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Abstract 

A CE-1604 subroutine package has been written to facilitate the 
plotting of curves and points on linear, logarithmic, and semilogarithmic 

graphs using the CALCOMP plotter. The subroutines accomplish the nec- 

essary computations and prepare a magnetic tape for u.se by the plotter. 

A 



The C U O M F  D i g i t a l  Incremental  P l o t t e r  may be used t o  p l o t  curves 

and p o i n t s  from d a t a  placed on t ape  b:; t h e  CE-1604 o r  c e r t a i n  o t h e r  com- 

p u t e r s .  

m e r  when making l i n e a r ,  log-log, o r  semilog p l o t s .  These r o u t i n e s  make use 

of  subrout ines  descr ibed by  Cavin.' 

IBM-7090 package descr ibed previouslf  b u t  had t o  be completely r e w r i t t e n  

t o  make use of t h e  new CE-1604 r o u t i n e s  descr ibed i n  Ref. 1. I n  t h e  

explanat ion which follows, a knowledge of FORTM will b e  assumed. 

A FORTRAN subrout ine package has been w r i t t e n  t o  a i d  t h e  program- 

The package i s  ve ry  similar t o  an 

The h e i g h t  of t h e  graphs i s  f i x e d  a t  10 i n .  b u t  t h e  width i s  under 

c o n t r o l  of t h e  user .  The widt'n of t h e  p l o t t i n g  area should be s e t  a t  7 i n .  

i f  an 8-112 x 11 i n .  graph i s  d e s i r e d .  The number o f  cyc le s  i s  opt ional  

and so blank paper should be  used i n  gene ra l  bu t ,  with ca re?  l i n e d  paper  

may a l s o  be  used. 

loN, 2 x 10 ? and 5 x 10 . 
There a r e  t h r e e  l i n e s  drawn pe r  cyc le  a t  t h e  va lues  

N N 

The number of v e r t i c a l  l i n e s  d r a m  on t h e  semilog and l i n e a r  g r i d s  

and t h e  number of  h o r i z o n t a l  l i n e s  d r a m  on t h e  l i n e a r  g r i d  a r e  under t he  

c o n t r o l  of  t h e  user .  Each l i n e  i s  l abe led .  The spacing between l i n e s  

( c a l l e d  an " i n t e r v a l " )  i s  a parameter needed b y  t h e  rou t ines .  Various 

l a b e l i n g  f ixed-point  formats a r e  used t o  ensure a t  l e a s t  two-figure accura- 

cy on t h e  x a x i s  (independent v a r i a b l e )  and a t  least  t h r e e - f i g u r e  accuracy 

on the y a x i s  (dependent v a r i a b l e ) .  

l abe l ing ,  t h e  values  of t h e  i n t e r v a l  should conform t o  t h e  above s p e c i f i e d  

accuracy. The m a x i m u m  l i m i t s  of t h e  l i n e a r  variables are -999 and 9999. 

To avoid t r u n c a t i o n  e r r o r  i n  t h e  

D a t a  p o i n t s  may be shown, o r  curves drawn, o r  bo th  done as de- 

s i r e d .  If any d a t a  p o i n t s  l i e  ou t s ide  t h e  range s p e c i f i e d  f o r  t h e  graph, 

t h e s e  p o i n t s  w i l l  n o t  be  p l o t t e d .  

f o r  p o r t i o n s  connecting p o i n t s  which do no t  l i e  on t h e  graph. The va r ious  

d a t a  p o i n t s  a v a i l a b l e  are shown i n  Fig.  1. A curve i s  drawn by connecting 

The e n t i r e  curve will be  drawn except 

1. D. K. Cavin, "CALCOW P l o t t e r  Subroutine Package, ' I  unpublished 
memorandum. 

2. D. K. Trubey and M. B. Emmett, "An IBM-7090 Subroutine Package f o r  
Making Logarithmic and Semilogarithmic Graphs Using t h e  CALCOMP 
P l o t t e r ,  I '  ORNL-TM-430 (Dee. 12, 1962) ( s e e  a l s o  Supplement ORNL- 
TM-430, Feb. 27, 1963). 
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Fig. 1. Example of Linear Grid  Showing Symbols Available f o r  
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given po in t s  by s t r a i g h t  l i n e s .  

one t o  mark the p o i n t  only o r  d r a w  a s t r a i g h t  l i n e  t o  t h e  p o i n t  before  

marking i t .  If it i s  des i r ed  t o  f i t  a curve through a number of d a t a  

po in t s ,  a l a r g e  number of values  may be generated between da ta  p o i n t s  by 

Lagrangian in t e rpo la t ion3  o r  by some o the r  means. 

drawn between these  poin ts .  

An opt ion i n  the  subrout ine POINT allows 

Then s t r a i g h t  l i n e s  are 

The axes may be labe led  and a t i t l e  w r i t t e n  a t  t h e  top of t h e  graph 

through a subrout ine which uses H o l l e r i t h  cha rac t e r s .  

The l o g i c a l  tape  assignment i s  a parameter suppl ied t o  t h e  subrou- 

t i n e .  The user  w r i t e s  a main program which c a l l s  t he  var ious  subrout ines  

of t h e  package as des i red .  The parameters i n  t h e  c a l l  s ta tements  a r e  

i n t e g e r s  o r  f l o a t i n g  p o i n t  numbers cons i s t en t  with FORTRAN nomenclature. 

The  use of each p a r t  o f  the  package i s  as fol lows:  

1. MAIN ( c a l l i n g  program suppl ied by user )  

(a )  Must have a 6 - c e i i  a r r a y  f o r  pass ing  information from one 

subrout ine t o  another .  

( b )  Must c a l l  LIJ!EAR, SEMLOG, o r  LOGLOG before  c a l l i n g  any o the r  

rou t ine  (except  HOLLER) i n  t he  package. 

2. LOGLOG 

The rou t ine  i s  c a l l e d  by 

CALL LOGLOG(NCY, ITOPY, ITOPX,NCX, WIDTH, JTAPE,A) 

where 

NCY = number of cyc les  of dependent v a r i a b l e  ( y ) .  

ITOPY = l a r g e s t  exponent of 10 on y axis; t h e  l a r g e s t  poss ib l e  
ITOPY value of  y i s  10 

ITOPX = l a r g e s t  exponent of 10 on x ax i s .  

NCX = number of cyc les  of independent v a r i a b l e  ( x )  . 

3. S. K. Penny and M. B. Emmett, "An IBM-7090 Subroutine Package f o r  
Lagrangian In t e rpo la t ion ,  ORNL-3428 (1962). 
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W I D T H  = width of p l o t t i n g  area i n  inches.  

JTAPE = l o g i c a l  t ape  u n i t  used f o r  CALCOMF tape.  

A = 6-ce11 a r r a y  descri-bed f o r  main rou t ine  (See. l a ) .  

T h i s  rou t ine  performs i n i t i a l i z a t i o n  which inc ludes  drawing t h e  gr id .  A n  

example i s  shown i n  Pig.  2. 

3. SEKGOG 

The rout ine  i s  c a l l e d  by 

CALL SEMLOG(NCY, ITOPY, XZERO, DELX, NOINT, WIDTH, JTAPE, A) 

where 

NCY = number of cycles  of dependent v a r i a b l e  (y )  . 
ITOPY = l a r g e s t  exponent o f  10  on y a x i s .  

XZERO = smallest value of x. 

DEIX = " i n t e r v a l "  width (descr ibed  above) on x a x i s  o r  space 

between g r i d  l i n e s  i n  units of  t he  x va r i ab le .  

Fig.  3, DEIX = 2.) 
( I n  

NOINT = number of  " i n t e r v a l s "  a long x ax i s .  The l a r g e s t  value 

( I n  Fig.  3, NOINT = 5.) of x i s  XZERO + NOIN'I * DEIX. 

WIDTH = width of p l o t t i n g  area i n  inches.  

JTAPE = l o g i c a l  t ape  u n i t  used f o r  CALCOMF tape.  

A = 6 - c e i i  a r r a y  descr ibed f o r  main rout ine .  

This rou t ine  i n i t i a l i z e s  and draws t h e  gr id .  

4. LINEAR 

The rou t ine  i s  c a l l e d  by 

CALL LINFAR( YZERO, DELY, NOINTY,XZERO, DEIX, NOINTX, WIDTH, JTAPE, A) 

where 

YZERO = smallest value of dependent v a r i a b l e  ( y ) .  

DELY = " in t e rva l1 '  width on y a x i s  o r  space between g r i d  l i n e s  

i n  u n i t s  of t h e  y va r i ab le .  

A 
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N O I N T Y  = number of " i n t e r v a l s "  a long y ax i s .  The l a r g e s t  value 

of y i s  YZERO + NOINTY * DELY. 

XZERO = smallest value of independent v a r i a b l e  (x)  . 
DELX = " i n t e r v a l "  width along x a x i s .  

NOINTX = number of  " i n t e r v a l s "  a long x axis. 

W I D T H  = width of p l o t t i n g  area i n  inches.  

JTAPE = l o g i c a l  t ape  u n i t  used f o r  CALCOMF tape.  

A = 6 - d i  a r r a y  descr ibed f o r  main rout ine .  

5. CURVE 

The rou t ine  i s  c a l l e d  by 

CALL CURVE (N, X, Y, A) 

where 

N = 1 f o r  the  f i r s t  p o i n t  on a curve 

f 1 f o r  second and subsequent po in t s .  

X = value of x. 

Y = value of y. 

A = 6 - c e i i  a r r a y  descr ibed f o r  main rou t ine .  

The rout ine  must be c a l l e d  f o r  every p o i n t  (x ,y)  on t h e  curve t o  
be p l o t t e d .  

provided both  p o i n t s  a r e  on the graph. Each t i m e  CURVE i s  ca l l ed ,  t he  

pen moves t o  (x,y), with t h e  pen e i t h e r  up ( N = l )  o r  down ( N J l )  . 
of N must be 1 f o r  t h e  f i r s t  p o i n t  on t h e  curve. If t h e  p o i n t s  a r e  sup- 

p l i e d  by means of  a loop, i t  i s  o f t e n  convenient t o  set the value of N 
equal  t o  t h e  loop index. 

A s t r a i g h t  l i n e  will be drawn between success ive  p o i n t s  

The value 

6. POINT 

The rou t ine  i s  c a l l e d  by 

CALL POINT(N,X,Y,KIND,SIZE,THETA, I,A) 
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where 

N = 1 f o r  t h e  f i r s t  p o i n t  on a curve ( s e e  d e f i n i t i o n  of I) 

f 1 f o r  t h e  second and subsequent po in t s .  

X = value  of x.  

Y = value of y. 

KIND = type of symbol t o  be p l o t t e d  ( s e e  Fig. 

SIZE = height  of f i e l d  of cha rac t e r  t o  be p l o t t e d .  

1); 1 < KIND < 14. 

For b e s t  re- 

- - 

s u l t s ,  SIZE should be an i n t e g r a l  mu l t ip l e  of 0.04. I n  

Fig.  1, SIZE = 0.12; i n  Figs.  2 and 3, SIZE = 0.08. 

THETA = angle  (counterclockwise) i n  degrees a t  which the  p o i n t  

symbol i s  t o  be ro t a t ed .  ( I n  Fig. 1, THETA=O.) 

I = curve opt ion 

= 1 f o r  p o i n t  symbols only (va lue  of N immaterial) 

> 2 f o r  p o i n t  symbols p l u s  a s t r a i g h t  l i n e  drawn from previous - 
p o i n t  t o  (x ,y)  . 

A = 6 - c e i i  a r r a y  descr ibed for main rout ine .  

7. LETTER 

The purpose of  t h i s  subrout ine i s  t o  l a b e l  t h e  x a x i s  and y a x i s  o r  t o  

provide a t i t l e  a t  t h e  top. The rou t ine  i s  c a l l e d  by 

CALL LETTER ( LPOS, NL, n ~ - -  - -, A) 
where 

IPOS = l e t t e r i n g  p o s i t i o n  

= 0 f o r  a t i t l e  a t  the  top 

= 1 f o r  x a x i s  l a b e l i n g  

= 2 f o r  y a x i s  l abe l ing .  

NL = number of H o l l e r i t h  cha rac t e r s  ( inc lud ing  spaces) .  

n = NL. 

---- = H o l l e r i t h  charac te rs .  

A = 6 - c e i i  a r r a y  descr ibed f o r  main rout ine .  
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The H o l l e r i t h  a r r a y  will be cen te red  and will be of  a s i z e  shown 

i n  t h e  f i g u r e s .  

t h e  l i m i t  of c h a r a c t e r s  depends on t h e  f i e l d  width. If LPOS = 2, t h e  

f i e l d  width (graph he igh t )  i s  10 i n .  

There will be 8.33 c h a r a c t e r s  p l o t t e d  p e r  inch. Thus 

Otherwise i t  i s  t h e  graph width. 

If a t i t l e  i s  read i n t o  memory with i n p u t  c a r d s  using HOLLER, t h e  

parameter nH--- i s  replaced by  TITLE i n  t h e  c a l l  s ta tement  ( s e e  Sec. 9 ) .  

8. EXYON 

This r o u t i n e  will provide an exponent f o r  any of t h e  H o l l e r i t h  

c h a r a c t e r s  provided by  LETTER. The r o u t i n e  i s  c a l l e d  by 

CALL EXPON(LPOS,NL,L,lH-,A) 

where 

LPOS = l e t t e r i n g  p o s i t i o n  ( s e e  Sec. 7 ) .  

NL = number of H o l l e r i t h  c h a r a c t e r s  i n  corresponding LETTER 

statement.  

L = p o s i t i o n  of exponent, t h e  Lth - c h a r a c t e r  will have t h e  

exponent. 

- = exponent d e s i r e d .  

A = 6 - c e i i  a r r a y  descr ibed f o r  main rou t ine .  

9. HOLLFR 

This r o u t i n e  w i l l  read a t i t l e  from i n p u t  ca rds  (v i a  i n p u t  t ape )  Tor 

use i n  LETTER. This provides  f l e x i b i l i t y  i n  t h a t  t he  main program 

need n o t  con ta in  H o l l e r i t h  t i t l i n g .  The r o u t i n e  i s  c a l l e d  by 

CALL HOLLER(NL, TITLE, INTAPE) 

where 

NL = number of H o l l e r i t h  c h a r a c t e r s  t o  be read i n  ( i n c l u d i n g  

blanks)  s t a r t i n g  i n  c o l .  1. 

TITLE = a r r a y  f o r  s t o r i n g  the H o l l e r i t h  c h a r a c t e r s  (dimensioned by 

N L / ~  o r  l a r g e r ) .  

INTAPE = l o g i c a l  number of i n p u t  tape.  
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The input  f o r  HOLLER i s  as follows: 

CARD 1 FORMAT (15) 

CARD 2 FORMAT( 9A8) 

10. ADVANCE 

The rout ine  i s  c a l l e d  by 

CALL ADVANCE(A) 

N L  . 
H o l l e r i t h  t i t l e .  

(where A = 6-ce11 a r r a y  descr ibed f o r  main program). 

be c a l l e d  a t  the conclusion of each graph. The paper  i s  then advanced, 

ready f o r  t h e  next  p l o t .  

The rou t ine  must 

Copies of  t he  source o r  ob jec t  decks may be obtained from the  

authors .  

i 
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D I S T R N C E  FROM SOURCEsGM/CM2 

Fig. 3. Example of Semi-Log P l o t .  
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App en di x 

The following subroutines are in the package and consequently 

none of the user's routines can have the same names. 

General Purpose CALCOMT Routines 

NUMBER 

SYMBOL 

PLOT 

PLOTS 

Special Routines for the Present Package -- 
RS 
TENS 

x m s  
VS 

A 
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