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FORTRAN PROGRAMMING TECHNIQUES FOR GRAPH PLOTTING 

ON THE IBM-704 COMPUTER 

Char les Erwin Cohn 

INTRODUCTION 

In many cases j the numer ica l r e su l t s of digital computer p rob lems 
have inc reased usefulness if they a r e presented in graphical form. Re l a ­
t ionships , t r e n d s , and unusual features in the r e su l t s a r e m o r e easi ly seen 
on a graph than in a l i s t of n u m b e r s . For example, the flxix and power 
r e su l t s from r e a c t o r s ta t ics codes and the res idua l s from var ious types 
of l eas t squares fits all g rea t ly benefit from graphical presenta t ion . 

Ordinar i ly , graphs a r e produced ei ther by laborious manual plot­
ting or by e labora te automat ic graph-plot t ing equipment. However, the 
IBM-717 pe r iphe ra l l ine p r in t e r used with the IBM-704 computer is well 
suited to the t a sk of graph plotting, and has the advantage that the graphs 
a r e obtained with no additional opera t ions . On this p r in t e r there a r e 119 
usable cha rac t e r spaces in a l ine (with p r o g r a m control) so that a tape 
r e c o r d containing one c h a r a c t e r and filled in with blanks will allow any 
p r in t e r cha rac t e r to be pr in ted in any space . This allows points to be 
placed along the hor izonta l ax is . Points a re placed ver t ica l ly by paper 
spacing. In addition, legends, coordina tes , and grid and border mark ings 
may also be pr in ted . Thus, graphs which a r e completely ready for publ ica­
tion may be p r e p a r e d . 

To i l lus t r a t e the poss ib i l i t i es , th is r epo r t will desc r ibe the p r o ­
gramming techniques which have been used to produce a number of dif­
ferent kinds of g raphs . Two examples of the graphs produced a r e included. 
These a r e ha l f - s ize photographic reduct ions of the graphs as they came 
off the p r i n t e r . It was found that all n e c e s s a r y p rogramming could be done 
using FORTRAN II, with the exception of the placement of c h a r a c t e r s 
along a line in propor t ion to a specified absc i s sa . Therefore , the sub­
routine AN J501 (see Appendix) was p r o g r a m m e d in symbolic machine 
language for th is purpose . The use of FORTRAN has the advantage of 
making these techniques avai lable to the nonprofessional p r o g r a m m e r . 

The major drawback of the technique is the l imited resolut ion af­
forded by the const ruct ion of the p r i n t e r . About 100 spaces a r e available 
horizontal ly, and about 100 l ines give a graph of page - s i ze p ropor t ions . 
Thus, the resolu t ion is about 1% in both d i rec t ions , which is adequate for 
many p u r p o s e s . 

Other routines'• '• '^ '^,4) fQj. this type of graph plotting a r e in ex is t ­
ence. These a r e subrout ines which set up the en t i re graph. With one 
exceptiom'*'' they a r e not adapted to FORTRAN, and all use the on-l ine 



pr in t e r . These rout ines have the disadvantage of being l imited to one 
pa r t i cu la r graph size and format . On the other hand, the p rogramming 
techniques to be p re sen ted h e r e a r e good for many different types of 
g raphs , so that a type can be chosen which is best suited to the job at 
hand. 

The r ema inde r of this r e po r t will consider f i r s t , the raethod of p lo t ­
ting the graph when the coordinates of al l points a r e known} and secondly, 
some poss ib le methods of sett ing up sca les and assigning the coordinates 
of the points . The coding sequences to be p resen ted a r e intended to be in~ 
corpora ted as p a r t s of a l a r g e r p r o g r a m which uses the graph plotting for 
output. 

PLOTTING THE GRAPH 

The subroutine AN J501 wr i tes a r ecord on the output tape, which 
has the plotted c h a r a c t e r a s the 20th to the 120th cha rac t e r , depending on 
the absolute value of an integer coordinate . The r ema inde r of the r e c o r d 
contains blanks^ except the f i r s t c h a r a c t e r which contains a + to cause 
space suppress ion . The subroutine is called by the s tatement 

CALL GRAPH(M,N,1HX) 

h e r e M is the coordinate , N i s the number of the tape upon which the r e c ­
ord is wri t ten , and X is the Holler i th cha rac t e r to be plotted. This c h a r ­
ac te r appears as the 20th cha rac t e r on the r eco rd for M = 0, as the 120th 
cha rac t e r for M = 200, and at propor t ional ly in te rmedia te posit ions for 
in te rmedia te va lues . Since the f i r s t cha rac t e r of each r eco rd is used for 
p r i n t e r c a r r i a g e control , 18 c h a r a c t e r s at the left of the graph remain 
available for legends , coord ina tes , e tc . A bas ic routine which will plot a 
graph is as follows: 

1 WRITE ̂ UTPUT TAPE 3,13 

2 WRITE ̂ UTPUT TAPE 3,11 

3 D^9I=1,102 

4 WRITE ^ U T P U T TAPE 3,12 

5 D9^8J=1,N 

6 IF(I-L^CY(J))8 ,7 ,8 

7 CALL GRAPH(L^CX(J),3,1H*) 

8 C^fNTINUE 

9 CONTINUE 

10 WRITE ^ U T P U T TAPE 3,11 
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11 F O R M A T ( 1 2 0 H [ 1 8 spaces] [ l02 dots]) 

12 F ^ R M A T ( 1 2 0 H [ 1 8 spaces] . [lOO spaces],) 

13 F^RMAT( lHl ) 

This coding plots N points with the cha rac te r *. The coordinate of 
each point is a pa i r of in tegers L^CX(J) , L^CY(J). The fo rmer is used by 
the GRAPH subroutine to de te rmine the horizontal posit ion of the point, 
while the l a t t e r specifies the number of the line (going from the top) on 
which the point appea r s . Assigning these in tegers to each point will be 
cons idered in the next section. 

The detailed operat ion of this coding sequence is as follows: 
Statement 1 wr i t es a r e c o r d to r e s t o r e the p r in t e r . Statement 2 wri tes a 
r eco rd to p r in t a row of dots forming the upper border of the graph. S ta te­
ments 3 through 9 form a D ^ loop which produces the body of the graph, 
line by l ine . Statement 4 wr i t es a r e c o r d which spaces the paper and 
pr in ts a dot at the left and r ight edges of the graph, these dots forming 
the ve r t i ca l b o r d e r s . Then, for each l ine, the D ^ loop consist ing of s t a t e ­
ments 5 through 8 is en tered . Here the a r r a y L^CY of line numbers a s ­
signed to each point is scanned. If any of these is equal to the cu r ren t line 
number I, the GRAPH subroutine is cal led for and wr i t e s a r eco rd to plot 
the point on that l ine . After all l ines have been p rocessed , s tatement 10 
wr i t es a r eco rd to pr in t the lower border of the graph. 

Many elaborat ions of this basic routine a re poss ib le . For example, 
if it i s des i r ed to pr int a t i t le or other legend in the middle of the graph, 
it can be done as follows: 

IF( l -L^C)n,100,n 

100 WRITE ^ U T P U T TAPE 3,101, [List] 

101 FORMAT (1H+ etc.) 

This may be placed ei ther between s ta tements 4 and 5 of the basic rout ine, 
in which case n would be 5, or between 8 and 93 in which case n would be 9. 
The n\imber of the line on which the t i t le i s to be pr in ted is given by L y C , 
and is normal ly specified as a constant . [List] r e f e r s to a problem n-um-
ber , e t c . The FORMAT s ta tement produces a + as the f i r s t cha rac te r of 
the tape r e c o r d in o rde r to overpr in t the title on the des i red l ine . If the 
approximate shape of the curve is known, the ti t le can be placed in a loca ­
tion where it will not be l ikely to be overpr in ted by points . Of course , 
t i t les can also be placed above or below the graph. 

If m o r e than one curve or set of data is to be printed, the basic 
routine can be modified by repeat ing s ta tements 5 through 8 once for each 
ext ra curve , making appropr ia te changes in var iab les and using a different 
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plotting c h a r a c t e r in each CALL GRAPH statement to distinguish the 
cu rves . F o r a l a r g e r number of cu rves , a more convenient form would 
be: 

1 WRITE ̂ UTPUT TAPE 3,23 

2 WRITE ̂ UTPUT TAPE 3,21 

3 D^19I=1,102 

4 WRITE ^ U T P U T TAPE 3,22 

5 D^18K=1,M 

6 NK=N(K) 

7 D^17J=1,NK 

8 IF(I-L^CY(J,K))17,9,17 

9 G ^ T^(10,12,14,16),K 

10 CALL GRAPH(L^CX(J,K),3,1H*) 

11 G 0 T ^ 17 

12 CALL GRAPH(L^CX(J,K),3,1H+) 

13 G ^ T ^ 17 

14 CALL GRAPH(L^CX(J ,K) ,3 ,1H|) 

15 G ^ T ^ 17 

16 CALL GRAPH(L^CX(J,K),3,1HX) 

17 CONTINUE 

18 CONTINUE 

19 CONTINUE 

20 WRITE ^ U T P U T TAPE 3,21 

21 F O R M A T ( 1 2 0 H [ 1 8 spaces] [l02 dots]) 

22 F O R M A T ( 1 2 0 H [ 18 spaces],[lOO spaces].) 

23 FORMAT (IHI) 

The above has been coded for up to four cu rves , but can be extended 
for m o r e in an obvious m a n n e r . In this example , if there a r e always four 
cu rves , the var iab le M, the niamber of cu rves , can be replaced by the con­
stant 4, but M may also v a r y between 1 and 4. Here N(K) i s the number 
of points for the K'th curve , and L^CX and L^CY a r e now two-dimensional 
a r r a y s . Now, for each l ine, the en t i re L^CY a r r a y is scanned, and when 
a cor respondence with the cu r r en t line number is found, a computed G ^ Ty 
se lec ts the CALL GRAPH s ta tement containing the c o r r e c t plotting c h a r ­
ac te r for the given curve . 



One precaut ion that should be observed m the choice of plotting 
c h a r a c t e r s i s to choose those that a r e symmetr ica l ly disposed within their 
allotted spaces . For example , a dot is not suitable for use as a plotting 
cha rac t e r because it appears near the bottom of i ts space. Thus, a curve 
plotted -with dots would appear ar t i f ic ia l ly low compared to curves plotted 
with other c h a r a c t e r s . 

Note: In these coding sequences two or m o r e CONTINUE s ta tements in 
sequence have occasional ly been used for exposi tory convenience. The 
ex t ra s ta tements have no effect on the object p rog ram, but can be elixni-
nated if des i red . 

ASSIGNING COORDINATES AND SCALES 

This sect ion will deal with the p rob lem of assigning coordinates 
to the points , and assigning and print ing scale m a r k i n g s . There a re ob­
viously a l a rge number of ways of doing th is . Therefore^ we shall not a t ­
tempt to consider all poss ib le methods , but only those which have been 
actual ly used and proven. Since both coordinates of each point a r e supplied 
to the graph-plot t ing routine in the form of in t ege r s , the techniques he re 
descr ibed can be used to se t up both axes . However, there is one differ­
ence . The FORTRAN bui l t - in subrout ines which convert floating-point 
numbers to in tegers do not round off, but m e r e l y t runca te . Since rounding 
off is des i rab le for max imum plotting smoothness , the GRAPH subroutine 
h a s provis ions to accompl i sh i t . F o r the Y axis , the following function 
subprogram will convert a floating-point number to an integer with rounding: 

FUNCTION LEVEL (X) 

LEVEL=XINTF(X) 

IF(M^DF(X, 1,0)-0.5)2,1,1 

1 LEVEL=LEVEL+1 

2 RETURN 

There a r e , as ment ioned, a l a rge number of ways of assigning c o ­
ord ina tes and sca l e s , and the choice of a pa r t i cu la r one depends on the n a ­
tu r e of the data and the fea tu res of the graph that a r e to be emphasized. 
However, t he re a r e a couple of genera l considera t ions which apply to all 
c a s e s . F i r s t , to take fullest advantage of the available resolut ion, the 
plotted points should be sp read over p rac t i ca l ly the full extent of the graph. 
Thus, it i s des i rab le to have the scaling of the graph de te rmined by the 
range of the data to be plotted. Secondly, if sca le mark ings a r e to be 
p laced on the graph, the scal ing mus t be such as to give an in tegra l num­
ber of spaces between the m a r k i n g s . 



The s imples t graph-plot t ing applications a r e those where the in ­
dependent var iab le goes in d i s c r e t e s teps . These include plots of r e s idua l s 
from leas t squares fits and of flux and power plots from r e a c t o r s ta t ics 
codes, where the independent var iable can be taken as the number of the 
point. In such cases the p rogramming is simplified by having the independ­
ent var iab le run ve r t i ca l ly . This is n e c e s s a r y in any case if the number 
of points is g r ea t e r than 101. 

F o r i l lus t ra t ion , a s imple routine for plotting the res idua l s from 
a leas t squa re s fit will be shown. Given is an a r r a y RESID(I) with N m e m ­
b e r s containing the r e s i d u a l s . 

1 RESMAX=0,0 

2 D^3I=1,N 

3 R E S M A X = M A X 1 F ( R E S M A X , A B S F ( R E S I D ( I ) ) ) 

4 R E S M A X = R E S M A X * 1 . 0 5 

5 B ^ U N D = I O O . O / R E S M A X 

6 WRITE ̂ UTPUT TAPE 3,12,RESMAX 

7 WRITE ^UTPUT TAPE 3,13 

8 D^10I=1,N 

9 WRITE 0UTPUT TAPE 3,14,1 

10 CALL GRAPH(LEVEL(100.0+RESID(I)*B^UND),3,1H*) 

11 WRITE ^ U T P U T TAPE 3,13 

12 FORMAT(15H1 RESIDUAL PL^T ,F10 .4 ,11H FULL SCALE) 

13 FORMAT(120H[ 18 spaces] [102 dots]) 

14 F^RMAT(I18,102H .[49 spaces],[49 spaces],) 

S ta tements 1 through 5 es tab l i sh the sca le and the r ema inde r a r e 
used to plot the graph. Here full scale on the graph is made 5% g r e a t e r 
than the l a r g e s t absolute r e s idua l in o r d e r to keep al l points well inside 
the edge. This graph contains a v e r t i c a l dotted line down the center to 
se rve as a zero ax i s , because both posi t ive and negative res idua l s will 
occur . The va r iab le RESMAX is p r in ted out as the fu l l -scale coordinate 
of the X ax i s . K it i s des i r ed to round it off, or to pr in t other scale 
m a r k i n g s , this can be done with methods yet to be shown. 

Two typical scaling methods will now be shown. The f i r s t to be 
p re sen ted will i l l u s t r a t e logarithaxiic plotting on the ve r t i ca l axis with 
scale m a r k s p laced at eve ry decade. This i s the method used in the f i r s t 
sample graph . Assume the a r r a y Y(l) contains the base 10 logar i thms of 



the o r d i n a t e s of the N p o i n t s to be p l o t t e d , wi th YMAX and YMIN be ing the 
m a x i m u m a n d m i n i m u m , r e s p e c t i v e l y , of t h i s a r r a y . A l s o a s s u m e t h a t 
the a r r a y L ^ C X ( I ) c o n t a i n s t h e a b s c i s s a e of the p o i n t s a l r e a d y in i n t e g e r 
f o r m r e a d y for p l o t t i n g . T h e n the cod ing b e c o m e s : 

1 SPAN=YMAX-YMIN 

2 N P D E C = X F I X F ( 1 0 0 . 0 / S P A N ) 

3 S C A L E = F L ^ A T F ( N P D E C ) 

4 I N I D E C = 2 + X F I X F ( M ^ D F ( Y M A X , 1.0)*SCALE) 

5 ^ R I G I N = I N T F ( Y M A X ) + F L 9 i A T F ( l N I D E C ) / s C A L E 

6 INDEX=XINTF(YMAX)+1 

7 D ^ 8 I = 1 , N 

8 L ^ C Y ( I ) = L E V E L ( ( ^ R I G I N - Y ( I ) ) * S C A L E ) 

9 WRITE ̂ UTPUT TAPE 3,23 

10 WRITE ̂ UTPUT TAPE 3,24 

11 D ^ 2 1 I = 1 , 1 0 2 

12 I F ( X M ^ D F ( I - I N I D E C , N P D E C ) ) 1 3 , 1 5 , 1 3 

13 W R I T E ^ U T P U T T A P E 3,25 

14 G ^ T ^ 17 

15 INDEX=INDEX-1 

16 W R I T E ^ U T P U T T A P E 3 ,26 , INDEX 

17 D ^ 2 0 J = 1 , N 

18 I F ( I - L ^ C Y ( J ) ) 2 0 , 1 9 , 2 0 

19 C A L L G R A P H ( L ^ C X ( J ) , 3 , 1 H * ) 

20 C O N T I N U E 

21 CONTINUE 

22 W R I T E 0 U T P U T T A P E 3,24 

23 F O R M A T (1 H I ) 

24 F ^ R M A T ( 1 2 0 H [ 1 8 s p a c e s ] [ l 0 2 dots]) 

25 F ^ R M A T ( 1 2 0 H [ 1 8 spaces ] . [ lOO s p a c e s ] . ) 

26 F ^ R M A T ( 5 H 1 . 0 ( 1 3 , 1 1 2 H ) — — — — [ l 0 0 s p a c e s ] - ) 

In t h i s p r o g r a m , s t a t e m e n t 1 d e t e r m i n e s the r a n g e of l o g a r i t h m s 
c o v e r e d . S t a t e m e n t 2 e s t a b l i s h e s t h e i n t e g r a l n u m b e r of l i n e s o c c u p i e d by 
one d e c a d e N P D E C , s t a t e m e n t 3 o b t a i n i n g t h i s in f l o a t i n g - p o i n t f o r m a s 
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SCALE. Statement 4 obtains the line ntunber INIDEC on which the f i r s t 
decade m a r k is to appear . Here the 2 is provided to space the points away 
from the ex t reme top edge. Statement 5 obtains ^RIGIN, the value of Y 
corresponding to the line just above the top line of the graph, while s t a t e ­
ment 6 obtains INDEX, an integer one g rea t e r than the power of ten to be 
pr in ted at the f i r s t decade m a r k . The D ^ loop consist ing of s ta tements 7-8 
then as s igns line number s L^CY to the var ious points . The graph is then 
plotted in the m a n n e r previous ly desc r ibed . Statement 12 t e s t s each line 
to de te rmine whether it is an even decade. If i t i s , INDEX is dec reased by 
one and pr in ted a s a scale division in place of the no rma l border dots . It 
will be noted that a dash is used as a sca le m a r k e r since it is centered in 
i ts space . If de s i r ed , a scale l ine could, of course , be pr in ted a c r o s s the 
whole graph. 

When the range of the data is l e s s than two decades , the previous 
scheme is not too good, since in many cases only one decade anark would 
be pr in ted and this would not be adequate to indicate the scale of the data. 
In fact, for v e r y smal l spans no decade m a r k s at all might appear . T h e r e ­
fore , another method, in which coordinates a r e pr in ted only at the top and 
bottom of the graph, was developed. This can be done for e i ther a l inear 
or logar i thmic sca le , but will be shown h e r e for the l a t t e r . This is the 
sys tem used on the second sample graph. 

The s imples t way to do this would be to pr in t the value of the m a x i ­
mum ordinate at the top line of the graph, and the value of the minimum 
ordinate at the bottom l ine . It would be des i rab le to t e rmina te these num­
be r s after just enough dec imal p laces to give a range of the des i red 
magni tude. F o r example , the max imum and min imum might be 0.99936 
and 0.99512, r e spec t ive ly . Then it would be des i r ab le to make the graph 
l imi ts 1,000 and 0.995, giving a range of 0,005. However, it woiild not be 
des i r ab le to raake the l imi t s 1.00 and 0.99, because this woxild give a range 
of 0.01 and the points would be bunched in the upper half of the graph. The 
des i r ed effect can be obtained by dividing the maximum and min imum by 
10-'-̂ , where L is the c h a r a c t e r i s t i c of the logar i thm of the difference b e ­
tween the max imum and min imum. The quotients a r e then t runcated to 
floating-point in t ege r s , 1.0 being added to the one for the maximum. Then 
these in tegers a r e mult ipl ied by 10-*-' to obtain the l i m i t s . If the minim-um 
is sma l l e r than the difference, this p rocedure will give a zero lower l imit , 
resul t ing again in points bunched at the top of the graph. Therefore , in 
such cases L is d e c r e a s e d by one and the p r o c e s s repea ted until a finite 
lower l imi t is obtained. F u r t h e r ref inements might be r equ i red for l inear 
plotting, where negative ord ina tes a r e admiss ib le . 

The following rout ine will p e r f o r m the above functions. Input is 
a s sumed to be the same as in the prev ious example . 
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1 DIFF=TENL^G(10.**YMAX-10.**YMIN) 

2 IF(DIFF)3,5,5 

3 L=XINTF(DIFF-1.0) 

4 G ^ T ^ 6 

5 L=XINTF(DIFF) 

6 T^PLIM=(INTF((10.**YMAX)/(10,**L))+1.0)*(10,**L) 

7 B^TLIM=INTF((10,**YMIN)/(10.**L))*(10.**L) 

8 IF(B^TLIM)9,9,11 

9 L=L-1 

10 G ^ T ^ 6 

11 T ^ P L 0 G = T E N L ^ G ( T ^ P L I M ) 

12 SCALE=(T^PL^G-TENL^G(B^TLIM)) / l 02 .0 

13 D^14I=1,N 

14 L^CY(I)=LEVEL((T^PL^G-Y(I) ) /SCALE) 

15 WRITE ^ U T P U T TAPE 3,28 

16 WRITE ^ U T P U T TAPE 3,29 

17 D^25I=1,102 

18 WRITE ^ U T P U T TAPE 3,30 

19 D^22J=1,N 

20 IF(I-L^CY(J))22,21,22 

21 CALL GRAPH(L0CX(J),3,1H*) 

22 CONTINUE 

23 IF(I-1)25,24,25 

24 WRITE ^ U T P U T TAPE 3 ,31 ,T^PLIM 

25 CONTINUE 

26 WRITE ^ U T P U T TAPE 3,31,B^TLIM 

27 WRITE ^ U T P U T TAPE 3,29 

28 F ^ R M A T ( l H l ) 

29 FORMAT(120H[ 18 spaces ] [102 dots]) 

30 F^RMAT(120H[18 spaces].[lOO spaces] .) 

31 F ^ R M A T ( 1 H + F 8 . 6 , 9 H — - — — - ) 



Here the function subprogram TENL0G is designed to adapt the 
existing l i b r a r y na tura l - log function to give base 10 logs and to a s s u r e 
the r e t u r n of ze ro for unity argument . 

FUNCTION TENL9iG(X) 

IF(X-1.0)3,2,3 

2 TENL^G=0.0 

G ^ T ^ 4 

3 TENL^G=0,4342944819*L^GF(X) 

4 RETURN 

In the preceding p r o g r a m , s ta tement 1 finds the logar i thm of the 
difference between the maximum and min imum. Statements 2 through 5 
de te rmine the cha rac t e r i s t i c , L Then the upper and lower l imi ts a r e 
de te rmined by s ta tements 6 and 7, Statements 8, 9, and 10 check for a 
ze ro lower l imi t and make appropr ia te co r rec t ions . Then the a r r a y 
L^CY is obtained and the graph is plotted. Statements 23 and 24 wri te 
the top coordinate on the output tape, while s ta tement 26 wr i t e s the bot ­
tom coordinate . 

These routines have been wr i t ten for one curve , but they can be 
extended to m o r e than one curve by methods previous ly descr ibed . In 
such c a s e s , of cour se , YMAX and YMIN a re the overal l maximum and 
min imum. These techniques can also be used to es tabl ish the horizontal 
coord ina tes . Ver t ica l coordinate l ines at var iab le horizontal locations 
can be eas i ly plotted with the GRAPH subroutine, but scale numbers at 
var iab le locat ions along the hor izonta l axis cannot be produced with these 
me thods . In the sample g raphs , the absc i s sae occur at f ract ional- inch 
i n t e rva l s , but it was des i r ed to show a cent imeter sca le . With such d i s ­
c re t e i n t e rva l s , a ss ignment of horizontal coordinates is v e r y s imple . How­
ever , since the inch and cen t imeter sca les a r e incommensurab le , producing 
the cen t imete r scale on the p r in t e r would not be sa t i s fac tory . Therefore , 
it was decided to have a s epa ra t e cen t imete r scale hand drawn and to 
place it on each graph and make a photographic image . This is economical 
because of the l a rge number of graphs to be p roces sed . The graphs shown 
h e r e have not yet been so t rea ted . 

The examples shown h e r e obviously cover only a smal l fraction 
of the poss ib i l i t i es inherent in these techniques . Such things as plotting 
in polar coordinates and other unusual coordinate sys t ems have not been 
touched upon. Ingenious p r o g r a m m e r s will -undoubtedly find many uses 
for these me thods . 



TIMING AND OPERATING CONSIDERATIONS 

Graphs such as those shown h e r e can be set up and wri t ten on tape 
in about 10 seconds after all n e c e s s a r y data a r e in s torage . This t ime is 
p r i m a r i l y taken up by tape mot ions . 

Actual machine opera t ions a r e unaffected by the use of graph plot ­
ting. The output tapes a r e p r in ted on P r o g r a m Control in the usual manner . 
The only precaut ion to be observed is that the automatic form skip mus t 
be off if the graphs extend over more than one sheet of the f o r m s . 
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APPENDIX 

AN J501, FORTRAN II Graph-plott ing Subroutine 
(SHARE Distr ibut ion 763) 

PURPOSE 

FORTRAN II subroutine to wri te a BCD reco rd on tape to pr int a 
se lected cha rac te r in a se lected posit ion in the field r ep resen ted by the 
las t 101 spaces on the off-line p r i n t e r . The posit ion of the cha rac te r i s 
specified by a fixed-point number . The r eco rd produced will not space 
the paper on the p r i n t e r . 

RESTRICTIONS 

This subroutine r e q u i r e s one on-l ine tape xmit and a pe r iphera l 
p r in t e r or pe r iphe ra l p r i n t e r s imula tor , 

USAGE 

The subroutine is cal led through use of the FORTRAN sta tement 

CALL GRAPH (M, N, IHX) 

Here M is the fixed-point var iable whose absolute value specifies the 
posi t ion of the plotted c h a r a c t e r . The range of the var iable is from 
0 to 200, with 0 r ep resen t ing the left edge of the plotting field, 200 r e p r e ­
senting the r ight edge, and in te rmedia te values represen t ing propor t ional ly 
in te rmedia te pos i t ions . N is the logical addres s (from 1 to 10) of the tape 
unit on which the r e c o r d is to be wri t ten, and X is the cha rac t e r which it 
i s des i r ed to plot . Since the subroutine does not space the paper , m o r e 
than one point may be plotted on a line by success ive en t r ies into the sub­
rout ine . Line spacing mus t be handled by appropr ia te WRITE OUTPUT 
TAPE s ta tements . 

Since only the l a s t 101 spaces on the p r in te r a r e available for 
plotting, the f i r s t 19 m a y be used for other pu rposes . The f i r s t space will 
always be used for c a r r i a g e control , so the next 18 spaces a re available 
for coordinates , legends , e tc . Legends and reference m a r k s can be pr in ted 
on the graph by use of WRITE OUTPUT TAPE s ta tements with appropr ia te 
Holler i th fo rma t s . 

Fifty-one s torage locat ions a r e requi red . 



METHOD 

The subroutine is p r o g r a m m e d in SAP language. It works e s s e n ­
tial ly by adding a constant to M and then dividing to find the number o£ 
s i x - c h a r a c t e r BCD words of blanks which should p recede the plotted 
c h a r a c t e r . (The f i r s t cha rac t e r of the f i r s t word is made a + to suppress 
spacing on the p r in te r . ) When the cha rac t e r to be plotted is gotten from 
the main p r o g r a m , it appears as the f i r s t cha rac t e r in a BCD word with 
the r e s t of the word filled in with blanks . This word is wri t ten on tape as 
the las t word of the r e c o r d after the cha rac te r has been rota ted into the 
p rope r posi t ion as control led by the remainder from the aforementioned 
division. 

Although the plotting range is 101 spaces or 100 in te rva l s , the 
range of M is made from 0 to 200 in o rder to allow a shifting and rounding 
operat ion to be pe r fo rmed . This is des i rab le to i nc rease the accuracy of 
plotting, since FORTRAN does not round when truncat ing a floating-point 
number to fixed point. An input-output delay o rde r is included to wait for 
tape disconnect before re turn ing control to the calling p r o g r a m as a p r e ­
caution in case the calling p r o g r a m uses the MQ immedia te ly . 

CODING INFORMATION 

Timing: The t ime in mi l l i seconds requ i red for one pas s through 
the subroutine is equal to 12.4 + 0.067 (M + 26). 

E r r o r stops: There a r e two e r r o r stops poss ib le with this sub­
rout ine . 

1. The p r o g r a m stops with HPR115,7g in the s torage r eg i s t e r if 
the absolute value of M is g r e a t e r than 200, The offending value then a p ­
p e a r s in the dec rement field of the accumxilator, and the index r e g i s t e r s 
a r e a s set by the call ing p r o g r a m . Pushing START re tu rns control to the 
calling p r o g r a m and no tape wri t ing is done. 

2. A divide check stop is poss ib le on a DVH o r d e r . However, the 
p rog ramming is such that the conditions for a divide check should never 
be r ea l i zed . Thus, such a stop would be an indication of machine m a l ­
function. 

C a r d s : The symbolic deck consis ts of 64 ca rds numbered 
J5010001-64. The binary deck cons is t s of four ca rds numbered 
ANJ50101-4, compr is ing a p r o g r a m card requi red by the FORTRAN II 
BSS Loader and th ree re loca table c a rd s containing the subroutine. 



ANJ501 REM 
REM 
FUL 
ORG 
FOR 
OCT 
PZE 
PZE 
BCD 
PZE 
REL 
ORG 
HTR 

GRAPH SXD 
CLA 
STA 
CLA 
STA 
CLA 
STA 

TAPE CLA 
ARS 
ADD 
STA 

COORD CLA 
SSP 
CAS 
TRA 
HOP 
ADD 
LRS 
RND 
LRS 
DVH 
STQ 
CHS 
ADD 
LRS 
nPY 
LLS 

0064 07209 
SUBROUTINE GRAPH 

0 
0f0t4 
675125473144 
5l»0»0 
0 
IGRAPH 
l»OtO 

0 
0 
GRAPH-1,1 
lf4 
COORD 
2.4 
TAPE 
3,4 
CHRCTR 
** 
18 
ADDRS 
SELECT 
#« 

MAX 
ERROR 

GAP 
19 

35 
SIX 
NOWRDS 

SIX 
35 
SIX 
35 

PROGRAM CARD 

CHECKSUM 
N0# OF WDS IN SUBR. 
NO COMMON STORAGE 
NAME OF SUBROUTINE 
ENTRY POINT 

START PROGRAM 
SAVE IRI 

PLANT LOC OF COORDINATE 

PLANT LOC OF TAPE UNIT NUMBER 

PLANT LOC OF CHARACTER 
GET TAPE NUMBER 

FORM TAPE ADDRESS 
PLANT TAPE ADDRESS 
GET COORDINATE 

IS COORDINATE TOO LARGE 
YES 
NO 

ROUND COORDINATE 

FIND NO OF BCD WDS PRECEDING MARK 
STORE NUMBER OF WORDS 

J5010001 
J5010002 
J5010003 
J5010004 
J5010005 
J5010006 
J501OO07 
J5010O08 
J5010009 
J5010010 
J5010011 
J5010012 
J5010013 
J5010014 
J5010015 
J5010016 
J5010017 
J5010018 
J5010019 
J501OO20 
J5O10021 
J5010022 
J5O10023 
J5010024 
J5010025 
J5010026 
J5010027 
J5010028 
J5010029 
J5010O30 
J5010031 
J5010032 
J5010033 
J5010034 
J5010035 
J5010036 
J501OO37 
J5010038 
J5010039 
J5010040 

c» 



CHRCTR 
SHIFT 

SELECT 

COPY 

ERROR 

ADDRS 
SIX 
MAX 
GAP 

FRSTWD 
BLANKS 
NOWRDS 
LASTWD 

STA 
LDO 
RQL 
STQ 
LXA 
WRS 
CPY 
CPY 
TIX 
CPY 
LXD 
lOD 
TRA 
HPR 
TRA 
PZE 
PZE 
PZE 
PZE 
BCD 
BCD 
BSS 
BSS 
END 

SHIFT 
** 
»« 

LASTWD 
NOWRDStl 
** 

FRSTWD 
BLANKS 
COPYfltl 
LASTWD 
GRAPH-lfl 

4»4 
77,7 
4f4 
128»0#0 
6»0»0 
OfOtZOO 
0»0f26 
1-t-
1 
1 
1 
0 

GET CHARACTER 
PLACE CHARACTER 

SELECT TAPE 

RESTORE IRI 
WAIT FOR TAPE DISCONNECT 
RETURN 
ERROR STOP 
ERROR RETURN 

J5010041 
J501O042 
J5010043 
J5010044 
J5010045 
J5010046 
J5010047 
J5010048 
J5010049 
J5010O50 
J5010051 
J5010052 
J5010053 
J5010054 
J5010055 
J5010056 
J5010057 
J5010058 
J5010059 
J5010060 
J5010061 
J5010062 
J501O063 
J5010064 


