g t h  cf e a c h  d i v i s i o n  is DLNTH.  

O p t i o n :  If UPD i s  p o s i t i v e ,  t h e  minimum a n d  maximum may 

be r o u n d e d .  I f  UPD is n e g a t i v e ,  t h e y  w i l l  n o t  Ce c h a n g e d .  

C a u t i o n :  T h e r e  is n o  c h e c k  t o  see  i f  t h e  c a l c u l a t e d  

g r a p h  l e n g t h  o r  h e i g h t  w i l l  f i t  cn t h e  p a p e r  or f i l m .  

---- Scale  ft 

The u s e  of Scale 4 a l l ows  t h e  u s e r  t o  s p e c i f y  t h e  u n i t s  

Fer major d i v i s i o n  a n d  e i t h e r  t h e  g r a p h  l e n g t h  or t h e  number  

of q r i d  l i n e s  p e r  i n c h .  I f  t h e  user s p e c i f i e s  g r i d d e d  

p a p e r ,  t h e  s y s t e m  w i l l  select  a l e n g t h  of major d i v i s i o n  t o  

ma tch  t h e  g r i d  o n  t h e  p a p e r .  The g r a p h  l e n g t h  is  t h e n  
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" 

c a l c u l a t e d .  If t h e  u s e r  s p e c i f i e s  b l a n k  p a F e r ,  h e  must  a l s o  

s p e c i f y  t h e  g r a p h  l e n g t h  (or h e i g h t )  w h i c h  is t h e n  d i v i d e d  

e v e n l y  i n t o  t h e  number of m a j o r  d i v i s i c n s  r e q u i r e d .  

Sca le  4 i s  u s e d  o n l y  f o r  l i n e a r  sca les .  

CALL SCRLE ( 4 , G L N T H , F A P E R , ' L T N E '  ,UPD) 

for t h e  x - a x i s ,  c r  

CALL SCALE (-4 ,GLNTH,  PAPER, ' L I N F '  ,UFD) 

for t h e  y - a x i s .  

GLNTH 

PAPER 

upn 

Graph  l e n g t h  ( o r  h e i g h t )  i n  i n c h e s .  
T h i s  is u s e d  only i f  PAPER i s  0. 

Yumber of l i n e s  p e r  i n c h  o n  g r i d d e d  
p a p e r .  

U n i t s  p e r  major d i v i s i o n  . 0. for 
b l a n k  p a F e r  or CRT. 

O p t i o n :  As i n  S c a l e  1, if G L N T H  i s  p o s i t i v e ,  t h e  r a n g e  

i s  r o u n d e d  t o  major d i v i s i o n s .  If CLNTH i s  n e g a t i v e ,  t h e  

g r a p h  l e n g t h  (o r  h e i a h t )  is  G L N T H  a n d  t h e  range is n o t  

r o u n  d e  d . 

U . 6 .  AXIS, Draw Scales  

S u b r o u t i n e  A X I S  may b e  c a l l e d  a s  c f t e n  a s  d e s i r e d ;  e a c h  

c a l l  w i l l  d r a w  a s ca l e  somewhere, w i t h  t i c k  marks a n d  

numbers  i f  d e s i r e d .  



LOCATE 

1: 

2: 

3 :  

-1: 

-2:  

- 3 :  

TICKSP 

T h e  c a l l i n g  sequence is: 

CALL AXIS (LOCATE,TICKSP,HGT)  

Use cne cf t h e  f o l l o w i n g :  

x - a x i s ,  b o t t c m  of g r a p h  

x - a x i s ,  t o p  c f  g r a p h  

x - a x i s ,  a t  Y = 0. 

y - a x i s ,  l e f t  s i d e  c f  g r a p h  

y - a x i s ,  r i g h t  s i d e  o f  g r a p h  

y - a x i s ,  a t  X = 0. 

A p p r o x i m a t e  d i s t a n c e  a p a r t ,  i n  
i n c h e s ,  o f  t h e  c losest  t i c k  m a r k s .  
A t y p i c a l  v a l u e  is 0.2. 

H G T  H e i g h t  o f  numbers  i n  i n c h e s .  

AXIS vi11 draw an a x i s  w i t h  t i c k  marks  a t  a p F r o p r i a t e  

i n t e r v a l s  ( .1 ,  .2, or - 5 )  b e t w e e n  e a c h  major d i v i s i o n  s u c h  

t h a t  t h e y  are e i t h e r  s l i q h t l y  clcser o r  s l i g h t l y  f u r t h e r  

a p a r t  t h a n  t h e  s u g g e s t e d  s p a c i n g .  For l o g  sca les ,  IICKSP i s  

t h e  d i s t a n c e  b c t w e e n  t h e  c lo ses t  t i c k s  a n d  many d i f f e r e n t  

t i c k i n q  p a t t e r n s  a r e  p o s s i b l e .  The  l e n g t h  of t h e  l a r g e s t  

t i c k s  w i l l  b e  equa l  i n  i n c h e s  t o  CPA(26)  or C P A ( 3 6 )  

d e p e n d i n g  on w h e t h e r  it is t h e  x -  o r  t h e  y - a x i s .  

H G T  s u g g e s t s  a h e i g h t  f o r  t h e  numbers .  However,  i f  

t h e r e  i s  n o t  e n o u g h  s p a c e  for n u m b e r s  a t  e a c h  d i v i s i o n ,  t h e  

a c t u a l  h e i g h t  w i l l  b e  less t h a n  HGT. I f  HGT is  O . ,  no 

n u m b e r s  w i l l  b e  g e n e r a t e d .  
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I f  TICKSP is @., n o  t i c k s  w i l l  b e  drawn.  

I f  T I C K S D  i s  p o s i t i v e ,  t h e  t i c k s  w i l l  b e  i n s i d e  t h e  

g r a p h ;  i f  n e g a t i v e ,  t h e y  w i l l  b e  o u t s i d e ,  and s F a c i n g  = 

TICKS!? . 
I f  HGT is p o s i t i v e ,  t h e  n u m k e r i n g  i s  p a r a l l e l  t o  t h e  

a x i s ;  i f  n e g a t i v e  , t h e  n u m b e r i n g  is p e r p e n d i c u l a r  , a n d  

LOCATE = 3 a p p l i e s  t o  t h e  case w h e r e  t h e  r a n g e  g o e s  

t h r o u q h  O . ,  s o  t h a t  t h e  o r i g i n  i s  n o t  a t  a c c r n e r  of t h e  

g raph .  It i s  p r o b a b l y  bet ter  n o t  t o  d r a w  a grid i n  t h i s  

case; t h e  l i n e s  may p a s s  t h r o u g h  t h e  numbers .  

4.7. B O X ,  Draw a Bcx 

BOX is  u s e d  t o  draw a f r a m e  a r o u n d  t h e  g r a p h ,  t o  draw a 

box a round  t h e  l e g e n d ,  o r  t c  draw a box i n  some o t h e r  

s p e c i f i e d  p l a c e .  

T h e r e  are t h r e e  cases: 

Case 1 :  Draw a frame o r  p a r t  of a frame a r o u n d  t h e  

q raph .  

T h e  c a l l i n q  sequence is: 

CALL BOX (N) 
e 

N i s  a positive i n t e g e r  1 t o  1 5  i n d i c a t i n g  
s i d e s  t o  be drawn.  
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t o p  

r i g h t  

b o t t o m  

l e f t  

T o  h a v e  more t h a n  one s i d e  drawn,  a d d  t h e  v a l u e s  f o r  

t h e  s i d e s  n e e d e d .  For t h e  t o F  a n d  r i g h t  s i d e s ,  C A L L  B O X ( 3 ) .  

??or a l l  f o u r  s i d e s ,  CALL B O X ( 1 5 ) .  

S i n c e  t h e  AXIS r o u t i n e  d r a w s  a l i n e  a l o n g  t h e  a x i s ,  It 

is u s u a l l y  n o t  n e c e s s a r y  t o  draw a l l  f c u r  s i d e s  w i t h  B O X ,  A 

t y p i c a l  c a l l  i s  C l L L  B O X ( 3 )  t o  c o m p l e t e  t h e  frame a f t e r  t h e  

b o t t o m  a n d  Lef t  s i d e  h a v e  b e e n  acne  b y  A X I S .  

The CPA is used t o  d e c i d e  w h e r e  the e d g e s  of t h e  g r a p h  

a re  s o  BOX s h o u l d  n o t  b e  c a l l e d  b e f o r e  t h e  g r a p h  d i m e n s i o n s  

a re  set i n  t h e  CPA. 

Case 2: C o m p l e t e  a box i n  o n e  corner of t h e  g r a p h .  

T h e  c a l l i n g  s e q u e n c e  is: 

C A L L  B C X  (0 ,  X S O X ,  YECX) 

l X B O X  1 l e n g t h  of  box 

I Y R O X  I h e i g h t  of box 

X B O X  p o s i t i v e  l e f t  s i d e  

XBOX n e g a t i v e  r i g h t  s i d e  

YBOX p o s i t i v e  b o t t o m  

Y B O X  n e g a t i v e  top 
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T h i s  w i l l  f i n i s h  a box, I X B C X l  by  I Y B C X l  i n c h e s ,  i n  one 

of t h e  f o u r  c o r n e r s ,  a s  d e t e r m i n e d  f rom t h e  s i g n s  of X B C X  

and  P B O X .  T y p i c a l l y ,  t h i s  i s  u s e d  t o  put a f r a m e  a r o u n d  a 

l e g e n d  drawn w i t h  s u b r o u t i n e  L E G E N D .  S u b r o u t i n e  GRID c a n  b e  

c a l l e d  w i t h  t h e  same v a l u e s  f o r  XEOX a n d  YECX s o  t h a t  g r i d  

l i n e s  w i l l  n o t  b e  drawn i n s i d e  t h e  box. 

Case 3: Draw a box o r  p a r t  cf a box i n  a s F e c i f i e d  

place. 

T h e  c a l l i n g  s e q u e n c e  is: 

C A L L  BOX ( N N ,  'XBOX, Y B O X ,  XCCRN, Y C O R N )  

WN i s  a n e g a t i v e  i n t e g e r  - 1  t o  - 1 5  
i n d i c a t f a g  w h i c h  s i d e s  a r e  t o  b e  
d rawn .  

-2 r i q h t  

-4 

- 8  

b o t t o m  

l e f t  

TIf more t h a n  o n e  s i d e  i s  t o  b e  d r a w n ,  add  t h e  v a l u e s  cf 

N N  f o r  t h e  s i d e s  n e e d e d .  CALL P O X  (-lS, X B O X ,  Y B O X ,  XCORN, 

Y C O R N )  w i l l  draw a c o m p l e t e  box. 

I X R O X  I l e n g t h  of box, i n  i n c h e s  

/ YBOX I h e i g h t  of kox, i n  i n c h e s  

X C O R N , Y C O R N  c o o r d i n a t e s ,  i n  i n c h e s ,  of t h e  lower 
l e f t  c o r n e r  o f  t h e  box,  i f  X B O X  a n d  
YBOX a r e  p o s i t i v e .  
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The u s e r  c a n  s p e c i f y  t h e  p o s i t i o n  of a n y  c o r n e r  of t h e  

box w i t h  X C O R N ,  YCORW. 

X B O X  Y B O X  

p o s i t i v e  p o s i t i v e  

p o s i t  i v,e n e g a t i v e  

n e g a t i v e  p o s i t i v e  

n e g a t i v e  n e g a t i v e  

X C C R N ,  Y C O R N  i s  t h e  l o c a t i o n  of t h e  

lower l e f t  c o r n e r  

u p p e r  left corner 

l o w e r  r i g h t  c c r n e r  

upper  r i g h t  c c r n e r ,  

r e l a t i v e  t o  t h e  o r i g i n .  
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4.8. GSID, Draw G r i d  L i n e s  

S u b r o u t i n e  G R I D  w i l l  d r a w  g r i d  l i n e s .  The  s p a c i n g  o f  

t h e  q r i d  l i n e s  w i l l  b e  a r r a n g e d  s o  a s  t c  m a t c h  t h e  m a j o r  

d i v i s i o n s .  T h e  u s e r  c a n  r e q u e s t  e i t h e r  a d e n s e  o r  a sparse  

g r i d .  For  b o t h  h o r i z o n t a l  ana v e r t i c a l  l i n e s ,  G 9 I D  m u s t  b e  

c a l l e d  twice. 

T h e  c a l l i n g  s e q u e n c e  is: 

CALL G R I C  ( + D I S T ,  0 . ,0.) 
for v e r t i c a l  l i n e s ,  

o r  

CALL GRIC ( - D ' I S T ,  0. ,o.) 
f o r  h o r i z o n t a l  l i n e s  

D I S T  A p p r o x i m a t e  d i s t a n c e  k e t u e e n  g r i d  
l i n e s .  The a c t u a l  v a l u e  w i l l  b e  
c h o s e n  t c  f i t  t h e  s ca l e .  Use a 
small D I S T  f o r  a d e n s e  g r i d ,  l a r g e  
DTST f o r  a s p a r s e  g r i d .  

O p t i o n :  A b l a n k  a rea  may b e  left i n  one of t h e  c o r n e r s  
for a l e g e n d .  

The c a l l i n g  s e q u e n c e  is: 

I X B O X l  i s  l e n g t h  of b l a n k  a rea .  
P o s i t i v e  X B O X  means  l e f t  s i d e ;  
n e g a t i v e  X B O X  means r i g h t  s i d e .  

IYBOXl  5 s  h e i g h t  of b l a n k  a rea .  
P o s i t i v e  YBOX means b o t t o m ;  n e g a t i v e  
Y B O X  means t o p .  

On t h e  C a t h o d e  Ray Tube  P l o t t e r ,  t h e  g r i d  l i n e s  a r e  

d rawn  w i t h  i n t e n s i t y  of C I C P A ( 2 3 )  - 2 3  a t  major i n t e r v a l s ,  
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G r i d s  t a k e  c o n s i d e r a b l e  p l o t t i n g  time. 

4.9. LEGEND, P l o t  a Legend  fcr  t h e  Graph  

S u b r o u t i n e  LEGEND i s  u s e d  t c  p l o t  s h o r t  d e s c r i F t i o n s  o f  

t h e  d i f f e r e n t  d a t a  sets a p p e a r i n g  on t h e  g r a p h .  (If more 

e l a b o r a t e  d e s c r i p t i o n s  a r e  r e q u i r e d ,  t h e  u s e r  c a n  b u i l d  h i s  

own l e g e n d  u s i n g  LABEL, S e c t i o n  4.10.) 

The l e g e n d  n o r m a l l y  g o e s  i n  c n e  of t h e  f o u r  corners  of 

t h e  g r a p h  a n d  t h i s  i s  t h e  way L 3 G E N D  w o r k s  i f  t h e  f i rs t  

c a l l i n g  s e q u e n c e  be low i s  u s e d .  However ,  a n  o ~ t i o n  i s  

a v a i l a b l e  t o  allow t h e  l e g e n d  t c  go a n y w h e r e ,  e v e n  o u t s i d e  

t h e  g r a p h .  

T h e  c a l l i n g  s e q u e n c e  is: 

CALL LEGEND (TITLE,ISYMB ,NS,DESCEI ,NFORM,XBOX,YBCX) 

T I T L E  A c h a r a c t e r  s t r i n g  t o  b e  u s e d  a s  t h e  
t i t l e  of t h e  l e g e n d .  I t  mus t  e n d  
w i t h  t h e  f l a g  c h a r a c t e r  i n  CPA (20 ) ,  
normally $. 

ISYMB 

EIS 

DESCR 

An a r r a y  of i n t e g e r s - ,  r e f e r r i n g  t o  
t h e  c e n t e r e d  symbol-d u s e d  i n  t h e  
g r a p h .  (Symbols 0 t h r o u g h  1 4  i n  
F i g u r e  4.1k a r e  c e n t e r e d  s y m b o l s . )  

The l e n g t h  of t h e  ISPMB a r r a y .  T h i s  
is  n o r m a l l y  e q u a l  t o  t h e  number o f  
sets of data  t h a t  h a v e  b e e n  p l o t t e d .  

An a r r a y  c o n t a i n i n g  t h e  d e s c r i p t i o n s  
f o r  t h e  NS symbols. The f o r m a t  of 
DESCR is  r e l a t e d  t o  t h e  v a l u e  of 
NFORM. 
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NFORM=l 

NFORPI=2 

NFORM>2 

SBOX 

YROX 

means  t h a t  DESCR is a n  a r r a y  of 
RFAL*U n u m b e r s  of D I M E N S I O N  (NS) . 
means t h a t  DESCR is a s t r i n g  of 
c h a r a c  te  rs con  s i  s t ing of NS 
s u b s t r i n g s ,  e a c h  t e r m i n a t e d  by a d 
(os w h a t e v e r  is i n  CPA ( 2 0 ) ) .  

means  t h a t  DESCR i s  a s t r i n g  of  
c h a r a c t e r s ,  NFORN c h a r a c t e r s  for 
e a c h  s y m k c l  t o  be d e s c r i b e d .  

1 ~ ~ 0 x 1  is l e n g t h  of a rea  r e s e r v e d  
for t h e  l e g e n d .  P o s i t i v e  X B C X  means 
l e f t  s i d e ;  n e g a t i v e  XBOX means  r i g h t  
s i d e .  

I Y B O X l  i s  h e i g h t  of area r e s e r v e d  
f o r  t h e  l e g e n d ,  P o s i t i v e  Y B O X  means 
b o t t o m ;  n e g a t i v e  Y B O X  means t o p .  

LEGEND w i l l  f i t  t h e  TITLF.  i n t c  t h e  s p a c e  i n d i c a t e d  by 

XBOX, YROX a c d  t h e n  l ist t h e  s y m b o l s  ( T S Y M B )  a n d  

d e s c r i p t i o n s  (DESCR) u s i n g  t w o - t h i r d s  o r  less of t h e  h e i g h t  

of t h e  TTTLE. 

o p t i o n s :  

a. C o n s e c u t i v e  S y m b o l s  

If the s y m b o l s  t o  b e  p l o t t e d  a r e  c o n s e c u t i v e  i n  F i g u r e  

4.10b, t h e n  o n l y  t h e  i n t e g e r  c o r r e s p o n d i n g  t o  t h e  f i r s t  

symbol  n e e d  b e  g i v e n  i n  I S Y M B .  I S Y M B  is t h e n  a s i n g l e  

v a l u e ,  n o t  an a r r a y .  T o  a l e r t  t h e  s y s t e m  t h a t  O p t i o n  a .  is 

d e s i r e d ,  make NS a n e z t i v e  i n t e g e r .  The s y s t e m  w i l l  t h e n  

g e n e r a t e  a n d  p l o t  an a r r a y  cf I N S \  c o n s e c u t i v e  s y m b o l s ,  

b e g i n n i n g  w i t h  T S Y R B .  

b. Dash P a t t e r n s  

For v a l u e s  of ' I S Y N B  from 1 2 8  t o  134,  s a m p l e s  of d a s h  
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p a t t e r n s  0 t h r o u g h  6 ,  (see LINPLT f c r  d e s c r i p t i o n  of d a s h  

p a t t e r n s )  r e s p e c t i v e l y ,  w i l l  b e  drawn i n s t e a d  of s y m b o l s .  

c. Leqend  n o t  i n  Ccrcer 

T o  p u t  t h e  l e g e n d  i n  a p o s i t i o n  c t h e r  t h a n  o n e  of t h e  f o u r  

c o r n e r s  t h e  c a l l i n g  s e q u e n c e  is: 

CALL L E G E N D  ( T I T L E v I S Y f l B  EJS VDESCR ,-NPORM,XBOX ,PEOX,XCCRN ,YCCRN) 

XCORN,YCORN C o o r d i n a t e s  i n  i n c h e s  of t h e  u p p e r  
l e f t  c a n e r  of t h e  l e g e n d ,  

The s y s t e m  i s  a l e r t e d  t h a t  C F t i o n  c. i s  w a n t e d  by t h e  

a p p e a r a n c e  of a z e z t i v e  number ,  NFORM, i n  t h e  f i f t h  

p o s i t i o n .  T h e  u s e r  s h o u l d  t a k e  c a r e  t h a t  t h e  l o c a t i o n  

r e q u e s t e d  is i n s i d e  t h e  g r a p h  + m a r g i n  area.  For l e g e n d s  

o u t s i d e  t h e  g r a p h ,  it is u s u a l l y  n e c e s s a r y  t o  i n c r e a s e  t h e  

marg in  s i z e  CpA (17 ) ,  b e f o r e  t h e  i n i t i a l i z a t i o n  c a l l  t o  I N T I .  

4.10. LABEL, Plot L a k e l s  and T i t l e s  

T h i s  i s  a m u l t i p u r p o s e  l a b e l  and  t i t l e  s u k r c u t i n e ,  It 

will p l o t  a c e n t e r e d  or r i g h t -  o r  l e f t -  a d j u s t e d  t i t l e  f c r  

t h e  q r a p h  a n d  c e n t e r e d  or r i g h t -  cr l e f t -  a d j u s t e d  l a b e l s  

for t h e  axes .  Wi th  LABEL t h e  u s e r  c a n  p u t  l e t t e r s  o f  

n u m b e r s  or s y m b o l s  a n y w h e r e  on t h e  graFh.  S u p e r s c r i p t s  a n d  

s u b s c r i p t s  a r e  a l s o  p o s s i b l e .  

T h e r e  a r e  s e v e r a l  v a r i e t i e s  of c a l l i n g  s e q u e n c e s :  
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C a l l i n g  s e q u e n c e  1 ,  for a c e n t e r e d  or r i g h t -  or 

a d j u s t e d  BCD t i t l e  o r  l a b e l :  

CALL IAREL ( T N D , H G T , E C C , - l )  

TND I n a i c a t o r  f o r  t i t l e  o r  
l o c a t i o n s ,  -6 t o  -1, 1 t o  
F i g u r e  U.40a. 

l e f t -  

l a b e l  
6 ;  see 

HGT H e i g h t  ( i n  i n c h e s )  of  t h e  c h a r a c t e r s  

PCD A s t r i n g  cf c h a r a c t e r s  e n d i n g  i n  a 
!!, s u c h  a s  *ZABEL$'. ECD c a n  a l s o  
be t h e  name cf a n  a r r a y  of BCD 
c h a r a c t e r s ,  i n  w h i c h  a S m u s t  a p p e a r  
a f t e r  the l a s t  c h a r a c t e r  i n  BCD t o  
be  d r a w n ,  

T h i s  w i l l  p u t  t h e  s t r i n g  ECC ( e x c e p t  for t h e  9) i n  t h e  

i n d i c a t e d  p l a c e .  I f  t h e  s t r i n g  is t o o  l o n g  for t h e  g r a p h ,  a 

h e i g h t  less  t h a n  H G T  will be u s e d .  

C a l l i n g  sequence 2 ,  t i t l e s  and l a b e l s  i n c l u d i n g  s p e c i a l  

c h a r a c t e r s  (a s p e c i a l  c h a r a c t e r  is a n y  c h a r a c t e r  i n  F i g u r e  

4 , l O b  w h i c h  c a n n o t  be k e y p u n c h e d  w i t h  a s i n g l e  k e y  s t r o k e ) :  

CALL IABEL ( I N D , H G T , B C D , I S Y M )  

IND, HGT D e f i n e d  as a b o v e  

BCD A s t r i n g  cf c h a r a c t e r s  (or t h e  name 
of a n  a r r a y  of c h a r a c t e r s )  e n d i n g  i n  
a 8 and  i n c l u d i n g  a t  l e a s t  o n e  o t h e r  
$ e l s e w h e r e  i n  t h e  s t r i n g .  

ISYM An a r r a y  of i n t e g e r s  w h i c h  w i l l  k e  
used by L A B E L  t o  i n t e r p r e t  t h e  $ ' s  
i n  BCD, T h e r e  m u s t  be a s  many 
i n t e g e r s  in ISPM a s  t h e r e  a r e  $ ' s  i n  
BCD, i n c l u d i n g  t h e  t e r m i n a l  $. T h e  
l a s t  integer i n  TSYM mus t  be  a -1. 
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This s e q u e n c e  may b e  u s e d  to p r o d u c e  any character on 

t h e  l i s t  of c h a r a c t e r s  a v a i l a b l e  a s  shcwn i n  Pig, 4.10b. 



IN0 = 4 IN0 = 2 IN0 = 6 
(D 

II 

0 
Z 
c( 

N 

II 

0 z 
I 

7 
II 

0 z 
CI 

IND = 3 IN0 = 1 IN0 = 5 

4.10a P o s i t i o n s  of Labels  f o r  Various Values of I N D  
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CHFlRFlCTERS FlVFlILFlBLE I N  SYMBOL ROUTINE I IBM 360/751 
INTEGER EQUIVFILENT INTERNFIL EQUIVFILENT KEY PUNCH 

UPPER NUMBER LOWER NUMBER RIGHT OF SYMBOL 

16 H 
J I 

11% - 

12 A -  

17 

18 B 

19-c 
13 - 

20 0 
14 --b- 

- - 

21 

22 F 
16 #- 
23 + G 
17 - 

211 H - 
18 
- 

25 I - 
19 

- - 
26 K 

H 
1R 

28 

29 N 

30 0 
1E ' L H  

4 31 
'L 

Fig. 4.10b List of Characters Available 
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A t  t h e  p o s i t i o n  i n  BC'O w h e r e  a s p e c i a l  charac te r  is 

d e s i r e d ,  a S s h o u l d  b e  p l a c e d .  The integer  e q u i v a l e n t  

(0-127; see F i g u r e  4.10b)  f o r  t h e  d e s i r e d  symbol mus t  be 

p l a c e d  i n  t h e  ISYM a r r a y .  T h e r e  is no r e s t r i c t i o n  on t h e  

number of S q s  t h a t  may a p p e a r  i n  ECD a s  l o n g  a s  t h e  ISYM 

a r r a y  c o n t a i n s  an i n t e g e r  f o r  e a c h  o n e ,  The l a s t  i n t e g e r  i n  

the ISYM a r r a y  must  h e  - 1 ,  c o r r e s F o n d i n g  t o  t h e  t e r m i n a l  ,% 

i n  BCD,  

S u p e r s c r i p t ,  s u b s c r i p t ,  and  s e c o n d  l i n e  (cr ca r r i age  

r e t u r n )  r e q u e s t s  a r e  a l s o  i n d i c a t e d  v i a  a $ i n  BCD a n d  t h e  

a p p r o p r i a t e  i n t e g e r  i n  ISYM. From F i g u r e  4 , l O b ,  t h e  

s u p e r s c r i p t  c o d e  is QG, t h e  s u b s c r i F t  c o d e  i s  47, a n d  t h e  

s e c o n d  l i n e  c o d e  is  21, C h d r a c t o r s  wr i t ten  w h i l e  i n  

s u p e r s c r i p t  or s u b s c r i p t  mode h a v e  h e i g h t  2 1 3  of H G T  a n d  are 

r a i s e d  o r  l o w e r e d  1 /2  of HGT. A f t e r  a s u p e r s c r i F t  r e q u e s t ,  

a s u b s c r i p t  r e q u e s t  is u s e d  t o  r e t u r n  t c  n o r m a l  and  v i c e  

versa. For e x a m p l e ,  i f  a $ is e n c m n t e r e d  i n  BCD and  t h e  

c o r r e s p o n d i n q  TSYM v a l u e  i s  96 ,  a l l  c h a r a c t e r s  f o l l o w i n g  

t h a t  $ ( i n c l u d i n g  s p e c i a l  c h a r a c t e r s  r e p r e s e n t e d  by o t h e r  

$'SI w i l l  b e  w r i t t e n  i n  s u p e r s c r i p t  mode u n t i l  a $ a p F e a r s  

whose I S Y M  v a l u e  is 47. 

C a l l i n g  S e q u e n c e  3, t i t l e s  a n d  l a b e l s  i n c l u d i n g  m a c h i n e  

for mat nu m h e r s  : 

CALL LABEL (IND,HGT,RCD,ISYM,~NUM,LNTHS) 



IIAJD, H G T  D e f i n e d  a s  a b o v e  f c r  C a l l i n g  
S e q u e n c e  1 

FCD D e f i n e d  a s  i n  C a l l i n g  S e q u e n c e  2 ,  
v i t h  t h e  a d d i t i o n a l  f e a t u r e  t h a t  a $ 
c a n  b e  i n c l u d e d  i n  t h e  s t r i n g  B C D  
w h e r e v e r  a n u m t e r  i s  w a n t e d .  

ISYW 

XNWM 

LNTHS 

D e f i n e d  a s  i n  C a l l i n g  S e q u e n c e  2 ,  
w i t h  t h e  a d d i t i o n a l  f e a t u r e  t h a t  a 
-2  i n d i c a t e s  t h a t  a number f r o m  X N U M  
is  t o  be u s e d .  

The number or name of  the number  o r  
name o f  t h e  a r r a y  o f  numbers  t o  b e  
u s e d .  flay b e  r e a l  o r  i n t e g e r .  
T h e r e  s h c u l a  be a s  m a n y  n u m b e r s  i n  
XNUM a s  t h e r e  a r e  - 2 ' s  i n  ISYM. 

A number or name of a number  o r  name 
of an  a r r a y  of numbers .  T h e r e  
s h o u l d  b e  a s  many n u m b e r s  i n  L N T H S  
a s  t h e r e  are  - 2 ' s  i n  ISYM. T h e s e  
n u m b e r s  i n d i c a t e  t h e  numher of 
d e c i m a l  places t o  b e  g i v e n  f o r  e a c h  
v a l u e  i n  XNWM. A zero  i n  LNTHS 
i n d i c a t e s  t h a t  t h e  c o r r e s p o n d i n g  
v a l u e  in XNUM is a n  i n t e g e r .  O t h e r  
n u m b e r s  will a p p e a r  i n  F o r  E 
f o r m a t .  

C a l l i n g  S e q u e n c e  4, t i t l e s  and l a b e l s  i n c l u d i n g  n u m b e r s  

w i t h  formats .  

CALL LABEL ( I N D ,  RGT,BCC,ISY !I, X N U  PVFBTS) 

I N D ,  HGT D e f i n e d  a s  i n  C a l l i n g  S e q u e n c e  1 

RCD D e f i n e d  a s  i n  C a l l i n g  S e q u e n c e  2,  
w i t h  t h e  f e a t u r e  t h a t  a c a n  b e  
i n c l u d e d  i n  t h e  s t r i n g  BCD w h e r e v e r  
a numker i s  t o  b e .  

ISYM 

XNUM 

D e f i n e d  a s  i n  C a l l i n g  S e q u e n c e  2,  
w i t h  t h e  a d d i t i o n a l  f e a t u r e  t h a t  a 
- 3  i n d i c a t e s  t h a t  a number from XNUM 
i s  t o  b e  used .  

D e f i n e d  a s  i n  C a l l i n g  S e q u e n c e  3. 
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, 
, 
I 
I * 

?MTS F o r m a t s  t o  b e  u s e d  f o r  v a l u e s  if! 
XNUM, Each f o r m a t  s h o u l d  b e  
e n c l o s e d  i n  p a r e n t h e s e s ,  e . g e ,  
9 (110) (F7,2) f a  F o r m a t s  m u s t  c o n f o r m  
t o  r e q u i a e m e n t s  f o r  QQQNUY, S e C t i . C n  
4.a16. 

C a P l i n q  S e q u e n c e  5, f o r  l a b e l s  a ~ ~ w ~ ~ E e  on t h e  g r a F h :  

LNTHS 
CALI, LABFL ( O , H G T , R C B , I S P M , X N U M ,  ,XINGH,YINCH) 

HGTIBCDl ISYM, X N U M , ~ N T ~ S  D e f i n e d  a s  a b o v e  

X I N C H ,  YTNCH L o c a t i o n  in i n c h e s  of the p l a c e  w h e r e  t h e  
l a b e l  s t a r t s  ( t h e  lower l e f t  h a n d  ecrner 
o€ t h e  first symbol r e l a t i v e  Pc the 
o r i g i n )  

XNUM and LNTHS (or FMTS) a r e  i g n o r e d  i f  t h e r e  a r e  n o  - 2 ' s  

(or - 3 ' s )  i n  ISYM, The  l a k e 1  wri%ten may f a l l  a n y w h e r e  w i t h i n  

t h e  g r a p h  p l u s  t h e  m a r g i n .  I f  i t  d o e s  not, t h e  h e i g h t  of t h e  

c h a r a c t e r s  is d e c r e a s e d  (from H G T )  u n t i l  i t  d o e s .  

O p t i o n :  The  $ i s  u s e d  a s  a f l a g  c h a r a c t e r .  Howeverc a n y  

c h a r a c t e r  may b e  u s e d  a s  a f l a g  c h a r a c t e r  b y  p u t t i n g  t h a t  

c h a r a c t e r  i n  C P A ( 2 0 ) .  T h i s  method s h o u l d  b e  u s e e  i f  it is 

'\ 

,' 
/- 

d e s i r e d  t o  h a v e  S a p p e a r  a s  a symbol ,  

4 .11 .  ARROW, L a b e l  a Data P a i n t  

S u b r o u t i n e  ARROW i s  d e s i g n e d  t o  p e r m i t  t h e  user t o  l a b e l  a 

d a t a  p o i n t  w h i c h  h a s  b e e n  p r e v i o u s l y  p l o t t e d ,  T h e  c o o r d i n a t e s  X ,  

Y of t h e  p o i n t  t o  b e  l a b e l e d  are assumed to be  own i n  user's 

u n i t s ,  t h a t  is, i n  t h e  c o o r d i n a t e  system c u r r e n t l y  se t  u p  i n  t h e  
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CPA. (It is n o t  r e q u i r e d  t h a t  a n y t h i n g  was a c t u a l l y  p l o t t e d  a t  

p o i n t  X, Y) e 

T h e  c a l l i n g  s e q u e n c e  is: 

CALL AFPOW ( X ,  Y, I A R R O W ,  XINCH , Y INCH , HGT , BCD , I SYM , XNU fl , LNTHS) 
X f Y  C o o r d i n a t e r ,  i n  u s e r ' s  units, of  t h e  

p o i n t  t o  be l a b e l e d .  

PARRBW A € l a q  w h i c h  i n d i c a t e s  u h a t  k i n d  cf 
arrow i s  wan ted .  The s i g n  of  I A P R O W  
a f f e c t s  t h e  i n t e r p r e t a t i c n  of XINCH, 
YINCH. 

+ 1  No arrow w i l l  t e  d r a w n ,  k u t  ECD w i l l  
he w r i t t e n  

f 2  

+ 3  

S t r a i g h t  l i n e ,  n o  arrow h e a d  / 
S t r a i g h t  l i n e  w i t h  a r r o w  h e a d  / 

k-\ 2 4  Arched  arrow c o n c a v e  down 

+ 5  Arched a r r c w  c c n c a v e  UP: 

2 6  Wavy a r r c w :  
v 

XINCH, YTNCH Two m e a n i n g s :  Meaning 1 (when I A R P O W  
i s  p o s i t i v e )  : C o o r d i n a t e s  i n  i n c h e s  
r e l a t i v e  tc t h e  o r i g i n ,  w h e r e  t h e  
l a b e l  BCC is t c  b e g i n .  
Meaning  2 (when I A P R O W  i s  n e g a t i v e ) :  
C o o r d i n a t e s  i n  i n c h e s  r e l a t i v e  t o  
t h e  P o i n t  X, Y ,  w h e r e  t h e  l a h e l  BCD 
i s  t c  b e g i n ,  

H G T ,  BCD, ISYM, XNUM, LNTHS are d e f i n e d  a s  i n  LABEL, 

sec. 4.10. X and Y a r e  a l w a y s  s c a l e d  a s  d a t a  p o i n t s  w h i l e  

XINCH a n d  YTNCH a r e  d i s t a n c e s  i n  i n c h e s .  When I A R R O W  is  

p o s i t i v e ,  t h e  l a b e l  a n d  t h e  end  o f  t h e  arrow w i l l  b e  p l a c e d  

a t  ( X I N C H ,  YINCB) s o  t h a t  l a b e l s  may b e  p l a c e d  i n  a n y  b l a n k  

a r ea  on t h e  g r a p h  a n d  c o n n e c t e d  t o  t h e  d a t a  p o i n t  o r  l i n e  

w i t h  a n  arrow. When IARROW is n e g a t i v e ,  X I N C H  and  YINCH a r e  
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h o r i z o n t a l  a n d  v e r t i c a l  d i s t a n c e s  away from a d a t a  p o i n t  a t  

( X ,  Y ) .  F o r  e x a m p l e ,  a m o n o t o n i c a l l y  d e c r e a s i n g  d a t a  s e t  

c o u l d  b e  l a b e l e d  w i t h  XINCH a n d  YINCH s e t  a t  -05,  - . 05  

r e s p e c t i v e l y ,  a n d  e a c h  l a b e l  would  a p p a r  t o  k e  c e n t e r e d  

( fo r  HGT = - 1 )  b e s i d e  t h e  d a t a  p c i n t .  

I f  arrows or l i n e s  are c a l l e d  f o r ,  t h a t  is,  i f  

I A Y R O W  >1, t h e s e  w i l l  b e g i n  a d i s t a n c e  e q u a l  t o  C P A ( 9 )  

from t h e  d a t a  p o i n t .  T h i s  allows s y m b c l s  o f  h e i g h t  C P A ( 9 )  

t o  be  c e n t e r e d  o v e r  t h e  d a t a  p o i n t  a n d  t h e  l i n e  or arrow t o  

b e q i n  s l i g h t l y  beyond  t h e  e d g e  of t h e  symbol ,  The l i n e  will 

be d rawn  t o  0 . 5 * C P A ( 9 )  away f r c m  (XINCH, PINCH), The h e a d  

of t h e  arrow h e a d  will he - 0 5  i n c h e s  i n  l e n g t h  or 

0 . 5 * C P A ( 9 ) ,  w h i c h e v e r  is  l a r g e r ,  It  is p o s s i b l e  t h a t  no 

arrow will a p p e a r ,  e v e n  t h o u g h  r e q u e s t e d ,  when t h e  d i s t a n c e  

b e t w e e n  (XINCH, YINCH) a n d  ( X ,  Y)  i s  n o t  g r e a t e r  t h a n  

1, f*CPA (9 )  .) 

O p t i o n s :  

a. I f  HGT is ze ro ,  t h e  arrcw will b e  drawn 

w i t h o u t  a l a b e l  a n d  a l l  p a r a m e t e r s  f o l l o w i n g  H G T  may b e  

d r o p p e d .  

I!. If C P A ( 9 )  is set  t c  ze ro ,  the arrow w i l l  

t o u c h  t h e  exac t  p o i n t  a n d  the l ake l . )  
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4 - 1 2 ,  QQINCH, C o n v e r t  t o  I n c h e s  

T o  c o n v e r t  a position i n  u s € r V s  c o o r d i n a t e s  t o  i n c h e s :  

CALL QQINCH (X, Y, XTNCW, Y I N C B )  

x, y Values i n  u s e r v s  c c o r d i n a t e s  

XINCH, YINCB C o r r e s p o n d i n g  v a l n E s  i n  i n c h e s  

%L 
y\ 

Lw.kL t 

for l i n e a r  s c a l e  X - CPA (3) XINC?? = C P A ( 5 )  - CPA(4)  - CPA(3)  
XINC?? = 

%L 
y\ 

Lw.kL t 

C P A ( 5 )  - for l i n e a r  s c a l e  X - CPA (3) 
CPA(4)  - CPA(3)  

f o r  log s c a l e  X I Y C H  = CpR (7 )  1% x - CPA(3)  
C P A ( 4 )  - CPA(3)  

Y I N C H  = CPA ( 1 5 )  l o g  - CPA(13) f o r  l o g  scale 
C P A ( 1 4 )  - C P A ( 1 3 )  

4.93. Q Q L I N E ,  Craw a L i n e  

QQL4N9 is used to Bsaw a s o l f d  or d a s h e d  line b e t w e e n  

two p o i n t s .  

T h e r e  are t w o  cases :  

Case 1: Draw a s o l i d  b i n e  b e t w e e n  two Foints 

The c a l l i n g  s e q u e n c e  is: 

CALL Q C L I N E  (Xl, Y1, X2, H2,  0) 

X1,Pl 

X2,Y2 

x a n d  Y c o o r d i n a t e s  i n  i n c h e s  f o r  
t h e  first p o i n t ,  

X and Y c o o r d i n a t e s  i n  i n c h e s  f o r  
the s e c o n d  p o i n t .  
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Case 2: D r a w  a d a s h e d  l i n e  t e t w e e n  t w o  
p O i n t S  

The  c a l l i n q  s e q u e n c e  is: 

CALL QQLINE (XI, Y1, X 2 ,  Y2, PDASH,  START) 

X1,Vl D e f i n e d  a s  f o r  Case 1 

X2,Y2 D e f i n e d  a s  f o r  Case I 

ID9SH An i n t e g e r  (1-5)  r e p r e s e n t i n g  a 
d i s t i n c t  d a s h e d  l i n e  p a t t e r n  

START 1 number  w h i c h  i n d i c a t e s  w h e r e  t o  
s t a r t  w i t h i n  t h e  p a t t e r n .  

Start a t  t h e  b e g i n n i n g  of t h e  
p a  tterll e 

p o s i t i v e  0. t o  1 .  S t a r t  a t  t h i s  f r a c t i o n a l  
p a r t  of t h e  p a t t e r n ,  START = - 2 5 :  
S t a r t  1 / 4  of  t h e  way i n t o  the 
p a t t e r n .  START = . 5 :  S t a r t  midway 
i n t c  t h e  p a t t e r n ,  e t c .  

n e g a t i v e  Start a t  t h a t  p o s i t i o n  i n  t h e  
p a t t e r n  w h e r e  t h e  l a s t  c a l l  to 
Q Q L f N E  stopF@d. This a l lows  a 
d a s h e d  l i n e  t o  be drawn t h o u g h  a 
number  of F a i n t s  w i t h o u t  a n y  
'*breaksg1 in t h e  p a t t e r n .  

See S e c t i . o n  3.2, C P A  ( 4 8 )  , f c r  c o n t r o l  o v e r  t h e  l e n g t h  

of one d i s t i n c t  Fiece sf t h e  d a s h e d  p a t t e r n .  

T o  c o n v e r t  userls ~ ~ ~ % d i n a t e s  to i n c h e s ,  see S e c t i e n  

4 . 1 3 ,  QQIN@He 

I n  many cases  s u b r o u t i n e  L I N P L T ,  S e c t i o n  2.5.3, may b e  

more e f f i c i e n t  f o r  d r a w i n g  e i t h e r  s o l i d  QF d a s h e d  f i n e s ,  

F 
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4.14.  QQPORC, Pen-and-Ink or c a t h o d e  Ray Tube  cr P r i n t e r  

QQPORC moves  t h e  p e n  o r  beam. I f  'CRT'  was s p e c i f i e d  

i n  t h e  user's CALL I N T L  s t a t e m e n t ,  QQFORC moves  t h e  C a t h o d e  

Pay Tube  beam. Tf *MECH' was s p e c i f i e d ,  (;QPORC moves  t h e  

pen. I f  ' P R N T '  was s p e c i f i e d ,  a p o i n t e r  i n d i c a t i n g  t h e  

c u r r e n t  p o s i t i o n  is moved. 

T h e  c a l l i n g  s e q u e n c e  is: 

CALL QQPORC ( X ,  Y, I P E N ,  1 2 )  

IPYN 

2 

3 

IZ 

C o o r d i n a t e s ,  i n  i n c h e s ,  w h e r e  beam 
o r  Fen o r  p o i n t e r  w i l l  be moved frcm 
i ts  F r e s e n t  p o s i t i o n  

Use one cf t h e  f o l l c w i n g :  

Draw a l i n e  

Dc n o t  d raw a l i n e  

I n t e n s i t y  of  l i n e  ( u s e d  c n l y  €o r  CRT 
p l o t s ) ,  I2 % 16 is t y p i c a l .  I Z  < 
1 0  w i l l  Ice s c a r c e l y  v i s i b l e .  T h e  
l a r g e s t  v a l u e  i s  30. IZ = 2 O i i s  
a b o u t  twice a s  d a r k  a s  TZ = 16.  

QQPORC was w r i t t e n  a s  ali i n t e r n a l  s u b r o u t i n e  f o r  

O R G R A P H .  I n  most cases, o t h e r  s u b r o u t i n e s ,  s u c h  a s  QQLLNP, 

S e c t i o n  4.12, o r  LINPLT, S e c t i o n  2.5.3, are  more c o n v e n i e n t .  

0 . l q .  QQQSYM,  Draw S y m b o l s  

U s u a l l y ,  l a b e l i n g  of g r a p h s  i s  d o n e  w i t h  LABEL, S e c t i o n  

4.10, or T I T L E ,  S e c t i o n  2.4. QQQSYM was w r i t t e n  a s  a n  
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i n t e r n a l  s u b r o u t i n e  i n  O R G R A P H .  The  t w o  forms of t h e  

c a l l i n q  s e q u e n c e  a re :  

H 

BCD 

ISYM 

THETA 

w i t h  N > 0 

CALL QQQSYM ( X ,  Y, H ,  ISYM, T H S T A ,  N) 

w i t h  N < 0 

C o o r d i n a t e s ,  i n  i n c h e s ,  w h e r e  t h e  
s y m b o l  i s  t o  be drawn.  For t h e  
f irst  15 s y m b c l s  shown i n  F i g u r e  
4.lOb, t h e  c e n t e r  of t h e  symbol  w i l l  
b e  a t  ( X , Y ) :  f o r  t h e  o t h e r s  t h e  
lower l e f t  c o r n e r  of t h e  f i rs t  
symbol  drawn  will b e  a t  X,Y.  

H e i g h t  o f  t h e  c h a r a c t e r s  i n  i n c h e s .  
The  w i d t h  i s  4/7 of  t h e  h e i g h t  a n d  
t h e  s p a c i n g  b e t w e e n  t h e  c h a r a c t e r s  
i s  2/7 of  t h e  h e i g h t ,  

S p e c i f i e s  t h e  c h a r a c t e r s  t o  b e  
d rawn .  It may be 

1) A s t r i n g  i n  a p o s t r o p h e s ,  e.g. 
'ALFHANUMERIC DATA' 

2)  t h e  name of a n  a r r a y  c o n t a i n i n g  
c h a r a c t e r  d a t a ,  e .g .  

DIMENSION BCD ( 6 )  
DATA ECD/'ALPHANUHEPIC DATA 0 1 2 3 ' /  

R B A C  1 ,  BCD 
o r  

1 FORMAT ( 6 A 4 )  

3) t h e  name of a n  a r r a y  c o n t a i n i n g  
h e x a d e c i m a l  d a t a ,  s u c h  a s  

DAT A BCD/ ZC8 C 5D 3 D  3D 65A/ 

An i n t e g e r  r e f e r r i n g  t o  o n e  of t h e  1 2 8  
s y m b o l s  

The a n g l e ,  i n  d e g r e e s ,  a t  w h i c h  t h e  
c h a r a c t e r s  a r e  w r i t t e n .  I f  a s t r i n g  cf 
c h a r a c t e r s  is t o  be  d r a w n ,  t h e  s t r i n g  
w i l l  be r o t a t e d  c o u n t e r c l c c k w i s e  a b o u t  
( X , Y )  t o  t h e  a n g l e  THETA. 
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N If N > C ,  N s y m b o l s  w i l l  be d r a w n ,  
s t a r t i n g  w i t h  t h e  f i r s t  s y m b o l  i n  ECD. 

Tf N 

O p t i o n s :  

4 .  If e i t h e r  X or Y is  

w h e r e  i t  l e f t  of f  a 

- 

= - 1 ,  

9 9 9 . I  

t e r  t 

T f  N < 0, a n l y  o n e  s y m k s l  w i l l  b e  drawn.  
TSYM d e t e r m i n e s  w h i c h  s y m b o l ,  If N = - 2 ,  
a l i n e  w i l l  a l s o  b e  d r a w n  f r o m  t h e  
p r e s e n t  F o s i t i c n  t o  ( X , Y )  

n o  l i n e  w i l l  be drawn.  

QQQSYM w i l l  c o n t i n u e  w r i t i n g  

e p r e v i o u s  c a l l  t c  Q Q Q S Y H .  

2, If I! = O., the p r e v i o u s  H a n d  THETA w i l l  b e  u s e d .  

3,  T h e r e  a r e  four  c h a r a c t e r s  w h i c h  d c  n o t  p r o d u c e  s y m b o l s  

w h i c h  a f f e c t  t h e  p o s i t i o n i n g  of t h e  p e n .  T h e s e  a r e :  

B a c k  s p a c e ,  13, w h i c h  may be u s e d  t o  p o s i t i o n  t h e  

pen t o  write over a p r e v i o u s  c h a r a c t e r .  

C a r r i a g e  R e t u r n ,  21 ,  which  w i l l  p o s i t i o n  t h e  

f o l l o w i n g  c h a r a c t e r s  H*12/7 below t h e  f i r s t  

c h a r a c t e r  d r a w n  i n  t h e  s t r i n g .  

S u p e r s c r i p t ,  0 6 ,  w i l l  d r a w  t h e  f o l l o w i n g  c h a r a c t e r s  

w i t h  h e i q h t  = 0.7 * H a n d  r a i s e d  8 - 5  * H. T o  r e t u r n  

to ~ o r m ~ ~ ~  c a l l  for a S u b s c r i p t ,  47. 

S u b s c r i p t ,  4 7 ,  w i l l  deaw t h e  fslfo i n g  c h a r a c t e r s  

w i t h  h e i g h t  = 0.9 * H a n d  Powered 0 , 5  * H. To 

r e t u r n  t o  n o r m a l ,  c a l l  far a S u p e r s c r i p t ,  46. 
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U . 1 6 .  Q Q Q N U M ,  Craw Number 

S u b r o u t i n e  QQQNUM c o n v e r t s  m a c h i n e  f o r m a t  n u m b e r s  i n t o  

c h a r a c t e r  s t r i n q s  a n d  t h e n  c a l l s  Q Q Q S Y M .  

T h e  c a l l i n g  s e q u e n c e  is: 

CALL Q Q Q N U M  ( X ,  Y ,  HI A ,  T H E T A ,  FORMAT) 

X, Y, R ,  THETA a r e  d e f i n e d  a s  i n  Q Q Q S Y R ,  SectioI! 4.15. 

i4 

F O R V A T  

S h o u l d  be r e p l a c e d  b y  t h e  F O R T R A N  name of 
t h e  numbEr t o  t e  p l o t t e d .  The t y p e  (REAL 
o r  ' I N T E G E R )  mus t  a g r e e  w i t h  F O R P I A T .  

S p e c i f i e s  t h e  manner  i n  wh ich  t h e  number 
i s  t c  b e  c o n v e r t e d  and  p l o t t e d .  E x a m p l e s  
a r e  * (E12.5) q ,  * (F8.3) *, *(14)*. The 
p o r t i o n  i n s i d e  t h e  p a r e n t h e s e s  s h c u l d  b e  
s i x  characters  o r  l e s s .  O n l y  I, F ,  E ,  
a n d  D fcrmats  may be u s e d .  A d e c i m a l  
p o i n t  mus t  be u s e d  i n  F ,  E ,  and r) f o r m a t s  
a n d  a number ( e v e n  i f  0) m u s t  a p p e a r  t o  
t h e  r i g h t  cf t h e  d e c i m a l  p o i n t ,  e . g . ,  
* (F11.0) *. Numbers  p l o t t e d  w i t h  E o r  T I  
fo rma t  w i l l  be  s c a l e d  s o  t h a t  t h e  f i r s t  
s i g n i f i c a n t  f i g u r e  i s  t c  t h e  l e f t  of  tlie 
dec ima l  F o i n t ,  e.g. 

E x p l i c i t  s c a l i n g  f a c t o r s ,  s u c h  a s  
* (lPE9.1)' a r e  n o t  a l l o w e d .  Numbers will 
b e  r i g h t - a d j u s t e d  i n  t h e  f i e l d  s p e c i f i e d  
b y  FORMAT. 

-1.9201E-11 from FOPMAT = * (E11.4) * 

O p t i o n s  1 a n d  2 of Q Q Q S Y n  a l s o  a p p l y  t o  Q Q Q N U M .  

4 . 1 7 .  Q Q W H E R ,  F i n d  P o s i t i o n  

I f  you n e e d  t o  know t h e  p r e s e n t  pen  o r  beam p o s i t i o n :  

CALL QCWHER ( X ,  Y9 

x , y  P r e s e n t  F o s i t i c n  i n  i n c h e s  
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4.18 ,  QQQORG, EoQe O r i g i n  

To move t h e  o r i g i n  f r o m  i t s  p r e s e n t  p o s i t i o n .  

P o s i t i o n  of  new o r i g i n ,  i n  i n c h e s ,  
r e l a t i v e  t o  F r e s e n t  o r i g i n .  ryse o n l y  
a f t e r  INTL h a s  b e e n  c a l l e d .  

u.19 .  QQWFWS, P r i n t  O R G R A P H  Newsletter 

QQNEWS w i l l  p r i n t  o u t  t h e  c u r r e n t  ORGRAPH news. 

T h e  c a l l i n g  s e q u e n c e  is: 

CALL QCBEWS (a) 

N An i n t e g e r  which i n d i c a t e s  w h e t h e r  cr n c t  
t o  p r i n t  the news. 

v =  9 N e w s  p r i n t e d  

N = O  News n o t  p r i n t e d  

A l l  c a l l s  t o  QQNEWS, a f t e r  the f i rs t ,  w i l l  be  i g n o r e d .  

E x e c u t i o n  of the f i r s t  c a l l  t o  INTL will p r o d u c e  a c a l l  t o  QQYEWS 

w i t h  N = 1. 
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q. C O N T R O L  STATEVENTS 

The s u b r o u t i n e s  in t h e  O R G R A P H  p a c k a q e  a r e  k e p t  on a disk 

pack a n d  a r e  a c c e s s i b l e  from e i t h e r  of t h e  I B M  360 c c m p u t e r s .  To 

obtai .r? t h e  s u b r o u t i n e s  t h e  f o l l e w i n g  c a r d s  m u s t  appear  a s  t h e  

f i r s t  cards i n  t h e  l i n k - e d i t  s tep%:  

/ / L H m m  SYSLIB 

DSN=A8. G 1  .P3 1394 .C18207,CHANDLER . G R A P H I C S ,  

/ /@ V O L = R E P = Z Z Z Z Z Z , D I S F = S H R  

A set  of t h e s e  cards can b e  o b t a i n e d  from t h e  O R N L - s i t e  

Computer  L i b r a r i a n ,  Room A228, B u i l d i n g  4500N, Ext. 3- 1703. 

To u s e  O F G R A P H  in c o n j u n c t i c n  w i t h  o t h e r  l o a d  m o d u l e s ,  f o r  

example ,  t h e  s u b r o u t i n e s  i n  t h e  CTC Numerical A n a l y s i s  T.,%brary,2 

t h e  a d d i t i o n a l .  d a t a  d e f i n i t i o n  ( D D )  c a r d s  s h o u l d  be i n s e r t e d  

after t h e  ca rd  c o n t a i n i n g  " V C L = R E F = Z Z Z Z Z Z ,  * .  ." a b o v e .  

No s p e c i a l  control, s t a t e m e n t s  a r e  r e q u i r e d  t o  u s e  ORGRAPH 

with d i s k  p l o t t i n g  (see ORNL P r o g r a m m e r ' s  Manual ,  Sec. 13.3) 

o t h e r  t h a n  t h o s e  a b o v e  a n d  t h o s e  u s u a l l y  r e q u i r e d  f o r  t h e  use cf 

t h e  disk p l o t t i n g  r o u t i n e s .  For long p l c t t i n g  jobs on t h e  

%The  s y m b o l  s t a n d s  f o r  one b l a n k  space. 

26. W. W e s t l e y  a n d  J .  A ,  Watts, Z d i t o r s ,  "The C o m p u t i n g  
T e c h n o l o q y  C e n t e r  Wumerieal A n a l y s i s  L i b r a r y " ,  UCC-NB R e p o r t  
CTC-39, O c t .  5 ,  1978,  
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m e c h a n i c a l  p l o t t e r  a n d  for a n y  p l o t t i n g  i o b  on t h e  CRT p l c t t e r ,  

the user must  i n c l u d e  t h e  n e c e s s a r y  c o n t r o l  s t a t e m e n t s  for a p l c t  

t a p e  a s  d e s c r i b e d  i n  S e c t i o n s  9.1 a n d  1 3 . 2  of t h e  OCNL 

Proqrarnmer's Hanua l .  

3 

P 
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USER'S MANUAL FOR THE GRAPHICS 

PACKAGE ORGRAPH 

ADDENDUM 

C. W. Nestor,  Jr. 

NEW TYPE OPTIONS FOR SETUP SUBROUTINES I N  ORGRAPH 

W e  have extended the  l i s t  of TYPE o p t i o n s  i n  t h e  s e t u p  subrou t ines  

(Sec. 2.3, pp. 24-36, ORNL-4596) to i nc lude  t h e  fol lowing:  
? 

X L G l  - e q u i v a l e n t  t o  XL@G (p. 26),  

XLG2 - use L@G2 o p t i o n  f o r  x-axis s c a l i n g  [CPA(2), p .  531, 

Y L G l  - e q u i v a l e n t  t o  YL@G (p. 26) ,  

YLG2 - use  L@G2 op t ion  f o r  y-axis s c a l i n g  [CPA(12), p .  561, 

L G l l  - e q u i v a l e n t  t o  L@G (p. 26) ,  

LG12 - L@G1 € o r  x-axis ,  L@G2 f o r  y-axis, 

LG21 - L@G2 f o r  x-axis, LBGl €o r  y-axis, 

LG22 - L@G2 f o r  x and y axes. 

CORRECTION TO TABLE OF THE CPA 

(P. 69) 

The e n t r y  f o r  CPA(25) and CPA(35), d i s t a n c e  from a x i s  t o  l a b e l ,  

is incomplete.  The va lues  should r ead  

0.5 1.0 

i n d i c a t i n g  a space of one-half i nch  from t h e  x-axis t o  t h e  bottom of 

t h e  x-axis l a b e l ,  and a space of one inch  from t h e  y-axis t o  t h e  l e f t  

of t h e  y-axis l a b e l .  
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