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1. Introduction -9 and -10 modes. The monochrome graphics
adapter (MGA) will only support screen 10

The graphics capabilities of PC-BASIC are mode.
not sufficient to display data effectively. Low-
level commands in BASIC such as DRAW, 2.2 Options
CIRCLE, and LINE1 simply cannot be readily
used to plot data. Because of the continual in- Although all the routine needs from the
crease in the use of personal computers (PC's), user is an array, many options can be specified
and the need for readily available graphics in to control the appearance of the plotting. These

data processing, a sufficient plotting routine options, listed in table 1, can be specified any-
had to be written, where in the main program. The "aspects" of the

This routine results from years of experience graph which can be controlled are listed below.
with the handling and display of data on com- 1. Window-the minimum and maximum
puters. It contains the options and versatility values, or "span," of the graph; includes the
needed for most software plotting applications, horizontal (x-axis) and vertical (y-axis) min-

inum and maximum values.

2. Description 2. Viewport-the portion of the terminal
screen the graph will be displayed in; i.e., the
size and location of the graph on the screen are

2.1 General Description specified in terms of pixel coordinates.
3. Tics-number of divisions of the grati-

This BASIC routine graphsanarray/wave- cule; specified for the x-axis and the y-axis; the
form on the terminal screen in an autom .ically number of vertical and horizontal tics can be
generated and scaled graticule. It produces lin- specified.
ear plots and uses engineering-unit scaling, i.e., 4. Labels-the numbers printed on the
scaling to powers of 10 in multiples of 3. It uses screen to signify the value of the plot at each tic
enhanced graphicsadapter(EGA) BASICscreen- mark, and the units of each axis which are
9 or -10 mode graphics, which give a 640 x 350 printed; the number of digits the labels .ontain
pixel resolution, or screen-2 or -8 mode graph- can be specified.
ics, which give a 640 x 200 pixel resolution. 5. Colors-the colors of each of the follow-

In order to use this graphics routine, cer- ing can be specified:
tain computer requirements must be filled. One (a) Graticule-the grid the trace is dis-
must have a computer which is IBM-PC com- played in.
patible, which has minimum processor require- (b) Trace-the "curve" drawn on the grati-
ments, such as that of an IBM-XT, and which has cule, which represents the actual waveform.
a version of the BASIC operating system. For (c) Labels--explained above.
nominal performance it is recommended that it An additional term which needs defining
have a coprocessor. In addition, the computer is pixel-the smallest unit of discernible graph-
must have a graphics monitor and a graphics ics on the terminal screen; e.g., in screen-9 mode,
card such as Hercules, computer graphics the screen consists of 640 x 350 pixels.
adapter (CGA), or EGA, to name a few. In GW- If not specified, each option reverts to its
BASIC, the CGA will only support screen-2 default value. For example, if the window is not
mode whereas the EGA will support screen-8, specified, it is autogenerated to give a trace

which is full scale in the graticule and labels

'Microsoft G W-BASIC Interpreter for the MS-DOS which are "nice, round" numbers. Not specify-

Operating System, Version 3.2, Microsoft Corporation ing the number of tics will have the routine auto-

(1986). matically comp,,P the correct number of tics to

- 5



Table 1. Options

Plot Range Variable Descripton
aspect name

Window 1012 to XWINDMIN Minimum value the x-axis will have;
1015 default is 0

XWINDMAX Maximum value the x-axis will have; default is
largest x-value of the trace

YWINDMIN Minimum value the y-axis will have
YWINDMAX Maximum value the y-axis will have

Viewpoint 1 to 639 XVIEWMIN Leftmost horizontal pixel coordinate the graticule
will have

XVIEWMAX Rightmost horizontal pixel coordinate the graticule.
will have

I to 349 YVIEWMIN Vertical pixel coordinate the upper side of the
graticule will have

YVIEWMAX Vertical pixel coordinate the lower side of the
graticule will have

Tics 0 to 20 XTICS Number of divisions to make in the graticule's x-axis
YTICS Number of divisions to make in the graticule's y-axis

Labels 1 to 8 XDIGITS Number of digits the labels of the x-axis will have
YDIGITS Number of digits the labels of the y-axis will have

Colors 0 to 15 COLORGRA Color of the graticule
COLORLAB Color of the labels -1 is black or
COLORTRA Color of the trace .-draw on each

use, based upon the viewport and the window sists of a 512-element array with a sampling
specifications. In addition, in case of errors or interval of 9.7656 x 10-. In figures A-1I through
incorrectly entered values, default values are A-13 the plots display a 512-element array with
assigned. Also, options specified as noninteger a sampling interval of 1.9531 x 10-, along with
are rounded to the nearest integer except for the theaforementioned waveform. FigureA-14 con-
window parameters and sampling interval. tains a plot of two different waveforms on the

Thereare also variables that are associated same graticule. Every waveform has the vari-
with the waveform, rather than with the plot- ables HORZUNTr$ AND VERTUNIT$ set to
ting. These include the sampling interval, hori- "S" and "V," respectively.
zontal units, and vertical units. They do not In order for the routine to function prop-
have to be specified and are listed in table 2. erly, a different scheme for printing numbers

Sample outputs with the various options had to be devised. This is described in appendix
set are given in appendix A. These are hard B. Also, a pseudocode of the entire graphing
copies, made directly from the terminal screen routine is given in appendix C, and the pro-
in screen-10 mode. In figures A-1 to A-10 the gram is listed in appendix D.
plots display the same waveform, which con-

6



Table 2. Waveform Data

Component Variable Description Range
name

Sampling interval SA Default is 1 10-37 to 103

Horizontal units HORZUNIT$ Default is no units displayed 10 characters

Vertical units VERTUNIT$ Default is no units displayed 10 characters

3. Uses and Limitations a point is found by multiplying the sampling
interval times the array-element number of the

As stated earlier, in order to work the rou- point of interest. The advantage of representing
tine needs an array (in the proper array name, a waveform in this way is that one conserves
ofcourse). The routineis called withtheGOSUB memory in the computer (about one half the
command and it then plots the waveform on memory space is saved). The most significant
the screen. Although the routine only takes one disadvantage of representing a waveform in
array at a time, it can be used to plot many this way is, obviously, that the waveform must
waveforms on the same graticule. This is easily have a uniform sampling interval, and thus,
done by first specifying the window and, sec- nonuniformly sampled waveforms cannot be
ond, by graphing each waveform separately, displayed.
using the color options to omit redrawing of However, if a waveform consists of several
graticule and labe]F. An example of two wave- sections with different sampling intervals, it
forms displayed on the same graticule is shown can be displayed with the routine. The proce-
in figure A-14 (app A). dure used is the same as that when plotting

In order to conserve memory in the com- more than one waveform, except that each dif-
puter, X-Y pairs are not used and only one array ferently sampled portion is used in place of a
is assigned to a waveform. The method of X-Y separate waveform.
pairs uses two arrays for each waveform. The In general, this graphics routine has two ap-
first array holds the horizontal, or X-axis, value plications: (1) it can be used simply to plot a
of each point and the second array contains the waveform which is in a computer or on a disk
vertical, orY-axis, value for each point. The two or (2) it can be a building block for a data
arrays are paired up to create X-Y pairs for each processing/acquisition package. It has enough
point of the waveform. In order to refrain from modulicity so that it can be easily placed into a
using X-Y pairs, one would use only the Y- software package that is being written in BA-
value array but also have a sampling interval, a SIC. In fact it is anticipated that the routine will
number which is the horizontal value between be used for this purpose in the near future.
each point of the waveform. The X-axis value of
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IE-3V
60 0-0---

400

200

-0200'

-400 -

-60Q _ _ - - - _ _u.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0
1E-6 S

Figure A-1. No options specified.

1E-3
600-----------------___ - ___

400

360 --_ _ _

240

120A

-120

-240

-3601

-480.1 _ _

600.0 Z5.0 16.0 15.0 -1o.5 25.0 30.0 35.0 40.0 45.0 50.0

1E-6 S

Figure A-2. YTICS=1O, YWINDMIN=-.6, YWINDMAX=.6.
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V
1.17

0.94

0.71

0.48 - ....--....

0.25- -o~oh / /k" j __ _ -
0.02-

-.21

-.44 -

-.67
-.90

-1.1 -0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0
1E-6 S

Figure A-3. YWINDMIN=-1.13, YWINDMAX=1.17.

1E-3 V

577 - - - - - - - - - - - - - -

465

353

241

129

AM
17 . . '"- --,

-5 Fiue 4 YWNDIN.53 Y.IN"-.X=,. 7
-207

-319 I

-43

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0
1E-6 S

Figure A-4. YWINDMIN=--.543, YWINDMAX=.577
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IE-3 V

600 -

200

0

-20 --C

-40C - - - -

-6-- --

.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
1E-6 S

Figure A-5. XWJNDMIN=O, XWINDMAX=lE-05.

IE-3V
600-- -- -__

400 -

200

0

-20- _ _

-40C

-60 - - -

.8 6.1 7.3 8.6 9.8 11.0 12.3 13.5 14.8 16.0 17.3
1E-6 S

Figure A-6. XWINDMIN=4.829E-,06, XWINDMAX=1.725E-05.
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VVv

Figure A-8. COLORLAB=-1, COLORGRA=-1.
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1E-3 V
600.00-------------------__ - -

400.00-

200.00

0.00

-200.00- -

-400.00-- - ___

-600.00
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0

1E-6 S
Figure A-9. YDIGITS=5.

1E-3 V
600.00- - -

400.00 --------------------- -

200.00

0.00

-200.00-___

-400.00-

900 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00

1E-6 S
Figure A-10. YDIGITS=5, XDIGITS=4.
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V

1.00 -

0.50-

0.00

-.50\

-1.0C
0.0 2.0 4.0 6.0 8.0 10.0

1E-6 S Figure A-11.XVIEWMIN=50,XVIEWMAX=300;
V First Waveform: YVIEWMIN=35, YVIEW-
1.00 MAX=140;SecondWaveform:YVIEWMIN=204,

YVIEWMAX=309.
0.50

0.00

-.50-1.00.-
0.0 10.0 20.0 30.0 40.0 50.0

1E-6 S

IE-3 V

577 - - - _ _-

297 - -

17

-263 Figure A-12. YWINDMIN=-.543, WWIND-
-543 - MAX=.577, XVIEWMIN=50, XVIEWMAX=300;

First Waveform: XVIEWMIN=35, XVIEW-
0.0 2.0 4.0 6.0 8.0 10.0 MAX=140; Second Waveform: YVIEWMIN=204,

1E-6 S YVIEWMAX=309.
IE-3 V

577

297

17 ±"" " ""

-263

-543
0.0 10.0 20.0 30.0 40.0 50.0

1E-6 S
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1E-3 V

600

300

0

-300t

-600
0.0 2.0 4.0 6.0 8.0 10.0

1E-6 S

1E-3 V Figure A-13. YWINDMIN=-.6, YWINDMAX=.6,

600 - - -XVIEWMIN=50, XVIEWMAX=3OO; First Wave-
form: XVIEWMIN=35, XVIEWNM=140; Second

300 AlAA NAWaveform: YVIEWMIN=204, YVIEWMAX=309.

0 V V

-300

-600
0.0 10.0 20.0 30.0 40.0 50.0

1E-6 S

1E-3 V
600-------------------------

440 - - A--

280

120

20 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0
1 E-9 S

Figure A-14. Two waveforms.
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In GW-BASIC, one can only print charac- consecutively, thenumbers mustbemadesmal
ters in certain discrete places on the screen, enough inside the 14 x 8 grid. Examples of
namely in an 80 x 25 grid. This is a major number designs are shown in figure B-2. The
weakness of IBM-type BASIC-characters numbers used here are 9 pixels high by 6 pixels
cannot be printed where desired. If one tries wide.
printing numbers to line up with graticule tic One of these numbers is printed when we
marks, their positions come out distorted. See move the graphics cursor to any of the 350- x
figure B-1. 640-element locations at which to begin print-

A remedy to this is to draw the numbers in- ing the number and use the DRAW command
dividually. To do this the numbers must first be to highlight the appropriate pixel pattern on
designed, each in a 14 x 8 pixel grid, the size of the screen. With the appropriate graphic string
the regularly printed numbers. For ample space for eaLh digit, an entire line of numbers can be
between the numbers when they are printed printed.

40

36

32

28

8

4

.2 .4 .6 .8 1

GHZ
Figure B-1. "Distorted" labels.
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Figure B-2. Examples of graphically produced numbers.
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Appendix C.-Pseudocode

Round option-variables to nearest integer except sampling
interval and window parameters.

See ii each value is within right limits.

Assign default values to the appropriate option parameters.

Auto-compute window and number of tic marks, if needed.

Compute default number of digits in the labels, if needed.

Compute labels.

Draw graph:

Draw graph border

Draw tic marks

Print labels (use graphically produced numbers described in app B)

Plot trace:

For I = 1 to WAVEFORMSIZE

Do a matrix conversion from each point's amplitude to screen coordinates

Draw a line to connect each point of the waveform

Next I

End
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10 REM GRAPHME.BAS
20 REM 4/89 N TESNY

30 REM THIS IS THE MAIN PROGRAM WHICH CALLS THE GRAPHING ROUTINE.

40 WFSIZE=1000

50 OPEN 1#'I",1,41FILE.DAT"'
60 DIM WAVEFORM(WFSIZE)

70 SA1lE-09
80 HORZUNIT~S=OS'

90 VERTUNITSz'SV"
100 YMINIMUM:1E+20:YMAXIMU4=-1E+20
110 FOR I= 1 TO WFSIZE
120 INPUT #1,WAVEFORM(l)

130 IF WAVEFORM(I)<YMINIMUM THEN YMINIMUJ4=WAVEFORM(I)

140 IF WAVEFORM(l)),YtAXIMUM THEN YMAXIMUM=WAVEFORMCI)

150 NEXT I

160 CLOSE #1
170 SCREEN 9

180 KEY OFF
190 CLS

200 GOSUB 5000
210 END
5000 REM4 ***** GRAPHME1.BAS
5010 REM 4/89 N TESNY
5020 REM GRAPHICS ROUTINE

5030 REM TAKE CINT OF ALL VARS, FIND DEFAULT VALUES: ........................

5040 XVIEWMIN2CINT(XVIEWMIN):XVIEW1AXCINT(XVIEWMAX)
5050 YVIEW#IN:CINTCYVIEWIN):YVIEWMAX=CINT(YVIEWMAX)

5060 XWINMN:0:XWINDMXs0:YWINDHN=0:YWINDMX=O

5070 IF XWINDMAX>XWINDMIN THEN XWINDMU7XWINDMIN:XWINDMX:XWINDMAX
5080 IF YWINDMAX>YWINDMIN THEN YWINDMN:YWINDMIN:YWINDHX=YWINDN4AX

5090 XNTICS:CINT(XTICS):IF XNTICS>20 OR XNTICS<O THEN XNTICS=O

5100 YNTICSzCINT(YTICS):IF YNTICS>20 OR YNTICS<O THEN YNTICS=O

5110 XNDIGITS:CINT(XDIGITS):IF XNDIGITS<O OR XNDIGITS>8 THEN XNDIGITS=O

5120 YNDIGITS=CINT(YDIGITS):IF YNDIGITS<O OR YNDIGITS>8 THEN YNDIGITSx0

5130 SANPINTV=SA:IF SAMPINTV=0 THEN SAMPINTV~1

5140 COLOGRAT=CINT(COLORGRA):IF COLOGRAT=O OR COLOGRAT>15 THEN COLOGRAT=7

5150 COLOTRAC:CINTCCOLORTRA):IF COLOTRAC=0 OR COLOTRA(>15 TREN COLOTRAC=12

5160 COLOLABE=CINT(C0L0RLAB):IF COLOLABE=0 OR COLOLABE>15 THEN C0LOLABE=15

5170 IF XVIEWMIN~xXVIEWMAX OR XVIEWMIN<O OR XVIEWMAX>640 THEN XVIEWMIN=80:XVIEWM

AXLS'6O
5180 IF YVIEW#IIN-zYVIEWR4AX OR YVIEWMJN<O OR YVIEWMAX>350 THEN YVIEWPIN=36:YVIEWM

AXx306
5190 REM COMPUTE WINDOW FOR GRAPH

5200 REM X-AXIS:

5210 XMAXIMUM=SAMPINTV*WFSI ZE

5220 IF Xi.TICS0=O T1IEIR
5230 IF XWINOMN,:XWINDMX THEN XWINDMN=0:XWINDMX=XMAXIMUM

5240 XSPAN=(XWINDMX-XWINDMN)/XNTICS

5250 REM COMPUTE XNDIGITS:

5260 IF XNDIGITSo0 OR XSPAN=0 THEN 5290

5270 XNDIGITS=3:IF XWINDMN/XSPAN>100 AND XWINDHX/XSPAN>100 THIEN XNDIGITS:4

247
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5280 REM Y-AXIS:

5290 NTICNOM=CINT((YVIEWMAX-YVIEWHIN)/(2*14))

5300 MAXzYMAXIMUM:M!N=YMINIMUM

5310 IF MIN<oAX OR YWINDMN<YWINDMX THEN 5360

5320 IF YNTICS<>O THEN NIICNOMsYNTICS

5330 MIN=MIN*(1-NTICNOM/200)

5340 MAXMAX*(I+NTICNOM/200)

5350 IF MINuD THEN MINu-.000001*INT(NTICNOM/2):MAX=-.000001*INT(-NTICNOM/2)

5360 IF YWINDMNYWINDMX AND YNTICS<>O THEN 5430

5370 IF YWINDMN< YWINDMX AND YNTICSu 0 THEN 5550

5380 IF YWINDMNu>YWINDMX AND YNTICSz 0 THEN 5640

5390 REM MODULE i: REM TICS AND WINDOW DEFINED

5400 YSPAN=(YWINDX-YWINDMN)/YNTICS

5410 GOTO 5790

5420 REM MODULE 2: WINDOW NOT DEFINED, #TICS SPECIFIED

5430 Yx(MAX-NIN)/YNTICS

5440 K-0

5450 REM ROUND Y UP TO NEAREST INTEGER:

5460 IF Y>10 THEN Y=Y/10:K=K+I:GCTO 5460

5470 IF Y<1 THEN Y=Y*10: K=K-1:GOTO 5470

5480 Yu-INT(-Y)

5490 YSPANI^K * Y

5500 YWINDMNZYSPAN*INT(MIN/YSPAN)

5510 YWINDMXxYWINDMN+YNTICS*YSPAN

5520 IF YWINDMX<CMAX THEN Y=Y*I:GOTO 5460

5530 GOTO 5790

5540 REM MODULE 3: WINDOW DEFINED, TICS NOT SPECIFIED

5550 IF NTICNOM<=5 THEN 5600

5560 FOR YNrICS=NTICNOM TO (NTICNOM-2) STEP -1

5570 YSPANz(YWINDMX.YWINDMN)/YPTICS

5580 IF YSPANxlPT(YSPAN) THEN 5610

5590 NEXT YNTICS

5600 YNTICS-NTICNOM

5610 YSPAN=(YWINDMX-YWINDMN)/YNTICS

5620 GOTO 5790

5630 REM MODULE 4: WINDOW AND #TICS NOT SPECIFIED

5640 ) AX-MIN)/N 1CNOM

5650 40

566ba ..EM ROUND Y UP TO NEAREST 1,2, OR 5:

5670 IF Y>10 THEN Y=Y/10:K=K+I:GOTO 5670

5680 IF Y<I THEN Y=Y*10: K=K-1:GOTO 5680

5690 YuINT(-Y)

5700 IF Yu1 OR Y=2 OR Y=5 OR Y=1O THEN 5730

5710 YxY+I : GOTO 5690

5720 REM FIND YNTICS, YSPAN:

5730 YSPAN1OAK * Y

5740 YWINDMNxYSPAN*INT(MIN/YSPAN)

5750 YWINDMXxYSPAN*-INT(-MAX/YSPAN)

5760 YNTICSx(YWINDMX-YWINDMN)/YSPAN

5770 IF YNTICS > NTICNOM THEN Y=Y+1:GOTO 5670

5780 REM COMPUTE YNDIGITS:

28
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5790 IF YNDIGITSo0 OR YSPANi0 THEN 5820

5800 YNDIGITSz3:IF YWINDMN/YSPAN>100 AND YWINDMX/YSPAN>100 THEN YNOIGITS:4

FJ10 YNTICS=CINT(YNTICS)
5820 REM THE ACTUAL WAVEFORM PLOTTING

5830 IF COLOGRAT0 THEN 6070

5840 REM DRAW GRAPH BORDER:
5850 DRAW "C"4STRSCCOLOGRAT)
5860 Xo-STRS(XVIEWIN)+,I+STRS(YVIEI4AX)
5870 DRAW 'IBM N+XS

5880 DRAW IIN *"+STRS(XVIEWa4AX-XVIWMIN).",0'*
5890 DRAW I'M *0,"+STRS(YVIEW*IIN-YVIE*MAX)
5900 DRAW I'M *"+STRS(XVIEWMAX-XVI EWNI N)+" ,0"
5910 DRAW I'M *0,"+STRS(YVIEWMAX-YVIEWMIN)
5920 REM DRAW X-UNIT TIC MARKS:
5930 FOR la1 To XNTICS-1
5940 XuXVIEWUIN+(XVIEW4AX-XVIEWMI)*I/)(NTICS
5950 XzCINT(X)

k5960 DRAW "SN ol4STRS(X)+","+STRS(YVIEWMIN)
*5970 DRAW "NM e0,H'STRSYVIEWMAX-YVIEWMIN)

5980 NEXT I
5990 REM DRAW 'V-UNIT TIC MARKS:
6000 FOR Iz1 TO YNTICS-1
6010 Y-YVIEWMIN+(YVIEWNAX-YVIEWMIN)*I/YNTICS

6020 Y=CINT(Y)

6030 DRAW "IBM "+STRS(XVI EWIN )+" ,"+STRS(Y)
6040 DRAW 'IN .".STRS(XVIEWMAX-XVIEWMIN)",0"I
6050 NEXT I
6060 REM COMPUTE SCALING FACTORS FON ENGIN. UNITS FOR GRAPH
6070 X=XWINDMX
6080 GOSUS 6760

*6090 XEXPONS=EXPONENTS :XFACTOR:1 OAX

6100 XzYWINDNX
6110 YzABS(YWINDMN):IF Y>X THEN XxY

6120 GOSUB 6760
6130 YEXPONS=EXPONENTS : YFACTOR=l 0AX
6140 REM PRINT X-LABELS:
6150 IF COLOLABE<O THEN .6540
6160 DRAW "IC"+STRS(COLOLABE)
6170 AXISTYPEw1:NDIGITSzXNDIGITS
6180 NDIGe4AXx3
6190 ImXWINDMX
6200 IF ABS(XWINDMN)>I THEN I:ABS(XWINDMN)
6210 IF I/XFACTOR<c100 THEN NDIGNAX=2
6220 IF I/XFACTOR<10 THEN NDIGNAX:1

6230 NUMBERxXWINDMN/XFAC7OR
*6240 XzXVIEWMIN:YxYVIEWIAX
*6250 GOSUB 6880:REN PRINT LABEL

6260 FOR TO1 TO XNTICS
6270 X-XVIEWMIN+(XVIEWMAX-XVIEWMIN)T/XNTICS
6280 XzCINT(X)

6290 NUMBERz(XWINOMN+XSPAN*T)/XFACTOR
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6300 GOSUB 6880:REM PRINT LABEL
6310 NEXT T

6320 Y:Y/14+2:IF Y>25 THEN Y=25
6330 LOCATE Y,(XVIEWMAX+XVIE~l1N)/16

6340 PRINT XEXPONS;HORZUNITS; :L0CATE 1,25

6350 REM PRINT Y-LABELS:

6360 AXISTYPEz2:NDIGITSzYNDIGITS
6370 NDIGKAXx3

6380 IxYWINDMX
6390 IF ABS(YWINDMN)>I THEN !=ABS(YWINDMN)

6400 IF I/YFACTOR<100 THEN NDIGMAX2
6410 IF I/YFACTOR<1O THEN NDIGMAXzl
6420 NUMBERzYWINOMN/YFACTOR

6430 XuXVIEWHIN:Y-YVIEWMAX

6440 GOSUB 6880:REM PRINT LABEL

6450 FOR Tal TO YNTICS

6460 Ys-YVIEWMAX-(YVIEWMAX-YVIEWM4IN)*T/YNTICS

6470 YmCINT(Y)

6480 NUIMBER=(YWINDMN+YSPAN*T)/YFACTOR
6490 GOSUB 6880:REM PRINT LABEL
6500 NEXT T
6510 XuXVIEWIN/8-LEN(YEXPONS+VERTUNITS):IF X41 THEN X:1
6520 YuYVIEWMIN/14-1:IF Y1l THEN Ya1

6530 LOCATE Y,X:PRINT YEXPONS;VERTUNITS
6540 REM PLOT TRACE:
6550 IF COLOTRAC<O THEN 6730
6560 DRAW "C"+STRSCCOLOTRAC)
6570 ARRAYPT1=CINT(XWINDMN/SAMPINTV)
6580 ARRAYPT2z INT(XWINDMX/SAMPINTV)
6590 IF ARRAYPTicI THEN ARRAYPTIml : STARTPOS~l
6600 IF ARRAYPT2>WFSIZE THEN ARRAYPT2=WFSIZE
6610 J:XWINDMX.XWINDMN:KxXVIEWMAXXVIEW4IN

6620 M=YWINDMX-YUINDMN:N=YVIEWMAX-YVIEWMIN
6630 X:XVIE'MIN+(ARRAYPTI*SAHPINTV-XWIN0MN)/J*K

6640 Y:YVIEWMAX-(WAVEFORM(ARRAYPT1 )YWINDMN)/M,*N

6650 X=CINT(X):Y:CINT(Y)

6660 DRAW 'RBM +STRS(X )+", "+STRS(Y)

6670 FOR I=ARRAYPTi+l To ARRAYPT2

6680 X=XVIEWMIN+(I*SAMPINTV-XWINDMN)/J*K
6690 YzYVIEWMAX-(WAVEFORM( I)-YWINDMN)/M*N

6700 X=CINTCX):Y=CINT(Y)
6710 DRAW "NM "+SYRS(X)+"I,II+STRS(Y)
6720 NEXT I
6730 RETURN

6740 END
6750 REM SUBROUTINE TO COMPUTE SCALING FACTORS FOR ENGINEERING UNITS

6760 IF X~slE+12 THEN EXPONENTS:"1lE+12 ":Xx12:RETURN
6770 IF X..iE+09 THEN EXPONENTS0"1E+9 "1:09 : RETURN
6780 IF 0=10000001 THEN EXPONENTS=I"1E+6 ";: X=6 : RETURN

6790 IF 0=u10001 THEN EXPONENT~z"1lE+3 "1: X=3: RETURN

6800 IF X~ulI THEN EXPONENT$=" "1: XuO0: RETURN
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6810 IF X~lE-09 THEN EXPONENTS*:"1E-12 "1: X=-12: RETURN

6820 IF X<.000001 THEN EXPONENT$=1"1E-9 ":X=-9: RETURN

6830 IF X<.001 THEN EXPONENTS="iE-6 "1: X=-6: RETURN

6840 IF X~1 THEN EXPONENTS:"I1E.3 1": X=-3 :RETURN
6850 RETURN

6860 REM LABEL RUIE:*************************
6870 REM ROUNDING ROUTINE

6880 IF NDIGITS<=4 THEN NUMBER=CINT(NUMBER*10^(NDIGITS-NDIGMAX) )/JOA(NDIGITS-NDI

GJ4AX)
6890 REM PADDING ROUTINE:
6900 NUMBERS=STRS(NUMBER)
6910 IF INSTR(NUMBER$,11 ")=l TI;EN NUMBERS:RIGHTS(NUMBERS,LEN(NUMBERS)-1)
6920 IF NDIGKAX>-NDIGITS THEN 7020
6930 LvLEN(NUMBERS)
6940 Ju INSTR(NUMBERS,."
6950 IF Jul THEN NUMBERSz"0"4NUMBERS
6960 11 Jx0 THEN NUMBERS:NU#BERS."1: JxL

6970 FOR Isi TO (NDIOITS-NDIGAX)-(LJ)
6980 NUMB'ERS=NUMBER+"0"g
6990 NEXT I
7000 IF L-J NDIGITSNDIGMAX THEN NUMBER$=LEFT$(NUMBERS,L-(L !)+(NDIGITS-NDIGMAX)

7010 REM PRINTING ROUTINE:
7020 LENPIXSx8*LEN(NU4BERS)
7030 IF INSTRCNUMBERS,1."1)>0 THEN LENPIXS:LENPIXS-3: REM A "1." ONLY 5 PIXELS LON

G
7040 REM FIND STARTING POINT:

7050 IF AXISTYPExl THEN XSTART=X-INT((LENPIXS.1)/2): YSTART=Y+12
7060 Ii AXISTYPE-2 THEN XSTART=X-LENPIXS-3: YSTARTxY'4

7070 REM4 IF LABEL IS OFFSCREEN THEN SLIDE IT ONSCREEN:

7080 IF XSTART<0 THEN XSTARTz0

7090 IF YSTART>350 THEN YSTART=35O
7100 REM PRINT NUMBERS:

7110 DRAW "IBM"+STRS(XSTART )+" ,"+STRS(YSTART)
7120 FOR 1=1 TO LEN(NUMBERS)
7130 DIGIT~vMIDS(NUMBERS,I,1)

7140 IF DIGIT$0"01 THEN DRAW "BR5 L3 H U6 E R3 F 06 BF BR11:GOTO 7260
7150 IF DIGITSz"1." THEN DRAW "1BR U R D BR2"1 :GOTO 7260

7160 IF DIGITS0"-"1 THEN DRAW OBU4 BR R5 904 BR2"1:GOTO 7260
7170 IF DIGITS:1"1 THEN DRAW "1BU6 BR3 E U D8 12 R4 BR2"1 :GOTO 7260
7180 IF DIGITS=1"2- THEN DRAW "BU7 BR E R3 F D G5 D R5 BR2"1

7190 IF D!GITS=1"3" THEN DRAW "BE F R3 E U2 H 13 R3 E U2 H 13 G BR? SD?"1
7200 IF DIGITS=1"4" THEN DRAW "BR5 U8 64 DI R5 803 BR2"1
7210 IF DIGITS=1"5" THEN DRAW "BE F R3 E U2 H L4 U4 R5 BR2 9DB"1
7220 IF DIGITSz'"61 THEN DRAW "BU4 BR R4 F D2 G L3 H U6 E R3 F BR2 BD?"1
7230 IF DIGITS:"?"1 THEN DRAW "1BR BUB R5 D2 G3 D3 BR5"1
7240 IF DIGITS=1"8" THEN DRAW "BU3 BR 02 F R3 E U2 H 13 H U2 E R3 F 02 BR2 B55"
7250 IF DIGITSu"9" THEN DRAW "BE F R3 E U2 H L3 H U2 E R3 F 03 BR2 904"1
7260 NEXT I
7270 RETURN
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