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INTRODUCTION ’

BASIC/RT provides the researcher with a powerful and complete software
package for total programmable control of all LAB8/e peripheral de-
vices: analog channels, Schmitt triggers, crystal clock and display
scope. In addition, commands to specify parameters such as pulse rate
and response time permit optimum experimental flexibility. Buffer al-
location commands for the display and analog channels facilitate com-
puter efficiency. Using the timing commands, a delay before sampling,
a pause until a user response is typed on the Teletypeﬂ or a pause un-
til an interrupt occurs can easily be included in a program. Another

feature, the user's command, permits customized system software.

All of the features provided by 8K BASIC are also implemented in
BASIC/RT, permitting total programmable I/O control and user coded
functions. The entire BASIC/RT command and function set is included
in Appendix A of this manual. For additional information on BASIC
fundamentals, refer to the EduSystem 10 System User's Guide; for de-
tails on 8K BASIC refer to the 8K BASIC User's Manual, DEC-08-SKXA-D.

1.0 SCOPE COMMANDS

The display scope on the LAB8/e can be programmed to plot points on
its screen. The scope commands provide complete control for graph

location and size, display time and number of points displayed.

1.1 PLOT

When plotting on the scope, which is rectangular, BASIC/RT uses these

dimensions for its perimeter:

g<x<1l.1
PRY<1. g

Thus, any plot must be within the above limits, which can easily be

accomplished by inserting a scaling factor.

The PLOT command causes the appropriate point to be displayed on

the scope. It is issued in the format:

PLOT X,y

! Teletype is a registered trademark of the Teletype Corporation.
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where x and y are any expressions which equal the actual X and Y co-
ordinates of the point to be plotted. An acceptable sequence for plot-

ting a straight line across the middle of the scope is:

5 B=.5

1§ FOR A=g TO 1.1 STEP .g1
26 PLOT A,B

30 NEXT A

Remember that every X,Y set must be within the specified ranges. If

it is not, that data set is simply not displayed.

PLOT commands can also be executed as direct statements. Thus, to
plot a diagonal line from (.1,.1) to (1.¢,1.4), the following sequence

can be used:
FOR L=.1 TO 1.¢ STEP .g%5\PLOT L,L\ NEXT L

BASIC/RT displays points on the scope when it is not doing any inter-—
nal calculations. Data is displayed, for example, while waiting for
input or output. If a calculation is required during a plotting se-
quence, the data is not displayed until all the calculations are
completed. Thus, in the following example, plotting a decaying sine
wave, the function is not displayed until all the points have been
calculated. o

20 FOR S=g TO 1.1§ STEP .QJg6
21 PLOT S, SIN(S*35)*EXP (=S*2.5)/3+.5
22 NEXT S

1.2 DELAY

BASIC/RT provides a command that will refresh the scope after each
calculation so that the progress of the graph can be seen. This com-
mand, DELAY, causes BASIC to display all x,y points calculated up ‘to
this statement. Thus, the decay of the sine wave above can be viewed
after each point is calculated by adding to the above example the com-

mand
215 DELAY

The DELAY command provides the additional time for BASIC to display

the point before continuing to the next statement.



1.3 CLEAR g
BASIC/RT also permits erasing the scope under program control. By in-
serting the statement:
CLEAR
all points currently displayed are removed from the screen. Thus, if

more than one plot is required by a user program and it is not neces-
sary for them to overlap, a CLEAR command between calculations

erases the scope for the second plot.

$400 at 7%

at 6.25% per annum compounded yearly for 30 years, are plotted.

and $450
If

In the next example, two compounded interest sums,

the intercept point is to be noted, then line 128 can be omitted and

at completion the two curves will be displayed together.

189 I=.87

182 P=4gg

104 T=3¢

119 GOSUB 5@¢

120 CLEAR

139 I=.0625

134 P=45g

148 GOSUB 540

15¢ STOP

5¢¢ FOR N=1 TO T ..
51 X=N/35

52f  v=(P*((I+1)+4N)/4800)
538 PLOT X,Y

540 DELAY

554 NEXT N

560 RETURN

Lines 518 and 52@ include scaling

1.4 DISPLAY BUFFER

The technique for plotting points
ating a buffer in the user's area
points before they are displayed.
a dimensioned variable;

END removes the buffer from core.

the buffer, it merely erases its contents.]

thus, executing the commands SCRATCH,

factors for the scope.

employed by BASIC/RT includes cre-
of core to store all the calculated
[This buffer area is considered as
RUN,
The CLEAR command does not delete

and

When a PLOT command is en-

countered BASIC/RT checks to see if a display buffer has already been

assigned and if not, then space sufficient for about 5f@ points is

allocated.
message TOO BIG is printed.

If this amount of room is not available in core,

the error



1.5 USE -

The area created by the PLOT command is approximately equal to a 333-
dimensional array. In order to conserve space, if less than 5@ points
are to be plotted, or to plot more than 5@f points, a buffer dimension-
ing command is provided so that core can be allocated optimally. This
command, USE x, is implemented as an array, as follows (x is always a

variable) :

2¢ DIM P(20%)
34 USE P

Line 3% says: use P as a storage buffer for a future PLOT command; do
not create an additional array at that time. Line 2§ creates enough
room for about 3@@ data points!. If a user—assigned or BASIC/RT gen-
erated buffer is not large enough and overflowed during execution, the

error message TOO BIG is printed.

Only one USE statement is effective for any plot sequence and, if it
is to be used, it must be issued before the PLOT command. The vari-
able associated with the USE command is active until one of the buffer
removing statements (RUN, SCRATCH, END) is encountered, but it can be
used for another purpose when not currently required for displaying.
In the example in section 1.3 the maximum number of points towbé
plotted is 30, so a considerable amount of core can be conserved by
specifying a smaller buffer. The following code can be added to opti-

mize the program.

14 DIM M(48)
20 USE M

2.0 CLOCK COMMANDS

The hardware clock provided in the LAB8/e, like all the other devices,
can be handled under program control to maximize its performance, by

specifying parameters such as pulse rate and initial pulse time.

'To determine the minimum array size for point displays, consider that
each point requires two values (X and Y) and that every three values
require one word of memory. To display P points an array dimensioned
for W words is necessary: W=.67(P).

LY



2.1 SET RATE
To set the clock to interrupt at a specific rate, use the command
SET RATE mode,time
where mode! is the desired clock speed (@-7) and time is the number of
clock "ticks" between interrupts, up to 4§96 counts. The appropriate

mode value is derived from the next chart.?

mode rate

Stop

external input
lﬂ“2 seconds
1¢~3 seconds
lﬂ‘4 seconds
lQ"S seconds
lﬂ_6 seconds
Stop

NoOUTEs WD S

Thus, for the clock to interrupt at 1 second intervals, an acceptable

command is
SET RATE 3,1088

which causes the clock to wait 1@@f one msec. ticks. If the specified
clock rate is too fast, so that the interrupt cannot be serviced in\
time, the error message RATE ERROR AT (line number) is printed and the
clock stopped. The line number printed is that of the statement cur-

rently being executed.

Note that in the 10§-20@ usec elapsed total time range BASIC/RT is ser

vicing the interrupt correctly, but is not executing any BASIC/RT com-
mands because of the high rate; in this case, the processing has been
suspended. Type CTRL/C, which will cause the RATE ERROR message to be

printed, to restart.

2.2 SET CLOCK

BASIC/RT provides another command for setting the clock rate for the
Schmitt triggers. Its format is the same as that for the SET RATE com-

mand, nanmely

Tf an illegal mode is requested, BASIC tries to use the value: -3 will
be taken as 3, .f3 as @, etc.

Refer to DK8-EP Clock Description in the PDP-8/e Small Computer Hand-
book.

5



SET CLOCK mode, time

except that mode is a 12-bit decimal number which will be used to load
the clock enable register!, thus permitting the user to enable any
function he chooses. Refer to Table 1 to determine the appropriate
value. The time parameter is specified in the same manner as with

the SET RATE command.?

Any time either of the SET statements is encountered, the time counter
is zeroed. Then, any time a clock interrupt occurs, this counter is
incremented. Up to approximately 16,988,808 counts can occur before

this counter resets itself to zero.
2.3 TIM

At any time in the program, the current count (number of elapsed inter-

rupts) can be determined via the function TIM(n).

This function can be used in conjunction with any of the BASIC com-
mands so that the value can be printed or the next action to be per-
formed by the program can be dependent on the count. The format of

the function call is TIM(n) where n is any argument (the argument is

not checked by BASIC/RT). In the following program the elapsed time for
the plot determines the next action; print the count and halt or,xfor

5¢ data points, print the sines and the terminating count and then stop,

In the first run, the time elapsed. By changing line 1@, the sine

table was generated.

RUN
19 a=1g 17
2f SET RATE 2,28
34 FOR M=g TO 1 STEP .#1 READY.
4 PLOT M,M*2
58 DELAY
64 NEXT M 19 A=12
7¢ IF A>TIM(@) THEN 200 RUN
84 PRINT TIM(23) J2}
9¢ sTOP .71999867
2@ FOR Z=@g TO 1 STEP .02 .#3998933
21 PRINT SIN(Z) .
220 NEXT 7 .
230 PRINT TIM(C) .
24( END

]BASIC/RT always forces the interrupt request bit on.

The 2's complement of the value of time is performed so that it is
in a form suitable for the clock.



TABLE 1

CLOCK ENABLE REGISTER FUNCTIONS

AC Bit Function
g Enables clock overflow to cause an interrupt.
1 & 2 Mode
a9 Counter runs at selected rate. Overflow occurs
every 4f96 counts. Flag remains set.
a1 Counter runs at selected rate. Overflow causes

Clock Buffer to be transferred to the Clock
Counter, which continues to run. Overflow re-
mains set until cleared with IOT 6135.

19 Counter runs at selected rate. When an enabled
event occurs, the Clock Counter is transferred
to the Clock Buffer, and the Counter continues.

11 Counter runs at selected rate. When an enabled
input occurs on channel 3, the Clock Counter is
transferred to the Clock Buffer, and the Clock
Counter continues to run from zero.

3, 4 &5 Count Rate
111 Stop

119 1 MHz .
191 100 KHz

190 14 KHz
g1l 1 KHz
g1g 14@ KHz
g1 External input
ji§ 3] Stop
6 Overflow starts ADC. (When the Clock Counter overflows,

the analog—to-digital converter, type AD8-EA is started.)

7 When set-to a 1, the Crystal Clock is inhibited from
' generating clock pulses that increment the counter.
8 Events in Channels 1, 2, or 3 cause an interrupt re-
quest.

9, 18, & 11 Enable Events 1, 2, and 3

9 - Event 3
1§ - Event 2
11 - Event 1



2.4 WAITC -

Another application of the clock is to halt program execution until a
clock interrupt occurs. The WAITC command performs this function,
thereby permitting BASIC/RT to display on the scope while waiting for

the interrupt to signal continuation of program execution.
2.5 CLS AND CLC

There are two other functions that are used with the Schmitt Triggers.
The first, CLS(n), obtains the status bits of the clock after the pre-
vious interrupt (those obtained from the PDP-8 CLSA (Clock Status to
AC] instruction). This value can be tested, for example, to determine
how the interrupt occurred. The other, CLC(n), performs a CLCA
(Counter to buffer to AC) and returns the value as a floating point
number. Refer to PDP-8/e Small Computer Handbook.

3.0 A/D COMMANDS

3.1 ADC

Any A/D channel can be sampled at any time by using the single func-
tion ADC(n), where n is the channel number, @ to 15, to be sampled, in
a direct or indirect statement. The ADC function performs anm immedi-
ate conversion; the clock, however, can be incorporated so that sam-
pling occurs at an established clock rate. In the next program,
BASIC/RT waits for a clock tick and then prints the value of the clock
using the TIM function, and of A/D channels 3 and 4 for 5@ samples.

38@ SET RATE 2,60
314 FOR P=1 TO 5¢
320 WAITC

321 Al=ADC(3)

322 A2=ADC(4)

323 TI1=TIM(@)

33¢ PRINT T1,A1,A2
348 NEXT P

35¢ STOP

3.2 REAL TIME

The ADC function is restricted to non—-time critical work because the
finite amount of time elapsed between clock ticks may not be suffi-
cient to perform the tasks requested between ticks (for example, print-

ing 3 values above). Also, more than one channel cannot be sampled






