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ABSTRAC T

This report describes a plotting package for use with the Tektronix
4014 graphics terminals on the Picatinny Arsenal COC 6500/6600 time
sharing system. The routines are used in conjunction with the TCS
(Terminal Control System) provided on the COC System, and are similar
to several standard Calcom p plotting routines .
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Introduction and Objective

In the course of his everyday duties , the research ennineer is
often called upon to use the digita l computer as a tool to assist
hi :~i in the solutior ’ of problems . One of the most difficult tasks
when employing the computer is to utilize the large quantity of data
that can he quickl y qenerateei. Through the use of interactive
ciraphics , massive tables of results can often be reduced to a sin gle
plot. (raphlcs properly employed can not only assist in data inter-
r,retation , hut can add instant documentation to a problem . The
package of subroutines presented here is offered for aenera l use
in the hope that the overall engineering effort will he made more
effective.

The routines are similar to CALCOMP plottin g routines but allow
more flexibility ~n defining the axes for graphs. This was done in
order that graphs could he made on si r i l ar scales for comparison pur-
poses . Before the potential user shies away from the use of graphics
believing it too difficult and time consuming to implement , he should
fir st look at the subroutine listed in Figure 2. This self-con-
t~ined routine will plot a signal as a function of time on a Tek-
tronix 4014 oraphics terminal. This particular subroutine inter-
actively requests the plot label and the signal units , initializes
the  graphics package and completes the plot. I’ sam ple of one such
resultino plot is shown In Figure 3. The program in Figure 1 was
used with the subroutine S!GPLT of Figure 2 to generate this DlOt.

It should he noted that the ~ut routine cIGPLT as Hsted , calls the
r i~it t i n e AX ISH to draw the axis. This causes fu- h~rdware character
nynorator to be used for the axis annotations and the axis labels.
Th rsp two calls could he replaced by n~1l~ to the rou t i n e  ~XIS~’.This wo uld necessitate the change also in the size parameter from the
integer variab~~ ISIZF to an appr onri aie va~uo of the real variable
~L’fl. These channes were made with ~AR = 0.15. The resultin o plot
from the modified SIGPLT is shown in Figure & In this case the axis
annotations anc’ labelin g were performed usino a software character
nenerator.

flnce a routine such as SIGPLT is written , iL can he easily modified
f’~ ne rforn sim ilar tasks in other proorarns . I believe , in fact , if a
con’nuter user nersistent ly makes use of a packace such as this one it
will soon hecor’e cecond nature to him. It will become as efficient
(a nd mid ~‘ore d~cirable) to obtain plotted results as it would hr to
rTPf 1i  cclv fni-ra tt .~d oii~ put

2

- - -—-

~

, .



Plottin~ Procedures

One need not be famil iar with TCS (the Terminal Contro l System
available on the ARRADCOM system ) to use the routines presented here .
The only routine needed from TCS is the subroutine INITT . This
routine must be called prior to the use of any other graphics routine .
The cal l is always the same as shown in Figure 2. The only parameter
in this call is the transmission rate and at present , all our graphics
terminals transmit at 300 baud . This routine will in itialize the
qraphics package and will erase the screen . The only other concession
to TCS is that the PRO~RAM stat2ment card In the user s main program
must contain the file names TAPE61 and TAPE62 in addition to any files
the user desires. An example of this appears in the sample oroclrar
of Figure 1.

The routines presented here are based on a common addressino
scheme . The Tektronix 4014 screen is approximately 10 inches hiqh
and 14 inches wide . All screen position data for these subroutines
will be given in inches measured from the lower left (the user ’ s
le ft) corner of the screen. The user will soon become adept at lay-
i~~q out his desired nicture on a sheet of paper and picking off an-
pr~oriate conrc4inate c for input to the various routines .

the rout ipec provided by this package Include routinec to nive ~~
u-~sor ~jth th~ beam on or off , to rescale the total pi cture , to cu t-

put vari ab le - r character strings, and t~ draw and grid either line ar
,r loqar~thm~i axes. Each routine that has a character drawing furcti on
a~~ociated wi Ll- it (eq. the linear axis routine ) has two separate
f . r”i~~. On - - form w ill use so4tware generated characters that can oe
writ ten w h o  ~nv size and orientation , but they require more time to
h~ drawn . The other form of the routine uses hardware characters .
T’ e l. ’ rdwaro character s can only be written horizona lly (at an ~nq~~
a’ 0 deqreos~ and are restricted to one of four standard s~ze3.ie~ le 1 shows the iidex and relative size characteristics for each
o( the standard hard~.dre characters . The use of hardware characters

~n~ l significantly reduce picture generation time if very much lab e1in ~
- , lid (

~~.

I procedure IS nrrv irt e~ to facil ’tate the in~or!Orat1on of th i s
ur~ , h ftS librar’  .~it the user ’ s compi led output. i~ the ~srr has
.IHOW ( d his oh~ect f i l p to go into the default VU file, he will need
oi ly  the follow i ri r i ’~ eruct .ive stater~~nt to add the uranhics reut~ne~
r 

~~ r~~:

I
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BEGIN , TEK , BR/HOOGTERP

The run file is then contained In the local file called TEK and may
be cataloged or may be run by simply typing:

TEK

It is worthy to note that the usage of the BEGIN statement as
described will obtain not on ly the required routines presented
here , but also any routines requi red from TCS.

In rev i ew , if the user has his program requiring graphics in the
editor , he may run it by simply typing the following commands:

RUN , FTFI , N
BEGIN , TEK I BR/ HOOGTERP
TEK

For the information of the more sophisticated user , the file names
L1fl and TEK used in the BEGIN/REVERT procedure are the first and
second default parameters in the procedure . The file names LGO1 and
T FK1 could be substituted for IGO and TEK respectively by using the
following form of the BEGIN statement:

BEGIN , TEK , BR/HOOGTERP , LGO1 , TEK 1

4



Plotting Routine D’;criotion s

The following pages describe briefly each of the sul routiri e~
available and illustrates how they should be called. These sub-
programs exist in object form in the nermanent lit ;rar v fib ~WTE~LICwith the ID HOOGTERP.

All variables used in the call descni~itions wil l conform to the
FORTRAN defaults to determine their type- . In other words , if a
sample variable begins with a letter I through N inclusive , the
corresponding user variable or constant m ust be of fixed point for-
mat (ie. an integer). If the variable in the description begins with
any other letter, the corresponding user variable or constant must
be of floating point format (ie. it must be a rea l value). The X
distance refers to the horizonal distance from the left edge of the
screen and the Y distance to the vertical distance from the lower
edge of the screen .

5
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PLOT

This routine is used to move the cursor from its present
position ~~~. any desired new position . The move is performed in a
straight line and can be accomplished with the beam either on or
off. This routine can also be used to insure that the output
buffer is dumped at a particular point in the program . The call for
the routine is:

CALL PLOT (x, V. IBEAM )

where

X - the x-coordinate to which the cursor is to be moved
(all the coordinates are in Inches from the l ower
left corner of the screen).

V — the y—coordinate to which the cursor is to be moved.

IBEAM - this variable controls the beam status during the
move and determines whether or not the buffer Is to
be transmitted to the terminal.

If IBEAM = 2 the beam is turned on during the nave ,
drawing a visible line .

If IBEAM = 3 the beam is turned off durir .g the move .
If IBEAM = 0 no movement is performed hut the buffer

contents are transmitted to the terminal.

1. 
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FACT

This routine enables the user to enlarge or reduce the size of
the entire plot. This can be accomplished by simply giving the scale
factor by which all coordinates are to be multiplied. This subroutine
need not be called. If it is not called , a default value of 1.0 is
use d for the scale fac tor. Generall y one wou l d not use thi s rout ine
if har dwa re charac ter wr it in g rout ines were use d si nce the si ze of the
hardware characters would not be altered by a call to FACT. The call
for thi s routine i s of the form:

CALL FACT ( SCALE )

where

SCALE - the ratio of the desired plot size to the norma l plot
s ize.

I
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SYMB j
This subroutine will place a string of characters at the specified

location on the screen . The characters are software generated and
lay have any height and he drawn at any desired angle. The characters
should be left justified in the array or variable. The routine may be
called with the following statement:

CALL SYMB (X , Y , H, CHAR , ANGLE , NCHAR)

where

X , V - the screen coordinates , in i nches , of the l ower le ft-
hand corner (before character rotation ) of the firs t
character to be produced .

H - the height in inches , of the characters to Lie plotted .

CHAR -• name of a variable or array containing the text to be
plotted .

ANGLE - the angle , in degrees, measure d coun terclo ckwis e ~ro,n
the X-axis , at which the annotation is to be plotted.

1~CHAR — the nianber of characters in the array to he niutted .

R
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HSYMB

This routine is similar in function to the subroutine SYMB .
This routine , however , uses hardware characters instead of the soft-
ware characters generated by SYMB . As a result HSYMB can only print
characters hori zonally (equivalent to setting ANGLE 0 in SYMB).
This routine Is also limit ed to a selection of four character sizes.
The exact dimensions of each size are given In Table 1. As wi th SYMB
the text should be left justified . The call for HSYMB Is:

CALL HSYMB (X, V . ISIZE , CHAR , N CHAR)

where

X , V - the screen coordinates (in inches ) of the lower left
corner at the first character to be printed .

ISIZE - the size of the hardware character hi L used (1-4
where 1 is the largest size).

CHAR - variable or array containing text to t.° printed .
NCHAR - the nisnber of characters to be printed .

NOTE : This routine has one less parameter that its software char-
acter generating counterpart , SYMB

.9
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NUMB

This routine takes a floating point variable or constant , con-
verts it to a character string and uses SYMB to place its value on
the screen at the specified location . The software character capabilit y
of SYMB is extended through this routine to the drawing of numbers .
The call for NUMB is as follows :

CALL NUMB (X , Y , H, VAL , ANGLE , N)

where

X , Y - the x and y screen coordinates (in inches ) of the
l ower lef t corner of the p lot ted num ber.

H - the height in inches of the number to be drawn .

VAL - the floating point number to be drawn .

ANGLE - the angle , in degrees , measured counterclockwise
from the x-axls, at which the number is to be
plotted .

N - If N)0, it specifies the number of digits to the
right of the decima l point to be d rawn .

If N=O, no digits will be drawn to the right of
the decimal point.

If -1 , the decimal point will also be suppressed .

10
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HN UMB

This routine performs similarly to NUMB with the exception that
the hardware character routine HSYMB is called to actually place the
number on the screen. The size and angle restrictions of H~YM6 applyhere also. The call for HNLJMB is:

CALL HNLJMB (X , V , ISI ZE , VAL , N)

where

V - the screen coordinates (in inches ) of the lower left
corner of the number printed.

ISIZE — the hardware character size (1-4 where 1 means the
largest size).

VAL - the floating point variable or constant to be
printed.

N - the number of digits desired to the right of the decimal
point (for N<t) the decimal point will also be sup-
pressed).

NOTE: The angle parameter included in NUMB is not available in this
routine.

11
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AX I S M

T hi s sub rou ti ne allows the user to have one ax i s of a oraoh
drawn and labeled with a single call. The axis can be drawn at
any angle and software characters are used for labeling. Two s i zes
of tic marks are generated wi th the smaller one appeari ng between
axis annotations and a larger one placed at each annotated point.
Th is routine is called by:

CALL AX ISfl (X ,V ,AL!’B ,NLAr~,ALEN ,At4 G ,A~1IN ,SCALE ,l~LAR .NTICM ,
LREP ,IDP)

~-ihc ~
X — x coordinate of axis origin.

V — y coordinate of axis origii .

- array or variahle containing axis label.

NLAB - num ber of characters in axis label .
If rILAR<. 0 the labeling wil l be done on the clock-

wise side of the axis.
If NL AF~)fl the labeling is done on the counter-

clockwise side.

- lenoth of axis (inches).

— ~nole to axis measured counterclockwise from the screen
x-axis in denrees .

P. ’.1 J~ — rnjnjriurr va lue on ax is .

~C1~LE — scale factor on axis (units/inch)

HLAP - height (in inches ) of axis label and axis annotation
(PL/\ B = (1, no lahelini).

NTIC?1 - number of tic mark intervals.

LPEP - label repeat cycle (number of tic mark intervals per
axis annotation ).

ILE - number of digits after decima l point, in axis annotation.

1~’ 
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AX I SH

This routine is similar to AXISM in that it allows the user to
draw and label one axis of a graph wi th a single cal l . This routine ,
howeve r, utilizes the hardware characters . As a result the time to
draw and label the axis is lessened considerably at the cost of some
flexibility. The call is very similar to the call of AXISM with only
the character size parameter changing . Also , the angle entered is
rounded to the nearest multiple of 90 degrees and either a vertica
or a horizontal axis is then drawn . The label for a vertical axis will
run vertically from top to bottom. This subroutine also generates
two sizes of tic marks . Smaller ones appear between axis annotations
and larger ones are placed at each annotated point . The call for
this routine is:

CAt AX I SH(X ,Y,ALAB ,HLAB ,ALEN,ANG,AMIN,SCALE,JSIZ E ,N TIC M ,
LREP , IDP)

where

X , V - coordinates of axis origin.

ALAB - array or variable containing axis label .

NLA B - number of characters in axis label .
if NLAB <M the labeling will be on clockwise si de of axis.
if NLAB>O the labeling will be on counterclockwise side .

ALEN - length of axis (inches).

AUG - angle to axis measured counterclockwi se from the screen
x-axis in degrees.

AMIN - minimum value on axis.

SCALE - scale factor on axis (units/ inch).

ISIZE - the size of the hardware characters to be used (1-4 where
1 is the largest size).

NTICM - number of tic mark intervals.

LREP - label repeat cycle (number of tic mark intervals per axis
annotation).

lop - number of digits to the right of the decimal point in
axis annotations .

13 
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LOGAX

This routine will draw an axis with a logarithmic scale , using the
software character generating capability . The user is allowe d to Se-
lect the angle at which the axis is to be drawn but the labeling size
is selected for him. The calling statement is of the form:

CALL LOGAX (X ,Y ,ALAB ,LCNT ,ALEN,ANG ,EXPMX ,SCALE)

where

X - x coordinate of axis origin.

Y - y coordinate of axis origin.

ALAB - array containing the axis label .

LCNT - number o~ characters in axis label (sign convention
same as that in AX I SM and AXISH) .

ALEN — length of axis (inches).

ANG - angle to axis measured counterclockwise from the
screen X axis in degrees.

EXPMX - maximum exponent value (maximum power of 10).

SCALE - number of inches per cycle along the axis.

14 
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LOGAXH

This subroutine draws either a vertical or a horizontal axis wi th
a logar i t lunic scale. The letter i ng is done using the hardware char-
acter generator on the Tektronix 4014. As in LOGAX the character
size for labeling is not available for selection by the user. The
call  for this routine Is:

CALL LOGAXH (X ,Y ,ALAB ,LCNT ,ALEN ,ANG,EXPMX ,SCALE)

where

X , V - the origin of the axis (in inches).

ALAB - the axis label .

LCN1 - the number of characters in the label (sign con-
vention same as that in AXISH and AXISM).

ALEN — length of axis (in inches).

ANG - angle of axis (0 for horizonal; otherwise vertical).

EXPMX - maximum exponent value (maximum power of 10).

SCALE - scale factor for axis (inches per cycle).

-- . . —. 
- - -
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LOGR O

This subroutine can be used to draw grid lines on a graph .
The grid lines can have either a linear or a logarithmic spacing .
One call to LOGRD will produce one set of grid lines. For example,
one call is needed for the horizonal grid lines and another for the
vertical gri d lines . The rou ti ne is use d with the fol lowin g cal l :

CALL LOGRD (XORG ,YORG ,GRLEN ,AXLEN ,SCAL ,AN G)

where

XOR G,VORG - the origin coordinates for the corresponding axis.

GRIEN - length of grid lines (~‘O for counterclockwise from
correspon d in g ax is ; < 0 for clockw i se) .

AXLEN - length of corresponding axis in inches .

SCAL - if SCAL > 0 then this is the scale factor forcorresponding logarithmic axis (inches/
cycles) .

if SCAL( 0 then the absol ute value of SCAL is used
as the spacing for a linear grid (in inches).

ANG - angle of corresponding axis (degrees counterclock-
wise from X-axis).

An example might prove beneficial in this case. Let us presume we
hove just drawn linear x and y axes of length XLEN and VLEN respectively
and assume also that they are parallel to the respective screen x and
y axes . Then the horizonal grid lines (those corresponding to the
vertical y axis) can be generated with the following call:

CALL LOGRD(X ORG ,YORG ,-XLEN,VLEN ,-DELV ,90.)

where DELY is the desired spacing of the grid lines in inches.

The call for the vertical grid lines (those . .i~rrespond ing to the
hor i zona l x ax i s) i s as follows:

CALL LOGRD(XORG,YORG ,YL EN ,XLEN ,-DEL X ,O.)

where DELX is the desired linear spacing of the vertic al grid lines
in inches .

16 
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PREP

This subroutine is used by NU~IB and HNIJMB . This routine does not
nerform graphics but is included just the same. The subroutine converts
a rloatinq point number Into a left justified character string . This
strinn of characters can then be output wi thout formatting .

The number of dinits to the right of the decimal point is specified
by the user and the decima l point can be suppressed if desired . The
length of the character string is returned along with the string it-
sel f. The call for this routine is:

CALL PREP (VAL , N, STRG , LEN )

where

VAL - the floating Point number to be converted to a char-
acter string .

N - the number of digits desired to the riaht of the de-
c imal place .
If N ~ (1, the decimal point is not placed in the char-

acter string.

STP.C~ - output string of characters to represent numLer.

LPI - lenath of output string (number of characters).

17 
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SANPL(

PROGRAM SA MPIE(INPUT ,OUTPUT ,TAP€6t.TAPEb2 )
DIMENS ION TIME (L0O),SIGNAL (100)
CALL CONN(C~SL 1NPUT )
CALL CONNEC (bLOUTPUT )
NPO I NT~ 100

C
C CONSTRUCT SA MPLE SIGNAL
C

00 10 l~~1.NPOINTTIME~ I)= (1—1 )/lO .
SIGNAL (J)~ SIN (0.62A~ TI M ((I) )

10 CONTINUE
CALL SIGPLT (—1 ,,I. ,TIME ,SIGNAL,NPOINT)
STOP
END

Figure 1 Thmple Main Program

18 
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SIG PLT

C
C THIS SUBROUTINE PLOTS THE SIGNAL SPECIFIED AS A
C FUNCTION OF TI NE.
C
C

SUk~RO UT IW E SIGPI T (AM IN ,AMAX ,TIME ,SIr ,NA L ,N POINT )
DIMENSION T IMU (I) .SIGNAI (1) ‘LABEL (5)
DATA L48T.IIJPIITS /L O H T IME — SEC ,IOHAM PL ITUOE /
DATA )(OPG.YORG /1.5,2.0/

C
C USER ENTERS L ABEL AND SIGNAL AX IS LIM ITS
C

PRINT 101
1 01 FORMAT (° ENTER PLOT LABEL )

READ 102 .LA PEI
102 FORMAT (5 A )O )

PRINT 100,A MIN .AM A X
1 00 FORMAT (~ M IN IM (JM VALUE =~~,FLO .4,’ MAXI MUM VALUE ~~~~~~~~~

* AXIS MIN AND MAX • *,/)
READ ,YM IN ,YMA *
TMA X INT (TI ME (NPO INT ) • 3.99) / 4 * 4
SCAL T~ TMA x /12 . • 0.001
SCAI Y (YMA X— YMIP4 ) / 8.

C
C INITI A LIZE GRAPHICS PACKAG E , PLOT TIME AXIS , THEN V AXIS.
C

CALL INITT ( 300)
CALL 4XTSH (1 .5.~,.,LABT,—9,l2 .,o. ,0..SCALT.2,$,2,L)
CALL A XISH (1.5 .?.,LUNITS ,lC ,R .,90.,YMIN ,SCALY ,2 ,8 ,2 ,1)
T T I ME (1)/SCAIT • XORG
Y (SIGNAI( 1)—YMIN ) / SCALY • YOPG

C PLOT SIGNAL A S FUNCTION OF TIM E

CALL PL-)T(T .V,3)
00 ‘0 I=2.NPOIN T
TT TI M E C I )  / SCALT •
Y (SIr4NAL (I) — YM IN ) / SCALY •
CALL PLOT (T ,Y ,?)

40 CONTINUE
CALL HSYMB (4 ,,L. ,2 ,LABF L ,50)

C
C TRANSMIT TOTAL PICTURE TO SCREEN ANI) PLACE TERMINA L
C IN WAIT STATF. THIS ALLOWS A CLEAN COPY TO BE MADE .
C THE PROGRAM WILL CONTINUE WHEN ANY ‘~llJMBER IS ENTERED.
C

CALL PIOT (O.,O..— 3)
READ 0 .D UM
RETUR N
END

Fl ~i~re 2 Subroutine to Plot Time Signal

19
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